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TRTRODUCTION

.

The purpose of this work is to investigate the possibility
of using high voltage electrical heating to obtain- increased sirippe
well. producticn.

A substantizl portion of the oil produced in the.United States
is cbt2ined from striprer wells. These wells reach their-eccncmic
1imit when they car no longer produce sufficient cil to justify
the cost .of operation. In the majority of cases; however, there
is still a high percentage of oil in-the-sand. If -a producticn
stimulus of sufficient magnittde is introduced intc the formation,
oil, otherwise nonproducible, mzy te recovered., It is the writer's
thesis that high voltage- e‘l‘ectrical‘ hezting will prove:-to-be such

a stimmlus.



REVIEW GF LITFRATURE

There are two unpublished works treating with this method

of hi

1.)

2.)

igh voltage electrical heating. They are:

The Imnvestigation of Fessibilities of Underground

gro
Carbconizzation and Casification of Fuels by means of
®Blectric Current, A Thesis submitied to the Faculty of

the School of Mines and ¥etallurgy of the University

- 0,

of HMissouri, by ¥r. ITrich Sarapun.

Thermw=1 Hecovery of Fetroleum by Electrical KHeating,

A Thesis sucritted to the Faculty of the Schoel of

-

Hines and Metallurgy of the University of issouri,

by Mr. Harold Roy Coffer.

N
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OTHER METHCDS OF RESERVOIR HEATING

]

1)

Steam

(1). Reistle, Jr., C. E., Paraffin and .Congealing Oil Problens,
U. S. B. K., Bulletin 318, po. 7h-80, 1932

One of the simplest methods of heating 0il and paraffin in
the prcduction string is by the injection of steam into the space
between the tubing a2nd the casing. The condensed steam is allowed
to accurmlate in tke well and be produced witn the oil.

The successful application of this method will necessitate

1.) Thke #well must have tubking,

o

2.) The steam pressure must be greater thzan the reservoir
pressure.

3.) The condensed steam must mot form an emilsion which is

difficult to break.

h.) The steam must not cause damage to the sand face.

Steam coils often are used to vrevent emulsification of the
0il and water and damage to the sand fzce.

Plugging of the sand can occur easily if a steam ccil is not
used. The steam melts the paraffins_at the well fsce and forces
then intc the formation. Upon cooling, these v2raffins cause 2

reater clogging of the formation than occured during the first
accumulation of wax at the sand face. Although the use of the
steam coil wili prevent clogging, it orovides less heat due to
the increased difficulty of heat exchznge between the coil zand

sand.



Unless sbezm is available at low cost, this method is econo-

mically vwnsatisfactory.

Chemicals (2)

o
™

s

(2) Reistle, or.cit., pp.81-83

Chemiczls having an excthermzl reaction may bte ussd ic heat

215

-

the 0il and the sand face. An aluminum-lye compcund is one having
such a reactien.

Acidizing 2 formation will also produce 2 heating effect for

kb

ormation,

)

. . .-
2 short distance ints the

Hot Gas

(3) Reistle, cp. cit., p. 8h

hot gzs in order
- heat exchangers cor gas-firesd heaters may be used to heat the-gas.

Tha lose of heat by conduction to the suwfrounding formations

and te the ¢il in the tubing may rerder this methed ineffective.

2

~~
-
~’

Reistle, op. cit., pp. 8h-86

Hot o0il circulzted back inte the well. betwreen the tubing

and casing, hds proved to be effeclive in the prevention of para—

ffin accumlation. £ large cguentity of 5il mest be used because

— —a SNt

of the rapid hsat loss by conduchion hefore the 03l reaches the
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he form-

aticn hezted by sebting the sand face on fire. The air regnired
for coxbustion is supplisd to the face threough tudving. The oil-

bearing sand may be ignited by lowering-burning vraste into the well,

ed in mony cases afier the
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application of this methed.

1918

(6) Reistle,-op. cit., pp. 89-97

Various’ types of sleciric heaters have been developed for
0il ‘well use. The heating element is usu2lly of standard factery
sbrication.

The ‘element is placed near the boitor of the well. It-'has

&

"been -foundizdvisable to ecuip the hester with.a circuit. brezker

and shield. The enclosing shield prevents the accumulation of
sznd arcund the _heater, znd the. circuid breztrer'prevents burning
cunt of the element duwe to overheating. (}\;érher_-i;ing cccurs-if- the,
hot 0il-is mnot circulzated away from the hezter.

“Hot. Air

-
3 h

. L —— X
According Lo Gikbon, iir..E.-d. Hartman demonstrated that

(7) -Gibton, Antheny, Thermel Principle Applied 6 Seconaary Cil
- Recovery; The 0il WeeXly, MNovember:€, 19)k), vp. 170-173




super-heated air can be used .as a mediwn to obktain production from

a fermation ‘f:“ic;, ctherwise, -was nonpreductive.

4o the producing horizon thriough 2 well eguirped with a heal ex—

changer. The heat thus indiced yields a2 new production from near-
by cutput wells.
Ths er-ulome'nt consists of an air ccmoressoer - of swnitzble cap-

acity, a2 horizontal superheater, and 2 heat exchanger. The cap-

acity of the air. compressor used is- determined. by be cdepth- of the

)

The success a2ttained in heating- depleted formations, in tme

separate tesls, shows the value of introducing energy to .2 form-

ation by means oi heat.
artman's thermal e}—pﬁrl..‘ev.rﬂ;q wei'ga (:_at_'riéd=_':‘ou1‘.“;du- ing 19):2.
in the ¥id-Centinent .area. Before thermzl recovery was att -empted
" both gas’ repressuring and wster flooding h’a'fl beern applied.
Explosives
The use of nitroglycerin and 1C0 per cent blasting geldtin

for shooting wells will produce 2n intensive-fracture. system and

21so consideratle heat arcund the well tere. This vractice of-

Fe

shooting wells:hzas. geheraily resulted:dn increased production,

A

>

particularly if 1§he e'":d had eco.w plugged by paraffins.

O



T s - (8)
THE PRINCIPLES QF. BLECTRICAL HE&'E‘IE\!G.‘C’

(8) Sarapuu; Erich, The investigaticn of Possibilities of Under--
ground Carbonization and Gasificztion' of Fuels.by ¥eans of -
Electric Current, A Thesis submitted to the Faculty of The
School of iines and Hetallurgy of The .-University of ilissouri,
ifay, 1951°

Three independent theoreticzl relaticnships have been deter-—
mined: for electriczl Leéhavior in an oil sard. Laboratory data
“have confirmed the curves-depicted in Fizure'1l.

