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eaftv- resomm't M4  tor extending mu noesi7 tsetlitte 
to *wry out th21 

a. .lio th. Prorweor V.i* Owwj tor his 

Pins13y, a Vord or sine'* cratItUde to di to 
a n*ber or p.rsone I&* have ssslat.a hi* In various vars 
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tlOCtTiC*X mega* or 	eting *mast in seams 
ring the electric tied ma otenttate an the e 	' * sitCe  

Nd intprettng the* in t.r*s of a a3ro aort a and 
oreeposite. Th ` depend for their op+ ems on the effects 'mss 
proceed at the eurtee of the enrth b7 tn.: distribiation"of 

electric 	mtathrough eubmfnce foriastions.Owingto s 
ego Vertet of went *O* end tedrnt(IUeGThtleh* br 
asking thcao 	ents, e` +M tr .*II 	ds 	r be 	! tar 
more vreificd t other geophcl aethods, 

Otten the elect !icul properties of ed neent  

formation V 	A tmich great pmt than their other 

$lei. properties. Zn *uoh Ono** the 0"ctrianl nethods offer  
a ttetinct a t age over other 	.# 	v so ,& c3.oetrt.. 
eel methods tII to yield nsefu dots ien the oleetetoel  
pertlee of adjoining Sbrviatiims are not 0Loientlr different 
to create detecteble or neasteeble differences in the electric 

Electrical Properties of rocks 

Zfl olectri eel prospecting1 as in other g phy*i 

t*ethodo # the enoaa* dept on the ntr*3-u In the ilectrical 
properties  or gao2ogicsl bodies and use of their surrotz*ding 

foreAtlons. use properties ar. the rosi4tivi y the e 

rite constant, and the elcotroo)zsmiee3. ativity, 



The resistivity of the ration to t 
by ite ability trsai  o3 et,ic.ew r tc ghh a ogee . 
fib pot ties tttnoe Is appiie8 to it# 	MW be d 
inei. ao the resistance offero1 ' o ooniuctor of mit .nth 

and  

*prt from conduoting are bodes mot of tho rock 
fozang atnrdø are insuLators. hiotvttbitending th10 fo the 
contoetttttee obeyed tn1tiiare high, pause of the 
cues of S etriosUy eondncttng t*ztdo in the pme ep eea 
of the rote* Verous ettwm s heve boon riade to o tab 
rtionebtp betveen bet 	 the reloot. t, the pooett cnd the 
tr*eti . saturation o s 	t y rocs Leh shxv that 
the r*StsttVit1y p Of a i'*ation Can des as fo11ov r 
(1 ) J  

1ppv  
in CaUad the toza*tom t c 

I is called the ststtvity Index$ 
end 	Pv to the rent atitty of the ttatr in the toeation 

Zn tam$ of porosity. d saturation* the f tt 
factor 	the resistivity aidez are omma to' 	 the t o 
fete tors: e 

+ e 	P to the porosity of the rocktc.retttton,. 
a the tractional atoiit or eatixration or pore 

Ovate*'#end 



at O 0 Q 'e 	t ant ts. 

Tha # $t s c3 ' thathe r e3 t V° 7 ot ct SIP'" 

or ati !A tonot a ch n t i tla of the Ortien. tteolt ed  

a gton oa1 type + ' ditf ''ont tindition of cute WA 

eoaetian .X havo diftint Dt!iittuttie 	 otr,  , a co 
rre1atton or r tst51 ti a and rock tie with+ gooiogiesl, 

e ce oan stillbe attaptd. T ,` 	` ' consa, 

dated  si r have a rosieUv t range of 60 to 2000 off, 
whflest oldex and end ono1id*teds.&Lsent hies tr, 	bQt 
vein 2000 o and 5000O ob. and the *►:past rocks bet-► 
wow 20,000 of l0►,»ea and 10000#000 otrea. (2''- ) • 

The Disk natint, on the otho mod, reprev-, 
r it the eipncttt or a ►r**tton to star. .tic Wig+ 
is 1ergo2 	raavit ben the electric fields re stvti 	y. 

vans fields te lei tc beh*ntovr or rocks 3.ads to 6iip.  
1seent crints. The cen tbt ion of this property in eectr + 

proupcttng as copaa6 to the ro2ietivit7 therefore, aao  
with 	ee5i 	 the Wield. At 1ev 	 nor. 
sally cloyed In the field the di loctric conotant plAyi lime 
part in datarsining field 	tioe id to Invea iebly ioreG-s 

'h .2.ectroo iic2propa rtAeu of rocks ore reepons. 
ibli for the electrical . +p e rowtd2n chuiicslly pe1rirod 
Smo»~r s, th 	vo 	+ 	lu~ `evano 	t 	au a+ tear** 
tallic al4aetrode are placod in contact withFiat fir + & t "& 
epic . patintiele are else pro6ti ad whu solutione of differ. 



ant conccutrU.on eoio in contact with czo znothr"oor sb* 
a conducting flu 1 no" through e par 	f r tion*incter  

prcsseo More ep i e.i7,. tkoøri ontneous pot*ti ie  

are tamed eo 

( 3J electrode tenti 31, 

S) ~. tip 

U. it) .)eótrottratitn patentW-s 

On the ate han # ,potentials ced b7 the ppZiction of 
extraneous o3.eetnie fiord are eellod poleri.z.tiont 	. 

