
98¢- 19, 1967 R. B. sTELzé ETA 3,358,754 > 
RECO Y OF HYDROCARBON R U ERGROUND 

RMATIONS BY_ IN SITU C BUSTION 
Filed Dec. 29, 1965 ‘4 Sheets-Sheet 1 

I 



Dec. 19, 1967 R. B. STELZER ETAL _ 3,358,754 
RECOVERY OF HYDROCARBON ROM UNDE OUND 

FOHMATIONS BY IN SI COMBUSTI 
Filed Dec. 29, 1965 4 Sheets-Sheet 2 

c a I 

/ 1/ \.; 2 a 
:5 9 . ‘ 



Dec. 19, 1967 R. B. STELZER ETAL 3,358,754 
RECOVERY OF HYDROCARBONS FROM UNDERGROUND 

‘ FORMATIONS BY IN SITU COMBUSTION 
4 Sheets-Sheet 3 Filed Dec. 29, 1965 

HT: 
1 

39 45 40 j? 



Dec. 19, 1967 R. B. STELZER ETAL 3,358,754 
RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR ND 

N 

Filed Dec. 29, 1965 4 Sheets-Sheet 4 



United States Patent 0 ” 
1 

3,358,754 
RECOVERY OF HYDROCARBONS FROM UNDER 
GRQUND FORMATIONS BY IN SITU COMBUS 
TION 

Roland B. Stelzer and Robert E. Kunetka, Houston, and 
Joseph C. Allen, Beilaire, Tex., assignors to Texaco 
Inc., New York, N.Y., a corporation of Delaware 

Filed Dec. 29, 1965, Ser. No. 517,247 
14 Claims. (Cl. 166-2) 

In the production of hydrocarbons from porous under 
ground hydrocarbon bearing formations, it has been cus 
tomary to drill one or more production wells to reach the 
hydrocarbon bearing formations and permit hydrocarbons, 
such as oil, to be produced through the production wells, 
either by the natural formation pressure or by pumping 
the wells. Sooner or later, the ?ow of hydrocarbons di 
minishes and/ or ceases, even though substantial quantities 
of hydrocarbons may still be present in the pores of the 
underground formations. 
Many procedures have been employed for recovering 

the remaining hydrocarbons, one of them involving ignit 
ing and burning a portion of the hydrocarbons in place 
within the porous formation, whereby hot gases are gen 
erated to force hydrocarbons remaining in the formation 
toward a production well. While such in situ combustion 
has been quite successful in secondary recovery, it has 
been much less than 100% e?’icient because the combus 
tion front tends to progress through the formation along 
locally channeled paths from the injection well to the 
production well, rather than sweeping the hydrocarbons 
as a bank from a broad area of the formation, thus by 
passing substantial volumes of hydrocarbons in the forma 
tion. 

It is an object of the present invention to provide a 
novel in situ combustion procedure, involving a well pat 
tern arrangement, employing both concurrent and counter 
current in situ combustion in such a Way as to exploit sub 
stantially the entire pattern arrangement in a depleted 
reservoir with established gas saturation, and to produce 
almost all of the hydrocarbons remaining in place in the 
formation. This is accomplished by changing the function 
of wells at strategic times in order to gain maximum con 
trol of the ?re front. 

In its‘broader aspects, our novel procedure for recover 
ing hydrocarbons by in situ combustion from a gas per 
vious underground formation comprises establishing a 
well pattern wherein a plurality of wells are arranged in 
ring-like fashion around a central well, e.g., the well 
known S-spot well pattern. The wells can be on 1/2~, 1-, 
5-, or lit-acre spacings. In one aspect, initially the cen 
tral well is shut in while air is pumped into a ?rst pair 
of diametrically located wells to saturate a portion of the 
formation with air. Concurrently, hydrocarbons forced out 
of the formation by the air are produced from a second 
pair of the diametrically located wells, the diameters of 
the pairs of wells crossing‘each other. 
When breakthrough of air occurs at the second pair of 

