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3,672,187
PRODUCTION AND UPGRADING OF HYDRO-
CARBONS IN SITU
Donald E. Carr, Bartlesville, Okla., assignor to Phillips
Petroleum Company, a corporation of Delaware
Filed May 12, 1969, Ser. MNo. 28,636
18 Claims., (CL 166—11}

This invention relates to a process for the production
and upgrading of hydrocarbons from and in subterranean
strata.

Crude oils and other hydrocarbons in the form in
which they are recovered from underground strata usually
require upgrading by catalytic or other refining treatment
in aboveground equipment in order to render them suit-
able for specific uses. This invention is concerned with
a method of upgrading such hydrocarbons before recover-
ing them aboveground.

Accordingly, it is an object of the invention to provide
a process for producing and upgrading hydrocarbons
from and in subterranean strata. Another object is to
provide an in situ combustion process for producing and
upgrading hydrocarbons before bringing them to the sur-
face. A further object is to utilize the heat of in situ
combustion in a carbonaceous stratum, usually dissa-
pated in adjacent strata, to upgrade hydrocarbons pro-
duced by the in situ combustion step. Other objects of
the invention will become apparent upon consideration
of the accompanying disclosure.

A broad aspect of the invention comprises producing
hydrocarbons in liquid and/or vapor form from a sub-
terranean stratum by in situ combustion whereby an
adjacent stratum is heated by transfer of heat from the
hot combustion area, this adjacent stratum containing
catalytic material, and passing the produced hydrocar-
bons thru the hot catalytic material in the adjacent stra-
tum to upgrade the produced hydrocarbons before pass-
ing them to the surface.

According to another embodiment of the invention a
subterranean carbonaceous stratum is produced to leave
a- hot permeable stratum containing silica, alumina, and
other natural catalytic materials usually found in petro-
leum rock or sands. Another carbonaceous stratum above
or below the hot burned out sand is then produced by
in situ combustion and the produced hydrocarbons in
vapor and/or liquid form are passed-thru. the hot stratum
so as to upgrade the hydrocarbons by catalytic cracking,
reforming, or other refining or upgrading reaction before
passing- the same to the surface for further treatment and/
or recovery of desired fractions therefrom.

In a further embodiment of the invention, catalytic
material in the form of clay, bauxite, or synthetic silica
and/or alumina type catalysts, which may contain the
usual cracking catalyst promoters, are deposited under-
ground in a highly permeable stratum or in fractures
formed therein, and hydrocarbons produced by in situ
combustion: in an adjacent or nearby stratum are passed
thru the deposited catalyst after the same-is heated by
the in situ combustion step.

During the early phase of the in sitt combustion proc-
ess, production by-passes the catalyst bed until the same
is- heated to adequate temperature to effect the desired
upgrading. The temperature of the catalytic stratum
should be of the order of abcut 500 to 1000° F. and
preferably in the range of about 700 to 950° F.

In some areas a hydrous clay is found in a stratum
adjacent or close to an oil sand or other carbonaceous
stratum amenable to production by in situ combustion.
The in situ combustion process iransfers heat thru the
intervening stratum to the clay stratum so-as to dehydrate
and render the clay stratum gas permeable. After pro-
ducing a substantial section of the carbonaceous stratum,
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the adjacent clay is dehydrated and raised sufficiently in
temperature to serve as a catalytic treating chamber or
zone. By fracturing the clay stratum before initiaticn of
the in situ combuastion from a well opposite the ignition
well toward the ignition well, the dehydrated section of
the clay can be utilized as a catalytic treating zone early
in the in situ combustion step of the process. It is also
feasible to heat the desired clay section adjacent the
ignition borehole by burning natural gas or other fuel gas
therein adjacent the clay stratum. One can also utilize
a dshydrated clay stratum adjacent a- coal or petroleum
stratum after producing the carbonaceous stratum by in
situ combustion.