Cuﬁlte"l of Tigure 1 ‘shoz=:s -amperagce dncreasing as .voltage is
constantly increased; after reacningsa‘maximum, the amperage de-
"clines. Impedence is shown as reducing with time urtil a minimum
value is rezched, thereafter, it begins.to increase. The shape
of- the- two -curves is dependert uron-the reserveir fluid.

The impedence decrease and amperage. increase  are the result
of.2 change in the concuctivity of ‘the connate water. Conductiv- -
ity increases.with temperature. The temperature.increase -is attri-
‘putable to the resistance of the formation.to current passage.
Impedence -drops with this:-temperature rise.

The fluid- evaporates freom the vore spzces of the rock:as the
‘max mumcurrent 2nd minimom impedence values 2re rezched.” The
continued ‘loss of conducting medivm by evaporaticn results in

- ~the impedence rise and current reduction. This trend will con-
tinue until the sz2nd- has ‘lost:all of-its-contained fluid,- after
wnich further electrical heating is impossible. If .reservoir
-fluid re-enters the. sznd; heating may be resumed.

The. temperzature wh ch m2y be reached-is limited by: the. degree

of superhezt :of thesteam under .reservoir pressure. The-length



FIGURE 1
" THEORETICAL

AMPERAGE VERSUS VOLTAGE
CURVES '

_ THEORETICAL
IMPEDENCE VERSUS TIME
CURVES




of time reguired for vaporization of the reservoir fluid may be

. contrclled by the voltage.impressed. -

An. 2mperage and-voltage rise and an impedence drop because
‘of “increasing conductivity are depicted in Curve 2. The conduc—
\ . - .y o, - s
- tivity of the reserveir fluid is replaced by a fixed carbon link

-

J:-.'hich begins to form as. the voluag reaches a maximum, ‘l‘he_ fixed

S

car‘oon 11m< is substanin;.l eneuvn o rermlt the mea_nteua.nco ‘of a

PO

- constmt voltage _nd ro dence with increasing axnperagg, It may:~

. ~ = - N .

not ‘extend ‘compleﬁe_:lij‘,r !Setwéen‘_tl_'!e electrodes.. Conduct;i‘vity i_éj now.

‘cpnst,ent.‘fand_._}::ill v'e!_':aln SO . t fixe‘d esrbon link f:ﬂ_s to dev—

'elcp f\irth‘er.-‘ It'_s n0551b1e t.hat thls > as yet unstable, 11rk

<

~mav break causmc the curve to revert to one sw_'!-.llar to Curve X,

or-it _riay grovr -;nd allow ircreased condt.ctlnty.

The impedence, VO tage, and’ alnpe"ace valuns obt,_r\ed T.'hen
carbon 1_nk conr\e\,ts and enlarzes nil allow a plot s:. 1..r to-.
Curvé 3. In.this cur‘\ie;mpedence éonsistentlj ‘declines: After
fixed carben 1inkage ¥ ~br‘-breé.kthrpugh, is effected: amperzge-may:

be“increased 2t a‘reduced voltage.

“of ‘& carben. link, -and therefore ‘the shavé -.of

Corves 2 and 3, is dependnrt upon “the -presence-of a plane:of weak—

>

~

ness:"in.the formation along which breakthrouzh-may cccur.- -.The

nature of ‘the planéwili néce sitate Certain minimum power require—
ments: for ¢z bon linkage. If.the power ‘dvailable is-insufficient -
“breakthrough will ‘be impossible. -

. The factors controlling -Curve 1 ihdié‘a‘-ﬁé i‘.ﬁﬁt the_‘i‘;e::{pelg‘é.tui'e
“to-be ‘reached. will not .exceed-that.of: superheated steam. .-:Should
+‘1e heating proceed under the conditions.of Curve 3 very high’

tespratire :‘ﬁéatigg would be-effected. These high' temperztures

‘0



10

would be sufficient to crackithe cil in place thus- the crude pro-
duced would have a very high A. P. I. gravity. The temceratures

attainable when behavi or is similar -to that shown by Curye 2 ‘11

vary from, what may be called, mi dd tomoeratu!;e heating t"o_'jfij_gh

temperature heating. The tewm perature reachcd will depend ugon

whether or not the carben link'is extended across the formaticn.

Low temperature heating, however, is possible when the sand

demonstrates the characteristics noted for Curve 3. -After break—

through the current input may be reduced a2llowing reduction of -the
temperature gradient throughout the reservoir and maintenance of-
low temperature hezting. -

have been carried. out uvsing a sand

L

(9)

Slectric=l exnern‘-ents

(e) Cofs_er, "cla R, | 'harm:l Recovery of Petrcleum by Electric=1
- -Hesbting, A '!‘hcs:_s submitited to the Fzculty of the Scheel cf
3! aAre

res and etallursy of the University of ...].SSOIII‘l, ¥ay, 195C

'

lished readily. The sand was then further.heated using low.volizges
and amperages. The r&suli was an 80 psr cent x recovery of oil b"
weight,

In zn o0il "sand, conditions seem favor \le for attempling what

such a2 rapid electrical shock \«!—:ill be_the creation cof an éffective
_radins of heating, rather than a carbon link. The term effective
radius of heating refers to a I‘adlc.l vemperature sr*d*— with
the welj. bore at the center.

“rna.u‘.v-ough may be econcmicall; b w—npossi‘.ie because of”



vower recuirement. Shenld this be the case, 2 short duration,
high volfage and amperage shock may prove te be:&-production sti-
mlus within ecconomic bounds.

The heat energy provided by high voltage electriczl heating
wil) cause vaporization of the reservoir fluids and ill recuce,
also, the viscosity of the crude. The -3 r‘tav'faclal tensicn btetween
cil ard water will likewise Be lessened, gv'cat“r

A gra‘ph-qo) of viscosity agzinst temperature, for six different

=

(QC) ¥nsk=t, Horris, Physical Principles of (}ﬂ Production, p. 96,
10’19 -
g s

crudes, shows 2 rapid reduction of wiscosity with .increased temp-
ei‘atui‘e_. " Sinilarity, a decrease in surfzce tension ‘.’Fluh J.ncreasec.
temperature i - illustrzted by Iusk=at.

The data= obtained by the 'scrlter from tests on- several cores

-demonstrate tha P thouch bre«.!cthrcu;h‘ was ev' denceCd in SCmEe Cases,

conductivity primarily-was due to-the fluids in the core.

1 . . e as .
Experiment s("“*) performed in the electrocarbonization .and-..

(11) Sarapuun, ov. cit.