ADp1.cetiono  

Zectrtc.3. aetos h been eppie8 toVeried  
tpo f p b relating to agi n g a ng bt higW 

nd ng m*trtae, but it 	* in xptorition fr petrol im  

heo boon rather lited, 	4a Is to e 

e) Oil sands bave ordine1l e 2over resistivity eontraAt 
with ter axr undt!ig 1 end 

b) boc 	eo .r c 	o bo s pooss e o 	tIr 	ab 
Uevo 	 o a' .lity Oldng to the + ffteati of rgietn 
a vim' p eection at  

bi;~ wover,o th teflunic ciwr+ tts WbiC13 o 4xiven by a g' 3eagn.. 

I* now*# pene$ate to t rly great 411 th zere Oil end sew 
s n eUr tom d this metes L ,enning to find app-

ltctitio 141 all% proapeas t . 1etriel Methoda on the other 

P 



hit te emsLVe2y used in wUe for et'*tiphiC +ad. 
ittboLogics3. cor?alnticn snd pZy anpx iaportnt i'o * in thO 

d +'aXopmnt or o fl toidø  

orttt In they ester st*p17 probn unit in s 
;+ a~'ing 	► 	►` 'here r tatI I.t r ohni 	are wed to 

met e dths to '4 rya at prospective += sites 	 U 
as to —lore 'o* tion conditions for this loenttc** or 
other to rin ~'r 



CJLJMIJL  

to o3eetrie *sthodS * 	'W s3tie4  
emp Of the other g 	io "l mod h*ice a e1er øizt c 
Oatfic4Lt4on Is not zo bb 	icea ftest 	meted 
to based on two critie. i.e. 

A* Uetur. of the e3eetri am ce#ante 
S Time vertatton of the e1edtre 

A. The sowoo of en e 	c currant in the 
be dam, neturü or tiS1eia1, The natural ocei moist 
of U) 8e2t - Potanttal, d (ii) T.Thic crania. 

the artificial $owe* me are fthc► e3.*eei-
ed according to the Hate 0? zeeaieeent "do. These era 

(1) the no  Potan *1 	Qmethodss (U) the Pot ► 	►P-- 
Ratio ot.d and (at) the 'flex sti t me d* 

B. the 	tiiae variatto • two for VOWS 
e , be distingutebed s 

a* Methods using direr Dante (D.C.) # and 
b. Metes iusing cltornating or Vr1thC Currants (A.C.). 

In A,C., moots mo 	nt3 rny bø 15tdo at Audio 
frencioo or Rdto frequaneias, depatdin von the problev 

6 

tnvolveL 



a•34r Pot iitt al Inothod 
lPr,, 	-NO ru TrlVWTUU- SS * * 

The Selt.spotontiel *et4 is i*sed on natal 
pbeboaena In 14deb the e]eotric 9io14 'is rundIfted by'  the 
islectroahaAeal Polarization of ore bodies zuiA othar g.2c* 
died tricitions, praduoing mtural flov of cite in the 
earth. The mere subsurface distribution of natural earth 
*=rents *an be OmAdsted t' obs.rvirc 'the pattern Of 
potitial flues at US surface of the CPOMdV. '.ide ore 

In contact ulth ground water as veIl as mete In 
placer dsposit ibid zdarOUm, of subsurface vale *iY* 
rise to SU96 électocbeiical pottio.Zo. 

At the $u face of the earth, the cxrret flov is 
use direet9d tovards or away trcs* * Volutp vsuaI4 above 
the ore body' *ich is resp.cttve2' c415 the neetivo ctr* 
or the positive *out*** N*gative esntrss are su1 produee 
by aulpbidea i*uresa *ntu'*eits are known to be esootst.4 
v2th positive etrrn. use ctrea can be delineated by any' 
of the tUoi4zkg three mmovreamts 9%v the si'tece of the 
gz'oirnd 

(a) by 10eattn poinis at the same petttal, 
(b) by *easuring the earth potat4*ls at rei3.*r1y' spaced 

intarvals ansi dravIn-C the equpotttsl contoes, and 
(,c) by obtalnig potantiel profiles across the ob0dy0 

7 



' uriS ICwrt 

etc ohs ore the natm'sl pcviodte earth 
tea or  isbal mxtant f2 ' ' '". . "cwijh the *aD.  ' a erd. 

Thee!l cnnøe pot*tii. drops *mss suitably 	svttd points* 

The liDrIa et theepottiel drops r dn 5ttt5Iy staid 
ov long Otetoes, 

Although  the gto hati t ly ideb th*Se eUrr 't are 
generated has not been precleely aetabltshss It is 
U3.y believed that w7 are indneod in the esib b7 is no 
phario dents, vtd appear to foUov the sin.. The earth 
cents can not be newusd e such'#  but the herisontal 

potential gradients they Todts at the r. `* 	in bore 
*io]es CM be u "`*d . (3 1).  