In accordance with another embodiment of the inven-
tion, a carbonaceous stratum is produced by in situ com-
bustion to leave a hot, burned out sand or rock stratum,
a nearby stratum above or below the resulting hot stra-
tum is produced by in situ combustion, and the Lot pro-
duced vapors are passed thru a restricted section of the
hot burned out stratum to catalytically upgrade same.
Tu this manner the length of travel thru the hot catalytic
material (sand or rock) is controlled by controlling the
length of path thru the hot stratum so as to control the
contact time therein and more efficiently upgrade the
hydrocarbon material.

A more complete understanding of the invention may
be had by reference to the accompanying schematic draw-
ing of which FIGURE 1 is an elevation thru earth strata
with an arrangement of wells for producing and upgrad-
ing a carbonaceous stratum; FIGURE 2 is a similar
view showing an arrangement of equipment for regen-
erating a clay treating zone; FIGURE 3 is-a fragmentary
elevation in partial section of apparatus in the production
well of FIGURE 1 for pretreating produced liquid hy-
drocarbons, and FIGURE 4 is a similar view to FIG-
URE 1 iilustrating another embodiment of the invention.

Referring to FIGURE 1, a carbonaceous stratum 16
is penetrated by wells 12 and 14. The wells also pene-
trate a hydrous clay zone 16 separated from oil sand
10 by intervening thin strata I8 and 2@. Well 12 is
cased’ thru stratum 1@ by casing 22 and the casing is
perforated within stratum 19 at 24. Well 14 is cased
to the upper level of stratum 18 by casing 26. Both cas-
ings are perforated within clay zene 16 by perforations
28 and 30.

Well 12 is provided with tubing 32’ extending thru
a packer 34 to treating device 38. A valved line 38
connects with casings 22 above ground for introducing
or withdrawing gases from the well annulus. Well 14
is similarly equipped with well tubing 40 and valved line
42,

Before initiating in situ combustion around well 14 in
stratum 1€, a fracture systemy 42 is formed in clay zone
16 thru casing 22 by any suitable method. It is essential
to early initiation of the upgrading step that fractures 42
extend at least ¥4 and preferably 34 of the distance thru
clay zone 16 toward well 14. It is also desirable to dry
out the stratum 10 between the wells:in the area to be
prodiiced by in situ combustion. This can be done in
cenventional manner by injecting air thru well 14 and pro-
ducing the water and gas driven from ‘the stratum 1§
thru well i2. This preliminary step avoids production
of salt water with the produced oil. However, if dewater-
ing or diying of the formation is not practiced, in situ
combustion establishes around well 14 and driven toward
well £2 by injection of air thru-well 14 results in the com-
bustion gas and vaporized hydrocarbons driving a water
front thru stratum 10 toward well 12. The produced
liquids are treated in well 12 by desalting and dewatering
device 36 before passing the resulting hydrocarbons by
pumping meaas (not shown) upwardly and into frac-
tures 42 from which the hydrocarbons pass thru dehy-
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drated clay 46 before passing to the annulus of well 14
thru perforations 28. It is essential in this type of opera-
tion to provide packer 48 in casing 26 of well 14 around
tubing 48. Alr is injected thru tubing 49 to sustain and
drive the combustion zone thru the formation and the
produced and upgraded hydrocarbons are withdrawn from
the well via the annulus of well 14 and conduit 42 from
which they are passed to separation means not shown.
During the early phase of the in situ combustion step,
production is passed directly out of well 12 until suffi-
cient clay in zone 46 is dehydrated and raised to an ele-
vated temperature sufficient for catalytic upgrading of
the produced hydrocarbons when passed therethru.

In the event stratum 18 is dewatered and dried out
prior to initiation of the in situ combustion process around
well 14, desalting and dewatering device 36 is omitted
from well 12 and the produced hydrocarbons are passed
directly thru fracture system 42 into hot clay zone 46.