wells, the ?rst pair of wells is shut in and air is injected 
into the central well with ignition of the formation hydro 
carbons accomplished thereat, developing a flame front 
which moves outwardly from the central well to the second 
pair of wells, driving formation hydrocarbons thereto, as 
a result of a concurrent in situ combustion. Upon break 
through of the high temperature ?ame front at the second 
pair of wells, the central well is shut in and air is injected 
into the ?rst pair of wells while continuing to produce 
hydrocarbons at the second pair of wells. In this phase, 
because of the high temperature adjacent the boundary of 
the burned zone with the air saturated formation, there 
may be spontaneous initiation of a countercurrent in situ 
combustion between the production Wells and the injec 
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tion wells. Further, it may be necessary to initiate con 
current in situ combustion at the injection wells. Thus, by 
such a well pattern and change in functions of the wells, 
the formation is exploited by a combination of concur 
rent and countercurrent in situ combustion. 

‘ In a seocnd aspect of the procedure, there is no air 
presaturation step, but only changes of well functions at 
appropriate times. 
The above procedures or methods will be described in 

detail hereinafter with reference to the accompanying 
drawings wherein: 
FIG. 1 depicts a S-spot well pattern showing the ?rst 

phase of the procedure, the right oblique section lines 
representing that part of the pattern area presaturated 
with air, and the horizontal wavy lines that part of the 
area unaffected by the air presaturation; 
FIG. 1a is a showing of the concept of the 5-spot well 

pattern of FIG. 1, repeated for the exploitation of an en 
tire reservoir; 
FIG. 2 is a showing of the situation existent in a 5 

spot well pattern at the time of breakthrough of the con 
current in situ combustion at the production wells, in 
dicating the areas affected by the initial air presaturation, 
the in situ combustion, and the intervening unaifected area 
of the formation, the burn area being depicted by the left 
oblique section lines. 

FIG. 2a is comparable to FIG. 2, showing the exploita 
tion of a S-spot well pattern wherein countercurrent in 
situ combustion has occurred, with the left oblique sec 
tion lines indicating the burn area; 

FIG. 3 shows the situation existent in FIG. 2 after the 
functions of the wells of the S-spot well pattern have been 
changed to that shown in FIG. 1, for the start of the third 
phase of the procedure, the arrows indicating combustion 
processes; 
FIG. 3a is comparable to FIG. 3 showing the result of 

countercurrent in situ combustion in a S-spot well pattern; 
FIG. 4 indicates the direction of travel of the concur 

rent in situ combustion initiated at the corner injection 
wells of a S-spot well pattern as an addition to the com 
bustion processes depicted in FIG. 3; 
FIG. 4a is comparable to FIG. 4, showing a concur 

rent in situ combustion initiated at the corner injection 
wells of a 5-spot well pattern which has undergone a 
countercurrent in situ combustion burn; 
FIG. 5 indicates the expected advance of a high tem 

perature front with time, with concurrent in situ combus 
tion during all the combustion phases, including ignition 
at the injection wells in the ?nal phase; 
FIG. 6 shows an inverted 5-spot Well pattern, wherein 

breakthrough has occurred at the corner wells, the area 
swept by the concurrent in situ combustion being indi 
cated by left oblique section lines and the unaffected area 
by horizontal wavy section lines; 
FIG. 7 is a showing of the second phase of this aspect 

of the invention wherein diagonally based production 
wells are converted to function as injection wells, with 
initiation of a concurrent in situ combustion; 

