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Tlectrieal oxploration, or the "wellelog:ing," of drill holes,
for the o1l indnehtry, is a recont zeophirsleg’ htechnimie, dabling
only from 192°, There 18 no need to srmhasize the abselubts necosalty
of pathering reliable and corplete information of all the formations
sneowntered in the esurse of drilling. “The oil indusiry has wit-
nessed a contlnuous irprovement 1ln the manner of securlng subsuriace
iniormation. rilling-spesd charts, driller!s logs based on exam-
ination of cuttings, mechanieal coring, naleontological analysia,
wirescoring, etc., each furnishes some valusblio datae Sut %there
is 8 constaal urge to develon new msans of investigautlon fovr the
purpose of reducing the cost of drilllag and obiaining mors couw-
plete and rellasble datas Today, electrlcal measurements constliute
e new step forwvard, towards acileving this end.

The purpose.of the work done by this author is to apply welle
losging metihods to tho siot holes that are drilled by seismogranh
eraws, In aelsnic nrosveebing it i3 necessary that tlie depth, be=
low tiw surface, of the bottom of the low veloeity or "weathored”
lagyer Ve imown accuraﬁely; 3y the metoods now In use, this depth
is caleculated from the velocity of the seismic waves traveling
through the weathored layer. Ilowever, by lozging shot holes, one
shiould be avle to dotermine the thicimess of the low velocity
layer with a high degree of aCouracyes

another nroblem in seisrmie nrospecting is the locatlion of the
top of the wator table. 4t the present time thls 1s done by noting

the level abt wailch the water stands in water wellss If no water



wella are oresont one rmast simly suess «b ghoub tho lovel of Lle

A

ton of tihe wubter table. .y g.:0%t noleos, 1t vUould seen H7P00=
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nrosseebing wore 1sid in 1030

wiern Lhe ‘molisioan, ‘e e c0x, discovered that olectrical currents

and wotontiels were assoclatod wiitl eartaln ore denopliis 1In Cornwall.
Lo made measwroments ol thece nobontials and also ol Lhe resiastivity
ol corvaln ol tie ninoral” and surrounding rocks, 28 & rogult ol
Toxt's worl: a number of otiiors made 217 . ueasurements and pronosed
te use of these measurenments for w»nrosnpecting. .owever, ths asmaratus
used v, these earl; clsetricel orospectors was too crudo for nrace
tical work
In 1900 pown carricd oub the Lirst reseoren Ly nsasuronent

of the oloctrlical resislance, wubt witiout suecess, sinee Lo us

s
-
o
i

.

onl, one clrcul ardl boaus measured osrimariiy thao reslistance or
the cart: contacis. In 1711 lowy and Leimbac.: undertoo: aoue
researci: worlk in comecblion wiitsn erizian wavos.

1L tiese cbtemnis, however, wore without resuli, and 1t was

only in 1912 that Conrad Neilwumberger, then croleasor al tao

sZeole des lnes Jde aris, bogan hils first aystemstic stuwdies, whiiei,

continued nerseveringly, {inally led to toe nerfocting ol tho
electrical mobt.ods, 40l pesocare: vork was interrmted Uy blio war,

theon conbinmued in L0919, and In 1520 the Jirst industriad aomllice-

s

nelced witzn the cutliostior

tions eo serts ool Yotude

suy ia rosnectlon eleciricue du sous=s80l,” wiich: cave the fundae-
mentel buslis oi sl-octrical surveyin, of tihe undergrounde
ron bho Logimning, oleetrical oroonectlin. vias aolied by

Seclambersor o tecbonle atudies, viwrecas all the oblhior roscapclh

-



workers had lizited, and were still 1limlting, their anplications
to the survey of metalllic aines.

As far as the use of reslistivity metiods in oil work is con-
cerned, the Schlumberger Coszpany had proved the practicasillity of
the method in structural studies since 1921, ork was then begun
in the Pechelbronn oil region and continued until 1926, In Roumania,
comaercial work was carried out, among others, for the Steaua
Roumania in 1923~-1926. Salt domes were located in the Alsace region

in 1926-1927,

United States by 1925, when the Schlumberger Company was engajsed
to work for the Boxana Yetroleum Corporation and the Saell 01l
Company oi California.

In 1928 the electrical coring technicque was applied by the
Senlumberger Company, and developed wit: incredible repidity, first

of all in U.8.3.1l¢ and then, froa 1932, in the United States,



Underlylng ‘rincinles of Ceoe~lectrical lethods
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ANy geoniyslcal surve, (o wo of comprelal snd wractical
o S T S b P e . S « » oy e B A, e . e .
value must o Interpreved in Conjuanction wiila i nNecessuyy [eo=
"2 “1 PP S A e . S vy ) AP o e . . - E XN
locleal oouwdiacge woosnysier and wolol, are .wwmlomontary to cocl:

obiher, thelr {lolas do not overla: ianssauci, 88 one supnllios Indorade

othore e

s
e
5

tion woich can only Je inloroveted 1n 14 L
J .

F3

roper interprotation ol Lo hysicol dote ~ocoulred o heowlodoo of

s

structural and peolepical condlilinSe
A1l geonnysleal esplorvadlion rwiiods are baged on the fact
that it 1s nossliltle to dotect nnd locate from the surface o certaln

subsurface ormatlion, 11 tils fovmation difliors fron llg surround-

[

Ings in regard to somo chysical propordy, and 1L 1t Is nobt too
small in siro or too deepn seabods

“ae ohysical proporty one is concerned witn Ly Lac wse of
geo=sloctrical motaods 18 the eleetrical conductlvity of rock forma-
tions, thet is, tholr abillty to corry clectrical currentise
For practical reasons, this conductivity is usually sxpressed by
its invertcod value, the snceliie rosistiviiy {(the wilbs of w.ich

are omnwcentimetors, ) wihlen axprossns the reslstance @ cordain

2

meterial one centlmeter lon, and one centineier sguure offors Lo

the nassing of o cleetric curronts
{in intoresting new thoory of ~leebric conducition in the oround
is set Tort: Ly L. Lee in the Suerecau of "ines inforﬂaﬁia“ Ciru
cular 6799, &@daat, 56 en*itlﬂu “ueaanysA"“ Prospecting
Underground .aters in Desert ircase’ .ee states: "‘any writefs
asswme baat the al@mt”ic current always pasgses throush: the sround
with what may e called onmle conductlivity, in very muc. the samo
manner as curront flows thwroush a meotallic conductor. ‘nder thls
Supposltion the srouwnd has various dogrees of olunlce condictivity,
aLfse :ring in valao and in direction undey a piven set of geoloic
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conditionss ctusl obLservations s.ow that othnrr lactors oiie.
sre coatrollin.. It asmears that a system ol clectrolyiie cells
iz raduall s cultlt e in the [ round that oonoses The ~assa e ¢l an
electric curvent throu s it.e In sucn o system there would e &
chalin ol cells from one zonc of inifluence n %the noar viel viuu ofi
the :rounﬁ current stakes thset would be elpetricall, weaker than
the adjacent cnains, ;

‘he weall chaln will brealr covn {irst anﬁ
‘thus conl'ine sthe nati of the ur%anf Lo defindie channoels instead
of «istriutin. it mnirornlw throu i the woole mnéium accovrding Lo
okmic ,omwxthvlty. in other words, the (low oi current would be
sizilar Lo tnat throu i a broken artiileial olcetrical Lusulatia
excent 16 in e soil the volto e grudient 1s o the order of
microvolts nor contluwtor, wills In an artiflelal insulabion it ig

I the order ol undreds oi kilovolis ner centlimobors In suomort

I otads taeory, osclllogranile recoras vive rureont in diclegtrics
and in tﬂo Srouwnd ars stril nsly 8l ile

‘58

: ar L. ocaaractsrs Also 1t isg
often vosslivle to observe the radual %QLL’ ing g o‘ huv realstling

cells iﬁ the chan_ s ol current that accomnanies rosl istivity moasure-
mentse 4 cround caaracheristics of thls kind may account ior Lhe
fact that mt some clectrode gneeings a gront dlffsronce of asparont
glectrical resistivity 1s obsorvede (hils ruastion is not ub&:iiﬁ@ly
settle 5 nor Lwve its sany ohases veen examined @xawr%Jvnaalld.”)

The electrlcal conduetivibty suows a2 very wide variation Uetween
dificrent rock roraations.  ho sedisnentar) beds thot rorm tho sande
stones, sihalos and limestones hnve, v renoral, conductivities
hundrads ol timos larger tasn the conductivitlos o. voleanics or

i:neous roclks 1like ronite, g jenlic, und asalbts [0 Cue smae Way s

there is also a very sronounced variatlon ol conductivity Lesweon
the successive ceds tormin  a narticunlar sedinentuary column,

P

e comarcilively Adon elesetrical conductlivity of sedimentar:
beds is due bto the act thald suelh roeks ncerly always hold in tholr

e

pores o conslderable amount or uoisture, =iz, 1g oleciricslly cone

ducting; the minersls {sueh s uartz, foldsnsr, lea) that -oke
s Liess roclks are all noneconduchins. “ho saetors tant dets riaine

the coniuctiviiy oif a cerstuin rormatlon are thorerl

s

.C'Z
&
we

P

Le Thn wereenvaln volwne oo waler contalned; and
Ze The conduetivity of this water.
Yhe essentiel faet that overns the electrolytic
eonductivity oi o solutlon is shst the elocurical current