£,i,3tcstia or renurie dents 

Although the 	 1c ourisat now along the moth's 
e*xtece 1. large si ►+ is a icb extend veIl into the earth's 
Wit. The distribution ot gent density 14t14!, that sit 

viU depend on the r attvity of the 	ations three 

ich the i tsfZoa, 

Thus it poorly conducting bodies penetrate aDre highly 

conducting torstions, the Unea of cent flow viti. tend d 

to by*psss the poorly 	 bode end cause distortion  
in the poten 	gradients at the st fee ' thLch are essocia.t 

tot ith the cwrønt, he proper i etigition of those disw 
rUona nake it pouribleto locate the oe.body. 



mttGn, motet of 	 OVUM 1,040 A woe of 
PeotZed to th groMd ethr 	ttve3y or,  
ive3r. r the aewtrnmts of 	 Swr"O potentia 
rece3er isiste of einle oleotrodeor more thtn one 

oatrod . Theec rnetbods fall into  wee mein groupe, 6 
pending upon the nano of mestnemententie2rt the cpiS 

pot*tip nod (.P.), the 	tta3.*Drop.aatio east  
end the 	 tb ReDtstivitr method 0.08 

The t«Ps mod aa the nene $goats tnolvee the 
mepping of oq tential lines the otac ; n the proaen* 

of e pair of grounded etrod*e. If en external voZt*ge 
is eplied through do electrodesinserted in the 

there 4l2. be a f3ov of gait through  the earth trom one 
electrode to the o ► . It the m6tum Lu iicheurrait  
flows is hemogeneous in Its eloctica2. p portiest the 
lines itfl be regular. D ie of the eubstwfece region  
f?orn bomogcnait7 Vill ems* distortlone in the lee of 
rront fl.v, indicating the existence of  etarog eotse sat- 
eri 	Ulu thus lend items to detaetionø 

Potent e.-wDop tto 

In this 	 ratio or potential c 



Kati auoeeeid.ve tntvnZs of th rom4 to ' Jr*sur•ed,* 

T14e vetbott ie e3eo *p i L to 1a d . 	etion of 'd' 

of *mte31 4 vert1ettpatio 	a*, it to 

beet opted to tn iiWéetintton of vrtie Otian  

1ti iee. As the P,DR Zs rams potntteL greite 
they hero t hiter resolvini Iv ". % 	used ,' r 41roat 

intorprettThn they `e e*fled the .,,D$(,* +tbo and in 
olve a 	 *en o of P.D ifl' a at 'w ying dietenees fron one 

of the pow eectzodes snd ei*rn13y st right tngie to the 

Una Solana the two em t eetrode, fly this 	the 
etoot or the see e2aetxode is virtutUly ~~ o 

tnfora*tton to be d 	the fistd is*'*ei1*Lts.in 
the resistivity *ethodnq s aoo. of potnttsl is flied 
to the grot*td betweentwo points and 	ti Is 

bets two additional points Via* epacinc o die 

tones S 	is*r: eeetrodes to srLEd. This rstto 

of voltage and e? t 	ti$.ed by aspttetns fsetcr 

gives it Is krzoit; 	p ent peti t *0 a 
ation at spec. x 	d, b**e.-O sa e fwetion or depth 
trstion. Ms t of the a rt resistivity vi 
ode spctng tht m pes N the deteinetton or 
dept to bed rocte1 to or . es to water ib 

to b of Hes signitictce. It on the other 



vd the sDacin is kept st ct and t * r get 
* táo .l r *treed# lateral v*utQtiona in e 	*+try Of  

et tt t7 iethoAs like o' 	L' iei se., 
*stbed* * be eppU*4 	 DEC. or A.C. A 
ison of thee* *otbo3 thus SMSOMS appropt*to at. this stages 

Zn ,C, *e*siets, the eisrt sing *l ei 

• *itionsd to include a .' 	"' 	er investigetion. t 

trodas in order 	es'eble gas. The amt te 
sip1ie4 b a betsi or * g. 	tor. Wbrnatstons bido net- 
hods art g 	epZoyed fUr detn*tion of zt  t ee 

in t is ' 	ce eulet. the eppet reeieUvtt. 
Thiiethes have ttstned co*adtb1e Vi c* because of 
the owe that t 	In *e * Of Oar r i5ti t7 
either in the Zebortor7 or In 

wnz'.Gis aoon *sue Mute of a better#  
a oubte coutator,, o ,*etrodes0  e ms r ot. 	w 

potittioeter. A gout is supplied a bstterg through a 

t eetrod are road, on the pot.ntioratep0 The ratio of  
tag. mad cir t, multiplied t a spacing f*oz', givus the 

it 



zsr*t *,eaistLit, (4"L) -, 

Aiternat4xz4 Cu'rt 

M e1tencttng eiw?ct of al.-.* be usae tbr the 
ae**WOI,t of DPPt realstAwltyt using the *Ao reintion 

as givi bovø. Both 3ot md high trQqicios he been e" 
]ore in geopbtsieal prospecting depirg upon 	nturs 
of thø probes nuovea, 