FIG. 7a is a showing of how the concept of FIG. 7 can 
be repeated for the exploitation of an entire reservoir; 
FIG. 8 is a showing comparable to FIG. 7, indicating 

initiation of countercurrent in situ combustion; 
FIG. 9 illustrates a 9-spot well pattern, showing the 

effect of countercurrent in situ combustion which has 
been initiated at the corner production wells with_the 
side Wells shut in, the burned out areas of the pattern 
being indicated by left oblique section lines and the un 
affected areas of the pattern being indicated by horizontal 
wavy lines; 
FIG. 9a is a showing of how this concept of the 9-sp0t 
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well pattern of FIG. 9 can be repeated for the exploita 
tion of an entire reservoir; 
FIG. 10, with the former production wells now op 

erating as injection wells along with the central well, as 
in FIG. 9, and with only the side Wells on production, in 
dicates the second phase of the in situ combustion opera— 
tion to clear the remaining unaffected pattern of the 
formation; 
FIG. 11 corresponds to FIG. 9 and illustrates a 9-‘spot 

well pattern, showing the effect of concurrent in situ 
combustion which has been initiated at the central in 
jection well with production at the corner wells, and the 
side wells shut in, the burned out areas of the pattern 
being indicated by left oblique section lines and the un 
affected areas of the pattern being indicated by wavy lines; 
FIG. 12a illustrates a second phase of the in situ com 

bustion operation of FIG. 11 wherein the corner pro 
duction wells are converted to function as injection wells 
along with the central injection well and production is 
initiated at the side Wells; and 

FIG. 12b illustrates an alternative second phase of the 
in situ combustion operation of FIG. 11, wherein the 
corner production wells are shut in and the side wells 
are put on production while injection continues through 
the central well. ' 
The ?rst phase of the method is illustrated in FIG. 1, 

showing the four corner wells 11, 13, 15 and 17 of a 5 
spot Well pattern and the central well 19. In this phase, 
the-central well 19 is shut in and large volumes of air 
are pumped down into the two diagonally opposite in 
jection wells 11 and 15, while the other diagonally lo 
cated wells 13 and 17 are the production wells. This 
?rst phase is continued until breakthrough occurs at the 
production wells 13 and 17, at which time it is postulated 
that air saturation of the underground formation exists 
in the half cusp areas 21 and 23, while the elliptical area 
25 between these half cusp areas is substantially unaffected 
by the injection of air. 
At this time, the second phase of the method, as illus 

trated in FIG. 2, is begun. Then, the two injection wells 
11 and 15 are shut in, the two production wells 13 and 
17 remain open, and air injection is commenced into 
the central well 19 followed by the ignition of the forma 
tion at the central well 19 and in any of the ways which 
have become well known in this art and described in 
numerous patents, e.g., by a gas burner or an electrical 
heater. The burn or ?ame front of a concurrent in situ 
combustion develops and moves from the central well 
19 outwardly to the two production wells 13 and 17, 
driving formation hydrocarbons from the double cusp 
like, area within that of the ellipse 25 to recover almost 
all of the hydrocarbon content therein, as shown in the 
shaded ‘area 29 of FIG. 2. 
The second phase of the method is completed upon 

breakthrough of the high temperature ?ame front at the 
two production wells 13 and 17, at which time the con 
dition exists as indicated in FIG. 2, showing the burned 
out area 29 with the high temperature ?ame front on its 
perimeter adjacent the contiguous previously established 
air saturated areas 21 and 23. 
The third phase of the method is undertaken now, as 

illustrated in FIG. 3, wherein the alternate corner in 
jection wells 11 and 15 are used for air injection again, 
production continuing at the corner wells 13 and 17, 
while the central Well 19 is shut in again. It is postulated 
that the high temperature zone may invade the remainder 
of the pattern area and may involve the continuation of 
the combustion process outwardly along the boundary 
of the burned zone 29*, as indicated by the arrows A, 
FIG. 3, by spontaneous countercurrent in situ combus— 
tion between the producing wells 13 and 17 and the in 
jection wells 11 and 15, as indicated by the corner ar 
rows B, FIG. 3. 