. . N D3 tmeed e R

- el

electrogasify cah on” oft cozl- have -demensbrated: the possibility of -
breakthrough up to distances -of. from 60 to 70 feet.. It was.ike .
purpése -of ..t_‘a?,s.e exberiments. to-actually gj'zsw_f;r ‘the ‘(\:93.2[ “and pro-
duce 2 high'B, T, U, gas. :This:end w=s. attained suvccessfully,
The experiments performed by Sarapau-alsc. established the

creation of an extensive ;t‘racture s‘rs*‘e'z_r. 4 somewhat similar -

resilt is expected in the electriczal heating of an-oil sand. The

fractures will provide a2 system-ofi.flow channels, whichwill in-



12

crease the vermeability and, thereicre, the production.

The anticipated resulits of electrical heiting upon production

may be summarized as follows:

1.)

Additionzl dériving force, due to the heat energy suprlied.
(Vaporizaticn of fluigd)

Reduction of viscosity and interfacial tension of the

- 01'0:(16.

Creation of an extensive fracture systen.
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THEORECTICAL, SATURATION DISTRIBUTION

The. following illustrations of la water—wet formatiocn. depict.
the varicus. elations of sand grains .znd sa turatms reservo:.r
fluids ‘resvlting. from water drive, gas dr_iv,.e,._ and eléctriq‘al':i_;éatirig_
recovery processes.

FIGURE 2 represents a-sand after ‘productisn by water-drives
Funicular ‘saturation to water and.insilar satwration t6 61l are
‘noted. . The. oil:-saturation’will be of the o der of leuner cent
.of; the avzilable -pore. space.

FIGURE:3 i#llustrates a'sand-after: as- drlve. Pendular Sc.o—
uration~to -both ‘wateir and oil ‘is:'seéen. with the. gas occupyinz
-the: funicular region.- :Dry.gas, béingipassed’ thrgugh-the. reservoir,’
will. come ints-éontact with ‘the 0ill thus: carrying off its 1 lighter
frzctions. 'Theéé‘*‘:iigbi‘.éi} ‘fractions may- be: recovered, by. separaticn .-
2t the. surface.

A sandras it s pelieved: to..apvedr dt.r:o_ncr h.'rh voluace‘,e];e'c;
tical heating is slixmyﬂ'.‘;by F‘IGIIP.E‘JI'. ThevSand . is:one:¥hich: had:been:
originally preduced; by water drne-‘

Funicularssaturaticnito,. rater: and insnlsr saturation o o6il

. T [ ¥ N P N T T . .3 Syepies s
areiapparent. The arrows Indicate-the presence of a Aditional.

driving.:forces resultm&‘\fi'om'éthé“apﬁlicgi}i.on*b eatiierergys,

- ~\\“'-'<

FIGURE:5: shows' thé. consecuence: 6f: eléctricaliingating. on a ¥

- sand:loriginally ‘produced by trater: Arives =Thexdiagramidenonstrates

pendular saturation:toswater andEoili¥an Tary atu

to gas.: "0l 2nd“water: vapors. .:al:e\sho"m,- also5in

surdtioniwithithergas:

bt LT - S R STy S 1 ‘\a‘.‘\‘:-\‘&\

Thevénergyrsupnkiédiinithetformiof beat’ “hasicaussd: thetwater



1

Ficuae 2(12)

Water-fet Sand after Water Drive

(12) after Pirson, Sylvain J., Elements of 0il Reservoir Engineering
page 61, 1950

%EE'nater






FIGURE h

Water-Wet Sand During Electriczl -Heating

Water Drive Acted as Recovery Kechanism

16
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to vaporize to 2 great.degree. The oil criginally in insular
saturation -has been disturbed and partizlly vaporized. Thus, a
mixture of o0il, steam, and gas will be produced. The amount of
each recoverable constituent depends on the degree of ‘heating.

A saturation distribution similar to FIGURE 6 is expected
after gas has been used to produce zn oil sand. The water and
0il occur in pendular saturation with the gas occupving the fun-
icular region.. The arrows indicate the additiocnal driving forces®
acting on the fluids, as.a result of the heat energy being- intro-
duced into the formation.

FICURE 7 represents the hypothetical saturation .distr bution
in a sand after some.production was induced by electrical ‘heating.
The sand had produced previousily by gas drive. A‘lesser amount-
of pendulsar. saturation, than would be the case with. gas:.drive alone,
is indicated for water and oil. Steam, gas, and oil vapor are shown
in the funicular region.

The czpillary forces holding the wzter and oil in-the pendular

egion have been overcome, in part, allowing the two fluids to
enter the funicular- region. The reduced viscosity and. surface

tension of the 0il will 2id increased production.









N
]

GEZOIOGY OF THE SANDS
Bartlesville Sand
Bartlesville sand cores were obtained from Eastern Kansas.

The material, occurring as a2 shoestring sard, is of Pepnsylvanian

b
RY)

e. It is encountered by drilling tc depths of_ approximately

CO

I

s}

ect and varies between 100 and 200 feet in thickness.

= — 13) . SRR "
¥, B. -.‘:11301'!(*3' rotes that cleosure is due tc.-the pinching

(13) Wlson, W. B., Geology of Gleen FPool of Cklahoma, Structure
of Typiczl Americen 0il Fields, Vel.T, p. 230, 192%

out of the sand body on the eastern or up-dip side.of the f£izld,
The-o0il was trapped while migrating up-dip from the west.

-~
b= -
o

Laljcker %) reports an averace porosity of 21 per cent

)

()

or

(1)) I=licker, Cecil G., Principles of Petrolewn Geclogy, p. 107, .19)9

(15)

the sand, The United States Burean of ihdins describe 3)0 cores

(15) Bali, Cleo Griffith, 2nd Taliaferrc, D. B., Report of Invest-
igations MS5L8, United States Bureau of #ines, p. 21, 1919

as having average porosities varying between 17.7 and 26.2 per cents

P

A core sample tested by the writer had a2 porosity of .16.5 pe

cent and 2 permeability of 0.215 millidarcys.

Bradford Sand

- o

The corss

N

tested from the Br2dford sand were cut =t depihs

varying between 1556 and 1562 feet on the Summitt lease cf the
Quaker State 0i) Refining Company. The sarnd attains its greztest

thicikness in the northern pert of the field. It is of -uniform

grzin sigze, having a choceclate-brown ccolor.

'Y



: Clarence Ross (eé) of the United States Geolegical Survey

T - ~ -

. (18} Newby, Jerry B., Torrey, Paul D., Fettke, Chirles R., Brad-
ford Gil r:o_eld, -McKean County,. Penn., 2nd-Catizraugus "County,
Nevr York, Structure of Typical American 011 Fields.. Vol 11,
p.- 125, 1929,

described the sand as follows:

"The sand grains are quariz. _t‘c ~the most nart, ab
there are small wounts of f eldsn..r infca and mch cheru—
like mat r:u_al The grains are mrular and 1nuerloc!':_..r-
and there may have been some enlargement of nhe quc.rtz. .
The interstitial material is-not abundant. n t 1s made up <
of a bro:m mica-like clav material M

Most pf the. B;-adford sand, which i ver ry hard with clay and:

g

silica being the cementing materials;  has-a:thin calcareous cip

rock.

