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3á,244 
PRoCESS FOR PRo SÜ?iÑGoIL SHALE IN SITU 

BY ELECTROCARBONIFATTEN 
Harry W. Parker, Bartiesvife, Oka, assignor to Philips 

Petroleum Company, a corporation of Delaware 
Filed June 209, 1960, Ser. No. 37,454 

11 Cainns. (C. 166-i) 

This invention relates to an improved process for pro 
ducing oil shalle in situ. 
The production of oil from oil shalle without removing 

the shale from the deposit is rendered difficult by the 
impermeable character of the shale. This is particu 
larly true with reference to recovery of the oil by in 
situ combustion or other heating processes. One meth 
od of producing oil shalle in situ is disclosed in my co 
pending application S.N. 27,627, filed May 9, 1960, 
wherein electrocarbonization of the shale is utilized as 
a means of distilling hydrocarbons from the shalle bed. 
This invention is concerned with an extension and modi 
fication of the electrocarbonization process disclosed in 
said application. 

Accordingly, it is an object of the invention to pro 
vide an improved process for producing , oil i from oil 
shalle in situ. Another object is to provide an improved 
process for producing shalle by electrocarbonization and 
in situ combustion. A further object is to provide a 
method of extending the zone in which electrocarboniza 
tion is effected when utilizing this method for the in 
situ production of oil shale. Other objects of the inven 
tion will become apparent to one skilled in the art upon 
consideration of the accompanying disclosure. 

In accordance with one aspect of the invention, a 
substantial section of a shale bed is electrocarbonized 
around a production well therein so as to distill hydro 
carbons therefrom , and produce hot i permeable coke 
therein at combustion supporting temperature; thereafter 
a free-oxygen-containing gas is injected into an offset 
injection well from which fractures lead to the carbon 
ized section so that the injected gas passes into the hot 
section thereby igniting the hot carbon; the combustion 
is continued by continuing the injection of said gas; and 
the fluids produced by the electrocarbonizing step and 
the combustion step are recovered thru the production 
well. In this process the shalle surrounding the electro 
carbonized section radially outwardly therefrom is radi 
aily fractured by the expansion of said section during 
the electrocarbonizing step. 
The method of effecting the electrocarbonization step 

is disclosed in the above-identified copending applica 
tion and comprises, broadly, positioning a pair of elec 
trodes in a well in contact with the shalle and insulated 
from each other except thru the shale, and passing cur 
rent thru the shalle between the electrodes by establish 
ing sufficiently high voltage potential across the elec 
trodes. Broadly, this method is well defined in the prior 
art as applied to carbonaceous deposits containing a con 
ducting medium, such as salt water. 
One embodiment of the invention comprises inject 

ing the O2-containing gas thru the injection well at suffi 
cient concentration and rate to move the combustion 
front established in the permeable coke at the outer 
periphery of the coked section to the wall of the pro 
duction well. Tihis burns out the coke from the perme 
able area and renders the burned out area electrically 
non-conductive so that reestablishment of a high poten 
tial difference across the electrodes forces a current to 
flow thru the shale more remote from the production 
well and thru the shalle surrounding the previously coked 
section. This has the effect of expanding the produced 
and coked zone farther into the shalle from the produc 
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tion well. In order to facilitate current flow across 
the fractures, particulate conductive media, Such as 
copper, iron, alumina, etc., may be injected with a Suit 
able fluid. 
Another embodiment of the invention comprises in 

jecting O-containing gas thru either the injection well 
or the production well so as to ignite the coke in the 
electrocarbonized section and move a combustion Zone 
or front thru, the coke into the shalle adjacent the frac 
tures leading to the injection well, thereby producing 
hydrocarbons from :: the shalle adjacent the fractures. 
After the shalle is burned in this manner and the un 
produced shalle deeper in the stratum from the frac 
tures is heated to elevated temperatures, further electro 
carbonization is readily effected by placing one of the 
electrodes in the injection well in contact with the shale 
and flowing current thru, the hot shalle from one well to 
the other. - - This method produces additional oil from 
the shale and can be followed by another burning step. 
This additionai burning step is effected by injecting 
C93-containing gas into the shale from, either one of the 
wells and producing from the other. 
A further i embodiment of the invention comprises in 

