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3,254,711 
NATURAL GASOLINE CGNSERVATION DURING 

IN SITU COMBUSTION I 
Harry W. Parker, Bartlesville, Okla, assignor to Phillips 

Petroleum Company, a corporation of Delaware 
Filed Aug. 29, 1963, Ser. No. 305,404 

6' Claims. (Cl. 166-7) 

This invention relates to the conservation and recovery 
of natural gasoline from raw natural gas during‘ an in 
situ combustion process for the'production of hydrocar 
bons from a subterranean carbonaceous stratum. 
The production of hydrocarbons from carbonaceous 

strata by in situ combustion is becoming more prevalent in 
the petroleum industry. In such a process, the combustion 
front is established by igniting the carbonaceous material, 

' usually oil, in the stratum adjacent an ignition well and 
propagating the front thru the stratum to one or more 
offset wells by either direct drive or inverse drive with a ' 
combustion-supporting gas. In a direct drive process, 
the combustion-supporting gas is injected thru the ignition 
well and the combustion front is propagated to one or 
more offset production wells from which the produced 
hydrocarbons and combustion gases are recovered as a 
vaporous e?luent. An inverse drive process comprises 
injecting the combustion-supporting gas thru one or more 
offset wells so that the said gas passes to the combustion 
zone and causes same to propagate toward the injection 
Well(s). In the inverse drive process, the ignition well 
functions as a production well. 

‘It is conventional to inject a mixture of air and fuel gas 
as the combustion-supporting gas for propagating the com 
bustion front. Such a process is disclosed in U.S. Patent 
3,035,638 issued May 22, 1962, to H. W. Parker et al. 
The fuel gas is normally less than the stoichiometric con 
centration relative to the O2 in the injected air. This con 
centration is usually in the range of 1 to 5 percent by 
volume and more desirably in the range of 2 to 4 percent. 
Natural gas is the most practical fuel gas for mixing with 
the combustion air because of its low cost and ready 
availability in the average oil field. However, raw na 
tural gas usually contains a substantial concentration of 
natural gasoline which is of considerably higher value as 
such than the value of the natural gas containing the 
same. In producing a carbonaceous stratum such as an 
oil sand, a tar sand, etc., by in situ combustion, whether 
as a primary, secondary or tertiary phase, considerable 
natural gas and natural gasoline are consumed. 

This invention is concerned with the recovery of na 
tural gasoline from raw natural gas which is being utilized 
as the fuel gas in an in situ combustion process. 

Accordingly, an object of the invention is to provide a 
process and arrangement of apparatus for recovering na 
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tural gasoline from raw or wet natural gas being utilized ' 
as the fuel gas in an in situ combustion process for the 
recovery of hydrocarbons from a carbonaceous stratum. 
Another object is to reduce the over all cost of an in situ 
combustion process. A further object is to conserve 
valuable natural gasoline when utilizing raw natural gas 
as the injected fuel gas in in'situ combustion operations. 
Other objects of the invention will become apparent upon 
consideration of the accompanying disclosure. ‘ 
A broad aspect of the invention comprises contacting 

wet or raw natural gas with liquid oil from a production 
well in an in situ combustion operation was to extract 
natural gasoline from the natural gas and recover same 
in the produced oil while passing the denuded natural 
gas to the injection well(s)v as the fuel for supplementing 
the in situ combustion step of the process. 
A more complete understanding of the invention may 

be had by reference to the accompanying schematic draw 
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2 
ing which illustrates a ?ow and arrangement of apparatus 
in accordance with the process of the invention. 

Referring to the drawing, a carbonaceous stratum such 
as a tar sand 10 is penetrated by an injection well 12 and ' 
a production well 14. Other wells are usually involved 
in the pattern but are omitted for simplicity in describing 
the invention. Well 12 is provided with a casing 16 and 
an injection tubing 18 extending thru well head 20. A 
similar arrangement in well 14 comprises casing 22, pro 
duction tubing 24, and well head 25. 7 
An air supply line 26 and a natural gas injection line 28 

connect with injection tubing 18. E?luent line 30 from 
production tubing 24 leads into a condenser 32, the outlet 
line 34 of which leads into separator 36. This separator 
e?'ects separation of the condensed ef?uent so as to pro 
duce a water phase 37, an oil phase 38 and an uncon 
densed gas phase 39. A water withdrawal line 40, an 
oil withdrawal line 42, and a gas withdrawal line 44 con 
nect with separator 36 for removal of the corresponding 
phases therefrom. , 
An adsorber 46 is provided with an inlet oil line 48, 

which connects with ‘oil line 42, and an outlet line 50 for 
rich oil which leads into oil production line 52. Line 54 
connects line 42 with line 52 for bypassing any portion of i 
the oil not required in adsorber 46. The adsorber is also 
provided with feed line ‘56 for raw natural gas and with 
e?iuent gas line 28 for passing lean natural gas into in 
jection conduit 18. Line 58 connects with effluent line 
28 for withdrawal of lean natural gas in excess of the re 
quirements of the in situ combustion process. 
At the stage of production illustrated in the drawing, a 

combustion front 60 is being propagated toward well 12 
inversely to the ?ow of combustion supporting air and 
fuel gas introduced thru tubing 18 and forced thru the 
intervening stratum to combustion front 60. v This inverse 
drive process was initiated by igniting stratum 10 around 
Well 14 by methods well known in‘the art and feeding 
combustion supporting gas (air and fuel gas) into the 
stratum thru well 12 and thru the stratum to the igniting 
area. A direct drive process with the arrangement shown 
-would involve initiating the combustion front adjacent 
well 12 and propagate the front toward Well 14 by com 
bustion-supporting gas injected thru tubing 18. 