It has been. suggeétéd(l7) that.the.materizl-hadia Eéy;-‘-_oxgi;g;‘.n.‘

(17) Newby, Torrey, Fettke, op.:-Git.; p. L29.

Now, @ 5 -

0

. - | @8)

The source beds may have teén -the Portage and Chermn formstions

e .- .-

‘ (18) Ne'.vby, Tor"ey, -ett € 0D ci.t. > Te. W30,

- - - .- —

~which lie 1"’56 to the Bradford sand.

‘l‘ha c'm:.de 011 n*or‘l_ced has an a, P. I aran 5 Cf approxi-—
matély &S‘,’.— '

Fe i -,ke (19 ) .gives the-follcwing concerning saturations:

N

(10) ret l’e,— Charles _R., Core Studles of “the Bradford Sand::from
-the Bradford “1e1d, Penn. > prooT ems of “etroleum Geologys.
De CBS r193h-

“In: the_case oi“the Bradforad: sand;” eight cores,
upon d_stJ.lJ.atJ_on, s;eve an average of~ ‘6-375 rer cent
totzal. pm"em'ece occupied by-cil- r:hllo water occupied
6. 625—per cent of the total openingsi™®
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© (20} Griffith, Cleo, Rall, and Teliaferrc, D. B., op. cit., p. 21

‘formation is- co::rg:.osed of “szardy, do1q"n ic. 11nestones with sormie

g

An avei;age porosity of '13.1 per cent is reported by several auth- -
A -

orities;(?o).(zl) . . : - - .

(21) Ialicker, Cecil Gi, op. cit., p. 107. .

Ialicker(zz) sls0 x regorts the fol owing experime tal data:

~

(22) Lalicker, op. cit., p. 168. L UL s

rosivy ™ Permeability Remarks - =
ner cent . mildlidercys - o

fom
od

N
~ .

)

~

12 2.5 flow_ of water ‘t;hf'oﬁgh sample

16.7 ; o 55_;_8- l ’ _ 1:101-3 of a:u:: through sample -
L=boratery determinations by the”r-:riter gave a permeobll_ty
of .0;0331- _.__1.11da_ rcys ard a porosity .-of 1) per cent. o ’
. - Bromide Sard - L . P T

' Cores of the Br ov-ude sar.d wére obt,._nor‘ from Garvin. Co‘mt}r,' h

Oklzhoma. lho r!_ﬁterl._l “art of the Simpson Sé_ries .ef Ordovician - ' e

Age. 1‘1e coros were nrocur\.u from a dep..h of S793 f‘eét' e

- S 3 i 2

-t Tpe “rc-rnda Torma tnon(23) is f‘cund oelo'e the V1o "me‘é_,t_one; 7 -

~ < == - <. . . - - - .~ ‘._.!_

- - - IS -

" (23) Vér W ebe, aaluer A, Cil E‘iélds._ in the United: States; p. 2h6, .

., ) -~ N « ¥ * & . - we
e . R = . .-

. ~ N ° . ‘-’- N ~
It is =p opY ox:ms.tely 1LO t thiclk in T»Eorthern G!:l‘aboma._ The - -

s~ - . - -~

green ghal2 ‘ard thin 'sandstones.. S A

Ie.]_,.'ic!"‘" 2k ) c*Ds the Brom-_dc, formatiom .,he Si: “L,-scn Group

N ) -t 3 - 3 "'. ) e _“‘ " N
(2') l.-'ﬂ'-c“"‘, e:. f“t., ""0 wm o T s s

'
% '
.,
0 s B oMU v B e B mimams s Y 1P o b

vive srs

s n
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.group. The crude has

with the Bromide szndsbone being the main produci ing horizon of the

an A, P. I, gravity of-23°,

The formation E:-'zter(QS) contains 63,00C p=rits per rillion
(25) Philiips Petroleum Compzny, personal commmication
& £

chlorides, and 105,0C0 parts per million total solids.
- Core analysis nerfoi'med by-the writer obtained 2 porosity

of 8 ner cent '*nd 2 ne*meabllltv of. 0. W mlllaprcvs for the
Bromide sarid sample o
Lower Deese Sand

Samples cf the Lower Deese sand come- from a well _in C-arvin

Gc\mm > Oklzahoma. :The cores were obtalneﬂ frox:- dont"xq of between
6155 feet 05505 - fﬁeet;;

s Fifty feet 'qi‘ this well -'zeolo,o:ical reéord:

. were m;.de o.vallaele

E o

m_de. 1“our' qeculons of t‘n-s

to +h‘, r:rltor. Thv geology of. ’rheso sam"los is re:)ov"t;ﬂcl(2 )‘ as

- o

(26) The Carter 0il Compzny ;.. Fersonzl coﬁrm’mipaticﬂ._‘

LS.

_follows:

RS

~ - "Can 36 — g:ind, mottle d grey—rhite, f‘1ne "'"a__r'ed, fr1 able

. -on s"a,ll chl"‘S » shows closei ;s pﬂcn-:l Jternat.mu 11 ht
© and dark. bands, : hor:-_zontal, with paper th._n purtlngs
of *dark clay .shale: in ‘basal ) inch.:
Can #8 2 Sand, grey te drab, fine to mediva oralned, )
,f.‘rlable, calcareous,. fluorescent.. ] SR -
Can #50° — ‘Sand, grey; fine to medivm: gralr\ed, with clav
- :fllled nockets up to 3_m. e ql_ghtly frla‘cle, non:cal=
cc.reous 3. i‘luorescent. : . ~
Can. ;’:68 ~ Sandy grey to 7'h1te, very fine to f)_ne gralned,
_extr\..elv dense and hard, 1 lattened ‘pockets of green—
. grey’ clay and much' interstitial cL'_\v mater:.al‘ od

Pemeab:\.lltv an'* porosﬂ;v* easuremer\ts as recorde bv. sThe

Carter 0il Gompc.m( are as f‘ollows-



N
A

Cars No. - . 7 Permeability .. - Porosity
millidarcys L : “per cent
6 - . 85 - 150 o 16
18 ) 210 . -1
50 200 17
63 \ . néne- given . ) none given

}j sener Sand -

isener Sand cores were cbtained from a we2ll in Pottf"’ﬁatos:ﬁ_q

County, Oklahoma'. Only a few wells are still producing in this

nearly o.epleoed area. Initially the Hells were very p Ol_..‘klc hzavin
had initizl preductions of several thousand barrels a day_.

