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CHEAFIER I

ITRODUCT I OXF



IFKTRODUCT ION

WO A wan A S S g

Geopnysical exploration mey be considered as an
application of principles of geornysics to geological
esploration, The first objective of the geophysical
exploration is the locstion of geologic structure, the
information regarding the octurance of specific minerals
is cbtaineld in en indirect manner, Ihe Gesphysicist
measures 8t the earth's surfacs sncmalies in physical
forces which must be interpreted in terms of geclogy.

The gechhysical metholds ape applieable only if the
detectable differmces in physical properties axist,
Geophysical methods may be broadly classified mder two
heatls major end miner, There are four major georhysieal
methods, OUravitational, Magnetic,Seisxic and Elsctrical,
In gravitatioml nethois, amsureamts are maie of momalies
in grevity attraction producsd by &Mifermce in densiti

of formtions m structures, In magnetic methol measure.
merta nys mads of snomalies in the sarth's pagnetic field
dus to geolosic bodles of Aifferewt degres of magnetim,
In either case, the reaction of geologicsl bolles are
permmnent, spontanscus ani unchangeadbls, the operator cun
not control the depth precissly. In the other tyo mmjor
netholds, mergy is applied to the ground feor the purpose
of profucing s measurshle reaction of geclogic bodiers,

In the seismic metholds, energy is supplield by explosives
and tyovel time of reflscted snl refravicd waves are
neanred, ¥While in elsctryicsl methoda ground is energized
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either infuctively by pasaing & time varying current im loop
of wire or coniuctively passing the current by making
golvanic contact with groupd It was formerly delseved that
geodsctric methols weye sujitable only for shallov expioration
and such methods vers therefcre primarily used for mining
anld ch;&mnnl geophysical provlems, Today, however, modern
developments and refined techniques of Interpretation Mvs
consideradly increased the depth of investigatiom., It 43 now
clainmed, particularly by Soviet geophysicists, that explorae
tion by geoelectric methods may be carried cut with reasontble
scouracy down So depths of Be10 Fn.

Geoslactric exploration consists of exceedingly
Qiverze principies and tschniques, and utilizes both
stationary and variable currents produceld either artificially
or by matural processes, In one greup of elsctrical methols
energy is applied galvenscally ani the Aistribution of the
potential resulting from ore boldies is measured, In the
resistivity method, which 1i» one of the most vidsly uzed
uetholds of geoelestyric exploration, & Sdirect o very low
frequency altemabing currents, is introiucel into the
ground by tvo elsctrodes and the potential Alfference is
mensured between two points suitably chosen with reference
to the current electroiss. ZThe petential difference for
wist current sent through the growmi is & messurs of the
alectrical resistance of the ground Yetwsen the points,
The resistance is s furction of the gecmetrical configura~
tim of the slectroles and the electrical parameters of
the gromd, Broadly spsaking, we ¢sn digtinguish two types
modus operandi. of resistivity measuremerts, In the first,
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inown 88 gevelectric profiling or wapping, the electroles
and prebes are shifted without changing their relative
- configurations. This gives us an isdes of the surfuce
variation of resistance valyes within a certatn dapth. In
the setond mathod, known as geoslactric sounding, the posi.
tions of the ¢lectrodes are changed uith reference to a
fixed centyal point callied soymdimg point., In thig way,
the measured resistance values at the suprfacs rafiact the
vartical Alstyidbution of resistivity values in & geological
section, ‘

The two types of alectrode configurations which

 are most frequently used in resistivity souniing are ealled

the Wenner and Schlunberger arrays; The Wenner configurs-
tion is used in the En:l.taa Br.abn and Cgnada, and in other
Eagl&m spea king cmtrs.n N t.nu Schlmmberger €onfiguration
i3 2lmost axclusively used in Kuropssn countries and in the
UaB48eRe

in the galvenic Elsctro mmgnetic methols, the
Aimtridvution of Blectyromgnetic field resulting from ener.
gized ors bolles 45 meagured, vhile in induetive Electro~
magnetic methods, the primayy encygy is applied insuctively
to the grownd ani the distortims of slsctrommgnetic fisld
ars determined,

Elsotrical methols constitute an smpertant toel
in exploration of ore boiles and burriel struetures, I¢
48 because of the fact that all the Elsotrieal propeyties
of rocks and minerals vory between widest limita,

Ie al) the slectrical preperties of rocks, the



slsctrical conductivity is the mosk important, because it
controls the passage of low fregueney artificial and
natural currents, The conMuctivity of the rock formations,
however, dspenis mainly upon the poyosity, fFractional
saturation ani the conductivity of the fluid thersin,

Electrical methols have besn suployed successfully
for the location of native metals, sujphide ore bosies and
other metallic dodies m":ﬂmaxiﬂn dusps, reservoir for
tapping vater and for the determivation of depth to ded
rock &t Engineering sites,

e probism, taken up and stulied by the author vas
to demarcate the clay bed in and around village Siwni,
Digtt, Jabalpur (MoPe), The investigations were carrisd out
by Geophysical metholds namely the 2lectrical resistivity
method, The method was chosen dus to the fact, thab clay
nAs good eomtrast eonductivity fa comparishon to the owmere
YEEPWR, overbundew . |

LOCATIGN AND ACCESSIBILITY ,

- i
= dgpen.

The Iand in located on the sest side of village
SIVNILTOLA , Tehsil Jabalpur snd bounded by Narmeds river to
the wast and Nala to the sastern side, Ihe village is
12 niles from Javalpur Ballwy Station, The ares { abowt
98 acre) belong to Sri Chamru Patel, It ¢an be raacheg dy
a 5ids road from National High Way N 6 near Tilwars Ghath
The nearest railwey station is Nafan Mahal on broad Gauge.
The topography 48 miulating with saximm relief of sbout
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7 meters from the bottom of Narmada river: Much of the
terrain is ancisnt meanier of the Marmaids river.

GEOLOGY OF TEHE ARBA IN BRIRF i

The rocks expossd in the &res are Deccan trdp levas,
Jabalpur (%) Lameta succession, These cmuw of clays
overlain by arkosic to fine grain sand stones, The sand
stone 43 1 o 3 meber thick, The thickness of the elay bl
sxposed in Hala 4m about 3 meters anid of wvarrying colour,
The lavas are expossld in the Westem pert of the trea inves-
tigated, The laves cub atross the clays and maerlde the
sundatones, Precamdrian rocks- are exposei in the Narwnia
iver, The sand stones and clays are horimorntal to adbout
2° 4ippang to the west, The ovef burisn Waich is biack
coloured 501l yaries from O-6 meter in thiclkess and at
places kanker is found, .

GEOPHYSICAL INVESTIGATIGN &

Following gecelectric methols ware usel for damar
eating the ¢lay belds in the regim:

(1) Resistivity surveys
(247 Yimpaiala masse msihol,

Resistivity soundings vwith Echlusherge configurae.
tion: vere taken &t 50 stations, though sowndings with
Wenner array vers taken on 15 stations to check thiciness
and resistivity of layers., The results obtained with two
configurations were quite Simibr | therefors, only the
Schlusberger array was useld as the resistivity-astur ot
octher stations. The m&shv&;% quite sensitive, thus,
increasing the relisdility of the field observetions and



ths results,

The sres was Aivided in a grid pattern %o carry ot
soundings, The map of the ures showing the location of various
sounding points is attached, Fig! || % The spacing between
- two sounding stations vary from 30 meters to 110 neters and the
curpent electyode spresd from 120 m to 240 meters according to
- the topograzhy, To facilitate interpretation of the soundings,
insitu resistivity of the formaticns vers weasured st 4igferent
places with the help of megger using Wenner cuﬁftguxatim?:inm
slsctrode separation (a= 5.5 cm). Subsequent to resistivity
swrvey "Missd <dediagse® owthel was used in ordsr to confim
the extension of the clays,

The coservations, thus sellecteld by using the Mise.A.le.
Musse nmetheol, were plotted ani #he regular pattern of contours
vas foumd showing the presmee of clay in the area, Readings
obtained by using Schlumberger methold were plotted on log.log
graph paper of 6215 mm modulus, Most of the curves optainsd
vare showing presence of three laysrs, So thess fielld curves
wers then matched with thecratioal curves for Schlumberger
methold by using partial ani full curve matching techniques,
Thus the depth to interfaces and the pesistivities of the
formations were a-umd as mentioned in the table WO |

Since the topography ¥Was uniulated and tnhe topographical
wap was not available, therefors, elsvations of the somnding
points were measurel imm brunton campass, EEVECEDD NGNS
eEs but the Arherent limitations of nethol still exist, mﬁ'
geoslsctric sections aye attached herewith showing the thick.
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nesses and depths of clay bed, At places electrical sowniings
indicate unduly thick bed of low resistivity which is likely
e to the presence of an incient burried nals containing gnwwi
water,

SEmE @ mE THESIs 4

The main text is Aividsd into 6 chaybers, which are
briefly dsscribed helow &

Chapter 2 Sesls wvith the electyicsl propsrties of
sarth materials, in shich the effect of moisture, dissolved
851t, tempsrsturs and pressure stc, is studied on resistivity,

InChagter 3 theorstical foundations of geoelsctric
unding is discussed in ordsr Yo wnderstani the basic princi.
ples snd interpretation techniguer, Instrumentabtion and field
operation is Asscribed in Chapter ¥, while Chapter § processing
of the date 18 discussel and the results presented, The work
is summarized and concluded in Chapter 6,



CHAPTER XI

ELECTRICAL PROPERTIES

oF

"EARTE MATERIALS



The flow of current through the carth materials
1.0.y rocks and soils, are controlled by their electrical
properties. %The electricel properties of the earth
naterials can be defined by the three paremeterss

(1) Electrical conduotivity

(2) dlelecttic eonstant, and

(3) The magnetic permeability

However the confuotivity is the most important
property in dctermining the flow of current at very low
frequancies. ‘

The abilitics of materials to conduct electricity
vhen a voltage 18 applied are exprossed as ‘conductivities'.
1% 18 the reciprocal of resistivity which is defined as
tho resistance offersd.-between tho opposite faces of a
unit uniform cude, The unit to express‘ resiativity 1s
thus ohmemeter in M.X.8. system. While the unit of
oonductivity is nhos per md er. .

The electric conduction in minerhls may take pl ace
by elactronic or ionic processes. Rocks are not formed
of minerals alone and the clectrical properties of
a rock ars not nccessarily determined by the proporties of
mineral constituents 2lone. All rocks at the earth
surface are porous. Under reasonable clroumstunces
these pores are partly or completely filled with water.
This water ususlly carried some salt in solution so



that the water content of a rock has a far greator
capacity for carrying current than doss the solid matrix
of the rock, unless highly conduoting miherals are
prosent,

Mechaniom of the flow of current involve conduction
through the solid matrix or grains and through the 11 quid
elactrolyte. However solid conduction mechonimm cen de
axpected to be important in comparison with electrolyte
conduction through poro water in three cascs «
1+ In a rock contairing a high percentage of conducting

minerals. | ’
2, In vhich fluid present in the pors spaces are

completely frogew .
3¢ In a rock vhich is far enocugh below the surface of

the earth wvhere all poro spaces can be considered

closed by overburden pressure. |

- Howaver most rock-fovming minerals can be considered
80114 clectrolytes. Electrolytic conduction can thus
teko place in ionic bonded cyystals. BPut the rocks end
other carth materials near the surface possess a reasonadle
good porosity, therefore, the conduction will be slebtrolytic.
Near the earth:surfsce the conductiiik' medium being an
aquobua solution of common salts distributed in a complicated
menner through the pore structure. The reaistivity of
a water bearing rock will depend on the smount of water,
the way in vhich the water is distriduted in the rock,
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EFFECT OF MOISTURE CONTENT

As the electricml conduction through so0il and rocks
is mainly electrolytic, it follows that the quantity
of water and nature and amount of salt are the important
factors in determining the resistivity. The actual
amount of wator prosent in solls is variable, It veries
with weather, time of year and the nature of subsurface
s0il and depth of the pormanent water tghle. The |
variation of soil resistivity, with the moisture content
15 shown in f£ig.2. As the moisture contents inoreases
with depth, the resistivity first decreases repidly tut
after somo velue (14 to 18 percent) the moisture contents,
the rate of decroase becomes mich less.