A.C. nothod have Uuttstione of reth*64 depth penesi 
trs-tton, at eoppared to the direct cwt metbods w  The f3*v of 
G3.teTfletthC c1event Is oveDned by the Impedowo of the e*iii 
vs3at 0100trioal eire1t* For eon4uctore of 3go thteossec 
the tn?Luot3nee of the eurrct*t path in the Interior is greater 
thm that at the eiu'tsee. Thus altomatina euz'rcnte tend to 
now nearer to the azt4ee. This effect IQ Canod the 0 4da, 
effect'. At vmv high ftoquanotos the owrcut to almot oon 
tined to the outcyrao,t ourtsceo  

A athnntica1 rel.atton govidng ths depth penotrat1rn 
Of A.C. (0 to 3.000 cycles) MV be derived fron the Is-ye of 
s3.setrongietie vuvo prpsaticn by Introdualne entstn dnp' 
lifics-tionc. Vor the above froramous# the current 81ntt7 
at a depth '161  from the surfee of s- conductor mmW be vrttten 

12 
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met deity nt *Sew'. 
` I the fr *,. 

to the peaab2Uty, 
Is the + 	+aaLuetitti, 

0 In the fight * ty.  

and 	t is the moo* 

tho oueton 5tat thit 3 ed et 	o '' *ipitttde sd 

! tse oh2ft b voce etrae nd depth eit oc e. The 

attest on for the pt.* values of thQ eirrMb In + ewe, 

fear pertiba ty  b*s bess as ed to be .qut to l 

depth et i the f .+ r*tt detsityhasdropped to  

A. ot Sts velue1 
c 

vi 	pa rosiotivity,, 
	7T 4 

or 	+2  

Since the proses of good eaM tors at the ttte 
or 3 eair the stace red e* the do th of ,l str en, ovl olo f 
i c uado in eo AsC4 fl4ithOd to IOV the "O107 ' ► t ' t 
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Ven ~r`a 	a do9Ire The by froqnerie 	►do  
suited for 1aborator zo z we is becee bowfreqUeftC7 
4.C, Is roaø2 ovti*ble. Ue , i 
80 to 10 Rio ore pbe4 for 	.vit a.ts 

In tho fie1d In this rtgo the h npbone eon be 	mle- 
nt1 ampb7ed i*5 *. met 	tr 	.. 

Pmetrnbt3it of o3 rteai.*iathode  

Th* pu►etraUon of electric rts is oya 
both by the spc1ng or as ctrM s 	rU3n r of the ► » 

t tttng. 	rent. Zn vn4teo1s , off wid at 1ev frpzi. 

also the p 	Qti at eat ilsp port*on*3 to the o 

trodo -v a +retion ' " + a a be contro3le4 n, desired do 
ptding upon the depth 	sppsrat restsitiIit7 to ea 
sure sured, It. therefore,  the electrical dIctor of the 

rstion does not reiand to i s at mW depth, but is thew 

n the *We Of JR + .0 # the 4eth of ponetrat2on dope 
nds on the requne of the coat 	ix*Uo the 
"rte giant's the pass go of alt tn went to am** 
trofled by the ceaeit&ve td tnduotite re.ctcas as vsU 
as by the a si eer of the circuit. .t. 

Vie* tpro ence of good oonductors at the aur 
face or neer t mfaca rodea the deDth of ptrs , 



Depth 1n 

Wrers 

1000 

10 
9 
6 
4 

O 	 - 
100 	1000 	10,000 	100 000 

Resistivity ;.. O1, c.,, 

FIG z - i 	DEPTH PENETRATION FOR A.C. OF VARIOUS FREQUENCIES. 
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Lev freqniets are used. In A. C. xethods+ 
ptetr*tion is d i 	Pi 	z• i shows an a 6oube Zogs  
i to $ee4 the depth of penetrator of *antis e 

rrcnts at  et frewtcies of x.,13,G0 end 500 erc1es, an a. fir+ 

tion of * ftLv1ty, . (L1. 

Ofl the his of et4n 4LftereesIn VVUCd ,* 
U tend tecbo1q # + onparstive 9tU47 '!tom the i).0 
ad .&.C. ids hes bean attptod ieh to given buoy a 

D.C. atho s 
1, .Zn the D.C, flethods contt 

rasintanoes eso have their 
streets due to &4etrodC olarie* an. 

2. There is no elliptical  isriestion.. 
3. Depth of etreti IS 

►̀ ,l ado app governed 
	

'
iv o o* greater spacing. 

W' r in the pcnetreton, 
4, D.totors Used are of 

elect otegnetie t'yr. 

, s 	F y 	t i 	i 1 	y 	E.. 1 	s 	•! p. 

6. Null Ada can be ' o 
with 	*16 of  
M't►'t S„1 . ” 

 Mp3it*I. 

A*C0Methods 
The 	 a rOsistMCes era 
•3tn*tatt at the ut ant 
ohanili t1t dir *otion r rim. 