The Misener Sand is of lower Kississivpien Agze. It was de--

rosited probably as a2 near-shore sedu.&ent(—'?) in 2 marine- sea.

N
Ay

(27) Sorden, J. L., zand Brant, R. A., Fast Tuskegee Fool, OVJahona,
Stratigraphic Type 0il “elds, A Symposium, p. L6, 1°Ll

The crude(28) has a brownish green color, an A. P. I. gravity of

L . -

. N

(28) Borden and Brant, .op. cit., p. h52.

39.u > -and- a sulfu"‘ content .of between 17 and 18 ver cénit{

The writer determined a permeability of;0.525 millidarcys and

a porosity of.':8_.2: vper cent for a Misener-core sample.
Burbank Sand

S Burbam'f;'_s_and' cores were cut from a well in the ¥o uh. Burbc.nk

Field. Oszge ucantV, Oklaho"1 1. The smd 1s of‘ Penrsvlv-mlcm Age.

‘The- Bnrliénk .Saz\d is ef\coim tered at r‘epthq : 2 ,800 to- 3,200

E-lectric 1og‘ data'give a water saturation of about:A7 per cent.

eet an'l Yaries bet-.-eon 50 and 80 -feet. in thlckpess. Inso"-e ek'ce,



there is a parting of blue shale ranging in thickness Ffrem a few

inches to 3 _eeu about ©C feet from the b:.se of the sand. ‘Tb_e sand

is flne-gralneh_ and siliceous, hav ving a2 calcarecus cer‘e'\uln" material.

: Le]
J. M, Sands (29} “ecorts +the followine concernlng its procduc-

s e

(29) Sands, J. ¥. Burbank Field, Osage County, Oklnho. na, . Structure
of Typical American 0il Fields, Vol. I, p. 223, 1929.

tivity:

" _Through the lower 5C feet of the sznd is generz2lly
a.pure sand “nuhout any sha e breaks, its porosity and
content -of calcareous material Ji f‘fer, se that the sand
is probably not productive t"lrouchm... its totzl thickness.
The producticn comes from three or four d:.*‘fernnt Zones .
enccuntered at different derths, and it is qute rrobablie
that not more than two-thirds of the total thickness is
productive.n. o

. - The s:nd grades :mto an imp ev'viov.s sandy shale %o the north

and east of the ‘field‘ This 11th01091cal change prevents furuher ;

-‘:'L_;’Irc.t" cn of the 011 The west ~and south ”extv'e'mt1 es d.‘ tho f:.eld

" are in cor_-act with - Sclt water, Stmt_:turally the field: 1san )

- v - ~ [N

umiule-.ting monqcline with a general westward dip of about 35 feet

‘per xrii_e .

(30)(31)(32)

Sever'-‘l sourceq

report average porosities:..of be-

(30) xelcher, .ﬁ_. F., Texture_.of bil"S;nds with ‘tel_.tlon to the
Production” of 0il, Bull.. A:nur. Assn. Pet. Ceol.,. VTII,
rP. - 769—7'(0, 102)1.

~

--(31)_ Sand , op.. cit:‘. ,: p. 225,

. - = el .t .
< N ~ - . N . . . L

(32) Ra 1 and ‘.l‘alle.ferro, cp. c:.t., Pe 2

"o - ~ At totes

- twcen 13 and 16 per cent fcr tbe sand.

_Ihe_rmltsr_‘r‘ecorded -a “orosﬂ;v of 8 ner cent:. for ...-e sample ol
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tested.
¥eber Sand .

The Weber Sandstone cores were from Rangely Field, Colorade.

. = .

his sand is of Pennsylvanian Age. ;

p=d

-

The sand is fourd below 2 depth of 5, 750 feet and is approx-

mately 1,20C feset in thickness. The oil procducing zones are, how—

ever, found only in the upper 500 feet tc 70C feet of the formation.

3) - .
<74 reports an average porosity o

=4

8.9 ror cent ard

(33) Ialicker, op. cit., p. 10,

an average permezbility of 3.8 millidarcys for a ‘sec¢tion of the

Webe —ea..d ccred near the east end of the producing area. he core

also showed the sand tc contzin beds of shale and sil

much of the 'sand being impermes ble, Porosities of freom 15-to-20
per cent, znd 2 permezbility of 50 millidarcys were encountered

in 2 zone !0 feet thick. o e :

. & structure contour :-:-e_p(3h) of the top of the Weber sandsicre

(3".’,) IP.]-_;. ker_, O\l.‘ C_-.t-., p. 136.

4]
>y
3
2
WY

large asymmeirical -anticline. Dips.ef f om 3,0 . éa'- the

crest to 210 on the flank are encountered on the seuth'\‘siﬁe'.‘- "The

. dips to the northeast zverage 4°.

- -~ - -
s‘rarst‘*G)) £ the 0il from the ¥eher sandstone
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LARORATORY FROCEDURE

Description of Uguipment
The clectrical eaquipment used in the exverimentaiion, and
i1Mustrated in FICURES B.and 2, is described as follows:

- & < s T - n -
1.) Inducticn Voltage Regnlator; GeneraliRlaciric Company;

T s, ’ > - - o - -4 o h
Type HK; SK¥A3 120 to 2k0 velia; O0-5, 0-25 amps.

T
= T Lo - Y s «
2.) Voltmeter; Westinghouse Sc.; C-300 velis; Type HA-25

3.) Ammeter; Westinhouse Co.:; 025, -0-1C amps; Type ¥A-25

N

%.) Waltmeter: Westinghouse Co.; 120/2.C volis; 5/1C amps;

Transformer;.Genersl Electric Co., 7.5 XViz 198772300/

N/

1

&.) Overlozd Circuit Brezker; 25 amps.; h80 velts

Two different steel tips were used in the =isctrode.  Thew
% f1at Airendan 33 noint c = O ; N
were & flai circular disk and a-pointed rod. The surface areas of .

these tips, used in caleulating the curreni =nd lozd densities,

‘electrode = 5.07 sg. cnid

-

.
o -

Area of point -electrede . -- =~ = 6.1585.sq. cm.

Sufficient’contzct was obtained with the.point electrode by

penetrating thé -core to A:depth of 1/8 of =r inch. .The area. of ‘the

point eélactrode was cilculated.on:this basis.



DIAGRAM OF ELECTRICAL APPARATUS

FIGURE 8
TEE 2O, (-
=i IO

C

A= AMMETER

C- GIRCUIT BREAKER

Fs FUSE

S: SAMPLE

| = INDUCTION REGULATOR
T: TRANSFORMER

V: VOLTMETER

W: WATTMETER




ELECTRICAL EQUIPMENT USED IN EXPERIMENTATION
FIGURE 9

\5)
jodd
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Test Prccedure

Us2 of the equipment described made it zossible to develop

65600 volts in-the secondary using-a primary volt oge of 220. " Be=

- . N -
3

canse of the rapid i‘lucuuc.t_ko*ls of amperage and the limited scale

on the available !:!illi:glmiaéter, all readings were taken fro::'. the.