FIGURE 2 shows a carbonaceous stratum 16 pene-
trated by wells 12 and 14, as in FIGURE 1. In this em-
bodiment of the invention, a clay zone 16 has been pre-
viously dehydrated and heated by in situ combustion
effected within adjacent stratum 50. In other words,
stratum 59 is a burned out sand or rock formerly con-
taining crude oil or other hydrocarbons but produced by
in sita combustion in conventional manner. During this
process heat not only dehydrates and renders porous hy-
drous clay 16 but also transfers heat to carbonaceous
stratum 10 which is a permeable oil sand or other stratum
producible by in situ combustion. Intervening stratum
52 separates burned out sand 50 from stratum 18. Well
12 is cased to the top of the producing stratum 16 and is
provided with tubing 54 and valved line 56 connecting
with the well casing. At the stage of the process being
illustrated, a packer 58 is inserted in the lower end of the
well casing at the upper level of stratum 10. A passage-
way 69 is provided in tubing 54 above packer 58.

Well 14 is provided with tubing 62 and an inner air
line 64 extending to below packer 66 which is positioned
intermediate hot clay zone 16 and producing zone 18.
Air line 68 and steam line 79 connect with tubing 62 via
line 72. Production is recovered thru line 74 from which
it is passed to separation means not shown.

In operation with the embodiment of the invention
shown in FIGURE 2, clay zone 16 is in hot condition and
in situ combustion is established in conventional manner
around well 12. The resulting hot combustion zone 76
is moved thru stratum 1¢ from well 12 to well 14 by in-
jecting air containing between about 1.5 and 3 percent
by volume of fuel gas (such as propane) thru line 64.
This so called “inverse air injection” in sitn combustion
produces all of the hydrocarbons in vapor form because
of the passage of the produced hydrocarbons thru the hot
sand or rock within and behind the combustion front.
The produced hydrocarbons enter tubing 54 and, because
of the closure of line 56 and tubing 54 by the valves
therein at the well head, produced gases enter the tubing-
casing annulus thru passageway 60 and thence into clay
zone 16 via the perforations 30 in the casing of well 12.
The produced vapors are substantially upgraded by crack-
ing and reforming as they pass thru the hot clay on their
way to perforations 28 in the casing of well 14. The
upgraded hydrocarbons are recovered thru line 74, lines
68 and 70 being closed by suitable valves therein.

In the event the clay in zone 16 becomes partially
plugged by carbonaceous deposit formed during the up-
grading therein, the flow of produced hydrocarbons is
passed directly from the well 12 thru tubing 54 by open-
ing the valve therein at the well head and the clay is
regenerated by injecting a mixture of air and steam thru
lines 68 and 70, respectively. In this manner, the re-
generation gas passes thru clay zone 16 and off-gas passes
into the annulus of well 12 where it is recovered thru line
56. If desired, a packer 78 may be positioned around
tubing 54 just below clay zone 16 and above passageway
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69. However, this is not essential, as pressure in tubing
54 and in line 56 can be controlled by injection pressure
so that regeneration off-gas passes thru line 56 and pro-
duction passes thru tubing 54 during the regeneration
step with little mixing. After a short regeneration period
which reduces the coke deposit in the clay zone and sub-
stantially restores the original permeability thereof, the
flow of regeneration gas is terminated and the system is
returned to the upgrading phase of the process wherein
production passes thru the clay zone and the upgraded
hydrocarbon material is recovered thru line 74.

While only two wells are shown in FIGURES 1 and 2,
it is to be understood that these wells represent two par-
allel lines of wells or a central well and one well of a ring
of surrounding wells with production being effected there-
between.

Referring to FIGURE 3, oil enters the perforated bot-
tom 89 of bucket 82 in casing 22 and rises into the lower
inner bucket 83 thru check valve 84. The inner bucket
is then raised to its upper position shown by dotted lines
86 where water is added by way of pipe 88. Agitator 99
is rotated to mix the oil and water and the water is then
permitted to settle to form a lower water phase and an
upper oil phase after stopping the agitator. A volume
of water equal to that added thru pipe 88 is removed via
pipe 82. The desalted crude is then removed by a pipe
(not shown) located behind pipe 92. The desalted crude
is then injected into the fractured zone 42 of FIGURE 1
by pumping means (not shown) and it then passes thru
hot permeable clay zone 46 as hereinbefore disclosed.