ZZltptLesi po:L*isiz*tion takes 
place, 
Dpth control is govned both 

' ,~ , i.e. ~6,l 	d g 	~'  
]es is penotrntion. 
Ieediipbonee cen be  
detectors. 
Q "etiz e a 	t 9 a any 

MAX astbod* e*n be use 
with A, C. ptt1ousters otter- 
1n 

 
fit" of both ~ .~ 

e phose, 

Duct currant has the 	t • that tb. equip 
t *l points can be located with gram p'e*1s1on end  

f a 	L 	r : 	i. 	.r to -t 	1n 	w 	' ps- 	 +c rk 	- t i 	w yt, • - 	't 	n' 	, r s~ 



Ct 	a ±blob to nov* trio elide* £ aVtitege Is 
Y~ ♦ 	i :~ ~' .. 2 	t 	L 	- L ♦ . - J 	~-.. 	# [ 	rSl 	t' 	A'+ M 'SS 	i 	' "Ed' 	.+X 	S:S. f W a' 	!i' 1d 

t + 	.other D, C. eftects*. 

. mot 	7a 	- 	-r 4; 	~5.~ +r 	r 	:;.'l. 	•- 1t - 	a, 	pY - 

*t poz*t&431ty of the iVeb3. Wit, pei,tb.. 

uty 
 

of pUtct1on of, m a t use of d)ono 

o fro to moo th regions iera *gv1V*t ,tLe1e. hs?e to be  

"1 ` 1►earetoli'for the iphssNe en4 ths q*r t s coa*w 
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CAL" 	III 

@ R'ampaT mmos 

The . 	mid is bled s 	an 
the a d principle as the o t t 3ine *otd, but 1, 

to such more powerful in thet it ovi4 a q titative  me-
as*we of the conducting properties or the subsrrrfae , 

The effect of a vertical Cam* In conductivity 

on si face t ti to Illustrated 	 the Fig. moo 3 1 , 
+ hshowsa t leper wo' d. s lower 3.syer keing wr 

con4ucting, T)v euet lines a naturally attracted tower.  
do the lover m . and the crnrart dnsity in the ` p.- 
divais conseq t less than in the lover ./Since the aqui-- 
Potentiallines are *t right angles to the matt l et 
their epacing and bane. the potantial gra4ient is UItdsa 
Ot ij the presaice of .layers of differant cond ti tie. 

Measuranants of 	 s in the 
my of one psi strode,, or bets tiv power electrodes 
cant therefore, give information regard the 	e* of. 
sum tace formations or &tff 'lnt conductivitis. ien these 
meets ax. splwnanted br wets Of the c ti 
it is poasblo to dstsrlsi3te the resistance, of the circuit. 
By applying a fir depanding on. the spaces. of t .l.ct 
roles, the apparantgro d r.ststvit7 can be, obt n. This 
will repros €mt the truer io 	7 only U the *gym is  
bognous. The depth to ich resistivity is aeaeur can 
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FIG 3.1 , 	LINES OF CURRENT FLOW IN LA'yERED SECTION 
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FIG. 3• . 	ARRANGENIENT OF ELECTRODES. 



be oentroUed "tai+ ?c`n the l *oing btweu * #etrorb. 
Tom* askes poøsiWi 	p ct of the ithod. Zn the 
flrat p3ae the seng to k + n . " t t id the rrang*t Is 
a ioZ. to aoed *Tor the I 'mow In the soo-0 seesmbs is 
are amd at 1t D s' . i*ieh is the Cettrø of the sessuririg  
raz $ nt t11.st the sspsratl on 	the + .star $ Is 

CantinUii1y 2nCreed as it the else ets v. eandin .  

about this point. 	q 	 mod* *raft the 
depth met*tion 1s increased td the *pp *%t r i.sti ty Is 
obteinod as a function of nth 

r he p t resistivity 	+wrests tOur sqU 
lly specod eectrod* srst to the nest gamma►- 	moans 
g a t otho7 arr esnts ct use b used sceording to the 
net. of the probls. 

at the siwfaee of the bogeua and isotropic  
its d or conductivity  G an electric cent I Is thtro 
ducad t n.s of tio point elm .s,# 	8 	the 
cuzrat 	f' A to So  the potttsl ot s point P on 
the st*fsce is givi * ( L  v) , 

k() 

VV a 	(I .` 	) 

wr+ r3.end r are  arc the d *na" of point P fro* electrodes  



A and 3, r.speative. The o* betve  
two points P amt it Mch have the distc.a r I 	mad 
Ri l 	 "' 'del'* frog the 	 3) i s 

v 	V 	( 	 . 

therss%sttvit  

p 	 * 2nZ C 	~ 	) (23 

r31. 11a 

This .nation holds to? 7 poetton of the gent 
electrodes A id 3 and the pot a anti II e]aetrodes P and R and 
doss not ehexgs ban currant and potantlal .leateod.s are 

Dift*rances in the posits of the poten 

otrod s i4th r.spnat to the currt electrodes gi,, rise to 
various r istt1 t7 asthods 37 so]Mcttnj demote pouttiofteo 

it to possible to sioplify the tte3,d proesd . or to give the 

e rsseion far rr 	t otorn that viU si U r the int.  
arprtation Of the results. 