Is conducted Ly tiac transier or lons bthrousl: the solution.
hese iond ma; se in oart those of the solvent ltselfl,
but are mailnly lons duo Lo ﬁiasoci%uiﬁn or the soluble
salts forming the solute, hls sneciflc conductance of
any aolutisn will demend cﬁia:lY uysn. (1) thze concone
tration ol tho iong resent, (2) tuelr . GOLLLITH, leCe,
the velocity of thelr igrstion, and () thelr «3ﬂctviea1
charoe. “he concenirution o:i the lons ”111 deoend
e concentration oL the flﬁctwalyﬁv and wson 1is
ol lonizabtion. L1t an inersase 1In c<'3n0un‘%,rahiarx;ﬁ.,
nacii ¢ conductance will increame duce Lo thoe larmer
mizer of iens orescnt, bt cenerally reasches a maxinswm
amﬁ then decreases wecousze of smaller lonization and
srenster ‘5"2‘*’0’3"‘3;0; due to the lonie motlon, st the Licher
COlCPﬁtPQLi&‘

e . - SR o e gy b Sy
“he vercentase voluwme of waber contelnnd

deponds lorzei ) on the sovosit: of
of the interstices or volds Lebween the “rs'ns, in ner cent of

the total volume ol thie rocl masns, he norosity oi sandsioncs runs
into fisures un to some 2% ~or cent, as compared wiiti: somebhilng
1ike half a per cent lor igneocus rocks; for sands the porosity
gensrally ransoes L~tzeen some 25 por cent Lo L0 per cent, and

ior clays between 0 per cent and 50 per cent, It is evident,
therefore, that such Jormations arc uole boe Lold larze ~uantitios
ol waler im‘tn&ir Dorcse  ids 1s eremelilisd by Lho water sancs
met wit. oy olil f’;ﬁic}l;‘i»a:lz?:’z.llii’l;;i zowsver, 1t must we romembered

ke clayey siwmles, may 20ld cven lur_ er

theilr wober conteont is Iirmly

vercenta e volwnes oi wator, alilouph
retainad in the slerosconic noros,
The elcetlrical conductivity ol weber ls due to Lhe nroesence
fissolved salts. dstilled woter of nishest ourity is practie
cally none=eonducting, Shoe Iresh: waters o. rivers and lakss havo
resistivitios of some 30,000 down to 300 olmecms, wille tie

bracirish: sroundewaters ol of eliuates have reslstivitles of only

ohm=~Crise The saline suisurface wabers wmet with in



oil flelds have weealodivition anyliors froa o couwrle ol aandroed

ﬁ

ohm=-cas doun ©o only sono 10 alnmeciss. 4 nobtable feature wbout the

o, SN o s R a3 A e 2, he g PR R B ) 2 o ER. O
rosiativit s oFf salbt water 1z thud 1% doercasos with incroaning

Y agn e rpnd T e e oy et yrmes T vy e er o4 oy g saped e ST gy AT
degrec anroniioiby slnes the roel Lorperabure incrouses wiba Jaobh

therefore Lo oo oimeosisd, 1D ovoryiiin. olse romaing thoe cane, tha

C‘!‘

the clectrlical coudusbivity ol sedioonbary fovmabtions will incroas
wlth doptia

oty tho whove facvors thwd Jovern the ologhrical conductivisy
of rocka, arc so wariabio bebwoun diffcront aonmoers ol a sedluentary
formation, that ome would expect the conductiviiy to show groat
differences between successive beds in the sedluaontary colwm.
This fact hias Leon abundanil ;- proved by resistivibty mecasurements
on fres: drill coros and by determinatlons of tho resistivitiss
by well=lo;ing m@thoﬁﬁ, of the lormatlions traversed by dpill
holos.

in the other hand, both the water content of a ceritain bed, and
eapecially the aall nitd of thie water conbained, shov o oigh dogree
of canaisteney in &1 ‘directions along the &@dding nlaness in many
cases structure mapping from drill hole data ias been carried outb
on water ol a certalin aél% consvent, when tie particulsar bed carprye-
ing the water hes been hard to identify.

It can thms be sald that the {ynical sedicentary foymaﬁign
dealt witl: by geo-olectrical metiode has an Yelsctrical structure,”

which ig sconformable with the geologleal structures 1Ib is theree

—— d——

fore conceivable that one shwuld be able Lo use olecirical moasurc=

-

ments to map the geolosical structure of such formationse

)J

~((}) -



The simnlest peo=clocirical measurements that could be used
{for the above »urpose would be to measure the clecirical resise
tivity of the materials traversed Ly s drill hole, from thwe Dottom
to the surface, using the resistivity srofilc tius obltained for
corralatisns of tie gsedimenbar, colum bebtween different drill
holes, Instead of the usual stratisrapliic or paleontologic correlations

Suehr a procedure nas been in use for some time, for the corro-
lation between drill holes, {(see nage Ew) and 1t has in-many cases
been of sreat value, especlally wiere the beds found by drilling
to moderate denths have besn hard to identify in the usual waye

t 1s of interest to note Wiy electricel methods cannot lo=-
cate oil directly. he reason for this raillure 1s the following:
It is an unconbtested fact, known [rom physical theory and e:periments,
that a subsurface formatlion, which is sractically non=conducting to
electrical currents, will sihow an cleectrical effect at tie aurface
no larger {npractically speaking) than if i%s conductivity were only
ten tines smaoller than the surroundin:se An oll norizon will thoere
fore not ;ive any larger slectrical effect at tho suriace than a
dense shale or any other bed with an clectrical conductivity soms
ten times lower than fthe surroundin s, and such eds oceur in creat
nmbsrs in any @&d*fentard formation and ot any depth, as shown by
resistivity measuroments 1n drill holes. 4An electrical method worike
Ing at the surface, and trying to locate "noneconducting” bLods, like
0il inorizons, in the subsurface, will therefore pet plenty of nosie
tive rsactions slnmast overjywhere (naturslly also if applied in =z
Producing oll field); the practical velus of such a »nrocess is thus

obviously nile
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SRCTION IIL

Derivation of Resistivity Formulae
Resistivity Defined

Average and Apparent Reslstivity



DERIVATION OF RESISTIVITY FORJULAE

tlectrodes in an Infinite “omogeneous Medium

Case I. QOne spherical electrode,

Equipotential surface
A ///u

Lines of flow of current

A

Electrode

Other electrode ig at
infinity.

i = current density, in medium, a distance "r'" out from the electrode.
i = smperes per square centimeter of surface.
I = current going into the electrode.
V = voltage at any point. in the medium.
V = zero at infinity..
A = resistivity of the medium = 1/ = ohm=-CmS.
o = conductivity of the medium = mhos.
Now 1 = I and by Ohm's Law: 1 = 1 x gradient V.
4rr? 2

or Gradient V = oI = &V
'éwrl °r

or V = - I+ ¢C where C = constant = 0O
ﬁwr

wlQw



Case II. Two spherical electred:ss,

+I = current going in +C electrode.
-] =

ground from the +C electrode.
V, = potential at point P,.
V, = potential at point P,.

V, - V, = potential difference from P, to P, o

resistivity.

R

= oI -
K=
therefore

v, -V

Equipotential Surface

current.

current coming out of -C electrode after traveling through the



I. Special case of Case I7T,

£
"

The two current electrodes +C and -C, and the two potential
electrodes P, and P, , are in a straight line with a constant
disteance "a" between themn.

2 =
———

Them a=r7r =71y =1
P2

I3
2

Therefore the ecuation for the potential difference from Cage II

becomes:

o

Vi =V, =pI /1 -« 1 - 1 +1
/Z‘qf(a' & o 3

and the resistivity is therefore

L=V -V, )(4wa)
T

which is the resistivity in an infinite homogeneous medium.




Hesistivit, 1s defined as the resictance ol a cube of plven
material one centimeter on an edze measured otwern opposite
faces. It nust bo realirzed thst tuls ma) be entirely different
from the reslctancs of o cuble centimeter of the jiven naterial.

A long thin wire could contaln a cuble centlumeter of volume and
would liave a hilyg. vesicstance, whercas the same volume iformed into

a {lat slate would have a very different, and oulbe low, reslstance
betweon facas. oonsequently, 1t 1s not oroper to express resistivity
in ohwms ner cuble centimeter.

Actually, tihe resistivity ol a conductor 1s found by multlie
plying the ohms resliatance oy tiac crossesection and dividing this
product by the length. Uhis follows from tiie law thet the resist-
ance oi o substance 18 »rozorticonal Lo its length, and Inversely
proportional to 1ts crossesscbional arves, which may Lo written

7 = n/h x Constante
The constant 1s tlis resistivity of the material, 7 1ls the reslstance
In ohums, L tie lensth, and 4 the crossessctions, ence
teslstivity = o = 2fT X T
Thie ma e wrltten |
P = oim x em/en
or /P = ohm=centireters
me nay; cxpr@ss/o in ohmwcentinetors, ome-meters, oam-incioes,

Or "mefocts



The vealue of resistlivity found Ly swuriace rosistiviiy exnloe
ratlon methods mmst be considered as an average in walelr tho re=
gistivity of the earth nearest the line ol terminals 12 most heavily
woighteds ‘fhe welghiting decresasses wlth the distance irom tiis
1ine until at a deptiy scual to the dlstance betweon adjacent tere
minals, the wolghts have become so small that all the carth bejyond
thls contributes relatively iittle to tne btotal efiect.w

Lowever, in welle~loggsing methods the average resistivity is
not so important, espececially in the cuse in wihilch the electrode
snacing 1s very small (2.5 feet.) :ince the electrodes are sur-
rounded by a conducting materisl (l.e., & sandstone ved that is
traversed by the bore hole) the resistivity measured would not
be an avera;e, as In the case of surface resistivity exnloration,
mub rather would be nourer tlhie sctual resictivity of the afore-
mentioned sandstone strata., In welle=log ing, sinee the hbore hole
traverses mwbterials of diffcrent resliativities, 1t is nore desirable,
and bettor terminology, to speai of the reslistivity of the materials
a8 the "avparent resistivity.”