Referring to FIGURE 4, wells 169 and 182 penetrate
carbonaceous strata 104 and 106, separated by interven-
ing stratum 108. Stratum 196 is originally a carbona-
ceous stratum amenable to production by in situ com-
bustion. This producible stratum is produced by in situ
combustion, leaving the sand or rock at a temperature in
the range of about 500 to 1600° F. Stratum 104 is then
produced by in situ combustion, either by direct drive
thru well 189 or by inverse injection thru well 190, to
move a combustion zone established around well 102
toward injection well 169. In either event, the produced
hydrocarbons pass up casing 110 and thru perforations
112 therein into hot stratum 106 toward well 114 spaced
more closely to well 102 than is well 100 to provide a
catalytic contacting section 113 of predetermined length.
Well 114 is preferably spaced a distance from well 102
in the range of about 10 to 30 feet so as to provide a
readily controllable upgrading section. A ring pattern of
wells 114 around well 102 can be utilized to advantage in
upgrading the hydrocarbons produced in stratum 194.

After a substantial period of upgrading, sufficient coke
is Jaid dowa in the catalytic sand or rock to reduce the
catalytic effectiveness of the sand and render it desirable
to burn the coke off the stratum. This is done by passing
production from stratum 104 thru tubing 116 and inject-
ing Og-containing gas thru either conduit 118 or thru one
of conduits 129 or 122 leading thru casing 124 of well
114. The resulting combustion gas is then vented thru
the other well opposite the Og-injection well. After re-
moving substantially all or most of the coke from the
upgrading section of stratum, the flow of O,-containing
gas is cut off and produced hydrocarbons are again passed
thru the upgrading section.

In the event stratum 186 is a cold, permeable sand or
rock, upgrading section 113 can be readily heated to any
suitable temperature in the range of 500 to 1000° F. or
higher by injecting a premix of air and fuel gas thru this
section, such as from well 102 to well 114, igniting the
premix on the face of the sand in well 114 and continuing
the injection, whereby a synthetic combustion front passes
progressively thru the sand countercurrently to the flow
of injected premix so as to heat the sand to the desired
temperature. This heating step prepares the sand or rock
for the upgrading step. It is also feasible to reheat the
sand or rock in section 113 by this method in the event
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the sand falls below the desired temperature for the up-
grading desired. This step of injecting premix can also
be utilized to move a combustion front thru the stratum
after coke deposit thereon to remove the coke.. The pre-
mix is regulated to contain from about 1 to about 3. or 4
volume percent of fuel gas, such.as propane, L.P.G., or
natural gas.

The following examples are set forth to illustrate the
invention but are not to be interpreted as unnecessarily
limiting the invention.

EXAMPLE 1

A Western Kansas sour crude normally containing
0.57 weight percent sulfur has an A.P.I. gravity of 33.5
and a salt content of 22 pounds per 1,000 barrels. This
crude has the distillation range and. properties and com-
prises the products shown in Table L

Table I
Fraction Crude | Gaso- | Kero- | Gas oil |Residuc| Loss
line sene
Boiling range, ® Fo__ | ... 1400 |400~525 {525-650 | 6504 |--.—..
Volume percent of
erudee oo aean 100.0 27.5 12.9 11.5 47.6 0.5
API, gravity at 60° F.! 33.5 611} 40.6 35,1 18.7 omme
151 o) NI (2 422 .. et V- PR PR
Reid vapor pressure. . 3.8 2 T IR I CEPUNI Sy
Distill.—First drop,
R T (RN 104 389 481
5%..- 127 409 528
10%. 151 | 420
50%. 2E5 452
609, 344 492.
95%. 362 502
End point. oo |ceaenes 405 514
Cloud point, ¥ RO RSN PUUURION (PR
Pour-point, F._______ [ S IO, —+5 R
Total sulfur, weight
pereent oo oano- 0.57 | 0.025. 0.079 0.10 0.88 [oo_--
Salt, 1b./1,000-bbl...__ 2 IR PRSRU) SUPIOIN PRUII IR