Alternatively, during this third phase, a concurrent 
combustion can be initiated also at the injection wells 11 
and 15, as indicated by the corner arrows C, FIG. 4, 
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4 
while injecting air through the wells 11 and 15, and con 
tinuing the combustion processes indicated ‘at A and B 
in FIG. 3, provided su?‘icient combustion supporting gas 
is available for these processes. 
The advance of the high temperature ?ame front with 

time is shown in FIG. 5, the concurrent burn fronts being 
indicated by contour lines to show that the entire area 
of the pattern is produced ultimately. 
At times, it may be desirable also that the ?rst phase 

in which air saturation is established be conducted simul 
taneously with the combustion process of the second 
phase. Thus, the following functions are initiated simul 
taneously: air injection and ignition at the central well 
19, air injection at the corner wells 11 and 15, and pro 
duction from the corner wells 13 and 17. 

It is a rare case when 1a producing oil ?eld is exploited 
by a single 5-spot well pattern. More often a producing 
?eld includes a ‘much larger pattern of numerous wells, 
as illustrated in FIG. 1a, showing how the ?rst phase of 
the in situ combustion procedure, described in connec 
tion with FIGS. 1, 2, 3 and 4, can be repeated within a 
larger well pattern, so that substantially an entire reser 
voir can be exploited, the process steps being applied 
to a series of adjoining wells arranged in a series of 
polygonal ?gures within the pattern. 

Further, the three phases of the procedure described in 
connection with FIGS. 1, 2, 3 and 4 also can be practiced 
for countercur-rent in situ combustion for the exploita 
tion of S-spot well patterns. This practice is indicated 
in FIGS. 2a, 3a and 4a, illustrating conventional counter 
current burned out areas at 29a, the remaining numera 
tions being the same as that in the corresponding FIGS. 
2, 3 and 4, and can be applied to a larger well pattern 
in the same manner as the concurrent in situ combus 
tion procedure. 
Another modi?cation of the invention to provide an 

ef?cient procedure for secondary recovery is illustrated 
in FIGS. 6 to 10 inclusive. In the ?rst phase of this modi 
?cation, air injection and ignition are effected at a central 
well 31 while production is taken from the four corner 
wells 33, 35, 37 and 39 of an inverted S-spot well pattern. 
This phase, illustrated in FIG. 6, is continued until the 
high temperature flame front of the concurrent in situ 
combustion initiated at the center well 31 reaches the 
four production wells, at the corners of the pattern, at 
which time the concurrent burn will have exploited that 
area 41 of the pattern ‘bounded by arcs de?ning the 
cusps generated by the corner production wells. At the 
termination of the ?rst phase of this procedure, the areas 
43 between each pair of production Wells are left un 
swept. 
Then, if it should ‘be feasible and economically de 

sirable to recover the oil from these unswept areas, the 
second phase of the procedure is initiated, viz, to insure 
that the injected air travel be con?ned to the oil saturated 

'- zone, e.g., by injecting pressurized ?uid such as water 
and/or gas through the central well 31 to ?ll up and 
maintain a high pressure in the previously burned zone, 
so that excessive air will not lay-pass through this zone. 
This phase of the procedure is maintained as long as 
needed during the third phase. 
The third phase is initiated by changing the function of 

the corner production wells 33 and 37 to air injection 
wells as illustrated in FIG. 7, thereby to continue the 
concurrent in situ combustion of the formation hydro 
carbons toward the other pair of corner production wells 
35, 39 as indicated by the arrows in FIG. 7, or the 
countercurrent in situ combustion as indicated by the 
arrows in FIG. 8 or a combination of the two, depending 
on conditions of oxygen concentration, oil mobility and 
temperature, so that the unswept areas 43 are cleared of 
formation hydrocarbons. Continuance of gas injection 
(or water injection) at the central well 31 will contribute 
a pressure gradient to product a ?ame front velocity 
perpendicular to the major axis of the unswept areas. 
The in situ combustion procedure described in con-. 
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nection with FIGS. 6, 7 and 8 can be applied advan 
tageously to a ?eld of substantial extent, wherein many 
wells have been drilled, by repeating the pattern within 
a larger well pattern as illustrated in FIG. 7a of the 
drawings. 
FIGS. 9 and 10 illustrate the application of counter— 