~

‘primary.' “This > although _introducing an error, eliminated the POSs—

ibility of “nrm'n ‘out “instrumerts on. the secon 'iar'r s1 de.

- Grapb.it_e f'as gced ‘betvieer'the electrode and the szand saiple

te insure gocd centact.- The .circuit was c13$éd an_c‘i:if;'olt“ge const antly

':irzcreasé_i by :;sean_s of. the 11:'3..1c tion rezul t'\r.‘ _\Vbii;éxgé.: andamperage
values m.'.re read and recorded as- r:api;ily. as rossible..

- As volt .,_—.ge built up, "and the core r.ee_ted, -na Ler, vapo*‘,w oas,
and oi) were emittedfrom the samplei-

" An-atiemptswas made to encase-the “elécirodes-znd-corétin- a2 large .
‘digm(_at_e:z" p}_,r:e:i{ tabe: for the purpose cf ‘collecting the fluidss, -The.
:foﬁéai;i;ﬁ’ of:a"mist by the.water vacvorileaving the gqre:caﬁé.sgajg;j;fxigi-
‘current to pass through the mist ratherithan :the rocks. :Theisystenm
behaved. mere ‘Satisfsctori 1)' ‘when exposed Lo the zir, although a

- if "the vapors: emporarily condensed

short circuit could  sti’
on the surface of’thé:core.. Exposure tc the atmosphere ‘necessitated
“the det,m.lnat_ton o“ _ecovov'-r n L e ; i _.of.- "le.l.t-'htw ner cents
Y test ‘was. run by increasing the:-voltape until thé. impedence:.
either failed' t6" decrease -or:beceme. constant with' added voltage:
Beczuse,of the rzpid vaporization and'Y Timited amourt 'of3the satur-

ting fluids, itiwould ba. futile te attempt, in. thé laboratory;

Q_tc_i:{bi‘gak:fdgwh; anincreasing: i¥pedence. by continuedivoltage.incre sesy



=

24 n . - '
It has been demnonstrated, (36) however: thalt an increasing impedence

. -

(36) Sarapmu, op. cit.

may be breken down in the field by increasing the power zpolied.

Field zprlication is not restricted by a small amount of ccnducting

Resaturation of Cores

The dryness of ths cores made arij.ificial saturation necessary. -

The co es first were desaturated completely.in a Soxlet ext—
action apparatus an(‘ o;‘i ginal saturation dzta were proétnre&i. Per-
meabilii;y and po‘ros?it:; measurgxnénts_‘.&.'ere deterai ;bh Ruska

- instruments. ) .

The corns were resz turated at z)ressnres in excess of»;five

.

- ww 5

hundred pocunds per sguare inch by wmeans of a Raker maraubc Kand-
&= S -5 5o @

Fump attached to a:recducing pipe "L, The core was r.:.:xced 1!\ a

rubbter steppeA ored to the diar zeto"' of the sampk . The stooper

containing the core then was plsced, in a pipe nipple "1osed at ‘one

< R

end by 2 pipe cap. z‘l‘he“p‘ipe cap p f‘nve'r‘ ed the rubber -‘st.cjgf;)er ‘from
being blown out by the i\l} Tressure. A hole dri 1 ed in the ca’b

- . b - N .

allowred the vassage of brine and oil. The pipe nixy 1e 5S attach_ed

to the pig.e ULY jn a vertical position. .Brine fcllowed by éni‘de

- . -

.0il was p.lmmd t"xrouo}x the ccre. FIGURE 1T illustrztes: the resat-

uration equipmemt.

LXS

.A 39- oAl p. X0 gravity crude oil and’ 2 brine ¢ nta.nlng .

30,350 parts per million chloride were uwsed for all 'sat\.\ra tions, .

- The-brine- and cil had respectively specific. gra}':‘-_fies at 6Q0°F, of:

1.0k and G.858¢. "
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COMPONENT PARTS OF RESATURATION

' - ETPARATUS

ASSEMBLED RESATURATION

7 PARATTS



LV
(o))

One hun red per ‘cent tctal saturation was assumed for 211
cores and z mathematical relationship was established to determine
the per cent saturation of each constituent.

The eguation is as follows:

k<l - . = T i ) - A Y

Wy = ¥ig £,0u Yy # /20 Yo = Ve 2725 Vg £26(V-Vy)
Vor = ¥s — We =20 'V

( /0?." T FO)
¥

We. = dry weight qf‘- core (gms.)

o

W, = saturated "qéig‘-t: of'c'efe {200’ per cent).(gms.)

vV = total pc;‘re' volunie: (c¢ .-) ‘

V.= pore-volume occupied by oil (cc.)

V,r = poré volume occupied by water: (cc.)

.Po = density of 6il (gms/cc.)
" Pw = density of water (ems/cc.)

The equation, althou\gh valid for the assumptions made, failed
to ‘provide: satisfactory per cent saturations. The writer believes:
that :ldck of accurzate rorosity data 2nd fzilure to reach 1CO per
cent tbtai_f saﬁli;atipn are responsitle The.low permeavility of the
sands prevented complete saturation. It is the anthor's:kelief
that, better results are possible for sands of higher permeability.

The sands which could be electrically heated, in a1l bui one

case were those resaturated in the manner described.



w
)

RESULTS '0" E‘»‘P@“‘Fﬂ"i‘s
) ; A <

.

Bartlesville S:md-
R arhs of current versus voltage and impedencé versus

= - .

’;é
o
;

‘time for the Rartlesville sand were obtzined by using an arti fi cla" Iy

saturated core. Aotemcfs L-O uge‘ cores as they were received from .
the field foiled comp el&. becaunse of the:.“ @éryness.: - o .

The curve of current -vérsus _'npressvd voltage sho.... current -

increasing “'1;,}\ increas ed."o'lta'-*e urtil a meximum of :-mpro*rm ately

-

'
.

0 G25 anps is reached =zt a voltage ‘of ;.gaa'*..y, 1600. The amperage
then _begnzs a‘;.sb‘eifp:. -de'cline to about 0.006 'e;':;is. With voltage

~ N < N -

stil being increased the amperage agfﬂ.'l rises 0 2 constznt value

ef o) .0166' ‘amps .