BEFFECT OF THE DISSOLVED SALT

The conduction in most of the near surfoce rocks
will be electrolytice The medium of conductian i the
solution of aalts, distributed through the pore spaces
of the rock.

When a sslt goes into solution of water, the comstftuent
ions 4n the solid salt scparate snd these iong are free
to move in tho solution. When an dlectrical field is
applied across en electrolytic solution, (otions will go
towards the negative pole and the anions to the positive
pole, As the lona are accelerated, a draj forece starts
ucting on them, and as a result of vhich their wvelocity
is deoreased.
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This velocity with vhich it moves is known as
mobility of ions and is measured in meters/sec., when
a voltage gradient of one volt/meter is applieds If a

 solutdon contains & high concentration of dons, the
motion of one don will be influenced by the motion of
ions close to it, md thus refucing their mobility.
The mobilities of & few of the commoner lons at 25%
in dilute solutions ave:

R %2 x 10° w¥/seo vV
on 20,5 x 10°
80y, 8.3 x 108
Na 5.2 x 108
L . 79 = 108
K 7.6 x 108
Foy 78 x 108
Lt 40 x 108
Koy b6 x 108

(af'tor Kellor, G.Ve)
When an eloctrical ficld is appliocd to sn clectrolyte
the amount of current vhich flows is found by dultiplying
the number of ions present by the velooity with which
they mowe, The current flowing through an elsctrolyte
per one volt per meter applied ficld st '

T = AF (V{Cyq + VLy + VL3 seesecner ¢ vnc,,>
vhere Vp and Cp represent the mobllity and concentration
of ions, A cross sectional area through vhich the currant
flovws, F the Favaday number,
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Thus the resistivity of water is governed by the
. smount of salts dissolved, if therefore, foliows that
resistivity of soil which 1tself depends upon the water
contents 1t must be indirectly dependent on the salt
dissolved content of waters Even a small amount of sslt
dissolved in water can reduce the resistivity considexably.
As the aifferent salts have difforent effect on the (Fiy et
resistivity and this 1a perhaps the reason for the
resistivity variation of some type of soil, from cne
:l.océuty to another,

EFFECT OF ORAIN SIZE ARD ITS DISTRIBUTION

The effoct of the grain size on the resiatiﬂty

~ 1les in tho fact tha{\:&e grain size and 1ts distridution
effects the manner in vhich the moisturo is held by soils
and rocks. The moisture is probably hold by surface
tension at the points of contact of grains. Also if
grains of various size are present, the space betwesn
th_o large grain may be filled with smaller grains thas
reducing the porosity and hence the resistivity will de
reduced, The free space betweon the grains depends upon
the arrangement of the grains.

The quantity of exchangeable ioms attached to clays
is usually expressed in terms of the weight of Llons in
mi111equivalents absorbed per 100 gn of clay. The
exchange cepacities of some common clays aret

Kaolinite 3 t0 15 in equiv/100 gn

Halloysite 2 Hoo 9 to 10

xS
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~ Halloysite 4Hso 40 to 50
Montmorrillonite 80 to 150

Tllite 10 to Wo
Vormioulite 100 to 150
_Chlorite 10 to 140
AHapulgite 20 to 30

RELATIONS HETWEEN RESISTIVITY, POROSITY AND TEXTUHE

The resistivity of a water~bearing rock decreases
vith increasing wvater content. In fully aaturated rocks,
water content may besuated with porosity. The texture
of a rock has some effect on the resistivity . Koocks
mpy bo grouped into three genersl categories on the
basis of their pore gecmetries. In éue of gedimentary
rocks, porosity is intergramilar in nature, consisting

~of the space left over after the rock grains were compacted.
In Ignoous rocks porosity ocours in the i‘om of Joints.
A third form of porosity common in limestones and in
some volcanic rocks is Vugular porosity, consisting

of large, irregular cevities formed either by solution
or by large gas tubdbles. Pore gpaces rmust de inter.

- cornected and filled with wate}' in order that a3 rock

tiny conduct electrieity, In all three types of porosity,
the pors volume may consist of two parts - the larger
voids vhichare called W ana the Liner
Sannecting pores. Most of the resistmcn to current
flov is met in the o 2 'A11 the three
types of porosity are umaﬂy prasmt in any rock in
varying proportions. sed:lnenury sandstone and shales
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' may have § to 60% intergranular porosity. Archie's L aw
~ relates resistivity and porosity ass

P e f’w
wheref.«1s the Mk resistivity of the rock

Pw is the resistivity of the water conteined in the
poro structurs

$ 1s the fractiondl porosity
e ond m are €mpricslly determined parameters.
. Approxuﬁnte‘ valuos for s and m are 1 and 2 respectively.

- Archie's Law indicates thgt the ratic of Bulke
resistivity to water resistivity should be e constsnt
for a given porosity, that it ghould riot depend upon
the faaistiv&ty of the wvator in the rocks. This ratio
. 1s called the formation factor. This ratio is less vhen
a rock is saturated with dilute solution than when the
rock is saturated with a highly nl:lha wvater. This may
be explained by considering that the conductivity of
the wvaterdistributed through the pore space is umslly
_ inoreased by two phencmerion -
| 1. Ionization of clay minersls.

2+ Surface conductence.

Clay minerals such as keslinite, halloysite,
montworillonite, vermiculite, 11lite, chlorite and others
have the proporty of allsorbing certain anions and cations
and retaining these in an exchangeable state., The comnon
exchangesble ions atsorbed on clay are Cay Mg, H,K, Na
and ¥H3, in order of decreasing abundmnce .
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Archie's equit ion indicates that bulk resistivity
- of a rock i3 proportional to the registivity of water,
contained in 4it, The ratio of rock resistivity to
vater rasistivity is termed as the formation factor
wvhich is g measure of porosity

Resistivity of wator of Narmada river s 1.5 ohm-meter

" "  n  Nala = 1.04 olmeneter
» " " Wall = 0.759 oclm-moter
Resistivity of amca sand = 12.5 ohm-meter
" * sand mixed clay s 3o ohmemeter
" " clay (In pit) 515 to 2.1% ohm~n

EFFECT OF TEMPERATURE AND PRESSURE

| If the temperatui'a is high enough to derive watei
from the yock as steam or low enocugh to freezs the water
4dn the pores of a rock, the resistivity will be affectod
very muchs Thus large chenges in the temperature effect
the resistivity of a water bearing rock markedly. But

&t moderate tember;turea. a change in temperature changes
the conductivity of rocks only vhen the conductivity of
the electrolyte changes., When there is en incroase in
temperature the viscosity of{wa.tar is docreased and the
mobility of the ions increases and hence the conductivity
also increases. . The dependence of registivity 18 ( FIG. 5)
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given by the relation -

R 3 y "

Where o 13 the tomperature coefficient of resistivity
wvhich has a\va:l.uc of about 1,025 per degrec centigrade
for most c¢lectrolytes
Keoping the gradual rise of temperature with depth
in mind, then the temperature at a depth of 8000 £
in scdimentary rocks will be about 40° C higher than
the temperature at the surface, and it vould mean that
the rocks at 8000 £t have a resistivity only half of
vhat would have besn at the surface for the same rock.
An resistivity is inversoly proportional to
temporature, that is vhy freeszing increases the resistivity.
Rosistivity o!\roeka decreases wvith incressing
pressure, vhich is caused due to compactness of materisl
lying above the layer.

EFFECT OF ANISOTROPY

- By the vord anisotropy of rocks we mean that
their properties are different in different directions. |
This type of character is genorally found to be associated
with some rock formations and 1t is matural to cxpect
it to occur in stratified formation, This snisotropy
plays an important role in all stratified formations
and under such conditions the resistivity along the
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bedding plane is quite different from those at right
angles to 41t the anisotropic coefficient " X\ # of

a formation is defined as the ratio of the spparent
parpllel resistivity to apparent normal resistivity,
The value of mmisotropy is fomd vary from one to ten.
In homogenous isotropic conditions it 4s unity.

Such conditions of snisotropy met in the field
nake the interpretation aifficult.

TO DEPFINE THE AVERAGE IENSITY OF AR ASBEMELAGE OF
RELATIVELY THIN IEDS

The large number of individual layers spparent or an
. electric log ¢an not bo resolved with any of the swrface
based electricsl prospecting methods. It 1m necessary
to davice a realistic way of defining the sverage
resistivity of on sssemblage of thin beds.

It has been shown (Schlumberger and other, 1934}
that the average electrical properties for a finely layered
sequence may be descridbed with a cost of ﬁve parssetsars;
these parametors being defined in teorms of a column of
rock one meter square cut from the soquence of layerse
The colummn consists of n horigsontal beds, ceach with its
ovn characteristic resistivity, end thicimess ti as
shown .in figurenc 6.

COLUMN FROM A LAYERED SEQUEKCE (F ROCKS#

These paraneters are defined by considering the
resistence to currant flowving either vertically or
horizontally through the columm,

For current flowing vertically through the length



FIGURE 6

LAYER !

LAYER 2

LAYER 3 hs

fa

LAYER 4

~_ |

| LAYER N-2

LAYER -l

COLUMN FROM A LAYERED SEQUENCE OF ROCKS,USED IN
DEFINING AVERAGE LONGITUDINAL RESISTIVITY, AVERAGE TRANSVERSE
RESISTIVITY AND ANISOTROPY ARISING FROM LAYERING.
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of the column, the Trmwerawnesistﬁge 'TY, is the
sum of the resistance met in each of the individusl layers.

n
Ths T = = §4.¢1

If the bed resistivities 'fi' end thickness 't4
ore given in ohm meters end neters respectively, the
transverse resistance ia expressed in ohma,

If the columm is macroscopically uniform, Then
average trangverse resistivity Fetrt will be given by

ICIRE %P%r“
wheré- H dbrings the total thickness of the assemblage of
fine layers. For current flowing laterizlly through the
columm, the longitudinal resistance, s that of each of
the layers congidered to be connected in parallel. If
§ 1s the conductance (reciprocal of the resistance)

8 - (8 = Longitudinal
" 121 f ) eg}xdnctmce)

If the colum 13 macroscopilcally uniforg, the average
longtitudinal rocistivity:fe is given by

- =
70 e ° "E"' =T H’_ff
Unless the resistivities of the individual layers
are exactly same, thef e is smaller than ftr. This

dependance of resistivity on tho direction of current
flow constitutes misotropy. The coefficient of amisotropy



| g
e

for a layered ‘sequahee of roeks L5 defined as

. ‘P | ‘ -
>\'.(ﬁo ”(%“\/%
Thus an asemblage of thin layers each of which is
isotropic, will appsar to be snisotrppic when considered

&8 8 macroscopionlly uniform medium. This type of
anisotropy night dbe termed as macro-anisotropy.

Here individus) layer might be snisotropic, if the
direction of maximum conduction is parallel to the bedding
Plenes, then the general anisotropy will be the product
of the mac -ro-anisotropy and the average micros
misotropy.
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E&ﬁ of Current Flows ‘

The ground 13 regarded as consisting of regions of
epproxioately constant resistivity separsted from others
of differing resistivily by plans intorfaces. Tho intere
fages correspond generally to boundayies batween horigontal
layers of different electrical properties or to faults and
vertical contacts.