jecting particulate solid conductive material Such as par 
ticles of metal, graphite, iron, zinc, magnesium, alumi 
num, etc., into the fractures between the wells after the 
electrocarbonization step, and placing one of the elec 
trodes in the injection well. The establishment of high 
potential between the electrodes now has the effect of 
passing current thru the fractures from conductive par 
ticle to conductive particle, thereby heating the adja 
cent shalle so as to render the same conductive. Con 
tinued passage of current electrocarbonizes the shalle ad 
jacent the fractures and distills hydrocarbon material 
therefrom. This step is then followed by a combustion 
step effected by injecting O2-containing gas thru either 
one of the wells and producing thru the other. After 
the coke is burned out in this manner, further electro 
carbonizing is effected in the hot shalle adjacent the de 
nuded area. 
Another material which can be utilized in the proc 

ess to make it possibile to pass current thru the frac 
tures comprises a slurry of carbon particles in brine. 
It is helpful to incorporate in the brine a dissolved or 
ganic compound which is carbonizable, such as sugar 
or molasses. Graphite powder wet with oil is also a 
Successful conducting material for electrocarbonizing in 
the fractures. 

In shale beds in which the fracturing due to swelling 
of the electrocarbonized section around the production 
well is of such small magnitude as to render operation 
difficult, it is feasibile to artificially fracture the inter 
vening shale between the injection well, or a plurality 
of wells in a ring around the production well, and the 

i production well so that the fractures formed by the 
electrocarbonization are expanded and/or new fractures 
are formed extending from the injection wells into the 
electrocarbonized section. 
A more complete understanding of the invention may 

be had by reference to the accompanying schematic 
drawing of which FIGURE, 1 is a vertical section thru 
an oil shalle bed showing an arrangement of apparatus 
for effecting one embodiment of the invention; FG 
URE, 2 is a similar view showing another arrangement 
of apparatus; FIGURE 3 is a similar view showing a 
further arrangement of apparatus for effecting another 
embodiment of the invention; FIGURE 4. is a similar 
view showing aonther embodiment of the invention; and 
FIGURE 5 is a plan view of a well pattern useful in 
effecting the invention. 

Referring to FIGURE 1, a subterranean shalle bed 10 
is penetrated by wells 12 and 14 ciosely spaced there 
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in (about 5 to 50 feet). The wells are provided with 
casings 16 and i 8 extending substantialliy to the upper 
level of the shale. Casing 46 is provided with weil 
head 26 thru which tubing 22 extends. An air injec 
tion conduit 24 passes thru the upper end of the cas 
ing. Casing 18 is provided with weil head 26 thru 
which tubing 28 extends and the conduit 33 passes thru 
the upper end of the casing. Conduits 28 and 30 pro 
vide air injection and product takeoff means. Casing 
i5 is connected by lead line 32 to generator 33 or other 
power source to serve as one electrode, and electrode 
34, positioned in well í 2. in contact with a shale or 
with conductive material forming a path to the shale, 
is connected by lead 36 with generator 33. 

In operation with the arrangement shown in FIG 
üURE 1, the shale adjacent well E2 is heated by any 
suitable means so that it becomes conductive and a high 
potential is established between casing é6 and electrode 
34 so as to heat the intervening shale and distill hydro 
carbons therefrom. In instances in which the shalle con 
taims sufficient electrolyte (Salt water), or is otherwise 
conductive, the preliminary heating step may be omitted. 
În most instances shales are substantially dry and non 
conductive and the heating step is essential before the 
shalle intermediate the electrodes can be eiectrocarbon 
ized. In dry oil shale, the method of my above-identi 

.fied application may be utilized to provide the essential 
heat step. This method comprises packing well 2 be 
tween electrode 34 and the lower end of casing i 6 with 
a conductive material in particulate form and placing at 
an intermediate level therein a high resistance section 
which melts after the heating step has continued suffi 
ciently to heat the wall of the well, thereby cutting off 
flow thru the conductive material and requiring the cur 
rent to flow thru the shalle at the periphery of the well. 
The conductive material may comprise iron filings or 
steel wool on which copper sulfate solution has been 
fusited, or steel woo! wet with graphite brine paste. 
in this type of operation it is essential to insulate lead 
36 from the conductive packing material. 