It is simnle to caleuwlate the »notentlal due to any current for

K.

any electrode coniijuration in a _onogeneous gartin of i owm resis-

tivitye Imowing the currsnt and notentlal one 1ls therelfore able

Tor a detalled mathematical study ol average reslstivity reofer
to the following: (1) "hie  arthelesistivity esthod of lectri-
ecal Crogpecting,” by e Landcaster-Jones, ining larazine, Vol.
FLITI, Tuly, 193Ce e 19=2G,

{(2) P"Come Carti lesistivity Toasuroments,”
DY Te e 20, Je e Joyee, and all ‘Oyer, curcaun of I'ines,
Imformation Circular ijo, 6171, October, 1920,



to determine viat would Love soon tie roslstivity or the carti LT
it had been .onooeneous, iils reslistivilty is shokon o as ine
G TG QUle

Taonarent rosistivityet enee “roowings Liec wobenbis

ant thirow; aborials surrounding the vore wole, at variocus

-

desthe, one is oblo to determine itne o paront reslubtivit) of cach
bnie matorials.

It shiould be romembered Lhat the many mathematical {ormulae
daveloped for reslistivity lose thelr valldlty becaune they uro
doveloped wnder the acsswmtlon ol a oomo eneous medium and do not
satisfy the conditions 1In inoonorencons rounde Ins:ite ol tiis,

2

these Jorrmlae may e uzed o calenlate the aoparent resistivi

el
[

Cowever, the caleulubeq resistiviity cannmies wibts the elusctrode
sihaeing and thus loses its meaning as & stricil) defined ouantily.

It tuereofore nas no ixed naysleal necaning

w0 "anpavent voslotivitye™s

* Yor a detalled matihematlceal study ol yarent rosietivity

roter to "4 Yugoretical Ltudy; 01 3§awunb oy aiﬂtiVlb“ in
Surface -otenbial "obtlods,™ Dy Je e anel, Sedeuie
seoniysical Prospecting, 1932. v ‘02-42?.

-

and 18 sceordin 1, called
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SECTION IV

Geo=llactrical lMeasurements in Shot ioles
Spontanecus lectrical Phenomena in Drill lioles

Use of lectrical nesistivity Logs for (eological Correlation
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For the recording of the electrical properties encountered in
a shot hole, a series of resistivity measurements are the same as
for similar measurements made at the surfsce of the ground, the only
difference being that the necessary electrodes are lowered into the
shot hole by means of insulated cables, the appropriste readings being
takken on instruments at the surface as the electrodes are raised or
lowered in the hole. The necessary electrode contacts are made through
the water and mud iIn the hole, so that measurements are not possible
in dry holes or in the part of a hole above the water level; nor
are measurements possible in the cased part of & nole because of the
short circuiting action of the casing. (3See page 69.)

For the resistivity measurements 1in sihot hioles, thse diameter
sually being 5 1/2 inches, the arrangement of electrodes is shown
on the following page. The current, from I batterles, enters the
ground at the electrode Oy and passes througkvthe formations surround-
ing the shot hole and passes out through electr-de 02. The current
then goes through a w=illiammeter i and back to the xinus side of the
battery. The difference of potential created by thls current is
measured Irom the potential electrode Pl t0o the other potentlsal
electrode Poe This e.mefe 18 measured by the potentliometer Pe The
electrode interval a is kept constant, 2.9 feet, and it must be re=
membered that the eleectrodes are one beneatix the other and not offset
as shown in the schematic dlagram.

The reslstivity is given by

P:umx%,

[E%]
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SCHEMATIC DIAGRAM OF CIRCUIT
FOR MEASUREMENT OF
EARTH RESISTIVITY
IN SHOT HOLES



where E is the e.m.f measured by the potentiometer and I the

current'measured by the milliammeter.

The use of separate contacts for the potential measurements

eliminates the effect of contact resistances from the readings

and enables the actual resistivity to be deteruined accurately.

Other electrode coenfigurations.

I. Three electrodes in-the shot hole anéd one on the surface,

B
[
Lry

The current enters the ground at C, and leaves at C, .

potential difference is measured from P, to P, .

|
!'{']
|

vO—

Y

.)[}‘l’i‘l

"
O
.

YA |

00—

7/

abeout 10-20 times the diameter of the shot hole.

The resigtivity is given by

/O 4mx _aa' x E

]S

a-a' I

I

The

" g and a' are



II. Two electrodes in the shot hole and two on the surfsace.

\\

IR

i Jo,
RN

00

The current enters the ground at C, and leaves at C, . Thé
potential difference is measured from P, to P, . The spacing a
must be known accurately. It is usually made two or three times
the diameter of the hole. P, is placed a long way from C, .

The resistivity is given by

= 4max E .
I



I1i+ One electrode in tho drill hole and one on the surface.

For accurate measuroments, using one electrode in the drill
hole, alternating current shiould te useds® &Since the author did
not have access to the use of an A.C. Generator, this metiod was
not triede.

The following references deal with this subject:

(1) Halliburton 0il ‘/ell Cementing Company of Duncan,
Oklahomae Catalog los 10, January, 1939,

(2) "single Cable Ilectrical Lell=Logsing," by
Ve lis Hust, Jre and e s Jounce, U, S, Patent
li0e 2,132,507, October 11, 1933,

# Conrad Schlumberger, in his U, 3, Patent io. 1,819,923,
August 18, 1931, briefly deseribes a method of single
slectrode well=logzzing using direct current. The present
author, nowever, did not try this method.
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In the course of resistivit; surveys mode inside of dril
holog, 1t 1s found that there are currents S§ontama¢usly SEenere
ated inside these holes. ‘‘hese phenomensa sre not st 2ll negli-
gible and experience actually shows that over dlstances of a few
feet diiferences of potentlaels, ranging Ifrom a feow milllivolts wn
to 200 millivolts, can be measurcds

Thore sre two mein ceuses for those soontanecously ;enerated

currente:

I. Zlectro=filtration

Spontaneous poteontials may arise in = drill heole duo to the
flow ci liagnld,; such as water or oil, into the hol: from 2 norous
formstion, or Ly passage, under hi h pressurss, oi waiter or drille
ing; mud from the hole into the porous formatlone 4“ho nroduction
¢i an eleoetrical potential from the passaze ol an clcctrolyte
throu i a vporous dlaphrams in tiils way is a phenomencn lmown as
"eloctric endosmoses” The term cmployed Tirst by, Lcilumberger is
"olectro=filtration” and he shows, by the following rmothod, that
the notentials occurring are quantitatively related to thie porosity
of the roek and to the resistiviiy or the licuid rillin: 1ts nores.
‘hen an elcetrolyte 1s caused to flow throush a sheet of & porvious,
solid dielssiric, an electromoilve forece occurs bebtweon the two
sides ol the suhcet. This eloctromotive lorece is provoriional to
the »ressurce and to the electrical resistivity of the ligquid, and
1s inversely proportional to its viscositye It is independent of

the tihleiness oi the {iltering sheet, and of the radii and number

o
-t .



of nores of tho pervious mediwie® It may be expressed Ly the

followlin: forrmulas
L=nmx/fVap

where 2 = the ocemefls of filtration
P = the pressure of tho llquid
o= the aleoetrical resistivity of thne liguid
V = the viscosity ci the liquid

m = g constant factor whilcii depends un the norous ediwi.
In drill holes thie water of the .0le wlays the part of the
glectrolyte, and the norous layer 18 the dlelectrics. The eemels
is thien proportional to the resistlvitiy of the rud and to the
sressure inslde of the layer.

II. 3lectro=-osmosis

Spontaneous potentiels ma; slsc be produced in drill holeg by
the diffusion ol two Ligqulds o: different slsctrolyte concentrutlons.
Taey would be produced, for lnstance, iy the contact of water from
a {resin water horizon witi: a brine from a saline uorizon., Thls is
‘an clectro=chemlcal efiect and 1s known as “electro=-osmosis.”

In ¢rill roles, the electrolytes in contact are the mmud and
the salt water in the porous layers. In wost cases the salt water
in the sand is saltler taan the mud; the lines of current {sece
flowres on the following ruage) then enter the layeree-and under
sucs conditions the potentiasl »rofile, as 1ln the case of electroe
filtration, will siiow & negative anomaly. Tn tihls instance the
wo nhonomsna, eloctro=filtration and electroe-osnosis, have the
samo 8ipn, and add tielr setlion to eson otlisr. 'The revorse case
1s also soasivle,

& sefer to ".lectrical Coringi o letnod of Determalning sottome.ole

sata by Hleectrical Teasurements,” by C. and |, Sceilumberger and
ive fre LoONATAON, A.ll.llee GBOphysical “rospecting, 1%934e 04237=272
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The spontanensus potentlals existing in drill oles can De
caslily measurcdes

"n the precedins nage it is seen that twe electrodes connecuood
to & potentiometer are lowered into the drill nole. 7The notential
difference 1ls nmeasured irom one to the other and thils ives ore the
spontaneous notential,

The direction of current is the same as the direction of the
filtration. In figure 1, precedin: nages the water in the hole is
filtering inte the vorous layer. ‘hus the current flows into the
porous layer. In other words, it Xz s 1f, in front of a porous
layer, the wall of the nole werc covered with negative electricity,
‘hus the potential of ?2 i3 lower than the potenitlal of ?1. Calle
ing this case a nlus dror of notentlal, one :sts the curve as
shovmn by figure lae

in figure 2 water is filtering into the Liole Irom the norous
layere Tius the current flows into the hole and the wall of the
-0le is covered with positive electriclty at the porous layere In
tids case, the potential of Py is hizher than the potentlal of ?1.
Calling tids case a inus drop of potential, one gots the curve
gaown by fisure Zae

fnother methiod o. measurin: the spontaneous notentials is
to hove one potential olectrode on thie suriace of the jround and
to lower thwe other into thie hore :ole.

In general, the snontaneocus poientials that are ouserved

and measured in a drill ole result from & combinatlion of the



glectro=-£iliration and electru-ocanosls eifectss Uhe olocirge
osmosls effects are usually not so large as tiose produced Ly
clectro=Liliration,

4ince botir phenomena are always tsking place in front ol a
porous layer, and the spoantaneous potentlals are quantitativaly
rolated to the porosity of the rock, tehlumberger calls thios
measurements "porosity measurements.”