For bstier intersyeotation At ir necessary o under.
stand the bedaviour cf current flow in luyered medis and
the alstritution of potentials, In gereling with thias the
gherting point 48 the Ohm's law 3

"%" = B ' ensesl )

yhore | |
1 = Carrent flewing in the conduetor

¥ = rotential 4L orence betwed: tuo
surfaces of the conductoras,

R = Resistance of the confuctor

If a conductor caryies a current yith paralisl lines
of flow over « cross sectional area A, then its resistivity
13 definsi us |

] Rx A
f= """'%'"" seesel2)

where R 45 the pesistancs messured betwsan two sauipotential
surfaces sEparated by o dlstence L .
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Tor sxamples (1) and (2) we obtain

.Pﬂi%'am‘

T
o Sl iggg

VA
fﬁ’ » -g-
I= ‘ﬁ'P" . ?.EY.. ‘ seneall)

where J 48 the currant density defined az the flow of the
current per anit area,

1Ir ths 1ines of current flow are not pamliel so
tmt the gurrent density variea over tha conductar, the
patio VV/L bacomes in the limit the maximum potsntial
grationt <30 ana the expression of onxvent denstiy
ewnges to
IR |
The voponent of cuprent density in a direstion 'zt 1s

. D
o i “}"‘ 'é"g
The negative sipn has bee introduced here %9 express
ths fact that the potentinl increases in the opporilts direc
tion to the surrant ﬁ.w.‘ Hers potantinl gradient in the
direction of » is used instend of maximm gradiont,
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Theory of Current Fiow In Homogonaoug #arth i

the fiow of current in a nediun L3 basad on tho principle
of conservation of chargs and is axpressed by the relation s
e ¥oed e/ %

vhere ¥ = ecurpont density (A/e?) and
| g ®= The charge density (o/9%)
fhic is squation of continuity, for stationary current it reduces to3

vy =0 1,0.9F =0
But Obn's law ototos tiat Es ¥

where Dis £1613 intonsity (V/m)
or ¥ ucE

T = » o~ grod v

Tor an Lsotvopic medium, AL o seolor Dunstion of {he
podnt of obanrwation spd J Lo in €10 aam0 ddrection b

]

.4 ﬂi!'yudiv(u“'%"*ﬁxhﬂw "30.
or as.v(--;i-) gead V + b= dty gred V= O

3 e 45 n fundsmetal aquation of elsctrical prospecting with
alroct eayrent, If ths psdluw L3 homogensous, A 4s independsnt of
the co-ordinate

' mmvm ve get
dly Gmg ¥ =0

oy v 2yu v}
Thus, the slectric potential distridbution for surrent

flov 39 & honogeneous Lrotropic medium satisfies Leplace's
squation nd potential i3 in thls chse & harmonic Dnction.
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- Comaider a point source of current of strength VXt
embeded {n s homogeneous mediwm of infinits oxtent amd of
uniform resistivity. e equipotentiel surfaces in tiio
cass will bo.spherical, and the current Lines :M»
 Gonsidering two such equipotential surfaces at distence
far® apart and 8 GLstante "M fyom the point source of
virpent, The potontial sifference across these two
surfoeds 43 given by

— xi’gg-
v = b7 g®

ho potential at a alstance » from the point scurca is
glven by |

»
VY [ ,..,I_.,,f,,.
o

Yo

g

o
[ 25
b
r
Yy

At the surfucs of a semi infinite earth this expression
for the potential at s dlstance ¥ wiil becomes)

ve -
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potontinle about g Point Eloetrodc at tho Surfaco of o
Layorod Grounds

Nlou 10t us introduco some hotorogoncity into tho
gsound by bmging in a number of hoxizontal layors, each
having difforeont but homogonoous and izotropic clogtrical
proportics, Bocauso of the presonce of thooo layers, tho
'pctcnunx w1l no longor have gphoricnl symactyry about P,
end v cuot noy Look for colutions of V27 = 0 uhich can
ba nado to patiofy tho contdnuity conditions ot o nunbop
of hordgzentnl koundarios, Such aolﬁti.ons arc fouad by
sopoarating Loplace! o oquation in tho cylinar&cal coordinato
systom vaoso origin 40 of P and vhoso g axio 19 vortlcol
ond pooitivo in tho dowmward oonoo, Sinco gynaotry with
rogspeet o tho coordinnto & otill oxisto, wo may wito

w2y e o . Ly
V'V %?03‘38' < 352 =0

S
—
N
)

S
PR
N

A point soﬁgéggf curront ot tho
gurfaco of o updform layor
™o complomantory solution of this oquatdon 1o formod
£fron tho choroctoristic functicns of tho scparated variables,
By chooging ¢enly thooo which ore will bohaved whon 250, uwo
obtolin i’oi' the ecaplonontory function
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o :
| -3 X
Wryz) = of @(%)°z+ﬂ())a)‘ﬂ’] J, (»p) an

to vhich wo must add the particular solution ¥(r,z) = If‘/arrﬁ
yhich applics within the close vicinity of P. If no boune
darics oxist othor than the susfaco 3 = 0, thon A ( A) =

B (N\) = 0. If therc are boundarios, then the coofficients
A (X)) and B (A) will bo determinod from the boundary

condl tions. '

To {1lustrate, lot us agsume a singlo hnmagémms
laycr x—:hna}a roolotivity j.s ﬂ., ond vaoso thicknoss is h |
lying on top of o unifom'haif-spaw wose resistivity
is P 2 (Fig. No.7 ) » For the potentdel in tho uppor medium
w may wwito s |

I o )
Vylroz) =-2-;1% e JOMN € 4 ny0 B2)
, {«]

| Jol W) ak 0<z<h
In a oubstatun thore is no oxtornal béurce of currcat; ond
therafore the particular intogral i3 not roquired. lHorcover,
wo rojoct torns involving o M3, oince the potential must
remadn finite vhon z > @, Consoquently, we may writo for
tho potential in 3z ) h o

Vz(l“gw “? C (7\)@_)8 Jo(%r) 57\ B>/ h

o

o boundary conditions wvhich theso solutions muot satiofy
oro the following s



o
R

oV
S& =0 5=0

Y= Vy z=h

‘ - oV .
‘ij PR, Ty 2 _ gwon
28 fe R}
Tmug throe cquations aro availeble to dotormine tho threo
unimown functions A; B and C. To apply those conditions,
wd rake use of tho Lipschitz intogral identity (watson (a),
Chapter 43 .
A =f oM g (rn) dr
o

Thon, on subotituting for V, and V, into thooo ompressions
and absorbing 2T/ I £, into the conotants, wo arrive at tho
follovdinz oquationo

A-B =0
(1+A) ™ opoM g oPh

and .-Fz-[c s oM 397“5] g_fj.;ce-")n

Solving, ve got

1/ k Po=f
- : = ﬂ.&o——i
2 M. i ° 5% Fa * P4

and thorofore, on g = 0

1P
V(r) = z=—l a(xk

A= Bs=
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e
wore  Umpld =t1e2kr [ (2ot T (am an

v

This solution vas deorived oripginally by Stefanssocu. Formally
| wo tako tho Layer thickness as tho unit of lonpgth by sotting
h = 1, ond tho function G(rik) may then bo ovaluatod numori-
enlly for given values of ke It is clear that tho analyois
ean bo extended tb ony nunbar of layers, and in fact oxicn-
gdvo ¢tables for ovaluating potecntials over mé, two end
threo lamm'tmch st conforanbly upon o uniform ocub-
stratum aro avallabdblo,

- Cenceopt of Apparant Rosz.st!.vity $

Tho oxproosion for resistivity ig truc undcr homopo-

- noous conditlons of tho greund. In actunl proctico, howovor,
sub-ourfoce econditiono arc not horgpocacous ond 1f tho sane
0Loctrodo asrangcacat 45 noy usod to takie moasurcacats over
cuch o modium tho obsorved potential differcnce wdll bo
difforcat from tho moasurcd and homogcnobus modium cad tho
reaintivity value dotormined ainll voary with differont
dloctrode arranzoncats. Ihon wo get a ﬁcﬁitians value df
rosiotivity colloed as Yapparont rosiotivity" dosignatod by
fa' For this non homogcnoous €200y tho apparent sosiostivity
zay bo dofined as tho rosistivity of an oquivalcnt hoaogencous
modium 4n vhich the currant "I® would produce tho potoaticl
drop of tho sac? valuo "AV", e importanco of this concept
1400 in tho foct that 4t provides a monouro of doviation from
homogcncous cnd 1sotropic surfoeo,
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For four colectrode systems, lol currant ontoers tho
oarth through A and leaves through olectrodo By, tho moasurw
ing dloectrodes are H and Ny <Th2n potential at H 1o given by

S P 3
Vi “"'%wﬁ(nm' BH )

Sinilarly, tho potential at the point N will be given by

Vxx"é‘}} - s )

Now, tho potential differencos botween ths olectrodos M ond I
i0 13

f
"a-nr‘Ij"l o - 57 - 55 )

Ay e & 'frr'ﬁ‘ % - %5 - W Y oh )

. » | A 1
¢ o .JO“ avr-—i'ﬂ- 1/ = 9/B1 - /AR + 1/51)
This s tho basis formula for calculating tho apporont

rogistivity for any cloctrode configuration.

pifforont Configurations and Dorivation of Formulde s

By convention, olectrical scunding methods havo bsen
claosificd ms "De" mothods or "ACY mothods. Te DC mothal s for
moagsuring oarth rosistivity havo boen used mogt wldoly.
-Genorally, fmxr torclm) arrays aro used in ordexr o minimizo
tho offoct of matorial ncar tho current clectrodos. Current
48 driven through onoe pailr of oloctrodos, thé potential
ootnblished in tho earth by thio current 1ls measuroed with
tho aoconn palr of cloctrodes, Strietly diroct curprent io
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ELECTRODE ARRAYS COMMONLY USED IN THE DIRECT CURRENT
RESISTIVITY METHOD.A AND B ARE CURRENT ELECTRODES.

M AND N ARE MEASURING ELECTRODES AND a,band ¢ ARE
ARRAY SPACING FACTORS.
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not usad, but rathsr a lovw froguancy alternating curront

15 usod so that thé voltages dovoloped in the earth by this
eurrent can bo easily recogniged in the presencs of the
other, miscellancous voltages (or self potentials) which
‘ariso at cleoetrode contacts. Homvéi, the frequency of

the current i3 made sufiiclently loy that tho assump tdon
pay bo mado that tho flow of tho curront in the earth can
‘bo complotoly describad by o solution to Laplace's cquation,

Tho oloctroge Arrangcacnts may bo of Thres typos 3 (Fi6 No-8)

Te Arrangoments in yhich the potonticl difforoncs
botyeen tvwo wldoly spacod moasuring olectrodes 1o onld o
bo measurcd, An omemplo 18 the vemor-orray, in vhich fous

‘oloctrodos are cqually spacod clong o straight 1lino,

2, Arrangomants in which tho gradicat of potentiol
(eloctric fiald intonsity) is sald to be moasured, using o
closely gpaced pair of momsuring clectrodes. An oxomplo is
tho Schiumberger Array, in which two closely spacod mensur-
ing oloctrodes are placod mid way betwaen two currcait

gl optrodos,

e moasuring olectrodos ore placed closely enough
togotiny that the ratio of voltago observod botvuoon thea ¢o
their soparation cpprozimately oquals tho potantdcl gradicatd
ot ¢ho nid point of tho curront spread,



-3 Arrangements in vhich a second spatial derivative of the 30
potential is said to be measured ueing e eloaeiy spaced current
electrode pair. An example is the polar dipole array. The
voltage measured this way is the gpjroximataly equal to the
gecond derivate of the potential, after ¢ has been divided by
the dlstances AB smd MN, provided these dist;mcos are amall
compared to the separation between dipole centras.

The Wenmer array, in vhiich s potentisl difference is m
nmeasured, is one of the most commonly used electrcde arrays
for determing resiativity. In the Wenner arrsgy, four electrodes
are squally spaced along a straight line, as shown in Pig
The dlstance betwesn any two adjacent electrodes 14 called the
array spacing, 3. The geometric feotor for the Wenner zrray iss

K o aTr G .271‘
T TE T

The Lee modification of the Wemner array uses a third
measuring electrods at the midpoint, O, of the ordinary Wemner
array. A potential difference is then measured between both M
and X and the centre electrods 0, and apparent resistivities
celculated for each half of the arrasy. The sdventages of such
8 systen 1z said to be that horizontal changes in resistivity
nay be recognized by compering the apparwt repistivities mmrod
with cach half of the array. The smetric factor for one
hel?f of the Lee may iss

27 N

= p— , = = ma
- 'ﬁ" y " '1" - an % %‘i

The Sehlumbsrger array, vhich also is widely used in

neasuring earth resistivities, is designed to measure spproximately
the potential gradient.