" 1Tnitial beiling point. 2 Dark brown,

In passing the above desalted crude thru a clay having
the' composition shown in. Table II and maintained at a
temperature in the range of 750 to 950° F., the resulting
upgraded- crude’ has. the composition set: forth in Table
JEIR
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bustion in.an area.in which no suitable catalyst is avail-
able, it is feasible to inject into. a porous formation or
into fractures therein a suitable. catalytic material such
as.a synthetic clay, bauxite, or other silica and/or alumina
containing materials.. Silica, alumina, and silica-alumina
gels, which may. also- contain zirconia, titania, thoria,
magnesium, etc., in finely divided form may be: utilized.
The. following example: illustrates one method.of deposit-
ing a synthetic catalyst bed in a formation.

EXAMPLE II
As the clay catalyst, an illite type clay from Fithian,
Ilinois, having the composition set forth in Table IV pro-

vides am excellent -catalytic material for upgrading hy-
drocarbons.

Table IV
ANALYSIS OF ILLITE?

Constituent: Weight percent
10 e 58.13
AlyOg e 16.45
F6203 _______________ 8.60
MgO o e 1.96
Ca0 e - 246
NapO e e 1.89
o 3.68
Ti08 et e .85
Loss on 1gnition oo eee e 5.98

Total e 100.00

1 Dry basis, moisture (110° C.) 3.48 wt. percent.

This clay is injected into an: extensive fracture system:
close to the carbonaceous stratum to be produced by in
situ combustion and’ separated: therefrom by an impervi-
ous thin layer-of cap rock. Egual parts by weight of the
clay and a one per cent aqueous solution of dedecyl-
amine acetate are mixed and injected into the fractures,
such as those illustrated as fractures 42 in FIGURE 1.
These fractures are extended completely across from
well 12 to well 14 by fracturing thru both of the wells
until the fractures-join: After- deposition- of the clay in
the fractures, air is passed therethru so as to dry out the

Table I catalytic material. The air is heated so as to increase
— o the rate of drying. After the drying step, in situ com-
Comporent Xeﬁé%gg Component ;:}sé%%‘t; ‘bustion is initiated around well 12-and- & countercurrently
: n moving combustion front is. moved.from. this well to well
) 14 by injecting air containing two percent by  volume
62.4 || K80 oo 3.14
21.9 i 1.4, of propane thru well 14. The produced hydrocarbons
?‘ (7’2 6.90 are in vapor form at a temperature of about 900 to
L 55 Totale oo 101. 94 1000° F. and are passed thru fractures 42  containing the
+85 || €O <0.1 50 catalytic clay. During the early phiase of the process,
Table 111 the upgrading is.slight until the hot gases raise the tem-
) perature, of the catalytic material to the required range of
o g ;T - s
Fraction Crude | Gaso-.| Kero- | Gas. | Rest- | Toss: about 700 to 1000° F. After a relatively short period,
line | seme oil due such as a week or 10 days, heat from the hot rock around
' 55 well 12 produced by the hot combustion travels upwardly
%zo%ung FANER. oo | e 1400 [400-525 525650 | 650 |-cmmne Y to fractures 42 which are only a few feet from the hot
7ol, percent of H : .
oL pereentol 1000 | 356! 160] 14| 820 1.6 combustion zone and this heat adds to the-heat of the hot
API gravity at 60° produced’ gases; thereby- giving maximum effect to the
Rga"v?iﬁéf'ﬁfés‘-"" 88.6) OL4| 4021 36.0} 1940 m0omen catalytic process. Analysis of the crude produced by
: 4.2 9.0 initial combustion and by catalytic upgrading in a.syn-
102 thetic clay deposit are set forth in Table V.
N
1 Table V
252
345
360 Initial production Bypassed production
End pointioccoooojamaeeen 402 .
Total sulfur, Fraction Rk
weight percent....| 20.22 [ 0.0015 Yield, | API Yield, | API
vol. grav- | BMOI| vol grav- | BM CI
"1 -Initial boiling point. percent| ity percent| ity
2799, distilled at1,060. - -
3 After topping to 100° F. and caustic wash, Total erude. ..o o oo oo DYV SR o8 e
It is.evident that considerably more gasoline, kerosene, 70 ngg},h}?e;l-B-P. 65| aue
and gas oil can be produced from the treated crude than Distillate 400-650° " ) 50, 3.7 3851 52
from the original crude, without the upgrading feature. GF"’féBTEﬁ"?”i«:" ié'é %-{3{ 60 33.5 28.2 65:
It is also apparent that considerable reduction in the sul- Rosidue 600° Fobo| lzg|. o T 2 ‘gj.i ___Y'f- o
fur content is achieved by the upgrading.