A "porosity log" of the type shown on page 27 is of vargw
mount importance for the detection of porous layers and for the
differantiation between irporvious resistive formations, sac# as
sranite, quartzite, ebtc., and nerviocus resistant fanmaticnagxguch
a8 oll or sas sand, AS 13 thic case for Lhe resistlvii; logz waieh
shows onl; sapparent roesistivitics, the "porosity" data do not
reprezent the true porosity. It 1s merely a gualitative faatoﬁt
depending uson glectro=flliration und electrow~osnosis,

Senlumberger states _hat by varying the head o water, or af
drilling mud, in a Lole, the hydrostatic pressure ma, be varied
and with 1t the amount of liguld passing inte or out of & vorous
norizony by measuring the chanres in the natural ~otentlcals brousht
about by the changes in the rate of flow, he cleims that a xa&mtioi
tatlive estliiate of the hydrostatlec pressure in the »norous formaticﬂ
ray e madtew | ;

natural potentigls cannot be uzofully mwasured in the cased
port of & iole since thie casing not only acts as a shileld, but 1=
i fefer to "4 Lew Contribution to Subsurface Itudles by eans

o Jlectrical oaaureaeﬂua in Jrill “mlﬂa, by Ce and

Selduaberger and Ce LEONZ rﬁon, Aeloeiln-cn feo«uysical
sroasecting leL¢ e 277%=209,

L,&’

e
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usually responsible for large and erratic polarization effects.
It would seem plausible thst one could bring sbout a change
in Spontaneous potentlals by pumping water out of a hole, thus
cauﬁing a more rapld movement of ground water in the vieinity of
the drill hole. |
SLIMINATION OF SPONTANEOUS »OTENTIALS

In the customary commercial practice the effect of spoﬁtan—
eous potentials on resistivity measurements may be neglected and
the results obtained will still be well within the limits of the
required accuracyes lHowever, in cases where the resistivity values
are to be measured with greater accuracy, it is desirable that the
spontaneous potentlials be eliminated from the induced potential
readings takens Schlumberger has recently developed & technique
that accomplishes this purpose.t

He shows that by making the spacing between the electrode
supplying the cu&rent to the ground and one potential electrode,
Cy and P; in the figures on pages 17, 18, 19, of the order of
the bore hole diameter, the effects of spontaneous potentials are
negligibles (This applies to either two, three, or four electrodes
in the holes) The current must be of sufficlently high value
for the potential diiference produced by 1t between points of
measurement to be always large in comparison with the spontanecus
potentlial exlsting between the sald points,

i tefer to "Method and Arrangement for the ilectrical Survey

of the Strats Traversed bg a 2ore liole," by Conrad Sehlumberger,
Use Se Patent No, 2,141,826, December 27, 1938.

«2b
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a. Impervious and resistant formation, gypsum.

b. Pervious and resistant formation, oil sand.

¢. Pervious and conductive formation, water sand.
d. Pervious formation resistant at top—oil.
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Conductive at bottom—salt water.



. gre P, ey P, B e o L S Ve e ety R
Wi £ b .} St i b be;z ¥ ekl . q P IR S S S HE S S OVE I RSO UA G B 101

Since the resistivity parameter gencrally varlies widely from
one layer to anotiier, znd 1s relativel, constant for a given layer,
Liis makes 10 osgsible to dlifocrenticts Tetweon various formwtions.

» tiie other nang, the mers rumericsl vaiue of the reslctivity 1is
not necsssarily a dlstinguishing cuarectoricstic ol s iven formaw
tion, except under particular clircumstances, since two formations
of very diil.erent age, or sven oi litnolozic raciss, may siow tue
sane resistivities, thue a sinle resi Livity ilzsure dowss not
sield accurate iniormatione

Liowever, the comparison ol two resistivity profiles on the

-

:liable

(‘3

same series ol sedimentary foraations will lve, in & »r
manner, the relative denihs to the various strata., Thorefore,
to obtaln numerous and reliable correlations bebvesn seversl holes

113 ol fhenm

i

55

in a given area, 1t is no lownger rnocessary Lo covre
mechanlically, It will suffice to periorm the operatlon for the
firat hole dfillad, and, subsequently, to take advantage of the
slectrical resistivity dlagrams to deduce tue gsologlcal coluwms
in the new ..oles and to establisi stratigrapiical correlations
in the w.ole district,

An lmportanc nolint is whether or nol it will Le poasible to
ciscover nuaerous and roeilable elsetrical uorizon markerss in
Tils conneetlion 1t must be noinbted out thut any _ivon geologlcal
sorizon ciharacterized 'y a precise lituologicel chenge, for
instance tne passase from 2 sandstons or a 1i.estone to a marl,

will constitute also a j00d electrical marker., Tihe number of

-



electrical .orizon markers, therefore, will be nearly oroportional
to the number of definite ilthological alternstions,

Generally, elaétrical markers are not lacking, and tihe resise
tivity grapis Lave a sawebtooth siluouette showing numerous charace
terlstic bedse <he figures on the {ollowing page shiow nicely the
reaults that may be expected in the case oi a repular sedimentation.
oue to the wilde range or veriction in tihe resiztivitles (variations
from 1 to 100) they are shiown on a logaritumic scales. '‘he beds
wit:: a saw-tooth proiile are liiestones or sandy siwales, The two
zones witi & Yealrly regulsar vesistivity © and III correspond to
two cnaracteristic layers of homogeneous shaleg; the resistive
reglon Ii corresponds Lo llmestones, and Lhwe depressions A, -,
and C Indlcante three wuler sanus. sand €, of wilel. the resistivity
is very low, is a very sally onee.

The relliabillty oif the elgetrlcal markers denends on the
regularity ol the formations. In numerous cases, the sedlments
malntain tuelr lithologlical [acles over large arcas. The consew
quence o1l t:.is 1s that the dlsgrams possess romarkavle similar
siliouettes, ..cihillumberger suows exam: les of excellent correla-
tions between a series of wells over a distance of 45 miles.# .e
also shows that fsulis can be very accurately located by correla=-
tion between adjacent wells,

Correlations may alsc be based on claociro-flliration and electroe
- osmosls efiects vwelween adjacent holes.

# Tefer to "Ilestrical Corlng; a Uetiiod ol DLetermining Lottome

lole Lata oy lectrical leasurements," Ly C. and s Sculumberger
and e Ge Leonardon, A.l.i.:. Geophysical ’rospecting, 193k,

Tpe 237=2724



ELECTRICAL CORRELATIONS BETWEEN TWO WELLS *
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SECTION .Y.

Results of Fileld Ixperimentation
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Two shot holes were logzed, April 19, 1939, using the four
electrode configuration s.;own o page 17, These holes were avout
6 inches in dlameter, uncased, drillcd to a depth of approxinately
200 feet, and one hole was about 1/i mile northecast of the others
they wore located ebout i mllos east of eleno, California, Those
noles were the property of the lonolulu 01l Company, who very kindly
consented to the noles beling used by the author, and were drilled

by the United Geophysical Company oif asadena, Californiae

I. 35hot lole Hoe li=l4=9
In the first holec logzed, lM=li=9, readings were teken every
20 feet from a depth of 65 feet down to 180 feetes The results taken
in this hole were qualltative In that tils was the [irst time in
the field with the equlpment and wmany minor dirflculties, bLotl: ine-
strumental and manual, had to he overcome,
| Tho drilling of this hole was finlshed at 8:30 4., April 19,

1939, and the well lozging began at 9:00 a.1, At 103514 A.7. the top

oi the water in the hole was 19 feet below the surfaco, and at 11:15
it was 25 {eet below the surface. The loging of this hole was com=
sleted at L300 .00,

Jdeasurement of Katural Potentlials

he natural potentials were mﬁaaurad in the iollowing thice ways?

Case I. case Il. Case Ill.

‘ .
' .
L]

4

2

o

i This depth given 18 measurcd from the surface to the middle
of the elcctrode confijuration.



case I.

When the electrodes were at a depth of 50 feet, the potential
difference dus to natural potentials was measured f{rom the potene
tial electrode Pl in the hple to a porous pot ?2 on the surface of
the ground about 10 ifeet west of the hole. This potential differe
ence was found to be 0,013 voltse |
Case Ll

Using two porous pots on the surface, ?l about 35 feet of the
hole and P, 10 feet west of the hole, the natural potential differ=
ence from 7y to Pp was found to be 0.013% volts,

It is noted that the natural potentlals mesasured in Case I and
Case II are 1n opposalte directions, That they are of the same value
is merely colincldentals 1In Case I, 1f Pl had been at a different
depth, the value of the natural potential difference would undoubtedly
have been different,.

Case III,
In this case the natural potentials were measured from one

metal electrode in the shot hole to the others

iabulatlion of Results.

I = current sent througl: the ground.

Heasured e.msfe¢ = voltage measured from one notential electrode
to the other,

R = ratio of measured e.mefes/ I. Ryy = Average Re

= resistivity = l7a x R, = ohm=fte whore a = 249 Tt

Configuration: The symbol "C; =~ C»" 1s used to Indloate that
tne current 1s entering C feaving throurn Cr and thus
the potentlal dirfference 1Is measured from P 5
The symbol "C, = Ci" 18 used t® IndiBate that the
current is entering C, andalaavin& througu,cl snd thus the po=
tential difference is measured from 7o to Pq% Py =Pp =
Natural potentlal {rom Fy to Poe

-%0m



Shot Hole Hoe E?%Q?ﬂ

pepth Configuration

e

65 C, = C
ch - cf
Cy = G2
C2=C
85 Cy = C
c3 - 02
1 - Ca
105 c - 02
C3 « C]
Cy = C
C% - 9%
Pl - 4’2
125 Oy = C
03 - CF
2-h
“1 2
15 Gy = C
03 - C3
Cy = Cp
02 - Cl
P& e
Al 2
165 Cy = C
o3 - ¢f
Cl - 02
Cp = C
Pl - Pz
C3 - ¢5
Ca = Cy
Y = P2
(Cy = Co)e
(c3 - c2
(c1 - Co

i 386 page’s .