DENLCT CURREGIZ RISISTIVITY SURVEYSs

- Comoricon of Arrays:

_ lany ¢ecimiques havo baen used in measuring carth
poslotivity by giving various rolative positions for ‘m@
oloctrodos. Since high pousr ond accordingly heavy ogquipmant
16 Foenirod in moking docp rosistivity curvoys, both offi
cioney cnd oafoty are Lactors to bo congidored mora goriously.
Tho louost oipnal widch can be dotoctod io linmited cithar by
tho gunoitivity of tho oyulpmant o by tha lovol of talluric
noloo botvacn tho ncosusing oloetrodss. Lot tho thyoshold |
vaiingo valeh can BO acaourecd in tho absoned of Roigo Ao \rc,
ond Lot tho ovezago tellugic nodoo doliveorod fraom ¢ moasur-
ing cloetzodso 4o Vi, Tao $CAluric nmodso lowl warlos widay
wia oo, location cnd Locadl rocistivity, these ftetors oro
eooom £o7 oll cdleetrods orrayse Howdwar tho Collusrde noiso
A1l alco Do proportionnl to ¢he soporation botvocn nonsuring
0L0eLE0dal,

Lo¢ primary tellurie fiold otwcagth 4o L ouch that
Voo Il L

vhopo TTH 45 tho cpoeing botvoon tho measuring
al :et50000, DIRDICRLEVIRIY ( 1959) hno ghown that tho ocloctric
£4AQ 40 propoptional o tho squoro dot of poasiotdvity,
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: e
Eq = Kg pY

Lot Vo 49 tho signol voliapge dordlopod botuoen tho
neaouring cloctrodes by tho curycnt osuppliod wih tho currcl
ol octrodes, 0 can compute thlis voltage for varicus arrcys
for o uniform carth. '

1 For ths Homor Array

XL
2T Oy
‘thore I = Current supplicd to tho groumd
S = Rosistivity of tho ground
o, = Spacing botucca cay $vo adjacont cloctrodos.

Vo, v =

2. Foxf tho Sehiunborpor Arzoy

v 1 F

v;;’azm

3
"ITo,u

b = Spacing botvoen acasuring dloctrodos
ag = Half tho shacing botucon tho curzeat dloetrodna,.

ARRAN GEIS1 TS

In enso of Sehlumborger avrongeacat, tho four cleetrodos
aro ploced along a conuon 1incg with thoe outer tuo corving oo
currcnt cloctrodos mm the innor {0 o8 mosuring peints. Tho
imor pair aro locatod at tho eontor of tho array ond tho
uapai-ation botveon thia 1o omall comparcd to tho total array
longth, usunlly loss thon ono £ifth the total longths In |
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studying rooistivity oo o function of dopth, thoe awrant
clectrodo soporation ig incroasoed in o ocrios of otops
buts tho moncuring cloetrodn capémuan i9 incrcasod only
wacn tho obgserved voltage becemos oo small to @onourc,

~ o = for current clcetrodd
Kg = Goomotrical factor

kg = “‘!T"ca/b

In caso of Vannoy ormy, four ogqually spccod cnd
colinoar oloetrodos aro uoods Ine cutor tuo oloctrodos
arc norrally used to provido curront to tho grouad, whilo
the innor tw ave used o mdnourc tho voitago drop cougsod
by thio cusrante If roolotivity 4o boing inveatignted oo
o function of dopth, tho contor point of tho aypay is hold
fized, and thd array spacing 40 oZpondsd obout tho array nid
point, all four oloctrogos ning soporated by cqudd diotoncss .
at il tioecs, If tho ncasupozonts ore nodo owor a complotcly
" uniforn Capth, the rosistivity of tho carth nay bo computed
vory oirply Srom the nmeasurcd wltage curront and orroy

spa.cimd .

Vo Voéf%& measuted  botwem two mer eleebodt,

L oo Cument cuplid to e oudu b Shcols

'G@m&w .&qd‘w {w—w awnyC::na) Wl a b

the gpaciyl



INTERPRET ATION OF RESISTIVIIY DATA

The following methods have beon employed to
interpret the resistivity datas |

1. Zogr's First Mothod
The method 1s based on the theory of imagese
The effect of various imsges on the value of the potentisl
at a point is considered. If configurgtion used is
| wenner, the surface resistivity is denoted by £1 ena
apparent resistivity by Fa, if a 1s the electrode
separation. The relation between S 1 mna Fa vidl be ass

) | o
P, m=t [ | y 2
1 /@2 e /4 @i

X « Electrification constant
h - The dépth of interface

g« 2= » £2 = Resistivity of |
. f24h the 2nd infinite layer

In this method 'apgarent registivity fa 13
plotted along Y axis asa:hiat electrode scparation 'e!
onkxaxis. The vertical electrical sounding curve is then
drawn. The VES curve is extended upto Y axis keeping
in view the trend of the curve for less electrode
seporations. The surface resistivity /1 is the ¥alue
of resistivity on the apparent resistivity axis at the
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point vhere the curve cuts the Yaxis., Three different
slectrode sepsration A4, a5 e} ore chosen on the

curve nd corresponding values of /a noted, The ratio

f— is caloulated depending on the variation

ot1conduct1v1ty of the sepond leyer with reference to
first layers | ,

Tagg's positive or negative curves dravn between
h_ end é; or fsc;“ for difforent values of k are used to
find out a series of values of h_ for the calculated
ratio betwoen surfece resﬂ.ativity and the apparent
resistivity at an electrod aepantion “a' for different
values of k. Tach value thus obtained is multiplied by
& to yleld he This results on o set.of valuo of h
and corresponding velues of K for an alactrod sepanttfgp
1a', A greph is plotted betwean h and K for a particular
value of as+ The procedure is repeated twice again with
'at different values of clectrode separation s, and )
The three curves detveen h end K under ideal condition
ghould interscet at one point. The value of h and X at
the point of intorseotion are the depth of interface
between the Int and 2nd Yayer and the value of elastrification
constant. When the curves instead of intersecting at
& point form s trianfle, the centre of gravity of the
trisngle is used to detormine the value of h and K,
The resistivity of the 2nd layer " 2% 1s determined by
thc following rolations

K

L f2h
fa2 +fy




Xnowing the resistivity of the Ist and 2nd layer
end thickness of the Ist layer as hy, let h, be the thicke
ness of the 2nd layer and '4' deing the distance of maximum
curvaturs, then depth of the 2nd laysr cun be ostimated by
the rolations

Hy + ha & § .4
It P' 15 the replacentnt resistivity for the combined effect
of layers of resistivity f1 and £ then from the Hummels

Formula we get
Ry + N h] ha

The resistivity £' 1s now used as surface resistivity
end the depth of the 2nd Interfece can be caloulated as befors
by plting the curves between X and hy + h2s The electrification
constant Xy in this can be related with 3 (the resistivity
of the 3ird layer) by the relation

L f
I 3 + F§
vhere/°2 1s the resistivity of the 2nd layer.
. The layer of (b4 ¢ hp) dstermined by the intersection

of graphs 1s used for an accurate determination of resistivities.

HMOORE '3 CUMMULATIVE CURVE METROD

This method suggested by Moore(1945) consists
esgsentially in plotting the integrsl of the apparent
resistivity values against the electrode sepsration of a
Gigh Rooney systen, and obgerving the breiks tn the integral
curves. The point of intersection of straight lines drawn
to intersect at zomes of maximm curvature in a cummlative
(integral curve) indicates the depthy of undtl?g"s“l materials.



The data for analysis are obtained by taking sn 37
initinl electvode spacing of some convenient value say
3 £t for shallow vork and the electrode spacing is then
increased regularly, by increments of 3 ft for each
sucsegsive determination. The initial value of apparent
resistivity is plotted as the initisl ordinate of the
commilative curves Each ‘subaequeat value of apparent
rogistivity 41s added to the sum of all preceecding values
end each total, thus obtained 1s plotted as ordinate of
another point in the cummulative curve, By using regularly
incrensed slectrode spacing 4t would sppear that, a
substantially straight line with a given slope is obtained. |
As the electrode spacing spproaches to a value corresponde
ing to ths depth of the surface layer, the plotted cummulative
curve tends to change its direction, the new slope being
a functian of the two resistivities.

The line drewn tangent to the cummlative curve
end intersecting in the region, where the change iw slope
. pgours will give a good approximatidn of depth bo the
interface of the two materials if we project the point
an the horizontal depthaxis,

CURVE MATCHING

In this method we compare the field graph plotted
on ﬁ double log paper with the therretical curves plotted
on Log-Log papers with same modulus for different
resistivity snd quickness ratios. The bl <dog paper
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pernits a vide range of values for the variable to be
presented on a single graph and the resistivity for
smaller electrode geparation con be accurately plotted.
The apparent resistivity cat; be expresged in terms of
dinensionless ratios gs is evident from the relation

JJDO,_:,__ a[1+2§§m

( 1+ _57‘/2_]

This means that the theoreotical curves computed
with equation can be plotted without regerd to the system
of units used and without regard to the absolute magnitude
of their resistivities, electrode spacing or thickness
of the beds. The spparent resistivity is caloulated in
torms of the resistivity of the overburden and the
spacing in terms of the thickness of the overburden, In
normal field survey the viliies of /D 'amd h are unknown,
being the object of the survey. The dimensioneless
ratios (%r) end 'ﬁ' expressed in the terms of overe
hurden resistivity and thicimess thus can not be used in
ylotting field datas The slope of the curve plotted in
the Logarithmatic coordinates is preserved even when the
ordinate snd absciassa of each point alongthe curve are
miltiplied by arbitrary constants. The preservation of
curve shape in longarithmic coordinates is the basis for
curve . matching method of interprotation.

A £161d durve which is plotted betwesn spparent
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registivity snd electrods separation will have the ssme
shape as a curve computed from the theoretically derived
expression provided doth are plotted on the seme loge
arithmic scale. The field curve may be compered direct
vith a set of theoritical curves by superposition. The
restrictionin moving the field curve around is that
coordinate axis of both sides ai‘ curves must be kept
parallel,

The curve matching may be either complete or
partial. In case of partisl matching a part of the field
. curve is matched with aténdard qurves The restriction
being that the thickness and resistivity of the common
layors for two partisl matchings should come out to be

ution of the Conductivity (7 ) yithin graund
It was shown by Slichter and Langer that if
tg! is a function of depth only, the equation
div (T )# 0 possesses a unique solution. Then the sub=
surface distritution of T~ can de eslculated from a
- knowledge of the surface potemtial produced by a single
yoint electrode without any further physical or gsologic
data,

In tho general case when 0~ 4g not a function of
z only, Stevenson provéd that the equation div (VV)
poaaesses no unique solution. In this case if the surface
potential 1s measured everywhere for all positions of a
point alectrode on the surface, the distribition of o
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cen, 4in principle, be uniquely determined.

In the gimplest case we have a horigontal layer
of thickness hy and resistivity ﬁoverlying a second
homogeneoous medium of resistivity f 5* The potential of
8 point electrode C, through vhich a current I is passing
into such an earth was first calculated by Bummel by the

method of electric imoges. ' o
| o |
M
hy _ P;,
-/ o) A
. ., , 2
, e

The potentiel 1s given by the sum of
(1) The potential of ¢ in s semi infinite

medium of resistivity fy = “!:5"'7}:5115"

(11) The potentinls of fiectitious current sources
ety c",. mmd ont ere Gte,
vhere ct' 1s the imago of ¢ in the plane Z = h
¢" 1a the image of ¢! in the plano2m ©
‘J.‘fma the potentisl at the surface point P 1is

. | | m
D J z
V(r) " %TT -g‘—i 1_* Nesd %&252)%?;
viiora » = CP
x «P2xl1
Foa +f1 )

The equation can Yo expreéaed, in the closed form
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N
Vr) = -%%. 21— {14 2r Qf K (dy ky WJo(rraly
vhere k()) = X exp(«2)h)/(1-K exp(2rh)

and Jo 4s the Bessel function of oraef zone a(epparent
resistivity) is determined for different values of

electrode separation(a). Thus the value of is

. 1 A
plotted sgainst ﬁ;— on a double log paper for different values
or £ 2

£ 1y ranging from O to o

i1.00 P_,z_ s O 1.e perfectly conduoting substratum
£

£2a = o 1,e perfectly insulating substratum
£ -

This plot shows thet fa approaches to )D 4 vhen the current
electrode separstion is small compared to the thickness
of the top layery snd Pa spproaches to s when current
eloctrode separation is large.