In either the direct or inverse drive process, the pro 
duced gases and vapors pass thu line 30 into condenser 32 
which is cooled by any conventional means such as by cir 
culation of water therethru in indirect heat exchange with 
the e?luent in line 30 so as to condense at least a sub 
stantial proportion of the oil vapors and the water pro 
duced and driven from the stratum. The condensate is 
passed thru line 34 into separator 36 for phase separation 
into a water phase 37, an oil phase 38, and a gas phase 
39. The liquid oil is passed thru lines 42 and 48 into 
the upper end of adsorber 46 and into countercurrent con 
tact with raw or wet natural gas introduced thru line 56 
into the bottom of vessel 46 in conventional manner where 
by the oil adsorbs natural gasoline from the natural gas. 
The rich oil then passes thru line 50v into line 52 for trans 
fer to storage or pipe line. 

Natural gas. denuded of natural gasoline passes thru 
line 28 into tubing 18 in admixture with air from'line 
26 and into the stratum to the combustion front 60 where 
the ‘fuel gas is burned to‘ supply a portion of the heat for 
sustaining the in situ combustion, leaving excess air for 
combusting in-place hydrocarbon material. The pro 
duced hydrocarbons and combustion gases together with 
any water produced from the stratum passes into the well 
14 in vapor form and is' produced thru tubing 24._ 

It is feasible to feed natural gas in excess of the re 
quirements of the in situ combustion process into adsorber 
46 thru line 56 and Withdraw excess lean natural gas 
thru line 58 for delivery to storage and/ or market. Usu 
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ally, the amount of oil passing thru line 42 is in excess of 
the amount needed for adsorption in vessel 46 and this 
excessive oil is passed thru line 54 into line 52 without pass 
ing thru adsorber 46. Thus, the oil produced by the in 
situ combustion is substantially enriched in gasoline boil 
ing range hydrocarbons by the extraction process effected 
in vessel 46 and the resulting product is more valuable 
than would otherwise be the case. Only the less valuable 
natural gas constituents are burned in the combustion 
front to supplement the heat supplied by burning forma 
tion hydrocarbons. 
Adsorber 46 may be any conventional type of adsorber 

in which an oil'is utilized'for adsorbing lighter constitu 
ents from a gas stream. It is also feasible to fractionate 
the oil in line 42 to prepare a more suitable oil for ad 
sorption in the adsorber. 

Certain modi?cations of the invention will become ap 
parent to those skilled in the art and the illustrative de 
tails disclosed are not to be construed as imposing un 

. necessary limitations on the invention. 

I claim: 
1. in a process for producing hydrocarbons from a 

subterranean oil-bearing stratum by in situ combustion 
comprising igniting said stratum adjacent a well therein 
to establish a combustion from; continuously feeding a 
mixture consisting essentially of air and wet natural gas 
to said front so as to burn said gas in said front along 
with in-place oil to propagate same toward another well 
in said stratum; and producing an e?iuent comprising gas 
and oil vapors thru one of said wells, the improvement 
comprising the steps of: 

(1) condensing oil vapors from said e?iuent; 
(2) passing the condensed oil thru an absorber in con 

tact with said wet natural gas thereby extracting nat 
ural gasoline from said natural gas in said oil; and 

(3) recovering the enriched oil. 
2. A process comprising the steps of: 
(1) producing hydrocarbons from a subterranean oil 

bearing stratum principally by in situ combustion in 
cluding establishing a combustion front in said 
‘stratum, feeding a mixture consisting essentially of 
air and'less than the stoichiometric equivalent of fuel 
gas to said front so as to burn said fuel gas within 
said front along with stratum oil to propagate said 
front thru said stratum, and recovering an e?’luent 
comprising said hydrocarbons; _ 

(2) recovering a liquid oil fraction from said e?luent; 
(3) contacting a raw natural gas from a source other 
than said step (1) with said oil fraction so as to 
extract natural gasoline from said gas; and 

(4) utilizing natural gas from step (3) as said fuel gas. 
3. The process of claim 2 wherein said combustion 

front is propagated by direct drive of said mixture. 
4. The process of claim 2 wherein said combustion front 

is propagated by inverse drive of said mixture. 
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5. Apparatus comprising in combination: 
(1) an injection conduit free of burner means in a 

?rst well penetrating an oil-bearing stratum; 
(2) a production conduit in a second well penetrating 
a section of said stratum adjacent said ?rst well; 

(3) cooling and condensing means for oil and water; 
(4) a conduit leading directly from the production 
conduit of (2)_into the means of (3); 

(5) separation means for separation of oil, water, and 
uncondensed ?uids having an inlet connected di 
rectly by conduit means with the means of (3) and 
separate outlets for water, oil, and uncondensed 
?uids; 

(6) oil absorption means having an inlet for absorption 
oil in its upper end connected with the oil outlet of 
(5), an outlet for rich oil in its lower end, an 
inlet for wet natural gas in its lower end and an out 
let in its upper section for lean natural gas; 

(7) conduit means connecting the outlet for lean nat 
ural gas of (6) with the injection conduit of (1); 
and 

(8) an air supply line connected with said injection 
conduit. 

6. Apparatus comprising in combination: 
(1) an injection conduit in a ?rst well penetrating an 

oil-bearing stratum; 
(2) a production conduit free of burner means in a sec 
ond Well penetrating a section of said stratum adja 
cent said ?rst well; 

(3) ?rst means connected directly with the conduit of 
(2) for recovering a liquid oil fraction from produced 
?uids in said production conduit having an e?luent 
line for said oil fraction; 

(4) second means connected with the ef?uent line of 
(3) for contacting raw natural gas with recovered 
oil of (3) and passing residual natural gas to said 
injection conduit; and 

(5) means for feeding air along with residual natural 
gas into said injection conduit. 
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