In producing a carbonaceous stratum by in situ com-

75

1 Solid (weight percent).
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It may be noted that the catalytic treatment in the syn-
thetic clay deposit increases the gravity of the crude by 4
points and the gasoline content from 6.5 to 34.7 volume
percent of the crude produced.

It is also feasible to deposit the catalyst in a porous
or fractured stratum contiguous to the carbonaceous
stratum being produced. In this type of operation,
utilizing inverse air injection technique, a packer is placed
across the well where combustion is initiated at the upper
level of the carbonaceous stratum. This packer should
be positioned after a self-propagating combustion front
is well established thru the vertical expanse of the stra-
tum and several feet into the same from the ignition weil.
Thereafter, with the packer in place, produced gases are
forced upwardly thru the adjacent stratum containing
the catalytic material. In this manner of operation heat
transfer to the catalytic zone is effected more quickly than
with the catalytic zone spaced farther from the stratum
being produced; however, it is more difficult with this
method to assure flow of produced hydrocarbons thru
any extended section of catalytic material. This is true
because the burned out area behind the combustion zone
is highly permeable and the produced gases pass thru this
burned out area in preference to an extended catalytic
zone contiguous therewith, at least until the gases arrive
at the vicinity of the production well where they must
divert thru the catalytic material because of the packer.

EXAMPLE III

When passing produced hydrocarbons from an in situ
combustion operation thru a bauxite bed adjacent or near
the producing stratum substantial improvement in the
hydrocarbons is effected. This is illustrated by passing
a West Texas crude thru a bauxite bed maintained at a
temperature of about 700° F, Certain values for com-
parable gasoline boiling range fractions from (400°
F.E.P.) the undesulfurized crude and the bauxite treated
crude are set forth in Table VI,

Table VI

Undesul- | Bauxite

furized treated
0ce. TEL - 53.7 57.0
lce. TEL 60.0 67.6
3ce. TEL. 67.5 76.6
Tot salfur, weight percent._________________._ 0.182 0.021
Mercaptan sulfur, weight percent. . __..____._. 0.070 0.001

It can be seen that bauxite treating of crude greatly
reduces the sulfur content while upgrading the constituents
thereof. )

When contacting the produced hydrocarbons with
bauxite, the temperature should be maintained in the
range of 650 to 800° F. The amount of cracking and
reforming increases at the higher temperatures in this
range.

Certain modifications of the invention will become ap-
parent to those skilled in the art and the illustrative details
disclosed are not to be construed as imposing unnecessary
limitations on the invention.

I claim:

1. A process for producing and upgrading hydrocar-
bons which comprises driving gaseous hydrocarbons out
of a first hydrocarbon-containing stratum at one level into
a first well therein by passing a driving gas therethru;
passing said gaseous hydrocarbons from said first well
directly into a second permeable stratum adjacent said
first well containing at least one catalyst of the group
consisting of silica and alumina; heating said second
stratum to a temperature in the range of 500 to 1000° F;
passing said hydrocarbons thru said second stratum while
al said temperature to a second well therein so as to
catalytically upgrade said hydrocarbons; and recovering
the upgraded hydrocarbons from said second well.