With the addition of & third layer (ha,?z) sande
wiched between the top layer (hy, f 1) and the substratum ()
the problem becomes mich more complicated. The spparent
resistivity curve con then take four basic shepes
depending upen the relative magnitudes of f,fn » 3

1« Q type (descending)

2¢ A type (ascanding)

3, K typs (displaced Anisotropic)
4, B type (Hummel type with minimum)



42

In every case, hovever, Pa < f4 for small velues of a
‘ FPa «=f3 for large values of »

At 1ntemed!.ate values of L 4t 1s influenced Yy
the msntmty of the middle leyer. The observed fa
is plotted agsinst "a" on a transporent doudle log paper
with the same modulus as the master curves papers Kesping
the respective axis parallel, the transparent paper is
. 5114 on various master curves 1n succession until a
sstisfectory match is obtained with some curve ¢ if
necessary an interpolated. ono)s The value of C(Ch= 2a

coineciding with the point" 1.0 on the YX-akis of the
matching master curve gives h, and the value of 4
coinciding vith the point 1.0 on the X axis gives Fi.
The values of R 2,/2 +.. etc. arc obtained from the
appropriate parameters belonging to the matching master
ourves.

The potential distritution on the surface of
en earth composed of four or more layers is often needed,
It can De determined by electric images but the mmerical
‘computations ud ng conventionsl methods are labordous.
A rigorous and accurate method for repidly calculating
the resiativity curve for any combination of thickness
and resistivities in a stratified earth having a
perfectly conducting or insulating substratum, was
developsd by FLATHE, But due to inherent limitation,
this method is now of historical importance.



o 6

| 4o
If in squation Div (fVV ), .s.}..
13 constant ve get Larlace's equation ~v2v = 0 vhich
is true vithin each layer of the stratified earth. The
potential distriution on the aurfaca is given by

UOREE S ( 1427 ( x(»,x.ni To(A ) @)

K(A) 4s a funotion of all the strata thickness
‘and resistivitios, known as Kernel function of resistivity
Its value for the two layer sarth is

K(}) = X exp(«2)h)/ (4= K exp(d2ih))
For three layer earth, its value will bes

For an arditrary horizontally stratified earth
K(A) 1s obtairmcd by solving a certain system of linesr
simltaneous oquauom resulting from the bomdary
conditions.

mmm.nnmm

Yor Schlumnberger array we have

Eﬁ_ _m,, 71,.%_ AV seas (1)

vhere Tr)= :%f- A (142 ( R(Aksh) Jo(Ar)ap)
veer (2)
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From thess two above equations (1) and (2) we get

o | N
Pa =fytrez2rd [x M3 on ax
(3
' seesss (3)
8ince Jo! (x) = «J¢(x)
.3'1 is the Bessal function of order 1.
Bow according to HankelYs transformation in
Bessal function theory, if we have a function £(r)
such that

N
£r) = | K (A)n (Ar) @A
° on
then K(A) = fr(x-) In (Ar) rar
o
Applying the transformation to equation (3) we find that

-1 -
XA) = WFfy Paeftyr I, (Aner

The equation first observed by KING shows that the
Kernel function csn de comruted. It plays a central role
in the modern theory of the interpretation of resistivity
data.

RLAUALION o 1he RYyered eavrtsl pArapoters

The electric conductivity of a layered oarth is

o function of the depth only. According to the Slichter -
Langer theorem, therefore, the knowledge of the mfaéo
potential due to a point electrode should suffics to
determine the thickness orid resistivities of the various
layers.
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Two Intorpretation methods based on this approach
‘are available - |

The Ist method cen be traced back to Hummel
© (although 1t has been subsequently refined and improved
by several workers). Lot us take the three layer case
(£1,£2,F3) vith no)hy, clearly as long as the current
electrode seperation does not ewceed a certain value, the
apparent resistivity curve will not 4iffer sppreiciably
from & two layer case with the gamo ‘;&. as that in the
three layer case under consideration. 1&& larger electrode
geparations the third layer, that 1s, tho infinite
substratun (£ 3 ) will influence the measurements,

Hummel showed that for sufficiently lerge separations
the apparent resistivity curve odbtained is virtually the
sene ag that for a tvo layer case with the substratum bdut
with a top layer of thickness h = hy +h2 and &

resistivity given by 2. = AL .m_,
I £ P,

f is derived by epplying Kirchoffes law for
resictences in parallel. Thus by matching the initial
branch of a measured resistivity curve with sn sppropriste
curve ¢two layer case) we obtain o and by (P4 1s xnown
from the asymptote of Pg ) for very aman electrode
separations,

8imilarly by matching the branch obtained with
large electrode separations we get/ 3. and B again
wvith the help of two layer master mg'vuy Then fB and hy

gan bs meparately svaluated, .
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The above procedure is facilitated by the use
of an suxiliary dlagrem in vhich { » hy 44 plotted

‘along thexaxis and  on the y axis, both on & loge
arithoic scale, and for this reason known as the
suxiliary curve (or mxiliary point) methode The method
13 easily extended to eny number of layers with thicke
nesses hy, M2, h3 ... and resistivities 1, £2y 3y

Tt 18 of eourse, valid only 4f h1 < ha {hy cees Dut
can also de validly employed in many other cases by
constructing special auxiliary diagrams.

The gecond direct method of interpretation is dus
to Pekris end 1s dased on S8lichter's snalysis. Practical
procadure 1s an follows:

We measure the surface potentinl V(rd of a single
point elootrode by removing the other current slectrode
to grest distsnces, We cormplete the function

. n
K(A) = A f Vir) Yo () r)rdr, by numericeal
) o
or mechanioal integration. Plot tﬂ(/\ﬂ against )

where rq (X)) s_%__}
-

for largs ) the points will lie on a straight line vith
a slope #hy and en intercept log ( }.) vith the Y sxis

vhere KX, = Lo L1 "« If al) the points 1ie
Jo 2 @ F 1
on a stratght line hy = O»(two layer case) othervise

with hy and X4 thus determined ,we procesd to calculate
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anothor closely similar function f£2 (A)y The plot of

vhose logarithric gives in turn hy and Xp ;z.-:.%
I 72

The process is contirued by caloulating a third function
f3 4f all the points do not lle on a astraight line, that
1s if h3 Forand so om.

~ This method implies no restriction on the relative
mognitudes of Ny h2y N3y ... and 48 thus quite gemeral.
Unfortunately it requires considerable computation.

Koofoed has recently developed the method into
& rapid practicel procedure. He starts by constructing
K()A) from the observed f a curve by means of a small
mmber of standard curves. Next he defines a modified
‘Kernel function On(A) = K (M) (14K N))
tnd this he treats in cssentially the seme manner as
£(A) ebove to obtain successive strats parmmeters.

AMBIQUITY IN THS INTERPRETATION

A relatively thin layer sandwiched between two

- layers whosc resistivities are much higher then that of
the sandviched layer. The current flow in the eatbh
vill then tend to concentrate into the middle layer and
evidently the fraction of the total current carried by
it vill be unaltered 1f we increase its resistivity (f)
tut at the same time increase the thickness (K) in the
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Saze proportion, Thus all the midle layers for whdch

the ration ..};.. is the same are electrically equivalent.

On the other hand if the resistivity of the
niddle layer is much larger than that of the layers
on either side, the clecttic current density in it will
tend to be less than in the layer belows The current
flow will evidently be unaltered if we increase the
thickness of the middle layer provided we at the same
time decroowd its resiotivity in the proportion. Thus
in this case all middie layers for which the produet
b £ 1s the seme are electrically equivalent. Thus h
and £ cen not be separately detormined, If in the first
case the thickness of a layers is very amell coupared to
its depth, the offect on the / a curve is so smell that
the presence of the layer vill be suppressed.
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INSTRUMENTATTON &9

Buis"tjﬁty survey can be carried out sither by
using lov fregquency elternating curreut or by direct current.
However thore sre some 1imitstions and asdvantages in each of
these types of anergizations. There bdeing two reasons vhy
direct currant is not normslly used. The first 4is that electro-
chemical e.m.f.'s produced hotween the motol elestrodes end
the ground would He o source of error in the readings. The
gooond 1s that direct current measuvements arc also affected
by natursl carth currents vhich produce a slovly varying
potentinl difforence across the aleatrodes. Electrochemical
effects can be avolded by using nonepolarizing <lectrodes hut
these are troublesome and reduce the operpting spoed. Mn
cleotrode of thig type congists of a porous ‘mt oontaining a
metal clectrode immorssd in =n eleoctrolyte of one of its own asalts.

Like tho potontial differances of slectrocheamical
origin carth current tend to be unidirsctional and both are
eliminated 1if nlternating current is used in the ground and
rectified Defors measurement, It is very ‘esirable that low
frequenicy be used, this i3 because ground inductance snd capacite
ance and more conplex frequency effects guch as the induced
polarization bocomes ‘4,ncruainsly important ot frequencies
above a few tan cycles per second.
Adventages.of direat current
' There are some definite advantages of using direot
current. Thege ares

(1) The gkin depth 1s infinite.

(2) Instrumentation is comparatively sizmple.
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Bverything discussad sbove relstes to dirsct current.
However, slternating current offers definite sivuntages from
ssvayal points of views These advantages have often led to a
prefeyence for the method 4in meny countries, for exmmple, Sweden
Advanbages include eass of power production and of measusenent,
facility to smplify potentinls, mnd the cbility to filter, This
lest possibility in particular facliditats: the distinction
botwean the ussfil signal and nonvantsd olsctrical perturbations’
which cen be natursl of manemsds, mch ss polarization of the
wlectrodes or telluric currents which in genersl are slewly
variable,

Admittadly, the Drobles of alternating current dlstrime
tion in a hetsrogenecus nedina is more difficult, However,
alternsting current earries cn aiditional indepsndent parameter
in its Irequency} also, on® can measure both the electrid field
and its phass, and even the componsnts of the induced magretic
fie14, There tms Temlts & Hore flexiile operation, as mich
for the exscution of msasurements as for production of currenty
In partioular, it 18 easy to induce surrent in the sarth without
the necoessity of vléptrodes, mud to mesyurs the resulis in the
sous wayjy this techndgee pomito o continious neamirant sy
one advances, aﬂ.ther ty wtﬁcle or Ly plenay

DISADVANTACRS OF ALTERNATING CURRRNTS 3 = THB SXIN EFFECT
All thess advantagos howover are largely offset Yty the
raJor difficulsy net in trying to penetrate s conducting earth
with alternating current., This phenomanon; called the skine
\o198Y
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effeet, eonslsts in she sencentration of alternting eurremt
near the contact betwsen materials of Aifferant resistivitiest
Thass concentration of curpent is more pronounced at higher
frequencios and for gieuter diffsrences n resistivity and
becouss particularly important ai the surface of the earth,
The scinesffect neuns a rapld decrease of current density with
depth, end consequently a decrsased depth of Investigstions

The dspth of penstration depends on the manner in which
the current 15 introduedd in the earth, tut cne can set mn
wpper wuit vith respeet $0 a plone wave, that in to sayy 0 a
goures sufilclently removed that fior direct current the current
dtnaity would be constant ab all dopthes This is the case for
cerbain tellurie mau&#, fox impu.