It the otr dss are laid a *ion 6 l * and 
the seesrietions are i creased in m syst r .a * n+ * the 

in y with electrode, sawn a ** it possibl. in oar 
aiapl. cases to detereine the variation of r.si* . r *4t i 
depth. 

21 



To iU ustr*t. th• aetbod, lot us esse that 
the subeurtoe +mats of tom► lama s  the upper leyarbrr  g 
6 resist Vitt li sad the lover one having a r.si*tivity 
With tsi Zeu then 'PI,* Itw current betvevt electrodes A 
B ViU not fir AlOhi airoular owes as it vould. this a&►* 
of 	o gen 	ems, This Unes of 	are distorted 
v 'ds as sbon in gW* 3 because the higher conductivity 
below the interface results in en eesi.r path for the awr t 
within the direr ton.. Por the saa zcason,, the total curr-
tnt is greater then it would be It the upper aetarisi were 
to extend da ted to inftnity, 

reo , th* deeper the interface, the s 3.er 
the cre** in the  c 'rc t flov q ile the rcater the elec.. 

- trade Separation in proportial to the d*pth e of the interface, 

the greater the effect of the lovsistiviti.Ubstratus an 
the cw t that flo bativoen the electrodes. 

in ual practice a number of different surface 
configurations are used for the current and ttntisl 
rodeo* 'sine# for the a odsi a ari is the spicing of the cIa- 
ctrodes is kept 	 stant and the err eng acant as a ole to 
saoved for r ldiftti' t7 aepp;s* 
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This to the mat 	eletrode eat In this 
thod two potential electrodes era pZeea in lino VIOL 

the two eu t *Lctrods, so that *11 	electrodes era 
(.33) 

situated st Mnal diatnncesfron one another, 'th "a * at* 
the stce bets the .Lectrodev r a B2 a s and f2 a 

R3, 0 a a* Thai equation gives the etprssion for the resit. 
tt.ty es 

rye ! 	 (3) 
3 

d.dL*!f 	 t 

Pbr nesm *t of the ap s*t z'asistiity, vtd.1y  
different o ►ewes , electrode a rang: to and 1p t 
are used, ffo'irnvir only the rstio f Is named for cal o- 
std the appart r .s .' . 	and it i advantegeous to 

u=0 thstriant. 1.ch wry, this ratio divetr. The Nagger 
earth eter Is the best 	at reeant nd 	be used in 
' i.sti' 	as*stwomwts to die# to sbsilow SUbevrfee ' bodIes, 

The echeestie Megger circuit s as show in figure 3'4 0 

'the- went coil Is In series with the giant or ezt.rnsl 2e*de, 
'ls the pot €si .al +off. is across oss the inter or potential 

PDX of electrodes. (4'v) . 

The current coal end the potential coil of the oh-« 
aster are m zit.d on a can spindle (not shov in di rate),# 



so thatt the reaulttttt off oct of the potutLo1 d the 
curr M to of tntn at the 9F m cau 41ro t In  

The tns urast therrore indieoted the o toe v ?e0ietftOG 

2J 



CUL iv 

The data o' wed froru resistivity* 
tber resistivity *nppi*tg or rests:ti : $&)1 tng) iS sub" 

r or the w *&,* "`hose Interpretations can be redo either 0 
C) q 	tkttvei,y (oaring eppesr ce or th. c re) 

Quwti tve]y, b snelyttesIint 	act *moods,. 
mat tattve  vii 'type"  cVee calculated  
giv*conditions, or 

v) With th. help of ardol Erinta. 

seeks to interpret resistivity dets dirset3r in terse of the 

geo3og beøed and therefore possesses. a tsfinit. piece in 
resistivity eth.id, Rise In the v&iu*s of err 	ii 
ttvtty g*iera3i correspon&s to poor 	 ►rs tUn the 
depth rye of pentstton* WA ce s q, in am* cases  
these sey elgo refer to lateral vsris 1 peLt resistivity 
of the fOrsetion due to Chengo In iftbo3.oy or due to e`er. 
in depth or th. tor 	. 

Though 	 ee methodS. ers freque .tiy pioyed for  
preiiJdn*z!3r interpretation, alets r 	ce on s method  

26 
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* *o*s 	r lead to $ i.*U* rror : fl ±ntprsta on 

use etho4s at tp sta 	partia2iari 
app31l•csble tar etlftple ases at two or thxes li problms0 
The twat frequentZ ornp yed is Tgge 	ede, This method 
th1va the solution of a nu*er of stinit*naus euftttons 
giving depth b sea fimeton at 	 fad o 
d r d t ~~t +►+, res5jj17 of the 	tiOnS i*WOZVed. 
A t . of o v.s giving the ram of epparat rests t. .«. 
t.*s divided bt ttce retstivity as a t*etion at a 

areVIT for different v* .*u or I. VMS +00*1 to . I at 

•ta ,s of 0, 1 K Yelnes? Theoretically ta► obsrystions of 
redetivities for trodifferent .lectrod. separations.  am 
yield the vat of bath (depth) .) O " and K sthg the Tgg''s 
lei. 