After the heating step has been effected, the electro 
carbonization of the shalle around well 12 is commenced 
and continued until a substantial section 42 bounded by 
lines 38 has been carbonized and rendered permeable. 
During the electrocarbonization step, fractures 469 are ex 
tended radially outwardly from the carbonized section 
42. This is caused by the swelling of section 42 during 
the electrocarbonizing step. Fractures 460 include both 
vertical and horizontal fractures. Well 14 is within the 
pattern of fractures 40 surrounding well 2 and this opens 
up the formation to well 14 so that injection of air thru 
either well 12 or well 14 forces air thru the shalle via the 
fractures to the opposite well. By injecting air thru well 
14 at a sufficient rate, a combustion front or zone is estab 
lished in section 42 in the hot coke therein and the front 
is moved by inverse drive to well i4 with production being 
recovered thru well 12. 

By injecting air or other O2-containing gas such as 
diluted air, oxygen-enriched air, or pure oxygen, thru well 
2 into the hot coke in section 42, a direct drive com 

bustion front is established and moved thru the shalle via 
the fractures to well 14 from which the produced fluids 
are recovered in conventional manner thru tubing 28 or 
line 30. 

Referring to FIGURE 2, the arrangement shown 
therein is similar to that of FIGURE 1, but in addition 
to the electrodes in well 2, an additional electrode 50 is 
positioned in well 14 and connected by lead 53 with the 
same lead from generator 33 as connects with lead 36. 
Switches 54 and 56 are provided for changing the voltage 
application from electrode 34 to electrode 59. The ar 
rangement shown in FIGURE 2 is intended to be utilized 
after the electrocarbonization step and the in situ combus 
tion step described in relation to FIGURE 1 have taken 
place. The in situ combustion stepburns hydrocarbon in the 
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4 
shale and distills additional hydrocarbon along the frac 
tures so as to heat the unprcduced shalle between the 
fractures sufficiently high to render electrocarbonization 
effective when high potential is applied to electrodes i 6 
and 59. In this manner additional oil is distilled from 
the shale to increase the production therefrom. 

Referring now to FIGURE 3, electrode 58 comprises 
a tubing string extending substantially to the bottom of the 
shalle bed. The lower section of the well is packed around 
tubing 58 with a conductive material 60 so that by ap 
plication of high voltage to electrodes 16 and 58 the Sur 
rounding shale is electrocarbonized to form a porous hot 
coked section of shalle 42. In order to drive the produced 
and coked section 42 farther into the shale, a fracture 
system is established from well 14 to section 42 as by 
placing packers 62 and 64 in well 44 and exerting fluid 
fracturing pressure thru tubing 28. Fracturing system 66 
is thus formed extending from well E4 to well 12, pref 
erably after the electrocarbonizing step or during the final 
phase thereof. While the coke in section 42 is at com 
bustion supporting temperature, air is injected thru tub 
ing 28 and thru fracture system 66 into the hot coke 
at a relatively slow rate so that a direct drive combustion 
zone is moved from the outer periphery of the hot coke 
to the wall of well 12, thereby producing a clean, burned 
out section of shalle 68 within section 42. A direct drive 
combustion zone always burns the formation clean so 
that it is no longer a conducting medium for an electric 
current. Now, by again establishing a high potential be 
tween electrodes 6 and 58 the current is forced to flow 
therebetween around coked section 42 because of the 
non-conducting section 68. in this manner electrocar 
bonization of an additional outer section 70 of the shale 
bed is produced and coked. This operation can be re 
peated by again propagating a direct drive combustion 
front from the outer boundary of the coked section 70 
along the fracture to the previously denuded section 68. 
Another embodiment of the invention effective with the 