The so-cefbed "depth of panetration® 18 given Sn kilow
avters by the sxpression j

s </ T

and is the depth st which the current demsity is reduced to
sbout one-thint Ats valuk st the surfoos. The poricd T is
given in peconde nd the reeistivity f As olm.zeters,

- It follows that a 1000 cyclssepsresecond curreant in sn
snrth of 10 olmenetars Tesiativity would be reduced to one
third its surface dengity st a depth of 50 meters. Varistions
of the resistivity of tiw nearesirined lormotions thus have 'z
wpoMexant effect on the distriimtion of the clectrie fiedd
at the surfave. rendaring s severs limitation on sltemating
gurrent methods in ammntw ssotions of relebively high
eonduetivity.
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PORSIRILITY OF A CONPROMIGE &

However, it is still possilils to profit the advantages
on the eondition that frequencies be used scconding to the resise
tivity of the beds and the depth of Anvestigstion dagired, Mor
sxmple, 47 the Tesistivity ix 10 chmemsters as adove, & current
of one cycle psr second would have a ussful depth of penstration
grester than 1000 neters, 7The sams useful pwnetration eould be
sttained in a medium of 1000 obmezeters with a current of
100 cycles par seeond,

In passing, 1t is noted that sirasoidal alternating
current 18 not the only way in which a variabls current nay be
used. Theshlly of the behavicur of short pulses, or of the
transient bheviour vien w curzent 48 tpplied, vhich 48 theo-
retically equivelent, is able to afford certein practical
sdvantages. Thess technicuss are sometinss ussd todayt

THE~ BOLE OF SXIN EFVRCT IN PROGPECTING WITH DIRECT CURRENTS ¢
The skin-sffect 18 aleo fmportant froa a practical viewe
point in prospecting vith Airect current, In effect, it appesrs
wvhen the current ciycuit 4s elosed or opsned, The current
athaing its steady-stats €istribution only sfter & certain period
of time has elapseds Inammuch us cortain technieies to overcoms
variadle natursl potentisls iavelve & series of cpening and
closing the sarrent circult, it is necossary to investigate the
tims eonstants and to assure cursslves that the steady-state
is roslly attained,
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INSTRUMENTS OF RESISTIVIFY SURVBY

Based on the above discussion the instruments aveile
able for carrying out resistivity ficld operations can thus
be divided into two types. |

1¢ AL+ Instruments
Following are the A.C. Instrumentss
(a) Tellohm Soil Resistivity Meter
(b) Geophysical Megger
~ (c) ABE M Torra meter

2+ D«C. Reglstivity Meter

In D.C. resistivity meaaureﬁems. ingtrumentation is
usually simples Current is generelly provided from dry
batteries. Current cloctrodes arc generally stedl or 'mm-
clad steel stekes driven a few inches into the ground. In
dry areas, the soil around the electrodes may hsve to be
moistened to improve contmct. VWhere bare rock is exposed
at the surface, it may not be possitle to drive a stake
into the ground end in soch e cage, a current electrode may
be formed by tuilding a small mud 'pudcnen around a piegce of
copper sereening,

A most useful and protable instrumnt ir/z} the Telloln
soil Realstivity meter, has a simplified circuit., Altere
nating current is supplied to the two outer electrodes
the potentinl differences across the iymer two being
measured by a potentlo meter, Variation in the supply
voltage affects both potentio «
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meter and current electrode equally, and therefore does not
upset the balande point, Thus it is nmot necessary to measure
current and potential difference separately to obtain a value
for resistance and the potentiometer can be calibrated in
ohms. The advantage of using a potentiometric method of
measurements is that by so doing mo curremt is drawn from the
gronnd through the potential electrodes, and therefore the
resistance betwesn these and the ground is not incorporated
in the total measured resistance.

The current is supplied by five 1.6 Volt batteries and
converted into alternating currext at a nominal 110 cycles per
sec, by vibrafor. To operate the instrument the potentiometer
43 adjusted until a null reading is obtained on the galvenometer.
The potentiometer then gives directly the ground resistance
between the inner electrodes,

The another instrument is Geophysical Megger uses a

band orénkcd generator and can generate about three times as
much power as the Tellohm under normal operating conditions,

‘1t bas also the advantage of working at a lower frequency,

this varying between about 10 and 20 ¢/s depending upon the
speed of rotation of the handle. The principle of the instrument
is somevhat similar to that of the Tellohm, but here a synche
ronous commutator is used for rectification and the resistance
is read on an ohm meter directly and not from a calibrated
potentiometer, The operating range is from 0.3 to 30 ohm

m scale with an accuracy of + 1 percent of full scale on

each range. Provided that ground resistivities are mot too
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low, the Geophysical Megger can be used for investigations
down to ahdepth of several hundreds of feet. Its disadvantages
wvhen compared with the Tellohm are its greater weight and
shorter scale range.

A never instrument, the ABEN Terrameter, also operates
et a low frequensy (4 ¢/s) and is therefore suitable for

groater depths of investigation than the Tellohm, but is
based on a transistorized electronic ogoillator and s therefore

far wore portable than the Megger. 7The maximum output is
€W and 1t covers a resistance range from 0,01 to 10,000 ohm,

The snother instrument is Resistivity meter, the resist-
ivity measurements in the field can Pe made elthor at very

low frequency or by direct ourrent,
gQulP ME‘TS‘

1, Resistivity meter (Manufactured by KN.,G,R.I, Hyderabad)
2. Blectrodes
3. Pover source
4. Insulated cables
6. Surveying Equipments.
1. BEGLSLIVIZX MELER
The resistivity meter used in the survey was manufactured
by the National Gmphysicai Research Institute, Hyderabad.
The circuit diegram of the instrument used is shown in the

figure o, 9

The resistivity metor is a null detector and utilised
two potentiometer circuitas for measurements, ZIhe voltage
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picked up between the two electrodes for potential measurements
1s neutralised by feeding an equal and opposite voltage through
a pre-~calibrated circuit which gives the value of potential
aifference between the two different potential electrodes.
The current through the ground is muaauréd by milliammeter
placed in the current oircuit. The resistivity can be calculated
by measuring the potential difference A V and eurrent'
I, through the current electrodes,

The instrument is very portable and assembled with a
wooden cabinet, There are two poteniiomter circuits,y one

potentiometer is used for the cancellation of self potential

while the other is used for the measurement of potential
difference betwaen potential Electrodes. Ihe potential
difforence 1s measured with the help of a clroular disc graduated
in millivolts and can measure the range of 0O to 600 millivolts.

There s ali d.cfmebar of 700 ampere range, which is graduated
_4n both the sides of the gero value ¢of the scale 1.0. (60 «0~ 50).
This ammeter is placed in the potentiometer circuit for measuring

the current passins through the potentiometer resiatance wire.
The same ammeter funstions as a aalvommdtar for cancelling
self-potential and for the balance of the potential due to
groumd, | '

There are two switohes for fine amd coarse cancellation
of s-p and potential differences due to the ground. In order

to cancell out the minor inhomogenities the resistivity meter
is provided with a current ravcrau& key between the two

current slectrodes. Iwo sets of readings are taken one in

the direct and other in reversge direction.
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1. The electrode connections are made depending upon the
polarity of the current, Ihe main and auxiliary svitches are

then switched on,

. 8.  Waen the function switoh 1s off the mull indicating
meter should show gzero, If mot, the mechanical zero is
adjusted with a screw driver. |

3e Funotion switch 1s turned to calibrate position and
calibrate control is adjusted tc get & specified deflection,
4. The function switch is turned to "set zero 1 position
and set zero 1 control Ls adjusted so that needle is brought

to gero,
B Again the function switch 1s turned to "set zero 2"

position and ‘set zero 2' control 1s adjusted to bring the needle
to gero, |

6, The function switch is then turaned to "coarse” measuring
position current range is put to 2000 mA and 'Add mv' switch
is adjusted to zerc. Potentiometer circuit is set to zero.
Also the direct/reverse switch is put to "Direct".

7+  The double button awitch is pressed lightly with left
thumb s0 that only the potentiasl Electrodes are connected.

The shift in the needle of galvemometer arised due to s.p.

in the cirouit is balanced by adjusting ‘cancel s.p' control.
8, The double button switch is pressed again slightly bharder
in order that curremt electrodes are also connected, The
deflection of the galvenometer is dalanced by adjusting

main potentiometer and add mv control and then the functioa
switch i3 turned to fine measuring position,
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% An accurate mull is obtained by adjusting the
potentiometer. The total potential difference is noted
by reading the potentiometer plus "add mv" control, Also
the current iz noted and the thumb 4is lifted off.

10. Direct/reverse switch is put to "Reverse" and
step Ko.9 13 repoated.

11 For every new obgorvations, step & to 10 ave
Topeated,

For Wermer configuration four electrodes sare
uged during the resistivity survey, Two alectrodes known
as current electrodes are used to pass the current into
~ the ground vhilec the other two are used to measure the
potential difference between two points.

(a) Surrent Elactrodes
| They are metal (Cu) rods sbout 18% long having
a digmeter of about an inch. The current electrodes are
pointed at the bass 8o that they ¢an be easily d¥iven
in the groaund. The elettrodes are harmered with the help
of a hesvy hammer so that the olectrodes resdbh to a depth

of sbout 6". This helps in making a proper contaet with
the moist soil.

(v)

Even vith the best possible electrodes a contact
potentiazl of the order of 100 mv is produced due to the
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existence of contact polerization. This is a serious
drswback with the d&roct contact potential elcotrode.
Non-polarizable clectrodes are used to overcome this
aifticuity. |

The non-polarizing clectredes are made up of
identical metal rods put in identicel solutions. i‘ho
potentifil slectrddes are flat bottomed porous pots rilled
vith a saturated galution of CuSohs A perforated copper
rod is put in the solution. The fIow of the el»eatuc;
current through earth in vicinity of pot causes the
slectrolysis of the CuSa, asolution

BuSey, . Cu*‘ * So.:"'

The Cu®* fons moves towards the central copper
rod and get deposited there |

cu** Cu + 2e

The flow of these copper ions sets up a potential
at each electrode. This potential deviloped at each
eldctrode depends upon the current flow in the vicinity
of slectrodes which itself depends on the resistivity
of subsurface formation, lesger wilil be the current flowing
through surface layer of sarth and hence gmeller will
be the potential devoloped at tho electrode, The Alfferences
of potential at two slectrodes so devdlopsd 1s measured |
with the help of d.c. compensator arrgngement in
resistivity meter. |
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Sometimes rods mede up of zine and golution of
S, is slso used in the porous pots to make the potential
clectrodes. The rod is hollow and the surface ares of
contact 1s large this holps in the maintoinence of potentisl
equilibdriun. To svoid the internal polarigation of the
potential clectvodes the following precsutions chould de
tukens |
1 The rod mist be cut from the sagme pieco of metel
to enmé that the physical and chemica) characters of
the two rods iy the two electrodas are the same.

24 The two porous potgs ghould have the gamne degree
of porosity.
3. The chemicals used should be pure and in recrystale

ized forms Digtilled water should be used for the
preparation of the solution.

b  The solution should be fully saturated snd the
porous pot should have a few orystals left in the bottom.
Fe To prevent the loss Gue to evaporation the
porous pot is gealed st the top with the help of a cork.

In order to get correct readings following points

- should bde kopt in mind. | |

t I Calibration should be checked aftor few observations
and not after every observation on frequent uses of the
standard cell will result in rundown of the voltage.

2. Current range should not be chaonged whsn the
current switch is on as it may destroy the ameter,
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3. Drift of zero settings ore easily sean ns change
in the mill indicator position vhen the fumetion switch
is in fine end the thund is off.

L. The null indicator should de adjusted, being
very sensitive and delicate, a small error in balancing
smounting less than half a small division on the moter
amount to en error of sbout O.¢ mv.

-1 The polarity of the battery cells inside the
instrument should be checked carefilly. Comnecting the
eclls with wrong polarity may permanontly damage the
instrument.

6o The ammeter should nevar be touched vwhile the
instrument is in wse., This may lead to generation of
static charges.