"‘he c“rva of Amg edepce versus t me snows that :L‘noede*lce init-

. -

ially lesssns to a 10"!‘ v::"lup of 32,100 o;.zz"' s, at 30 se con ds,_ 311(1 then

dily tc a hi"h 63" CGCO oh.r:s a_ter two minutes,thirty

o
0]
it
o

‘rigses s

seconds. The imvedence then becins to dﬂc*es se zcain.

The -inbterpretztiontiof these curves™is thal -amnerage increased

3,

and~impedence decreased .due to the increasinz conductivity of the

inereased, reaching.the maximum . of 030,000 chms when the core had .

linkage is indicated by the final rise of 'dmperage and” f211-of in-

‘The . curves are s.milsr to thetheorstical Curve.liof: ‘?TC‘JR:. 1‘.

except for the final-vhase. which indicates breakthrough.

Electrical heating resulted in 98.7 per: cent recovery by waigh ,.
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MIN:SEC, VOLTAGE AMPERAGE

0:05
0:30
1:00

1:30
1:45
2:30
3100
3:30
4:00

0:30

450
750
1350

1500
2250
4200
5700
6000

6600

24,00

,00834
02335

005"'
0834

101666
00834
00667
01666
01666
+0200

Heating Stopped in order to Chéhgp Electrodes

00333

- TABIE 1

RESATURATED BARTLESVILLE SAND

CURRENT LOAD
DENSITY VXA
0526 3,75
A472 17,52
J3155-  67,5-
5260 112,5
1050 25,0
.0526 18,75
L0421 28,0
1050 95,0
1050 100,0
Jd262 132,0

* 000657 8.0

IMPEDENCE
5,000
32,100

27,000-
16,200

90,000
270,000
630,000
342,000
360,000
330,000

721,000

10AD
DENSITY

23,65
1104

425 5=
710,0

157.6
118,2
176.6
5980
63L,5
8340

- 1,576

REMARKS
Point Electrodes Used

/

Sparking on core swrface
Arcing around Electrodes
Arcing around Electrodes

Core Heating

Arcing inside Core

Areing inside Core
Arcing inside Core

Plate Electrode

Sodium Chloride and Water
Used to Make Graphite paste
Providing Better Contact
Between Core and Electrode
Current Passed Over Swurface
of Core Causing Short after
30 Seconds, -

38
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the conditions of the experiment, may noct be dependable for msking -

e

A
+ tes,

Bregkthroucgh ocecurred a2t 5000 veolts and after thres mina

The curve of amperage versus impressed voltage for the resat-
urated sample of Bradford sand shows an increasing amperage with

a constantly increas’ng vcltage. The anmpera

ge rise resuliis from
the heating of the conducting fluids. After a maximum of 0.0657

amps is reached, a rapid decline is noted to a2 constant valne of

0.C1333 anwps. The decline is du~ Lo the loss of conducting fluids

by evaporation. The ceonstaet amperage valve of 0.01333 is rezached

£ =

The impedence versus timé curve shows an impedence decrease
caused by the heating core filuids. A&n impedence rise is noted as
the fluids evaporate. After a maximum of 630,000 obms » carbon link-
are occurred and the impedence was reduced tc h5C,000 ohms.

Several walues from Tzble 2 were not plo

they resnlted from short circuvits zcross the surface of the care.

" A 98.0 per cent recovery, by weight, was rezlized after eleven
minutes of heating. . .

Bromide Sand

The current versus impressed vcltage curve for the resaturated

Bromide sand exhibits a rapid increase of ampoerage to 0.03C amps
followed by = decline to 0.G06566 amps. The heatinos of the saturating

RO

flunids and the resultant vaporization caused this rise arnd-fall.

‘The impedence versus time curve snows an imnedence érep due

FRATTTY pmemm. TUURT preagpe 0N WS TRPW e ww ey TS W e T T T eTp—_——



TIME

MIN:SEC,

1:30
2:00
2:15
2:45
3:00
3:15
L:l5
5:00

6:00

7:00

11:00

1500
1500
2100
3000
1,500
4500
5100
5400

1200

4200

.00834
.00834
.00834
0334
0667
.01333
,01333
«1000

0100
400667

TABLE 2
RESATURATED BRADFORD SAND
LOAD © T 10D

CURRENT
VOLTAGE AMPERAGE DENSITY . .VKA IMPEDENCE DENSITY
,0525 12,5 180,000 78,9
10525 12,5 180,000 78,9
0525 17,5 252,000  110,5
213 100,0 89,800  631,0
W21 300,0 67,500  1892,0
Q841 60,0 337,000  378,5
O8LL 68,0 382,000  429,0
631 540,054,000  3405,0
0631 42,0 420,000  265,0
Ol2L 28,0 630,000 17,5
08Kl 80,0 450,000  505,0

6000

01333

REMARKS
Point Electrode Used

Sparking on Surface of Core

Gas and Moisture Escaping Core

éircuit Broken by Current
Passing over Surface through
Moisture leaving Core

Resistance Increasing Due to
Core Losing Moisture
Shorting oub Along Surface
of Core, '
Cirecuit Broken

Glass Tubing Removed
Core Heating
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TDE
MIN:SEC

0:30

1:00
1:30
1:40
2:00
2315
2130

3:00
3:15
3:45

11:00

L5

TABLE 3
RESATURATED BROMIDE SAND

CURRENT ~ L0AD  ~  IOAD
VOLTAGE AMPERAGE DENSITY VXA IMPEDENCE DENSITY REMARKS
1500 L1~ ,632  150,0 15,000  946,0  Circuit Broken;Current
‘ Arced over Surface
600 .02 J262 12,0 30,000 76,8
1350 03 1892 40,5 45,000 255,5
1350 $02 1262 27,0 . 67,500 170,5
2250 ,01666 1050 37.4 135,000 236,0
21700 ,00834 0525 22,5 324,000 12,0
3000 Circuit Broken; Current
Arced over Surface
2700 ,00333 ,0210 9,0 811,000 65,0
3300 ,00666 OL20 22,0 1,96,000 138,7
3900 ,00834 0525 32,5 1,68 ,000 205,0 Core Heating
' Voltage Increased
Amperage, Constant
. 6000 L0083k L0825 50,0 720,000  315,0

Point Electrode Used
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1:8

to the heating flnids. Impedence increases as the fluids evaporate.

The final shave of both curves, depicting ar amperace increase
and impedence 4decrease, indicates the occurrence.of breakthrough,

Eleven minutes of electriczl heating resulied in 98.7 per cent
recovery, by weicht, of saturating fluids. |

Lower Deese Sand |

Data were obtained fdr the Lower Deese sénd without resatur-
ating the core; The experiment was cafried but using both plate .
and'point electrodes.