1

Thmpae)

00790
00785
0,0790
060795

040805
0,0800

0,0800

040795

00803
040795
040795
0.,0800

000815
0,0810
00810
0.0815

0,0825
000825
040025
0,0820

040825
0.0825
00825
040825

040815
0,0815
060815
0,0820

040795
040795
00795

Measured
CeMefe
OLL8e

0el55
Otl§9z
001}9
0eli3
04160
00111

0el5
0210

04170

1elt5

2014

200
15

1.90
150
1e89
1450

2450
1.19
2431

RAv

1.88

1.68

1.96

2455

1,61

1,80

1.70

200

6845

61l

Tlelt

537

6546

619

7249
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Accordlng to the Hecinroclty Theorem, when applied to elece
trical resistivity methods, the ratio "measurcd e.m.fe/I" should
be the same when the current and potentlial electrodes o1 the
standard vienner Configuration are interchangoede. iowever, the
suthor d1d not {ind this to be the case in the sinot holes surveyed.
on pege 33 1t 1s noted that the second set of readings taken
at 180 fest are very much larger than the first set of readings
taken at this depths 7he second set of readings was talten by sende
ing the current tharough P, and having it leave through Poe The
notential was measured iron Cl to 02. This procedure is indlcated
vy (Cy = Cple) The s mbol (¢, = 0,) indicates that the current
was reversed and entered throwgh ', and loft through ?l' The po=
tential difference was measured from Oy to Cqe
Also as indlecated on page 37 the reciprociiy theorem did not
i10lde It is noted that in both these cases, pages 3z and 37, the
ratio "measured e2.u.0e/1I" 1s muel: higher aiter the current and poten=
tial eolsectrodes nave been interchan;ed, It was found that by moving
the elecﬁrodes uo and down in the mud several times, walting about
fi1fteen minutes and then rsturning to the standard . enner Configuration,
the aforementioned ratlc was once again of the correct order of magnitude.
The author does not lmow why the Jeciprocity Theoren is not
valid, except that in all nrobabllity polarlization effeccts at the
orizinal emmer Configuration current sclectrodes ceused the srratle

results obtalned. This subject bears further investigation.

ks
Py

fiefer to "Communication -ngincering,” by Ve Tie Lveritt,

(1937)Ppe 52=53
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IIe Shob Lole Nos 113 = 13
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In the seecond sihot hole logged, (13«13, on April 19, 1939,
readings were taken every ten feet fron a deptiy of 55 feet to 125
foet; then the readings were taken every 5 feet from 125 feet down
to 155 feet; and every ter feet from 155 feet down to 180 feet,

The results obtalned from this hole are agusntitative,

The drllling of this hole was finished in the early alfteprw
noon snd the well lo.ging began at L3230 .M, “he loguing was
completed at 6:30 P4l abt whieh time the top of the water in the
hole was 45 feet from the surface.

‘oasurement of Natural Potentials

The following arrangement of potential eleotrodes was used

to measure the natural potentialss

k—10t —

L AV,
L3 8] F
Pa G, and €., = current

‘ 1 2 electrodes

95 = Porous pot, zﬁat werg .
oy : 80 use or
"1 notential
electrodes

001

At 8 deptn of 105 feet:

#

0el425 volis,
0.4 )L!» voltse
04007 volise

atural 1otantial uifference from 93 to 92
"opy ko P
1 Ll o i {2 0o ';“sl

B

"1

4t 8 deptu of 155 feets

Deliii0 vOltse
001}33 voltse

Natgral >otentia1 dii;erenca iran ’g >
to
Ce005 voltsa,

i} il §i

4 utl

-y



At a depth of 180 feeb:
(At L4135 P.M,)

Natural Potential difference from Px to ?2 = 04120 volise
o " " " pg to PT = O0uL73 volts.
" " " " PZ to €y = Olli2l volts,
" " " " ?3 to Cp = 0092 voltse.
" i i n ‘{’2 to T’l = voltiBe

(At Leli5 Poite)
Natural Potentiasl difference from 7, to P
(i 4] 4] n ,Iig Pe) ?f

O.ﬁ?& volts,
Ce

t 55 voltise

i

(A% 11155 Poi,)

Natural ‘otentlal difference from P; to P, = Ce385 volts.
n , [ n 1 fg to ?1 = 04140 volte.
n A " " " Py to Py = 0e031 wvolts.

The foliowlng results were obtained, at a depth of 180 feet

in trying to verify the Reclprocity Theorem:

le Hsigﬁ the standerd enmer Configuratlon.
A 4 » .?;’I;) v
Heasursd

Aups . Configuration = _volts, R R
Ay Tgﬁégfgjy

04730 Cy = Cp | 0.237 1.29 1425 L5e7
00715 02 - Cl Oe881 '1¢23
8.350 ¢y - C2 0971 1,26

735 Coy - Cl 06913 laah

2e¢ Interchansg: the Potential and Current ilectrodes of the
wenner Conrfiguration as deacribed on page 55.
(4t 5105 PJM,)

0 (Cq = Co) Ce8 1,57 1. 486
o:g%g (cé - cf) 0.53% 1.38 »

%3¢ Retum to the standard VWenner Configsuration.
At 5110 P ole)

04710 Cy =~ Ca 1.400 1.97 1496 71e5
00710 Cp = Cy 1157 a.gg
04690 Cz = C3 14285 1.

It is noted that the Reciprocity Theorem does not nold here,

although the results are much better than for the first suot Lolee



One also notes that the velue of Rpys and consequently the value
of © 1increased after returning to the standard wWenner Configurae
tione

Tabulation of Results.

The symbols are the same as indicated on page 52.

At depths of 105, 115, 125, 135, 145, and 155 feet there is
more than one set of readings. At these depths the value of the
resistivity,/o » that 1s plotted on the resistivity log 1s wunderw
1lined.

Correlation of lesistivity Logs of Shot Holes Melli~9 =nd Ml3-13,

" It is hard to correlate in this oase because hole ~ll=9 was
not logged at amall enough intervals, lowever, there is a definite
bregk of smaller resistivity in each curve at 145 feet, This is
probably the bottom of the weathersd layer since 1t is known to
be at spproximately that deptin in tlhils region.

Apparantly these two holes were not drilled deep enough to
locate the top of the water table, |

@25



shot Iole Noe il3=-13

Heasured
Depth  Confipuration I 2eMafla jid Ry
=T THapsT  (VolEsT A roEeSrET

55 Cy = Cp 04720 0:916 Le27 1428 L6
C5 = Cf 0e730 04950 1430
cf - ¢3 04725 04920 1,
Cz = 0 0730 Ce935 1,2

65 Cy = Gy 0,710 1,193 1469 1468 6le2
Co = CY 0720 1,190 1466
Cl - 02 Oo?ls 10190 1;6&

75 C, - Cp 06730 0.686 0e940 04948  34e5
5 = CF 0s7Lh5 04713 04960
¢f - C3 0.725 04630 C49L0
Cp = Cy 04740 Cu706 04955

85 Gy - Cp 04695 1e254 1s81 1,81 6549
Cp = OF @.?15 1.290 1.82
¢y - C3 00690  1e245  1.81
Cy = Cy 04710 1e26 1478
Cs - G 06720 1,81 1403

95 ¢y = C, 0690 14043 1451 . 1453 5567
02 - Cl 0t710 1|O7? 1052
C{ - Co 0e 690 1e ug 1452
02 - Cl 0a70% 1,07 1453
Cs - Cl 0720 1.130 157

105 Cy = C 04690 04922 o3  1e3h 4743
¢t - c2 08  cuda 1435
Cy = Cy 04685 049 132
Ca - Cl 0,700 04950 1036
Cl - ﬁa 0.710 0‘900 1027 1Q26
02 - Cl 0(750 04910 1&25
Cy - C3 04710 04890 1.2
Cp = 0 04725 0.911 1e26

115 Cy = C 04725 Lol 1458 1461 5861
C% - Ci 04720 1t1h5 1029
Cl - Co 04710 1175 1466
C2 - Cl 00725 1417 1.63
CZ - Cl 0t690 1;0?3 105
Cl - C5 06675 1.929 1457
Ca - Cl 0.6@5 14005 1¢58

-0



125

130

135

15

150

Oelef
1
{Amps) I@oifa)
18
S S I v
-4 0555 1000
s 04700 04995
o 14115
: 02585 1e122
- Gy °‘ZS% 1.110
- 0
te 04695 14133
0,710 04949
g 04975
-G ot ra3 04942
s 0u720 o235
S oride  1u%3
- 0.rd5 1.
P 0.765 1o
- gf 04715 .
- & Surz 14026
- c3 0971 1,026
-2 04720
C oIS 100
- & s 1.000
- ¢2 0u7
o 04656
c 0725 oréds
- 3 o2 O'éﬁt
s 0v715  Ou
¢ 04710 g:géﬁ
R e
- Y 0 :
- 3% 0s725 04567
) - 0.807
a 06730 0.81&
-t 04720 0479,
-2 02740 Ye
- c3

162

Le 3t

1.52

Lol

1.36

0489

0e79

1.1¢

563

L9e5

3005

3841



Heasured

»
<t
|
8

1 Cy = C 0471 0.842 118 1,19 N
& o3 - c2 0.706  os8le 19
c$ - 3 04695 0.81 lel
C, =G 0472 04879 le2l 1420
ok - c2 0738 o0.875  la9
s -C 04725 0863 1,19
02 - G% 0e72 04876 1.2
c3 - C 07 0.860 1.19
gé - ga gtgég gﬁg 2 %0%9 1.17
¢f -0k 0710  0.838 1.8
3 = C3 04720 04839 1,17
16 Cq = C 0e730 1012 1e52  lel 1ok
? gé - g;? gl’ég gI997 3_.221 ot
¢ - 2 04720  0.960 1,33
175 Cy = Cy 0e740 04688 0493  0e92 3345
G2za Te Seems i3S
C - [
ck-c@  ou 0,680 0492
180 -G 04730 0e639 0495 095 o5
2% - c2 00730 02700  0sd 3 35
o - c3 04755 04678 0,92
CZ - Gl 00720 00691 0&9
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Surface Resistivity Profile at Shot Lole lioe 71

On Aprll 20, 1939, a surface rosistivity profile was run,
north and south, to sunplement the resistivity log obtained in this
holes The shot hole was used as the center of a enner Configura-
tlon and the slectroce spacing was increased Ly 10 foot Intervals
up to an interval of 100 feets IFrom a 100 foot interval to a 200
Joot interval, the interval spacing was increased every 20 fect,
Thus witi an interval between electrodes of 200 feet, the resistivity
of the _round, surrounding the shot ulo, was dobtermined to a Jenth
o 200 foet.