7¢ In cloudy wveather too mich of variation in the
measursuents are observed. They are due to electricity
in the atmosphere. Hence no observation should he tsken
vhen the westher is cloudy.
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POATR SOURCE ¢
A large nunber of finsh light cells of 1.% volts aye

connected in a seriss to form the seurce of pover for the
survey. Gmerally, 64 such cells are connscted in series and
kept 4n & vooden box to provide 96 velts, Seven to sight such
bhoxes may be comscted in series to form the source of currenth
The boxes are tapped at regular intervals %o that varions
voltages can be drawn for the survey. Thus desired volbage |
can be obtained,

ABSUIATED

- Flaxidls "IVC® capvles with thick copper core are usei
for the survey, The cables ayre rollsi on four different vhesls,
The lmgth of the cable i governsd by the lsmgth of the prorile),
Since the currsnt elsbtrolss ars at & grester distance than the
potential electyodes from the chserver, such lsnger csbles wre
neaded for current electroiss than for potentisdl slectrodes,

SURVEYING INSTRUMENTS 3

Prismatic cempess or thedolite is generally used for
the purposs of liying ﬁroﬂﬁ.i dines and finding out the Alsste
tion of the profile line with respect %o Narth, Measuring
taps and meter chains are dseld for fixing the elsctrod posis.
tionsg,

HEASQN FOR SELFCTING THE PARTICUIAR ABBANGRMENT 3

The selection of particulsar arrangesent Sepends upon
the following factors &

(1) BEase in carrying out in £is3d
(11) Avallahility of Master curves for interpretation’
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Seeing these two points Sohlwberper srrangezent is best,
as it takes less time in comparision to Wenner arrangemert’,

(1) In case of Wemner . In sewnding method sll the
four elsctrodss are shifted for getting each reaiing, vhile
in Schlusberser arrangement, pobentiel elsctroies are not
changed regularly, |

(2) In cass of Wenner » We 40 not have waster curves
vhich are necessary for interpretation,

As two typss of resistivity messurements are possidle, the
#olisction dspenis upon the problem, vhether one want to stuly
dateral vardation in resistivity or vertical distridbution of
" resistivity, for that reascn one can use mepping {(geeslactrical
profiling) and Vertical Elsctricsl Sounding respectively,

CMPARIAION OF SCHIIMBRRGER AND WEMINER METHEDS §

Ene Schiwsberger theorsticel master curves are based on
the value of slsctric fiegld intensity at the souniing stations,
vheress the ¥enner curves utilire the potential difference
b;tmh M ani ¥, Hence the Schlwberger and ¥emer msthods are
scmetines knownn s gralismd and potential wethols, respsctively,

Ag the names suggest, the snomaly in the Schlumberger or
gredimnt wethoa is rownded off, and the minor dlstortions are
not indicated, Wenner curves, in contrast, retain these dis.
tortims and wmdulations, which ars dus to local inhomogenesitiesn)
88 these ara ndmlly irregularly scattared in the growmd, they
are not dmpoytant from s practicel point of view,

Whnils the electrical properiiss of the various layers are
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refletted to a renarkable degres in the Schlumberger curve, the
theoretical condition that (MR/AB) ~ O, required for spparent
rexistivity calculation, 4s never fulfilled in practice, In
wennerts method, sich difficulties are not met with, since
(MR/AB) is constent (1/3),

In the grodient muthod, MN is changed after a mmbex of
changes in AB; this cuts the working hm.:'c Yy about 50%. The
cehle length is reduced, and cable contimuity ss well as leakage
locations in potentisl codles can b easily checked and detected,

The introduction of psrsonal srror in the .Schlmb!rg‘lr
method is mmsll, since only tvo slsctrodes are changed at a time
{rather than all four),

The Wermar method is ssnaitive to nsaremurface inhonoghe
neities, ut camot always clearly rssolve desper svents
{DXPPRANANN, 19%%). The master curves (MOOERY end WETZEL, 1956)
syalleble for the potential method have been plotted for shallower
avents only,

. FIELD PROCEDURE i

In field vhile laying out profile one migt always kesp
4n mind some of the factors which improve the results and
incrense the efficiency of the field work, é&ealection of a
sltable place is oneg most Amportant factor to bhe considered,.
Its importance lies in the fact that the edectrical resistivity
method is very much smnsitive to topographic effects which is
dus to locel squessing together or drawing apert of the E.P.
1ines and tharefore effect the potentisl readings giving
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ineorrect pogential difference reading and hence fictitious

results. Lffarts, therefore should always be made to sslect
fairly plain area for profile layout.

SURVEYXRG ¢
L

For leying sut profile and marking various points for
current and potential ohctro&w, the survey is started with
primatic canpasss Dase  boiit! was selscted sich that falrly
plain ares is availeble on the either side of it. FProfile line
is then marked with the help of primmatic cempass kept at the
bses point and fixing a ranging rod on the edther oide of it
Benring of this line ia noted down positions for putting potm-s‘
tial end current slectrodes are marked, with the help of peg
dravn into ground ot predeternined distance from the base
station on sither side of it.

In order to snsure good contact between sarth and
slectrodes snd henee to reduce the contact resistance, holes
are prepardd and vatersd in sdvance. As the contaoct of current
®lectrodes with ground can directly ds made by drawing them
into the ground through a distance of sbout 10 oo, so the pres
paration of holes is only found necessary for potential slect.
roles, By preparing the miitable holss gnd watering them in
sdveance, the resistance offered by the contszet between the pot
and ground, which 1s varialle frowm place to place and point to
point ¢an be made small, Normally holes of about 6 inch depth
sl dlemeter slightly greatsr then one dlamster of the porcus
pots are prepared snd watered in such a way that neither the
hole 1s left dry nor it is over fz.oad 1 vith water,
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THE ® MISE « A « LA = MASSE"™ METHOD

The name for a technique of electrica) mapping
was suggested dy Schlumberger (1920) and may be tramslated
on axéitatisn of the mags. The idea 1s to use a |
subsurface conductive mass itself as one current electrode
of a pair dy commocting 4t diroctly to one pole of a
battery, the secand eletrode being as usual a metal rod
but placed on tho sarth's surface at a great distance,

A current is passed and the wvoltage at points on the
surface are mapped by measns of a volt-meter with respect
to some dase station,

It wvill be noticed that the oporation is
exactly tha same as in the messurcment of self potentials.
If we consider the magg to be an edeotrically-charged
body, the shape of the eqwipotential lines (Lines joining
points vith equal voltages) will in gome measurs reflect
the geometry of the conducting body and should be
expeoted to give clues as regards its extent, dip, piteh
ete, It 43 obvious of course that atleast a part of
the mass concerned must be accessive so that an electfical
earthing can be made in it.

The mise-a-le-masse technique is of great
help in testing vwather a small sulphide mineral show
(4n out crop or 4n a bore hole) is an isolated ocourance
or vhether it is a part of a large electrically
contineous mass.
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THE % MISE « A = LA «» MASSE" METHOD

The name for a tecimique of electrical mapping
vas suggested by Schlumberger (1920) and may dbe tramslated
on exoitation of the mass. The idea is to uss a |
subsurface conductive mass itself as one current electrode
of a palr by conmecting it direstly to cme pole of a
battery, the gecond cletrode being as usual a motal rod
but placed on the earth's surface at a great distance.

A current is passed snd the woltege at points on the
surface ars mapped by means of a volt-meter with rospect
to some base station,

It will be noticod that the operation is
exactly the same as in the measurcment of self potentials.
If we consider the mass to be an eleotrically-charged
body, the shape of the squipotential lines (Lines joining
points vith equal voltages) will in nome messure reflect
the geometry of the conducting body and should be
expeated to give clues as regards its extent, dip, pitch
ete. It 13 obviouas of course that atleast a part of
the mass concerned must be accassive so that an electtical
earthing can be made in it.

The mise~g-la-masse technique is of great
help in testing veather a small sulphide mineral show
(in ocut crop or 4n a bBore hole) is an isolated ocourance
or vhether it ias a part of a large electrically
contineous nass.
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CHAPTER = V

PROCRSSING,  PRESENTATION _ AND

DISCUSBION OF RESULS



DATA PROCESSING, PRESENTATION 8 7
~ ARD DISCUSSION OF RESULIS

Data Processing end Pregentatiom

The readings token in the field as daescyided in Chapter
IV have besn processed to obtain apparent resistivites for
difforent current oleatrpdec spreads. Por this purpose
computor prograume was designed and the dats computed,
Some of the gheots are given :m‘ Appendix. Theso apparmnt
resiativity valucs were plotted against the half the current
electmoda spresds on ths Lrangparent double logarithmie
poper of modulus 62.5 mn. Thege curves wors then mastched
with the Master curves published dy Zuropean Assoelation
of Exploration Geophysics (1963) 2nd revized edition
utfliging the }prineipla of compltte curve matching as well
és partinol curvo matching. The dep'ah of interfecas and
the resistivitios thus obtained by this interpretation is
siiown in Fig |2 t0 19 end in tabls Noe 1.

Geoelectric seotions were them drawn utilizing the
interproted data 1.e. the resistivities and the depth to the
interfaces and is hhown in £ig No. 20 |

DISCUSSION OF RESULTS

The values of resistivities were determined and it
was found that resistivity of the top layer varies from
642 to 35 ohm meter, while the value of resistivity determined
with the help of Meggor inm field wos found 8 to 4O ohm meter
which are nearly same. The reaistivity of the 2nd lsyer
ranges from 1.5 to 12 ohm metor except few soundings obtained
by interpretation of data, the dotermined value of resistivity
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in field vith the help of Megger is 1.5 to 4.1% ohm meter
in pit vwhich is also coinciding. The pleces vhore the
value of P ¢ is informed to be high, the value of resistivity
of 2nd layer is correspondingly high. Substratum has been
consideraed to be of very high resistivity-

At plaves, the depth of interfaces is found unduly
high as in lins A‘A, B'By C'C 8tGesess at point VES Wo. 7,
22, 10 cte. vhich are likely due to burried nala,f 2
varying from 1.5 to 11.3 ohm meter.

The course of the durried nala data is shown in fig ,Zt.l
However this has also bean refledted in the reitlts of
¥isewA-La-Mnsse method discusscd in the next paragrapis

The anterial in the burried nela can likely be
clayey soils along with boulders and water may be prosent
in the pore spaces. At other places, very low rosistivity
valueg of the 2nd layer is found to correspond to the
clay bed. The course of the burriod nala is shown in the
map (£1g No.2i ).

The-gquipotential map obteined in the Mige-A-Le-Masse
method is shown in fig No22, However the course of bturried
nala has affected the disposition of eguipotential contours.
Thus from the squipotential contour, the gcourse of the
burried nala could be deciphered and is shown by dotted lina
in the fig No22. On the other hand the otherwise regular
pattemn of the equipotantial lines indicate the reguloarity
of the clay bed in the area investigated except in the nala
portion.
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TABLEs 1.

he folloving table shows reaistivities and depth of Inter.
faces and glsvation of souniing stations, Py snd P, are the

trus resistivities in Ohs.oater of ovarburden and clay
formation respectively, while h, and hz are the dspth of the
laysrs in meters. ' '

V.S, | Revation with )

Ros reference $o 2 -;. By K.

"} VeBS. 17ovel [ (Oha-)  § (Meters)j(acters)
. 2 3 AR o
4 0 8 1.9 2.8 546
24 045 35 1.8 3.9 7.0
3 045 R 1.6 3k 6.8
%, 0.5 3 1.8 3.5 70
5 1,0 15 6. . 3.8 22,8
6o 1.9 © 8.0 b5 18,0
7 0.5 * Dl 2.2 210 _
8. 0 ) 8.6 3.0 18,0
9 0 S 93 3.0 180
19, 1.5 21 9.0 5,0 5040
1. 3.0 k) 6.7 6.0 18,0
12 k_ﬂ“ 8 %e3 7.0 .0
13, 1.0 98 643 4,0 1240
%, 1,0 - 170 663 k.5 5.0
15+ 340 1.0 73 6.0 18,0
¥%. 09 1740 113 27 270
17+ «1,0 10 743 240 20,0
18, 1.0 1.0 7 %0 20
9 0.9 120 8.0 345 350
20, 1.0 129 8.0 3.7 22.2

a1. 10 10.0 740 3.9 20,0



% 2 3 " 5 6
224 0 8 546 2.6 19,6
23+ 4] 8.0 943 243 13.8
24 0 19.0 10.0 2.6 1546
25. 0 0 7.0 2.0 1240
2, 1.0 749 540 340 - 9.0
a7 10 130 847 340 940
28, 1.0 %40 9.3 340 940
29 10 ' Y4 644 4.0 420
. «045 6.2 bt 245 7.5
3. 0§ 13,0 847 2.0 20.0
32 0 17 40 1.3 2.6 1546
33 <045 18,0 12,0 2.0 6.0
P 0 1540 22.% 30 750
3%, D5 940 6.0 5.0 1540
36 2,% .0 D3 540 18,0
37, 0 11.5 77 30 0
36, o 16.0 1047 %40 1640
39, 0 9.0 640 340 1240
%04 1.0 12,0 8.0 4,0 1640
b1 0.5 11.0 7.3 36 216
b2, 0 8.0 1940 2M0 6040
%3, ~140 12,0 8.0 1 P40
W, o] 110 743 148 10.8
L5, 3.0 1040 647 6.0 18,0
48, 2.0 11,0 743 540 1540
%7, 1.0 12.0 Sed LY | 18.0
48 2.0 P40 6,0 5.0 2040
W, 0.5 1540 6 2.5 150
140 1340 546 L.o 2.0

_ 50
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BUMMARY_AND (ONCLUEIOR

Resistivity survey was carried cut to deosarcats
comoreisl clays, For this purpose depth sounding were
taken at predetermined locations. These sounding curves
were interpreidd by the tschnique of partial and camplete
eurve matehing, Then geogical section were drown. These
goclogle sections were found matehing with the Geology ::;
ths region.