current combustion to a 9-spot well pattern, starting with 
the ?rst phase of the operation as illustrated in FIG. 6, 
the corner production and central injection wells having 
the same numeration respectively, while the side wells 
34, 36, 38 and 40 are shut-in. At the end of the ?rst 
phase, the resultant unswept areas are indicated as 43a 
and the burned out areas 41a in FIG. 9 of the drawings. 
The second phase of the operations illustrated in FIG. 

10, wherein not only is the central well continued as an 
injection well, but the corner wells are converted from 
production wells to injection wells, and countercurrent 
in situ combustion and production are initiated at the 
side wells 34, 36, 38 and 40. Provided temperatures at 
the edges of the unswept zones remain suf?ciently high 
for combustion, concurrent in situ combustion may also 
occur. 

As in the cases of FIGS. 1 and 1a, and FIGS. 7 and 
7a, the countercurrent in situ combustion operation as 
illustrated in FIG. 9 can be repeated within a larger well 
pattern as illustrated in FIG. 9a. 
FIG. 11 illustrates the end of the ?rst phase of a con 

current in situ combustion operation initiated at the 
corner production wells 33, 35, 37 and 39 of a 9-spot 
well pattern with injection at the central Well 31, and 
with the side wells 34, 36, 38 and 40 shut in. 

FIGS. 12a and 12b illustrate alternate beginnings of 
the second phase of the in situ combustion operation 
illustrated in FIG. 11. In the former ?gure, the corner 
production wells are converted to injection wells to func 
tion along with the central injection well and the side 
wells are open to production following the initiation of 
concurrent in situ combustion thereat, while in the latter 
?gure, the corner production wells are shut in while in 
jection is maintained at the central well, and the side 
wells are opened to production. If temperatures at the 
edges of the unswept zone have fallen below ignition 
temperature for concurrent combustion, with respect to 
the side production wells, countercurrent combustion may 
be initiated at the side production wells. 
As in the case of FIGS. 6 to 10, pressurized ?uid may 

be injected through the central well 31 to maintain a 
high pressure in the previously burned zone. 

Thus, there has been shown and described an advan 
tageous procedure for efficiently and economically sweep 
ing hydrocarbons from substantially the entire area of 
a depleted underground hydrocarbon bearing reservoir, 
wherein a substantial quantity of hydrocarbons is left in 
place within the formation after the primary production 
has ceased. While the procedure has been illustrated by 
application to a S-spot well pattern, it is evident that the 
principles are applicable also to other types of well pat 
terns. While the term “air” has been employed, this is 
intended to include any combustion supporting gas mix 
ture such as oxygen or oxygen enriched air. 

Obviously, other modi?cations and variations of the 
invention, as hereinbefore set forth, may be made without 
departing from the spirit and scope thereof, and there 
fore, only such limitations should be imposed as are 
indicated in the appended claims. 
We claim: 
1. A process for recovering hydrocarbons by in situ 

combustion from a gas pervious underground hydrocar 
bon bearing formation by exploitation through a well 
pattern of a central well and a plurality of wells sur 
rounding said central well in ring-like fashion comprising 

(a) pumping air down into a ?rst pair of diametri 
cally located wells of said pattern, while 

(b) concurrently producing hydrocarbons from a sec 
ond pair of diametrically located wells, the diam 
eters of the pairs of wells crossing each other, 
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6 
(c) shutting in said ?rst pair of wells upon break 

through of air at said second pair of wells, 
(d) injecting air into said central well and igniting 

the hydrocarbon bearing formation thereat, thereby 
developing a concurrent in situ combustion front 
with respect to said second pair of Wells, and 

(e) upon breakthrough of said in situ combustion front 
at said second pair of wells, again injecting air into 
said ?rst pair of wells while continuing producing‘ 
hydrocarbons at said second pair of wells. 