arrangement shown in FIGURE 2, comprises injecting 
solid particulate conductive material, such as metal fil 
ings, into the fracture system 40 extending from well 14 
to well 22 so that a conductive passageway is provided 
along the fractures to burned and carbonized section 42. 
By applying high potential across electrodes 34 and 50 
the shale adjacent the fractures is heated to distill hydro 
carbons therefrom, leaving a hot coked residue in the 
shalle which is permeable and armenable to in situ com 
bustion to further heat the intervening shale. Here again, 
alternate combustion and electrocarbonization is effected 
in producing the remaining carbonaceous material in the 
shalle between wells 12 and 4. 
The direction of moving the combustion front when in 

jecting O2-containing gas thru well 14 with the arrange 
ment shown in FIGURE 3 is determined by the rate at 
which the gas is injected and/or by the composition (O2 
content) of the gas. High flow rates, usually 20 standard 
cubic feet per hour per square feet cross sectional area 
of the front, produce inverse or countercurrent drive of 
the front. At lower rates of air injection, the resulting 
drive is direct (concurrent). The direct drive of the 
front is also effected by reducing the O2 concentration 
in the injected gas as by diluting air with combustion 
gas. Increasing the O2 concentration in the injected gas 
above the normal 20 vclume percent favors inverse move 
ment of the front. A combination of these two factors, 
viz., injecting rate and O2 concentration, can be utilized 
to control the direction of the front movement. A con 
venient method of moving the front from the outer pe 
riphery of the coked section 42 to well 12 is to inject an 
admixture of air and steam such as an admixture contain 
ing from 10 to 50 volume percent steam. Steam in ad 
mixture with air burns the hot coke and effects the water 
gas reaction. 
FIGURE 4 shows the stratum 3 carbonized around 

each of wells 22 and 4 in the area within the boundaries 
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38. This carbonization is effected in the manner hereto 
fore described so as to extend fractures 40 thruithe sec 
tion of strattm intermediate - the carbonized sections 42 
to provide passagewayi for gases between the wells. After 

º carbonization has been effected as shown, the stratum may 
be produced further by igniting the shalle around either 
well and feeding combustion-supporting gas, such as air, 
to the combustion zone to move the combustion front thru - 
the stratum to the other well. This drive may be effected 
by either inverse or direct injection of air. The com 
bustion front goes thru the fractures in the impermeable 
un carbonized section so as to produce hydrocarbons from 
the shale adjacent the fractures. M 

In a further embodiment of the invention, fractures 40 
in FIGURE 4. may be rendered conductive by introduc 
ing thereto particulate conductive material. Such con 
ductive material including powdered metals is disclosed 
in the prior art such as in the patent to Dixon 2,818,118 
issued December 31, 1957. After the conductive ma 
terial is disposed in the fractures, currentis passed between 
electrodes in wells 12 and 14, as shown in FIGURE, 2, 
so as to heat the shale adjacent the fractures whereby the 
hot shalle becomes i conductive and oil is produced from 
the shalle. The passage of current thru the fractures is 
continued so as to electrocarbonize shale deeper into the 
formation above and below the fractures and thereby ex 
pand the carbonized zone. - Fluids, produced during pre 
ceding steps are recovered thru either well or in the man 
ner illustrated in FIGURE 5 where well 14 represents 
a well in a ring of wells and well 12 is a central well. 
Of course, a combustion front can be passed thru the 
carbonized shalle following the i preceding º sequence of 
steps. M 

In any of the figures of the drawing, well 14 may rep 
resent a well in a ring of wells surrounding well 12. FIG 
URE 5 illustrates such a well pattern wherein gas, such 
as air, for supporting combustion is injected thru line 21 
into a distributing ring 15 i for injection into wells 14 
thru feed lines 17 extending from ring 15 to each well. 
The production is recovered from well 12 thru line 19 
and passed to product separation means not shown. It 
is also feasible to inject the combustion-supporting gas 
thru line 19 and recover production, thru wells 14 by 
means of lines 17, ring 15 and line 21. 