A arried river vnlley has slasd besn dmearested on
the basis of resistivity dote ( fig. 20 )

Prospecting by MisssieLosHusee Hethod was olso carried
out with the aln of demarcating the boundaries of cley beds,
The unifors pattem (es shown in f1g, 22 ) of the squipote
ential lines suggest that the boundaries lies cut wide the
ares of meapurenents,
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C TYAGI ARRANGEMENT SCHIUMBERGER 27474 CCR

C
C AAB (M) /2,
C SK=SPECING FACTOR
C DRI=NIRFCT RFADING I(MA)
C DLV=DTRFCT RFADING V(MV)
C RRI=REVERSE PEADING T(MA)
C RRV=REVERSE READING V(MY)
C DVI=DIRECT V/I (DRV/DRI)
C RVI=RFVERSE V/T (RRV/RRI)
C R=MEAN V/T (DVI4+RVIN/24
C ROH=SK*R OHMoMo
DO 11 K=145
PIINCH @
9 FORMAT (10Y 450HDEPARTMENT OF GEQLOGY AND GEQPHYSICSs UNIVERSITY OF
1ROORKEE)
PUNCH 16
16 FORMAT [ 36Xy THROORKEF )
PUNCH 17
17 FORMAT (4X s 14HDATA SHEET NOw 925X s5HDATED)
PUNCH 12
12 FORMAT (43X 48HLOCATION)
PUNCH 13
13 FCRMAT (15X y24HARRANGEMENT SCHLUMBERGER)
PUNCH 14 .
14 FORMAT (/9 2HNO 93X 9 1HA 96X 9 2HSK 95X 9 3HDR T 94X 9 3HDRV 9 4X 9 3HRR I 4 4X 9 3HRRY 9 &
1X93HDV I 94X s3HRVI ¢5X s 1HR 45X s 3HROH, /)
2 READL s ToAsSKyDRI9DRV9RRIHRRY
DVI=DRV/DRI
RVI=RRV/RRI
Rt o 5% (NDVI4RYT)
ROH=SK*R
PUNCH 19T9AySKoDRIsDRYVRRI SRRV 4DVI4RVI 4R yROH
1 FCRMAT(12410F743)
IF(1=19)110411411

10 60 70 2
11 CONTINUE
ST0P

END
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DEP/RTMENT OF GEOLOGY AND GEOPHYSICSy UNIVERSITY OF ROORKEE
ROORKEE

DATA SHEET NOo |

DATED
LOCATION

ARRANGEMENT SCHLUMBERGER

A * 5K DRT DRV RRI RRY OVI RVI R
16500 64280 2740003244500 2740003114000 124019 114519 114769
26000 114770 244000 904200 244000 93,000 34758 3,875 3,817
34000 274470 384500 314000 394500 544500 #4805 14380 14092
44000 494750 544000 184000 554000 234000 333 4418 4376
44000 234350 544000 384600 544000 404000 o715 4741 4728
64000 544750 £&4000 54400 484000 10,000 4196 4208 4202
Re000 98,010 RNGO00 44300 504000 44300 4086 4086 4086

1040001554470 554000 34000 554000 5,000 4055 4091 4073
106000 754360 54,000 64500 544000 10,000 4120 4185 4153
1540001734280 754000 34000 624000 3,100 4052 4050 4051
20000031042601244000 345001244000 34800 o028 4047 4037
2000001174750124,000 842001244000 74500 4066 4077 071
2540001884500140,000 940001404000 74500 4064 4054 4059
3000002744.2501644000 645001644000 84100 040 4049 4045
40000049445501164000 340001164000 34000 o026 0026 026
5040007774750 724000 24000 724000 2,000 4028 4028 4028
5060003764500148,000 742001484000 114200 4049 4076 4062
6700005494500200,000 747001934000 104500 4039 4024 4046
87¢00098%941002204000 643002304000 104,000 «043 4035

027

ROH
734906
464922
304010
184581
164994
114104

84506
114307
11,513

84847
114657

84404
11,108
124207
124790
214587
234404
254525
354049
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DEPARTMENT OF GEOLOGY AND GEARHESICSs UNIVERSITY OF ROORKEE

DATA SHEE™ NOo 2 DATED
LOCATION
ARRANGEMENT SCHLUMBERGER
A 5¢ DRI DRV RRI  RRV  DVI
16500 64280 6540703474000 6340003474000 54338
26000 114770 6140001814700 614000186,000 2,079
34000 274/ 70110400012746001104000125,500 14160
46000 4944501324000 8240001334000 82,000 4621
60000 2343501344000178400013440001784000 14328
60000 5447501264000 4340001364000 494400 4316
84000 984°10130,000 2140001304000 21,990 4162
104000155,4701204000  8,0001204000 9,200 4067
106000 7543601204000 2040001204000 164200 4167
15000017344801164000 641001164000 %4100 o053
20000031048601304000 4040001284000 43,000 4308
2000001174750128,000 144001264000 11,000 o011
25400018845001560000 945001564000 04300 o061
206000276472501124000 562001264000 64800 o044
40400049445501384000 540001384000 54800  +036
50000077741501224000 340001204000 44500 4025
5060003764%00270,090 1244002754000 17,500 046
60+0005469,500225,000 840002754000 164700 4036
B04000989,1002154010 64400215000 114000 4030

RVI
54508

34049

14141
617
14328
363
0 167
078
0135
053
313
0 087
060
055
LY,
038
¢ 064
0063
051

R
54423
34014
14150

619
14328
0340
162
072
1501
1053

310"

0 049
' 060
0049
039
0031
055
¢ 049
o040

ROH
344058
35,474
31,603
304603
31,017
184667
15,978
114207
114367

9,123
964396
5. 784
114358
134563
194352
244127
200625
274109
404024
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DEPARTMENT OF GEOLOGY AND GEQAMYSICSs UNIVERSITY OF ROORKEE
ROOKEE

DATA SHEET NO. 3

DATED
LOCATION

ARRANGEMENT SCHLUMBERGER

A 5K DRI

DRV RRI

RRV

10500 642801384000243400013240007434700
26000 114770172400012247001724000142,700
3,000 2744701444000153400014040001504300

64000 49,470160,000
46000 234550158,000
64000 54,°50122,000
82000 98,410128,000
10s0N0155,470140,000
10000 7543601404000
154000173,480152,000
20100031048601364000
20400011747502804000
25400018845003004000
3060002744 7503004000
404000494,4550330,000
5060007774150250,000
5000003764500250,000
604000549,500240,000
8040009894100245,000

2844001604000
6346001584000
2045001224000
1445001244000
1047001404000
2440001404000
1048001524000
544001364000
7647002754000
164800295,000
1246803004000
8,000330,100
346002504000
1045002504700
642002404000
640002454000

314400
61,000
27,400
134500
9.["’00
20,000
19,000
64100
254500
154200
94500
84000
44000
€4000
he200
20200

DVI
14761
o 713
1,063
178
0403
o168
113
076
171
o071
o040
095
056
042
0024
o014
47
(26
o024

RVI
14846
0 830
1,074
196
0386
225
109
067
143
0 066
o045
093
052
032
o 024
016
024
0026
025

R
14804
o172
14068
187
0394
¢196
o111
072
157
068
042
o094
054
o037
0024
o015
033
026
0025

)

ROK

114326

94081
294339

94245

94207
10,787
104987
11,161
114862
114870
134143
11,073
104134
104138
11,989
114813
124425
144195
244627



| DEPARTMENT OF GEOLOGY AND GEOPHYSICSy UNIVERSITY OF ROORKEE

ROORKEE
DATA SHEFT NOy 4 DATED
LOCATTON

ARRANGEMENT SCHLUMBERGER

A 5K DRT DRV RRI  RRV DVl  RVI R ROH
16500 64280 7240001404000 7240001424200 14944 1,975 1,960 124307

0

1

226000 114770 704000 714000 704000 744000 14014 1,057 14036 124190
330000 274470 524000 214000 534000 25,000 o404 4472 4438 124026
b 44000 494650 464000 84500 484000 12,100 4185 4252 4218 104802
5 44000 234350 474000 214600 484000 254000 4460 521 4490 114446
6 60000 544950 534000 134000 524000 144800 4265 4285 4265 144559
7 84000 984910 57,000 194800 614000 134200 347 4216 4282 274881
B 1040001554770 504000 64000 514000 74400 4120 4145 4133 204607
9 104000 754360 504000 184000 514000 25,000 4360 4490 4425 324035
10 1540001734480 524070 44400 524000 54700 4085 4110 4097 164848
11 20400031048601244000 541001244000 64200 0041 1050 0046 144164
12 204000117,750128,000 1240001244000 144000 4094 4113 4103 12,167
13 25¢00018845001124000 643001124000 74700 4056 4069 4063 114781
14 30400027442501084000 540001084000 54000 4046 4046 4046 124697
15 4040004944550 964000 34600 364000 24800 4038 4029 4033 164485 -
16 5040007774150 724000 24700 724000 44400 4038 4061 4049 384318
17 5040003764500 724000 34700 724000 34000 o051 4042 o047 174518

18 6000005494500 964000 34000 964000 44400 031 4046 4039 214179
19 804000989,100132,000 3,3001324000 3,200 4025 4024 4025 244353
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DEPARTMENT OF GEOLOGY AND GECPHYSICSs UNIVERSITY OF ROORKEE
ROORKEE

DATA SHEET NO. B

DATED
LOCATION

ARRANGEMENT SCHLUMBERGER

A 5K
14500
24000
34000
44000
44000

DRI

2744701264000
4944501304000
2343501304000
64000 5449501264000
84000 98,9101164000
100000155+4701904000
106000 7543601854010
15400017344801004000
2040003104860170,010
2060001174750165,0N0
25400018845002114000
30000027442501264000
40400049445502104000
50¢00077741502154010
50400037645002204000
60000054945001854000
80400098941002054010

DRV RRI

6942001304000
3642001304000
7040001304000
2842001264000
1345001144000
1241001850100
7844071854000
44800 254000
348001604000
1141001584000
1047002054100
445001254000
747002054000
444072004000
348002254000
564001854000
449002054000

RRV

6428015240003864440015040003784300
1147701504070378430016040001894100

694200
384300
704100
284800
144500
134100
234600
64800
54600
114100
10700
64300
34600
54300
34500
5e400
44900

DVI
24529
24522

0949

o278

2538

0224

v116

oN69

o154

o048

0022

N7

oN51

0036

037

0020

017

o029

00?4

RVI
24522
1,182

0532

0295

+539

229

o127

N71

o178

0?72

0035

070

052

050

018

o027

«016

0035

o024

R
24525
14852

541
o287
0539
226
o122
070
o141
o160
029
069
051
043
027
023
016
037
024

ROH
154860
214797
144855
144169
124582
124429
124046
104864
104591
274757

84914
8097
94699
114808
134409
184249
64180
174525
234642
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