The value at K 4zen obtained *en be further used 
to Ova the re,istivity at 	 ]over hail eon b4ng 
by the OgUOU Uo (4-'O, 

I' 	(F) 

A►s 	P to the .swtsee ruistty* 
P is the resIstivity of the foz'aattcn tieing rtiapped, 
K is the die 	f*et at the area. 

Wizen the data. 1.s *voii*ble for a ube!. of 	 erode o 



rsti 	o temi3i of gip► 	u*: ' ng vsrattons 
or h/* with diffrt vslu.s of E snd the point of eoon 
Lns*ction of the$* 	gL. try Este values 
at h and K for fthr int et* 

Three lsrar obl 

Th, Tagg.ts aethod of interpretation can be standed  
to tadti, a htee `+r *as* protded It Is justified to 

aster that the third lsy r does not influence  # Est 
pert of the cm.. This requirt is *ttis i 	en the 
thiclaisss of thestd tsyer is t* to three Us** the 

thi1rn.ss of the top mar, 

Thue #the problem Is rsthM . to t -1ser e , ' pr 
cafiuidering first the iper t* izasrs bebsying as s single 
eft t. a► the *U trtesl behsviorn to concerned and 
than this stele mit and the third rarer behave *a a double  
lnler, The verege redettviti of t infinite l r s of 
resSsttvtt F, and p and respectively thicn.as hl ana h9s 
Can be writtan as follows, using Kirc ► 's relationS (4• vi) I 

a b~ 

.21 P, 

itha' /'a Is the aversge reeistit of the combined  



ILeving obtained the 	e resistivities of the 
top t isrere, the upper t Zsrs 	be eons + + 
one i*dt and eonsiIering 4 two 	 P)?014 the r lit 

ty d depth at the third ia7 aim be c*eflted* 

fir'.* ~ ~ 	M~~'~~i}~i. 4~t."~~►'i1:4~~ 

Mode zerirents ors of 	 vol ,r is tnterpr, 
i~ 

 
end thecking the anomalies produced "firorau.bodies sa 

tbeor+ .e o ►option w +uiiS be t 	ccnsudng  
thous, ø'O thus serve a two to34 mss* in the Inter 
prets.tion or resistivity rsssur 	is i.e. 

(1) they offer a check on theor*ties  
(ii) they permit si*Lgatton of gen24gic bo&t Vie* *ft t* 

a: not be ea1cu3*t.d 	woretjca31y. 

perThr*ed in tanks filled with. a soles at appropriate  
resIstivity to $I a*t # the 	ttry rook. 

The or..body or e giro 	c structure wfas* 
azicasly is to be steed is titan sib + by at *wta3ii.o 

or carbon mat .w]. of suitably 	resist 	a $, 
*Wood In the sole, 

The *qs aent *d 	1"cb the laboratory  







was esrrL out is maid* Qt eoue.te. Thi to* 1ing UG.Oern  
,0a via* and 38 cm dea,Ttik wee ti e& with 

3UtL0T* of + VVW 	bat* to d*1ste s ► 	 d►. 

aM epic 

The ore des used. bee were e th t ng plates of 
Grsbita *lum1ni. oiler  anti Brass* The dinøsione of 
the plates were as. dettioa1 "late thtokneønos varied. 
The p 	e 	in length aM 8.8 es in width# 
T 	tid lmeseesw+ re as 1 	0 

	

Wit. 	 s. 

Copper 	 #08 . 
Brass 

The +zperiraet was 	out with the Wanner 
ntigts.ration in thicthe e2.ectro4 are squally spaced 

with a constant electrode s 	ctiori of 10 s, For the r s-* 
3 ti .t  uapping s  t ale arrangai*ant wee wwad in +t line 

the surface of the tom,. Th obserstions ware aade 
by warns is iti1s arrangant or eleetrotiss at stops of 
6 s. ee+h. 

The obnervations with the Wm4ucting sh*o wwo 

	

for 	 t 	r tiations. In the first caøt, the 
iaapptng was donealon * line atr t 	1es to the a t 
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of the she.t i4th var tons dips of 0, 30!, 80 =A 
N.*t a P"file was drain along * Uns a*sy to the strike 
by 30 *US 60, the sheet being ftist kept bortsDntal end 
then ti4"a* The sheets v• tetersed in the eappa..  
sate solufAmt  with their t* kept at $ cas* below 
the fort*** ft all eases :A met the *Me position in the 
t*k to as to  allow a ooip*rativ* stuo of the eno*s3tes 
ram bV ditter*it chess. 

ChsisiOall7 active eleetroe*, SU& as iron or co"ar  
haVe to be avoided* fln*U, it v*3 Ls%W*d that the lec" 
trod*s did, not send Into the eonduetiflg *at*ia3 of the 
is to a depth greater than one percent of the atnium 
electrode uparatton esp1o'sA in the,  .iitLgstian*. 

A con iderl%bie care must he tslcm in taing tai* 
results as en aid In interpretation or fiei4 d*ts. 
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V 

1USULTS A ORG t 
.. ErIiLmt 

fleautte of mo 	1aents ie recnte8in the 
tora or Leo øhowthg vei,1s .am inpparont resistivities 
with position over b1e4 sbøet like 'des. 