A resistivit, curve, electrode separation or depth plotted
asainst resistivity, iz round on pags L5 Thils curve should core
relate wita the resistiviiy log vlotted on the vrocedlng page. It
i3 noted that the resistivity log showa a :meh jroater veriation
in detall than the surface resistivity profile curve. Thus one sees
that a resistivity log 1s oi much more value, than the surface
resistivity profile curve, in obtaining a detealled study of the
structure of the ground,

Data For Surface Neslstivity “rofile Curve

slectrode
Se¥aration ﬁeaistivitx
Yoo . - .
10 21241 60 ¥te 1172 120 97.9
20 17040 70 11249 1%0 oLy 6
Eo 14240 80 10846 160 9749
3] 12649 90 109.7 180 97.9
118,53 100 108,.6 200 96

wiiZw



It 18 noted that the values of resistivit, fourd from the
surface are much greater tiaon those found by logging the ahot nolees
This 1is probably due to the fact that the surface resistivity values
are an average, whereas the valucs found by log;ing are more nesrly
the ectual values of the resistivity. (Zoe page li)e The swface
resistivity profile curve, found on the followlng page, alsc

indicates a high resistivity value near the surface of the eavih.

-),l} -
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SECTION VI

The Potentliometer

High Gain Ampliiier

Circuit for Neasuring ‘arthe3losistivity
Deserivtion of Anparstus

Cormutator

ilegger Ground Tester

Pleld Difficulties incountered in lesistivity leasurements



Lot thero Lo lven an cluotrical cireult in w lon L, &, and
are owne Luon thw oloebrieoal eondlition of ths clroull 1s

comzxletel; specified., It ip desired Lo asurs an fe.0efey 20 0w
tentlal differonce, ia the circult. .lion Lis measurin: lnstruuonts
are Inserted In i circult 1% is essentlal That Lhey draw no cure
ront, othsrwlss the ncasured e.n.fs may differ appreciasbly {rom the
true value wilch exlsts in the absence of the mesasuring instrunents,
s ripgld requiremsnt 12 met by a rasistance network device lmown
as a "Potentliometer.” ‘he maln features ol such a network are

siiown in the followlng figure:

" 3

: . +‘ |- o | Y

R S ———

A battery Ea causes a current 1 vo {low throug!: a resistance R..
"he adjustable resistance R, in series with R,, is used to vary
the magnitude of current i. Across a certain portion, Ty of 7. 1s
bridged a source of ee.meis 1y and a galvanometer ( in serles. low
suppose that ry i3 chiosen so that 1gw Ce Then evidently rq = Hqs

for by Kirchhoff's second law ry(1 + 15_;) + Ryl g = Zys K, being tho

i}



scalvanomeber rosistance, Therelore to balance the nobentionoter
one rust adjust r, until the galvanometer sihows no deflection.
Hote that tuls cannot be done unless El 1s comneetod witis the
sropor polaritys Now koesing 1 constant and replacing iy by

anothior 84mele E a naw bhalance is obtalned witis r.e Therefore
2° 2

nt R
“a T2

That 1s, the potentlometer comparcs eenefs's in terms of resistances.

dow swupposing that El is due to & standard cell Es, and that EZ e
fers té any unitnown C.mne.fe 1, bthen the cbove squatlon becomes
| L= By x /P,

Yeening the current throug R. constant, the clements of
wileh R, 1s composed may be oallbrated to read directly in voltis.
Thus 1t 18 noted that in a potentiomoter the standard cell 1s applied
to a fixed portion of R. only, and the balance effectod by adjust=-
ment of‘ﬂg. This establishes a definite current in RP and consew
quently a definite potential drop across each resistance element,
80 that when the unknown & is balanced by varying r the desired
magnitude is indlcated directly.

The Leeds and Northrup “Ludent fotentiometer used in this
thesls employs the avove principle. This instrument has two
rangesy O to 16 millivolts and O to le¢6 voltss A detsilled descrip-
tion of tils ootentiometer may be found in the Leeds and lNorthrup
“atalog =503 (1), 1937, The potentiometer circult is seen on the

following na;oce
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Procedure Followed in Using the “otentiometer

The Iinstrument 1s sc designed that when 0,01 ampere is
flowing through the resistance R, the voltage read is 0,01 x ry
= B ﬁcwever,’if 0,01 ampere 1s not flowing through R, then the
voltage read, 5, 18 not the actual o.m.f. across the terminals of
the instrument. 7To get the desired current, 0,01 ampere, one must
balance the potentiometer asainst a standard cell. This is done
as follows: [lace the standard cell across the potentiometer and
also {ix the dials on the potentlometer to read the same voltage
as‘the standard cells If 0,01 ampere is flowing through the poten=-
tiometer then there will be no deflection oif the galvanometers and
the potentiometer is in balance., Iiowever, 1f 0,01 ampere is not
flowing through the potentiometer the salvanometer will deflect
thus indicating the potentliometer 1s not balanced. By varying the
resistance, using the resistance box indicated on the preceding
nage, the galvanometer may be brought to zero position and hence
the potentiometer is balanced because 0,01 8Mperes are now flowing
through it., The standard cell is then removed and the notentiometer
is ready to be used to determine an unknown voltage. The potenti-
oeter should be balanced against the standard cell at least
a#ery one~ihalf hour for accurate results,

% In the worl: of this thesls an awplifier was used in place of
the galvanometer. (3ce followlng pages)



EI0H GAIN AMPLIFILR

The usual procedure in using a gelvanometor with a potentie
ometer is deseribed on the preceding pages This author, however,
for reasons of esonomy and greater repiddy of measurements, has
used an amplifier in “‘ﬂm place of the highly sensitive gelvenometer,
The wse of the agmlu‘iw is very simple: When the potentiometer
1s in balance with the wnknown eemefs and when the potentisl olreutt
is made .and broken with the telegraph key, the needle of the
millismmeter of the smpliffer is deflecteds The needle "kicks"
every time the key is oloseds As the pcb“nt.thnutsr is gradually
brought to balance with the unknown e.mefs, the amplifier needle
"ldoks" less and less until, when a balance is reachod, there is
no kick of tlw needles As the balance is approached, the sensitivity
or gain of the smplifier 1s inereased by tuwrning the "volume" knob,
This gradually cuts out the 045 megohm thet 1s soross the Input
of the amplifilers

Desirn of the Amplifier. (8ee page 52,)
The amplifier is three stage resistance-soupled with an Input
transformer, whose characteristics are as follows: (see next page)



Input Transformer

L.
o

. .TO INPUT OF '
AMPLIFIER

: WINDING 'HAS S00K LINE RESISTANCE.
v INDUCTANCE ‘OF 2.8 HED | : = l
L o : , o

The gain of the amplifier 1is about 90 debe and the frequency response
falls off at around 15 cyecles, The response is good up to 1000 cycles,

There are no feedeback pentodes and a 0,5 megohm voliage cone
trol is used across the input to control the sensitivitye The 06l
mioro=farad condenser in the grid circuit of the first tube 1s to
protect this grid from any stray direct surrents that may enter the
amplifier. AISO,OOO ohm realstor is used in the plate e¢ircult of
the last tube for stability. It stops oscilllation, if any occurs,
when the 0,5 megolm is cut out entirelys The 50,000 ohms is not
usually needed. ‘

The plate ourrent of the last tube is about 0¢3 milliamperes,
and the meter indicated is a one milllampere milliammeter. Vhen
thes voltage transient is sent through the amplifier, by making and
br@aking the potential cirocuit of the measuring apparatus, the needle
of this meter "kicks" as previocusly described,

AL 1/2 volt C battery is used for the grid bias of the last
_ tube and two h5 volt 3 batteries are used to supply the 90 volts
to the amplifier, A 6 volt A battery is used to heat the filaments
of the three tubes,

wl]lw
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BLAHENTS OF CIRCUIT FOL MUASURING LaRTHeRESISTIVITY
{See preceding page)

E = Voltage of B batteries that produce the current that is sent
- through the ground,

% = fllllemmeter to measure the current through the grounde

R = 500 ohm rheostat to sontrol the current,

W
i

Four pole, double-throw, reversing switoch, This switch serves
to reverse the current snd the esmefs in the ground, and at
the same time keeps the current through the millliammeter and
the potentlel applied to the potentiometer always in the same
directions For example, when the switch S is thrown "up" the
current enters the ground throush €y and leaves through C,e
The potential is measured from ¥, t0 7., Now when the awftch
5 18 thrown "down" the current eﬁtars e ground through C,
and lcaves through Cy and yet the current is still in the ©
same direction through the millilammeter as it was when the
switeh was thrown "up." Also when the switch is "down" P

is at a higher potential than P, and thus the potential 1
measured from P, to P;s And yeb the potential applied to the
potentiometer 18 1In t%s same direotion as it was when the
switch was "up,"

Et = Standard cell.