2. The. process of claim 1 wherein the driving step is
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effected by in situ combustion of said first stratum where-
in a combustion zone is moved thru said stratum between
said first well and another well therein.

3. The process of claim 2 wherein combustion is initi-
ated in said first stratum around said first well and com-
bustion supporting gas is passed to the ignited area thru
said first stratum from said another well to move the
resulting combustion front from said first well to said
another well.

4. The process of claim 1 wherein said second stratum
comprises bauxite.

5. The process of claim 1 wherein said second stratum
comprises clay.

6. The process of claim 1 wherein said catalyst is
deposited in said second stratum by fracturing same and
injecting a slurry of the catalytic material into the fracture.

7. 'The process of claim 6 wherein said slurry comprises
clay.

8. The process of claim 6 wherein said slurry comprises
bauxite.

9. A process for producing and upgrading hydrocar-
bons which comprises driving hydrocarbons from a hydro-
carbon-containing stratum by in situ combustion where-
in said stratum is ignited around a first well therein and the
resulting combustion zone is moved toward a second well
therein by feeding combustion-supporting gas to said zone
thru one of said wells; and passing the resulting hot
hydrocarbons in vapor form, before passing same to
ground level, directly thru a subterranean permeable
deposit of catalytic material selected from the group con-
sisting of silica and alumina, at a temperature in the
range of about 500-1000° F.,, so as to upgrade said
hydrocarbons; and producing the upgraded hydrocarbons
thru a well in said stratum.

10. The process of claim 9 wherein said hydrocarbons
include sulfur-containing compounds in admixture there-
with and a substantial proportion thereof is converted
to H,S by contacting same with said catalytic material.

11. The process of claim 9 including the steps of con-
tinuing the passing of hydrocarbons thru said deposit
until a substantial deposit of coke forms thereon; then
terminating the flow of hydrocarbons thru said deposit
and contacting same with hot regenerating gas to remove
a substantial proportion of said coke and heat condition
said deposit; and again contacting the hot deposit with
said resulting hot hydrocarbons.

12. The process of claim 9 wherein said deposit of
catalytic material comprises an initial carbonaceous
stratum in hot condition resuiting from producing same
by in situ combustion.

13. The process of claim 9 wherein said hydrocarbons
contain a substantial amount of sulfur, said catalytic mate-
rial consists essentially of bauxite, and said temperatire
is maintained in the range of 650 to 800° F.

14. A process for producing and upgrading hydrocar-
bons subterraneously comprising heating a restricted sec-
tion of catalytic, permeable, first stratum adjacent a pro-
duction well therein to a temperature in the range of
500 to 1000° F.; producing hydrocarbons by in situ com-
bustion in a carbonaceous second stratum near said first
stratum so as to drive said hydrocarbons into said pro-
duction well; passing resulting produced hydrocarbons
from said production well directly thru the resulting hot
adjacent section of said first stratum so as to upgrade
same; and recovering the upgraded hydrocarbons thru
at least one offset well in said first stratum relatively close
to said production well.

15. The process of claim 14 wherein said first stratum
is a hot stratum resulting from producing hydrocarbons
by in situ combustion therein.

16. The process of claim 14 wherein said in situ com-
bustion is effected by igniting said second stratum around
said production well and injecting combustion-supporting
gas thru an injection well remote from said production
well to move a combustion front thru said second stratum
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from said production well toward said injection well; and
said first stratum is heated by conduction from the hot
second stratum.

17. The process of claim 14 wherein said restricted
section is heated by passing a combustible mixture of air
and fuel gas therethru from one to the other of said wells
and said mixture is ignited in said other well, whereby a
synthetic combustion front moves thru said section to
said one well to heat the intervening stratum.

18. The process of claim 17 wherein upgrading deposits
coke on said section, flow of produciton therethru is cut

10
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off, said coke is burned off with O,-containing gas, and
while hot from the coke removal step flow of production
is again passed therethru.
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