2. A process in accordance with claim 1 wherein said 
well pattern is located within a much larger pattern of 
wells in a producing ?eld, and wherein said steps are 
applied to a series of adjoining wells arranged in a series 
of such well patterns within said larger pattern. 

3. A process in accordance with claim 1 wherein said 
pattern is a 5-spot well pattern. 

4. A process in accordance with claim 1 wherein dur 
ing step (a), said central well is shut in. 

5. A process in accordance with claim 1 wherein steps 
(a) and (b) are conducted simultaneously. 

6. A process in accordance with claim 1 wherein dur 
ing step (e), said central well is shut in, and counter 
current in situ combustion is initiated between said sec 
ond pair of production wells and said ?rst pair of wells. 

7. A process in accordance with claim 6, also compris 
ing initiating concurrent in situ combustion at said ?rst 
pair of injection wells with respect to said second pair 
of wells. ' 

8. A process for recovering hydrocarbons by in situ 
combustion from a gas previous underground hydrocar 
bon bearing formation by exploitation through a well pat 
tern wherein a central well is located within a ring of a 
plurality of diametrically positioned wells comprising 

(a) injecting air into said central well and initiating 
in situ combustion of hydrocarbons thereat, thereby form 
ing a high temperature combustion front which moves 
away from said central well, 

(b) simultaneously producing hydrocarbons from said 
diametrically positioned wells until said high tem 
perature combustion front breaks through thereat, 

(c) injecting a pressurized fluid into said central well 
to maintain a pressure gradient outwardly from the 
zone burned out by in situ combustion whereby the 
air injection of step (d) is restricted to the hydro 
carbon bearing formation outside of said zone, 

(d) ceasing production at and thereafter commencing 
the injection of air into ‘a ?rst pair of said diametri 
cally positioned Wells and continuing said in situ 
combustion of formation hydrocarbons while con 
tinuing producing hydrocarbons from a second pair 
of diametrically positioned wells, the diameters of 
the pairs of wells intersecting angularly. 

9. A process in accordance with claim 8 wherein said 
well pattern is a 5-spot wel-l pattern. 

10. A process in accordance with claim 8 wherein said 
well pattern is located within a much larger pattern of 
wells in a producing ?eld, and wherein said steps are 
applied to a series of adjoining wells arranged in a series 
of such well patterns within said larger pattern. 

11. A process for recovering hydrocarbons by in situ 
combustion from a gas pervious underground hydrocar 
bon bearing formation by exploitation through a well 
pattern of a central well surrounded by a ring of wells 
comprising 

(a) injecting air into said central well while concur 
rently initiating in situ combustion at pairs of 
diametrically located Wells, the diameters of said 
wells intersecting angularly, and thereafter 

(b) producing hydrocarbons from said pairs of 
diametrically located wells, until hydrocarbon pro 
duction falls off indicating approaching completion 
of said in situ combustion along said diameters, and 

(c) ceasing producing hydrocarbons from said pairs 
of diametrically located wells and injecting air there 
at while maintaining air injection at said central 
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well and producing hydrocarbons from pairs of 
diametrically positioned wells located between said 
diameters of said pairs of said diametrically located 
wells while said in situ combustion proceeds to 
completion. 

12. A process in accordance with claim 11 wherein 
said well pattern is a 9-spot well pattern. 

13. A process in accordance with claim 11 wherein 
said Well pattern is located within a much larger pattern 
of wells in a producing ?eld, and wherein said steps are 
applied to a series of adjoining wells arranged in a series 
of such well patterns within said larger pattern. 

14. A process in accordance with claim 11 wherein 
step (a) is modi?ed by initiating in situ combustion at 
said central well and withholding initiation of in situ 
combustion at said pairs of diametrically located wells. 
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