St = Double pole, doublo~throw switoh, This switch is used to
put the standard cell across the potentiometer, ithen the
resistivity measurements are oing made this switch must be
thrown "upe" To put the standard cell across the potentiometer,
turn off the current due to = and then throw both S and 5!
"down" and the switch s must be open.

Koy = Telegraph key to make and break the potentisl circuits Somew
times thls key does not make good contact. It might be
desirable, although not tried by the author, to use a relay
to make and break the potential eircuit.

5% = Switch to open potentiometer circuit.
E" = Three volts from dry cells for the potentiomster circuit.

S"t = Potentiometer Range Switche Ghen the switeh 1s thrown to
~ the 1.0 slde the potentiometer reads directly the voltage
across its terminals. The range of the potentiometer is then
O to 1,6 voltse Uhen the switch is thrown to the 0,01 side
the potentlometer readings rust be multiplied by 0,01. The
range ol the potentioneter 1s then O to 16 :aillivolts.

s = Switch that, when it is open, prevents any natural potentlals

that may be present from being aoross S when E' is in the
circuit, 8 is closed when making resistivity measurements.

.. Y’fll_.



Potentiomster Protesciive Switeh

The 10,000 ohm resistance 1s thrown in seriss with the poten=
tiometer to prevent any large currents from going through the po=
tentiometers, !hen the potentiometer 1s about balanced with the
unitmown eemefs the 10,000 ohms is taken out of the circuit. This
tends to make the moagsurements more delicate,

vhen working in the laboratory it was found neceasary to devise

a clreult that would simulate iield conditions. The author found

that the following cireuit served this nurpose very well:

]

5 |
—4 ()

e nin e et g e i
S e

? 18 the potentiometer and M the milliammeter. The 50 ohm rheostat
varies the e.m.fs from Py to Poe

On the following page 18 seen an altsrnstive earthe-resistivity
measurenent clreult. Uhe 500 olms matehes the line resistance of
the transformer in the amplifier. This cireoult operates very well

~ut 14 assems to have no advantages over the circult already described.

-3
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DESCRIPTION OF THE APPARATUS

The lmportant fector In bullding the apperatus is to have
warm as ocompact as possible so thet the equipment may be
carried sbout convendéntly, It is alsc -csentlel that the instrue
ments are so arranged that very few commectlons have to be made
when the apparstus is moved abouts A great deel of time and effort
is saved if one has only to connect wp a very feow instruments ab
each set up,

All the epparatus, exeept that which had to be machined, was
made by the author,

Apparatus for m the electrodes into the shobt holes

The slectrodes were cut from a sheeb of coppere The current
electrodes are six Inches long and the potential electrodes are
two and one half Inches longes They mre then made into the form of
hollow eylinderss - ’

fhe elestrodes are slipped over the end of & hard rubber pipe
that 1s ten feet long, inslde diameter of 1l.43 inches, and an oute
side diameter of 1.90 inches, The elecirodes are evenly spaced over
the length of the pipe, 249 feet between them, snd ere taped in place,
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tme rubber insulated copper wire iz soldered to each of the
slectrodess These copper wires, that go to the surface to the
messuring apparatus, are taped together and wound around a mntal
reeles There are four plug soskets in the side of the peel into
lesds from the measuring instrumentse

=

which are plugqu.the

A |

==

Sinoce Qne elestrodes are teped toifhﬁ rubber pipe, some
arrengement must be ﬂ‘d” to remove the wires from the electrodes
when moving the uppagabun abouts Instead of taking them off the
slectrodes, they are sent through a speelal type of pluge Iach
wire hes & plug and is unplugged Just sbove the top of the rub=
ber pipe. These plugs serew together and are then covered with
s plece of pure gum rubber tubing to prevent water from touchling
them. These plugs are shown in the following figure:

A large lead weight is bolted to the lower end of the rubber
pipes This weight pulls the electrodes down the hole and has four
springs on it that keep the weight end the pipe more or less in
the center of the holes The welght should be about 150 poundse

4
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The pipe 1s lowered into the hole over a pulley, setting.on
a tripod, by means of a 3/16 ineh wire rope cable, On top of the
pulley is a device that allows the eleectrodes to be stopped at
eny depth deslred,

The wire rope 1s wound around a large metal reel that fits
on the alde of a truek, The wire is attached to the top of the
~rubber pipe by means‘yof a metal spinqor that 1s attached to the
end of the wire rope. -

lieasuring Apparatus

HElght B batterles, heavy duty, are kept in a heavy wooden box
made of 3/l inch white pines Thn box 18 held together with serews
and 1s reinforced around the base by & metal bands The box and
batteries are very heavy and must be ecarried around by means of

two sptrong and large handless sorewed on the side of the box.

=
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On top of this box 18 a small box that contalns the standard
celly This cell is delicate and the box that holds it is lined
wlth sponge rubbere. The millimmmeter 1s alao screwed to the top
of the battery boxs A rheostat to adjust the surrent from the
batteries and a seventeen point Yaxley Selector Switech are also
sltuated on top of this boxe The selector switeh selscts the
vnltngq‘that is to be used,

R — >

On the side of the battery box are two plu@iaoaketa, plus and
minus, going to the batteries, Also a double=pdle, double-thnow
switeh for the standard cell, and a fourspole, double-throw,
reversing switeh for the four ol&ctrndql'thnb go into the well,
are scrowed on the side of the battery box.

The potantiometer, botantiomobor protective switoh, potentie
ocmeter range switch, resistence box, dry cell batteries, and the
telegraph key are all placed in snother boxs
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Many of the errors in the surface vesistivity muanrammté.
eapeclally the effeet of earth currents and the effect af,‘ polari-
zation or galvaniec aotion when iron stakes are driven into the
ground and used as electrodes, may be eliminated by the. use of a
commutators This inStrument is so designed that it has the followw
ing effect (when uao& with a Wenner or Lee Partitioning electrode
configuration)s The applled direct current in the ground and the
potential from one potentinl olectrodo to the other are alternate
ing, while the current through the millimmmeter and the potential
spplied to the potentiometer are both mmimwmmx. (3ee
pages 65 and 64 ,) The applied divest eurrent is reversed by the
commitator about twenty times per second; hence the current may be
called an alternating direct surrent. The commutator may be run
either by hand or by an electric motors

The commtator that was at the disposal of this autbhor did
not fumetion satisfactorily when using an amplifiery 8¢ the type
used in this thesls, in the place of a galvanometer, This was due
to the fact that a galvanometer used in resistivity work, in connec
tion with a commutator, must be a long period instrument that is
‘not disturbed by the wave form due to the commitators The unmiirier
does not act as a long period inatrmment and is greatly dlisturbed
by this wave forms The high frequency commutator transients and
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poor brush contacts in the commtator also disturb the amplifier,
Putting the commutator on an osoilloscope, it was Tound that the
wave form was very bade PYerhaps 1f the cormmtator were specially
designed to be used with an amplifier, satisfactory results could
be obtained. Iiowever, a direct coupled amplifier would undoubtedly
take tho place of a long period galvanometer and would function
properly when using a commutators

In the preceding paragraph 1t 1s stated that a commutator
could not be used, when using the amplifier, in surface resistivity
methodse This was also found to be true in well logging methods,
dowever, on the surface of the ground, by using porous pots for
the potential electrodes the amplifier funct oned excellently.
Obviously thls type ol porous pot could not e used in drill holes,
since the change in pressure from point to point in the hole must
be accompanied by a passage of liquid through the porous cup of
the eslectrode and such passage wauldigive rise to electro=-filtration
potentials and, possibly, electrowshemical potentisls that would
be inseparable from the potentials bein; measursds As far as can
be ascsrtalned from the work done by this author, the large and
erratic polarization potentiamls commonly ezperienced in surface
measurements when metal contact 1s used in direct contact with the
soll do not occur when the contact is with the water and mud of a
shot hole and ordinary metsllic elestrodes may be useds

Thus it has been shown that & commutator 1s not nocessary

for the well lo_iing methods used in this thesise




M = Milliammeter
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MEGGUR GROWND TLSTLIR

Although the author was unable to obtain use of a Megger, it
seems woll worth while to give a brief sumary of the principles
involved in this inatrument,.

The legger Grouhﬁ Tester, see page' 67, allows one to carry
out simple surface reconnaissance electrical surveys and the unique
thing about 1t 1s its simplicity of operation, The four binding
posts of the Instrument are connected by insulated wires to four
atakes driven into the grownd at appropriste points, The orank
of the Megger is then turned and the resistance of the ground be-
tween the two Inside stakes 1s reed directly, in ohms, by the de-
flection of a pointer over a scales

WWhen the crank is turned, 1t drives a selfegontained, direct
current generators The current thus generated passes first through
the current coll, or smmeter element, of an ohmmeter, Thence it
goes to a commutator mounted on the same shaft with the generator,
where it is changed into alternating current of about 5C cycles per
second., Finally, 1t 1s lead from the two current binding posts,

Cq and Cny Of the Instrument to the two appropriate fleld stakes,
‘The other twe fleld stalkses are comnected to the two potential bind-

ing posts, P, and Pos af the Instrument. The potential dron across

these two attkaa 13 measured by leading the current pileked up by

then through & second cammutator, run synchronously with the first,

where 1t is converted back into direct current. It then goes to

the potential coil of the onmmeter,

it For a detailed study of the Negger refer to: "Applylng the
Hegger Ground Tester In Flectrical ixploration," by Be Low,

Se¢ I'e Kolly, and Vie Ds Croagmile, A.l.ll.:e Geophysical
Prospecting, 1932e Ppe 1l=126,
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The current coil and the notential coil of the chmmeter are
mounted on a common spindle, so that their torques oppose each
other. Thus thej sutomatically perform the division of volts by
amperes, According to Ohm's law, resistance equals volts divided
by aumperes, so the scale of the ohumster is callibrated to read
diractiy in ohma; |

The arrangement deacribed 1s doubly advantageous. It retains
the sensltiveness and accuracy of the direcot current ohmmeter, Iy
using alternating current in the ground circuits, moreover, the
errors that would be introduced in s direct surrent circult by
polarization and electrolysis at the ground stekes, or by stray
direct current, sre eltminated. Thus the use oi nonwpolarizing
eleatrodes is avolded, and copper or iron stakes can be employed
without having to introduce any device to compensate for the
unwanted ocurrents. Stray alternating currents are not bothersome,
as by changing the speed with which the generator commutator shaft
is turned, the sgger Ground Tester ¢lircuits may be thrown out of
phase with the strays, and so are no longer affectod by theme

Thus 1t 1o seen that the Megger could probably be used in
woll logging except that, as in the case of the commtbtator, it
13 not needed. (See page 62,)
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FISLD DIFFICULTIZS LHCOOUNT.RLD I3 BESISTIVITY Ti0DS

The effect of earin currnets.