Certain modifications of the invention will become ap 
parent to those skilled in the art and the illustrative de 
tails disclosed i are, not to be construed as imposing un 
necessary limitations on the invention. M X 

I claim: M 
1. A process for producing oil shale in situ which com 

prises heating a section of said shalle around a production 
well therein to render said section electrically conductive; 
while the Section is hot, electrocarbonizing said section 
so as to distill hydrocarbons therefrom and produce hot 
permeable coke therein at a combustion supporting tem 
perature; continuing the electrocarbonizing stepuntil shale 
in said section is fractured radially outwardly from the 
carbonized section; thereafter injecting a free-oxygen-con 
taining gas into an offset injection well from which at least 
one fracture leads to said section so that said gas passes 
into said section and ignites said hot carbon; continuing 
the combustion; and recovering fluids produced by the 
electrocarbonizing step and the combustion step thiru said 
production well. 

2. The process of claim 1 wherein - said shalle is frac 
tured radially outwardly to said injection well from the 
carbonized section by expansion of said i section during 
the electrocarbonizing step. M 

3. The process of claim 2 wherein a ring of injection 
wells i surround said production well within the fractured 
area and said gas is injected thru said ring of Wells. 

4. . The process of claim 1 wherein at least one of the 
flow rate of said gas and the concentration of O2 therein 

6 
is regulated So as to move a combustion front :: thru said 
fractures toward said injection well. 

5. A process comprising heating a dry, nonconducting 
oil shalle to a sufficiently high temperature to render same 
electrically conductive; electrocarbonizing a section of 
the heated shalle around a first well therein; continuing the 
electrocarbonizing step until said shale is fractured radial 
ly outwardly from the carbonized section by expansion of 

| Said section; electrocarbonizing a second section of said 
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shale around an offset well therein; continuing the electro- - 
carbonizing step until the shale surrounding the second 
carbonized section is also fractured to form a flow path 
with aforesaid i fractures between the wells; thereafter 
igniting and moving a combustion front thru said shale 
between said wells; and recovering fluids produced by the 
electrocarbonization and combustion steps. 

6. The process of claim 5 wherein said combustion 
front is initiated around one of said wells by injecting air 
into same and moving said front by direct drive to the 
opposite well. 

7. The process of claim 5 wherein the hot carbon in 
the carbonized section around one well is cooled below 
combustion supporting temperature and air is injected thru 
said one well, so that it passes to the hot carbon in the 
carbonized section around the opposite well, thereby ignit 
ing same and moving said combustion front by inverse 
drive to said one well. 

8. A process for producing an oil i shale in situ which 
comprises electrocarbonizing a substantial section of said 
shalle around a first well therein so as to distill hydro- i 
carbons therefrom and produce hot permeable coke there 
in at combustion supporting temperature; continuing the 
electrocarbonizing step until fractures extending radially 
outwardly from said section are produced by expansion of 
said section; providing a second well in said shalle within 
the fractured area; injecting free-oxygen-containing gas 
into the hot coke so as to ignite same and establish in situ 
combustion; continuing the injection of said gas i so as 
to move a combustion zone thru said shale to said sec 
ond well; and recovering fluids produced by the carboniza 
tion and combustion steps. 

9. The process of claim 8 wherein air is injected thru 
said first well so as to move said i combustion front by 
direct drive. 

10. The process of claim i 8 wherein air is injected thru 
said second well so as to move said combustion front by 
inverse drive. 

11. A process comprising electrocarbonizing a section 
of shale around a first well; continuing the electrocar 
bonizing step until said shale is fractured radially out 
wardly from the carbonized section by expansion of said 
section during the electrocarbonizing step; electrocarbon 
izing a second section of saidi shalle around an offset well 
therein; continuing the electrocarbonizing step until the 
shalle surrounding the second carbonized section is also 
fractured to form a flow i path with aforesaid fractures 
between the wells; thereafter depositing particulate con 
ductive material in said fractures; and passing current be 
tween an electrode in said first well and an electrode in 
said second well thru and along said fractures so as to heat 
the adjacent shale whereby the hot shalle becomes conduc 
tive; continuing the passage of current to electrocarbonize 
the shale adjacent the fractures and to expand the car 
bonized zone; and recovering produced fluids from one of 
said wells. 
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