The current versus impressed voltage éurve was plotted from
the values recordéd when the »lz te eleétrodeS'were used. The curve
shows a constant increase of ammrage with increasing volta§€§ Affer
the valugs recorded in Table !: had been determined, the heating was
stopped, and the.electrode tivs changed., Heating was then resumed
using the same core. |

The impedence versus time curves for both the noint and plate
electrode tests demoﬁstrate a decliné in impedenece with time, The
values for the test made by using a point electrode show a slight
rise at the end of the test. .

The curves indicate an initial conductivity increase caused by
the heating of the fluid in the core., Formetion of a carton link
is interpreted from the failure cf the amnerage to reduce and the
impedence to rise only slightly.

) A recovery of 98.5 per cent, by weicht, of the saturating fluids
was obtz2ined in one minute, thirty seconds, |
Misener Sand

Plate electrodes were used to heat a resaturated sample of the



TIME

' MIN:SEC, VOLTAGE

0;15
0,30
0:45

0:15
0:30
0:45

2250
4500
4950

4500
5400
5550

AMPERAGE

00333
00666
00834

00666
.0100
0100

CURRENT
DENS ITY
+000657

,001313
001645

0421
20632
.0632

TABLE 4
LOWER DESSE SAND

"LOAD
VXA

1.5
30,0
41,2

30,0
54,0

5545

IMPEDENCE

676,000
676,000
587,000

676,000
50,000
555,000

LOAD
DENSITY

1,48
5,91
8,125

189,1
341,0
350,0

REMARKS
Plate Electrode Used

Point Electrode Used

Core Dry

L9
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Misener sand to a high temperature in approximately forty-five

seconds. A voltage of 3000 and an amperage of 0.05 Were rerched’

before the circuit broke as 2 result of current passing along the

surface-of the core.. Tt was not possible to record valwes other

than those »:‘ménediately prior to the- circuit break.  Further ﬁesigizig.

3
~

of the core was impossible due to 2lmost complete recovery (99.0

per cent, by weight) in the relatively short péricd of forty-five -

seconds.

The test sheowed that 2 high percentage of recovery is rossible. .
- Ay s R 3 Py L) N N LS -

with short duration, high voltage and amperage shocksw. -
Burbank Sand

Voltage and amperage values were not recorded for the resat-—

urated se:lple of the. Bui‘bar_xk sand. Heating was possible tut short

circuiting occurred repeatedly.

Using_' i)léte elet;_jjtfogigs‘ 99.1 per cent recovery, by:weight, '\vza“s‘~

obtained with 2 high voltage and armperage shock.
Weber Sand

A mexirum voltage of 1500 and amperage cf 2 were rezched while

heating a resaturated ccre from the ¥eber sand. It was noted that

AN
~ F . .

the ‘escaping fluids were responsible for conductivity being greater

-

along the surfaceé of the core rather than througzn the core. This

resulted in frequént. circuit breaks.

~ =

“0il began to flow from the core at 3000 volts yielding 99.3

ver cent- reccvery by weight..



TABLE 5
PER CENT RECOVERY
'SAND ORIGINAL WGT ,AFTER  RESATURATED WGT,AFTER  WGT,AFTER % RECOVERY % RECOVERY

WGT, OF  SOLVENT WGT,,GRAMS  ELECTRICAL  FISHER BY SOLVENT BY ELECTRI-

CORE,  EXTRACTION, HEATING, . RETORTING, EXTRACTION CAL HEAT-

GRAMS . GRAMS GRAMS GRAMS ING
Bartlesville 29,850 29,750 30,7640 29,394 28,9546 97.3 98,7
Bradford 34,0095 33,7378 35,4380 33,9500 33,2706 98,6 98,0
Bromide 17,7090 17,6657 18,4150 . 17,572 17,3353 98.2” 98,7
Lower Deese ' 22,6574 22,3393 98,5
Misener 27,1262 27,0654 27,9120 27,2035 26,9640 99,5 99,0
Burbank 33,600 33.3242 34,1580 33,6295 33,3098 100,0 99.1



CONCILUSTICHNS N

e elerI‘lCc.l heating of

The exy -Jvri,txents show that hizh volta

]

stripoer sands is scientifically sound. s

.(‘

Lapid evavorztion of tike oil and water from h cores resulted

n 2 high percentage of recovery after a feow mir rmtns of heating.

|ode

The. creaticn of a carben link was possible for ez ach of the cores

tested. This linkage would have been more pronpunced if the 011

_contained by the sand had been of a lo%rer‘A‘. P, I. grav."_“a‘,y.

The cuv‘renu and load densities measn.red in the 1aborato*“.r

under: irue saturati'on cenditions fiay be of the same o'rder as those

Tregui "'od in ﬂne f:n.e" This roint will reguire i‘uri_:._er" investigation.

electricity, "must be expanded greatly, in order 1o apuly the methed

to field use. . -

The. econcmic considerations for practical c.,.nl.cai'w on cf recovery

by high velta«e elect." cal. heating have not been studied.’ Comple te*

reservoir studies will be necessary in order to detormine if ada-

N ~

jtional 0il to be gained is sufficie t %o justify the capital ex-=

pénditure; " A cheap source of electric power obv:muelv_ must be.

available if the method is to e an.economic poss 11_tv. -

The ‘creat-i:')'n of an effective rad:us of heating about the well,

. by mesns of a short-duraticn high voltzge and high amperage shock,

seems at present to be the most écdnd_- c2l- application.of this. T

method. Technicall 1y °nd °co'10'n_1c:ﬂl‘, it would be more favorable

to asttemnt anvy future field exper'- 'vieptat*‘-_ on a sh:-'! 1o sand., Th

2
(=]
[T
0
(/)]
¢

[+
s
[

4

[¥]

ccur =% depths between 2000 and 7000 feet; such depth

1) present additional difficualiies,



The curves of impedence versus time and of awmperage versus
iwmpressed voltage for a2 resaturated core will be similar in shape
to-thos plotied for a sample having the true reserveir saturation.

The magnitude of the values recorded will, however, differ.
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original-oil
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The cores. were
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cach was measu

dx

e
B ]

éu

£ deter

ands; presently un

ae:

Lurpose o WININ,
‘:ﬁ_g‘; veltage. _eilé'c{;‘m cal _!_Ifea?f;;;ng. . )
of ‘e.ach s-:—‘..f:._ first was d-ésatu.réi‘;_ed to ‘determin
r;d “'ater sat:a- .a‘t.l;m. The ;ne_;'mea‘c'il't; and
‘ 1"jed. - ‘ )

s
1))

ining their be-"

e tc exposure Lo the a2tmos-

vhere, and.were resaturated. .
'ns N ~T - S N - S - ) Y
The resaturated cores were then sabjected to electrical heating
and their bchavior.was . ncted.
.- % T =¥ . . .
Percentage recovery by weight was found tc be of the corder-cf.
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