Hatural earth currents are always present and these will
set up natural potentimis between the potentisl electrodes.
These natural potentials were found to be small in comparison
with the notentials induced in the ground. The eficet of
earthh currents can be greatly reduced by Inducing large cure
rents into the ground.

The effect of natural currents due to the elecirolysis of
local ore=bodies. ,

48 far as 1s known by the author therc were no ore-bodles
in the areas surveyed.

The effect of strays due to direct currenta leaking from dyna=
mos, street rallways, and power lines.

The holes surveyed by this author were not near any of
the ahbove sources of stray currents,.

The effect of polarizatlon or galvanie action when iron stakes
are driven into ths ground.

As stated on pageéa s there were no polerization offects
present,

The possible effect of inductance between the wires leading
to the current and to the notential stakes.

3ince all the wires coming from the elsctrodes in the
hole are taped together, the inductance should be at s minloum.

The efiect of wet ground on the insulstion of the long wilres
leading to the electrodes., This may be called wire leakugo.

The author had no trouble witi thils effect and it may
ve elirinated by the use ol good insulatlon.

The effect ol dmmpness on the instruments uved, particularly
on the instrument that separates the battery leads from the
notential leads. This may ve called instrument leak: o.

48 1n number 6 therc was no trouble irom t:is efriect and
it should be eliminated by t.ue use of good Insulation and ;ood
switches. “he instruments were kept dry abt sll times.

In the fileld tihie efiect of tilt of the instruments vitiating
small readings. -

This effect may be neslected 1f one 1s careful to place
the instruments a&s level as possible.
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SECDION VII

l, Geo=:ilectric easurements Inside of ~ased Lrill Holes

2¢ Comparison of the Hesistivity Values from a lole wlth the Drill
Logse
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Since measurements taken inside cased drill holcs are rather
difficult and dellcate, and the eguipment avallable was nct suitable,
the authior did not attempt to log cased shot holes., ilowever, the
following section Irom & paper by Se lie Shaws is of interest in
this reapect:

"sehlumberger has stated (A.I.0.d. Technical Publication 462,
1932) that electrical measurements can only be made in the uncased
part of the hole since the casing acts as a screen that completely
masks the properties of the surroundin: rocks and that inside the
casing the resistivities ars equal t0 zero. Exparimantal results
do not bear out this statement. In one hole in varticular, measure=
ments were made both before and after inserting the casing. The
two sets of reslistivity readings agreed very closely, thus showing
that tho casing was exerting no screening efiscts ©On theoretical
grounds also 1t is doubtful whether Sehlumbergerts contention is
correct; he is careful to show (A.I.¥,:i. Technieal [ublicatlion 503,
19%3) that the condueting nmud in the hole has little effect in modiw
fying the measured resistivity; by the same argument it might be
siown that the thin shell of casing need not necessarily prevent
nassage of current to the surrounding rock.

"iven 1f the casing should exercise a partial screening effect
this would not prevent determination of the relative resistivities
of the formations and the relstive values may be as useful as absolute
% Refer to "Geo=iIlectrical leasurements in Iwrill iioles,” by

Se Ilse 3haw, Mining Magazine, Vol. LVI, January, 1937. Phe
17=23, Continued in Vole LVI, April, 1937 39.201-208.
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ones in many cases. Cortain precautlions siould be adopted,
however, 1f measwrements ars to e nade inside the cased part of
the hole and the readings should always e carefully waitched for
possible erratic rosulise TFlrst, the casing iiself should not be
used as bthe uyper or surface aelectrode for passing current into
the groundi a separate stake at some distance from the collar of
the hole would insure a dlstrlbution of the current to ths jround
and minlidze eny short=circuiting efrect the casing wmight have,
Jecondly, precautions ashould be faken to nrevent any of ihe electrodes
inside the ole from cowdn into actuml contaect witl, the casing,
a3 such a contact would certalnly prevent relliable resulis being
obtained. 4n slternmating current instrument such as the legger
should e used in preference to a pnotentlometer that is used for
direct current measurements, because large and erretic nolarization
potentials may e casused by the casing and these night interfere
withh or even prevent the reading of the notentiometer. In doep or
crocked drill holes the second n»recaution mentioned may be diffi-
sult or irpossible to apply, in whilel case measursments may not be
nossible.”

In conelusion 1t mi ht be stated that the Lane~glls Commany
of Los Angelcs, California, have made meny ¢ Ltempts Lo log cased

drill l.oles and have boen somewhat successiul,
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Since no core samples are taken ol shobt holes, the suthor
has had no osportunity to compare the resistivity values of a hole
withh tho drillelogs. iowever, suci: a relation undoubtedly exists
and the following section from an article by Se e Sheawd is of
interest 1n this respect:

"hils eomparison shows a satlsfactory sgreement between changes
in lithology and chan.es in resistivity. A fow instances of this
are: the low resistivity at U7 feet corresponding to the O feot
of marl between (5 feet, and 9L feet; the high resistivity at 157
feet corres»honding with 2 1/2 feet of coarse cemented sandstone
at 150 feet; and the generally lower valuss from 207 feet onwards
corresponding with the Ilner character of the sandstoncs from thet
depth, /s tho ecleetrode separation was 10 feet and slight changes
of lithology occursd svery foot or so, an exact agreement betwsen
resistlvity values and the lighology is not to be expected and
some of the pealts and troughs on the curve cannot be delfinitely
correlated with any noticeable feature in the drill record, It
will be seen that, in general, the resistivity values decrouse
with inoereasing fineness in the grade of the sandstones; thié ro-
sult in in sccordance witiy theoretical expectations. 4As far as
can be seen, howaver, no simple relastionsiiip exists between the
resistivities and the porosities determined from the core sanples.”
% Refar to "Ceo= loctrical Neasurements in Drill Holes," by

Se Heo Shaw, Yining Magerzine, Vole LVI, Jamuary, 1937.
"ne 17«23, Continued in Vole TVI, April, 1937. Ppe201~-208.
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CONGLULICHS

An endeavor has beon mede in tuls thesis to zive the prineinles
apnlied 1In alevﬁriea“ survoys of sinot and drill holes and ©n ontline
the prineipal appllications thereofs Thie author wh“ieves that the

method trled, snd those that will be sugpested 1atar in tiis section,

‘heve excellont possibllitlies as to praccical application of logyplng
ghot noles.
Az a result of thils work the following concluaions zay e made:

1., The large and erratic polarization notentials comnonly
axperienced in surface measuremonts, using the st&nﬁzrd
cenney Confliguration, whern metal contact is used in
direct contact with the soil do not oceur when the contact
is with the water and sad oo & chobt Lole and ordinery
metallic electrodes me,. e used.

2e Lt follows from 1 thst nelthor o Comsubtabor nor a "'euger
Ground Tester are needed for well=logzlng weasurenents.

e “he Heelproclty Theoren does not :0ld very well 1in logw
Cing metihwods due to natural onotentlals and small nolarie
zation aefiects.

e sy using a serles ol soob noles In & line, 1t geens
srobable thint one éould determine accuratel:r tna thiicke
nood. o0 bhin wosthered layor.

Je althougn no quantltative prooi 1s avallable, 1t socems
1ilely tuet oane could locate tho top of the water table.

Ce 4 surface resistivity proflle curve does not ilve the
desirced variation ln detall that 1z glven by roslstivity
logse It would be dliviealt o correlate surfacs roglae
tivity profile ecurves irom one shot Leole to anotivr and
the nrocess i entirel, too slow Lo keep uy wlth the rapld
wory carried on by tno pressent day seisnograpil Crow.

Due to laet of time, and the inability to obtaln & wast and a
“winenn to lower the =lectrodes into the ..0les, the authior vas wunable

to complete ull the research thot ho desired on the log,in. or siot



holoa,

problomas

le

2e
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In the futuro, the author hopes to work on the following

Tun three separate logs in a deep shot hwles with the
three differsent confijuratlons indicated on pages 17,

18 and 19 By comparing the logs thus obtained one should
he able to determine the best confijuration anpllcable

to logzing of shot hioles.

Try different electrode spacin s of the confi urations
indicated in l.

Take the electrical logs of a line ol shot holes and coOme
nare and correlate the resistivit; logs thus obtained,

It would be of intereat to correlate the natural poteone
tials obtalned i1rom these noles, Cne should also be

ablé to determine the top of the water table by this core
relatione

vetermine the possibility of taking electrical logs inside
caged shot holes.

Determine the validity of the Reciproclity Theorem when
using alternating current and determine why the theorem
does not hold when using direct current.

Determine the possibllity of usin_ the legger Iround
Tester for logzing shot noles.

Determine the reslstivity of the drilling mud 1In the
shot Liolesse
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