The 	s*ee date the si e*s of the itre 
of ot the eleetrode Ito. frog the loft *N+, or the tenk,#  
rrbas tow► ua3ly spaced electrodes 	 the or. d at 
denotes the app r+ t r sstiflt **. The ginerel shoo or 
the curves to dependent upon the relative t.+ .eyes, con'. 
dzctivittss and dtopvss iona of the sheets. 

wertnw*tal results * recorded in fides s•1 to s-rx 

mad the t sets of cr' 	rations were taken for different 
eonducttvtti.* (1O? and 2O8 oh*ectw) of the h** gen**US 
suoundin', nedis,: 1,.. the copper 	tts solution, The 
res*etivity o s for different sit.ts ere drawn sep ra. 
tely' end a conperattve std is moo- for varying dIps or  
individuel qts and for differentdirections of the line 
of profile with rspeet a the strike of the sheet. 

it relative Idea Of v tic of the eppareat s'. 
iativtties fbr 1r to end elt*niue a te # identical in 
length 	 vtdth but of different  tbieb*as.s t be lied 

vw 5.1" 5•.Z # for different 	t end * tr*varee  +I. 

r►endi+ 	 strike of the sheet, In new* 
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the net of Vertu+► of the r is i ,. r CtV Is 
ObOM for x!spbtte Cu, drzi ieets di.pping atO and 
OAS end the +k 	re. sade met at 30 end (300  to the et 
rtk. of the eheot5.  

eta n restsflv1t eur *s for Cop* and 
ess ebsote . are stidiM for b.ri n * and vertieel. 

Sheets terse: at the So► d+ th Thsse v 	+r shown 
in ftzmb.s 5•s -  s•(. o►Y,d S'•VI —s•12.. 

c al 	l 

Tbe inetruaent for eaaU seals v*stig- 
ate MW be mss. used for the 'age fisH atitss w 

d 	. cuff ci enti7 age *a a1* rte* to readwy 
a" current and re ttvs3 high potent$ ale. 

The rOsLts obtained tros the addel ezarients, 
p fard with the conducting sheets of di.ftarent conduc- 
tittie.s of identical 1enth and d but or gi ant Chi. 
c essay can be of use in r te* of their ire 

and Riour The dotted owv. in. the graphs indicate the 
r* act iten the tank in only full of the copper saIphat. 
eo•lntic ll  without the ore-body fror + 	rrw ion of the wall 
oftect can be note& to extend upto 3 ems.. from both .Me  
or the to*. Considering only the middle region in cb 
the wall effects are nsgligibl.# (ike. betty 
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66 ca.), 'ale U**A 	IMfltS Can be aed. on thS n tin" 

of i*tion of the eppar ant ra ft•s for the 
:b35 dip* aM o duotv tt.ee or the i .. ts. 

Zn the ease of grit  as th. dip ale v s 
fe to , the reststtvity Over the body isu  
and atoms a Peak vslus fa* 'w two adni as th. dip 

o*three 'fie* Thit in the c" or A . wi n1. 1,  uto eOO dip 

the is onl ` a s- .t« shang* In resistivity, iihieb to gri. 

ter than the borianntsl cs. 	ther in e*s. In dip 
to * , th. is an abrupt and wd change In the teats-l. 

e oie attsSna a auiawi flamed with 

uom,The coapsttve study or the variation 	 pw t 
r'.sistimIti.s with dips for graphite sM A .eta ihests 
can be mad* tr 	o, 513. 

The otta of o tatim of the treats line 

yes also shed on orisoutal'v+r tte soot** AS 

the *; i t*tton of the or* *diet with respeet to line of 

travarso departs 	", this peak value of that apparent 

ra*iattVitY deereasesand van becoøa negative. In as** 
of the *skew trava. at 600  Over a vet'flesl sheet the 
e* shows a negatiVe an *a3 tth a s L aadana 
in the centre, This Utter faettne is howeverabsent.  
the r ease of the hor3 metal ahest. When the traverse  

mad* .i* st 3O to the mike, sew negative *r*ii*1ie* 
* Obtained for both the vertical and hori t fit. 



Tha reaistl.vit7 v.riaition due to eh*ngei iii er1..ntet3rn  
of th. , ►o 3• are shoe In fiur. s' f 4  ' ►r a vw' .o . 
sit . * rMonts3 ah.et. osi thts It can be infarred 
that for ysrte.l Sheets the rca 	.t t 	- , , 4u- 
*1 as the orIiitattc of the profIte coos 	SOP 

D4 

Ste. scale i tts arsupp2y 	4 *bace 
infOri►f i*ich viU be ndI*atIie of the results to be 
•*eotsd In the field vm . Howev.r th. tank .rite 
usuaUly do not i*l4 the se cv. 	*ct tstles o t 
*insd In the field arc, ThIs a. be dvm to the a 	r of 

lsri*ether and related phano n 	the sash sea%* tests 
It Is *dent,, therefor. that emaidwablo ears mist be 
taken in using tank results as en add In interpr 	i .. 
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