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ABSTRACT OF THE DISCLOSURE 
A method and apparatus for analyzing a gas stream 

from an underground in situ combustion process to pro 
vide one or more parameters for indicating the conditions 
in the combustion Zone and facilitating control of the 
combustion operation. 

This invention relates to an arrangement of apparatus 
and a process for analyzing the effluent gas from the in 
situ combustion of an underground carbonaceous deposit 
and to the control of the in situ combustion process in 
response to the analysis obtained. 
The production of oil from underground carbonaceous 

deposits by in situ combustion is an accepted practice in 
the petroleum industry. In this type of process, a com 
bustion zone is established around an ignition well by any 
suitable method and the resulting combustion zone is 
caused to move thru the deposit either by direct injection 
of air thru the ignition well or by injection of air thru 
one or more offset Wells to move the combustion Zone 
countercurrently to the flow of air thru the deposit. One 
application of the process of producing oil by in situ com 
bustion is in a sand containing a highly viscous crude 
oil, although the in situ combustion is applicable to either 
primary, secondary, or tertiary recovery operations in 
practically any type of stratum including tar Sands, shale, 
and oil reservoirs. 

In most applications, in situ combustion operation up 
grades the crude oil or other carbonaceous material by 
in situ cracking. The instant invention provides an ar 
rangement of apparatus and a process for determining 
the character of the effluent gas from an in situ combus 
tion operation and monitoring or controlling the process 
in response to the character of the product effluent. 

Accordingly, it is an object of the invention to provide 
a process and system for analyzing a produced gas stream 
from a carbonaceous deposit undergoing in situ combus 
tion in order to provide one or more parameters for in 
dicating the conditions in the combustion Zone and fa 
cilitating control of the in situ combustion operation. An 
other object is to provide a process and arrangement of 
apparatus for determining selected characteristics of a 
produced gas stream from the in situ combustion of Sub 
terranean carbonaceous material. A further object is to 
provide a process and apparatus for determining the con 
centration of at least one of oxygen, carbon dioxide, hy 
drogen, and hydrocarbons in the effluent gas from the in 
situ combustion of a carbonaceous deposit as an indica 
tion of the nature of the in situ combustion. Other ob 
jects of the invention will become apparent to one skilled 
in the art upon consideration of the accompanying dis 
closure. 
A broad aspect of the invention comprises withdrawing 

a small sample stream from the produced hot effluent 
from in situ combustion of a carbonaceous deposit, treat 
ing the sample stream to reduce the temperature and 
pressure thereof, remove condensed liquids, and dry the 
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2 
same, and metering a portion of the treated sample to 
one or more instruments including an oxygen analyzer, 
thermal conductivity cell, and a chromatographic 
analyzer to obtain parameters which indicate the char 
acteristics of the combustion. A hydrogen detector may 
also be utilized to determine the H concentration in the 
effluent as an indication of the extent of cracking. The 
oxygen concentration is, of course, determined by an oxy 
gen analyzer as an indication of the amount of O2 by 
passing the combustion zone or appearing in the effluent 
gas due to a low combustion rate. The concentration of 
hydrocarbons and CO2 in the produced effluent is deter 
mined by the thermal conductivity cell and chromato 
graph in known manner. Also, the chromatograph is used 
to determine the C1-C5 hydrocarbon concentration in the 
production stream. 

In one aspect of the invention, the signal from various 
instruments are rationalized thru a control computer 
which puts out a control signal and/or a print out for 
use in controlling the air injection rate and/or the pro 
duction rate at the production well head to maintain an 
optimum utilization of the oxygen in the air stream and 
to optimize the in situ cracking process. In instances in 
which the combustion rate drops below a desired level as 
indicated by the monitoring instruments, a secondary sig 
nal may be used to inject supplementary fuel (such as 
methane, propane, or LP gas) to raise the combustion rate 
and temperature level within the carbonaceous deposit to 
restore optimum concentrations of the various constituents 
in the production stream. 
A more complete understanding of the invention may 

be had by reference to the accompanying schematic draw 
ing which is a flow and arrangement of apparatus in 
accordance with the invention. 

Referring to the drawing, a carbonaceous Stratum 10 
is penetrated by a production well 12 and an injection 
well 14. Air is injected into well 14 thru line 16 and tub 
ing stream 18 under the impetus of blowers or com 
pressors 20. Well 12 is provided with production tubing 
22, which connects with production line 24, and with 
water injection line 26 for controlling the temperature 
within the production well below ignition temperature of 
the produced hydrocarbons at the oxygen concentration 
existing in the produced gases. Usually, the temperature 
is maintained below about 550 or 600 F. 

Production line 24 leads into sand trap 28, which drops 
out any sand in the produced stream thru line 30 and re 
moves any liquid product thru line 32, the overhead gas 
stream passing thru line 34 to recovery equipment not 
shown. 
A small sample stream is recovered at sample point 36 

and is passed thru line 38 and condenser 40 therein to 
line 42, from which a selected portion passes to Separator 
44 and the remaining portion passes to line 34 via line 45. 
Condensed liquids in condenser 40, such as light oils and 
water, are recovered thru line 46. The cooled gas is 
metered at a selected rate thru meter 48 in line 50, the 
remaining gas being passed thru line 52 into line 34. 
The sample gas stream from line 50 passes into line 

54, a portion of this stream being passed thru pressure 
regulator 56 to reduce the pressure to a selected value 
suitable for the downstream instruments and the remain 
ing portion being passed via line 57 to line 34. The gas 
in line 54 passing thru pressure regulator 56 also passes 
thru a cooler or condenser 58 and a filter and liquid trap 
60 from which liquid is vented thru line 62. The filtered 
gas stream is metered by meter 64 to provide a predeter 
mined flow rate of gas for passage to the downstream 
instruments. This stream of metered gas is passed thru 
dryer 66 before passing to the downstream instruments. 
Any excess gas in line 54 downstream of meter 64, when 
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any one of the downstream instruments is not in opera 
tion, is returned to line 34 via line 68. 

Usually, two or more dryers 66 are positioned in the 
gas line to provide for regeneration of one dryer while 
another dryer is on stream. A portion of the dry gas is 
fed thru meter 70 in line 72 to oxygen analyzer 74 for 
determination of the oxygen concentration in the sample 
gas stream. Analyzer 74 is a conventional instrument, 
commercially, available (such as Beckman Oa analyzer), 
and emits a signal thus line 76 which is proportional to 
the oxygen concentration. In conventional manner, a 
standard reference gas is passed from any one of cylinders 
78, line 80 and branch line 82 into the sample gas stream 
in line 72 upstream of meter 70. Nitrogen from cylinder 
84 may alternatively be passed thru line 86 into the sam 
ple gas stream in line 72 in conventional manner. 

Another portion of the dry sample gas stream is passed 
via line 88 and branch line 90 thru meter 92 into thermal 
conductivity cell 93 along with a standard reference gas 
introduced thereto from lines 80 and 94. Carrier gas 
such as helium is passed from storage cylinder 96 thru 
lines 98 and 100 either into line 90 upstream of meter 
92 or thru line 102 directly into thermal conductivity 
cell 93. 
Thermal conductivity cell 93 is a commercially avail 

able, conventional instrument, such as a Beckman, and 
emits a signal thru line 104 proportional to the concen 
tration of CO2 or hydrocarbons in the sample gas stream, 
depending upon the reference gas being utilized. 

Similarly, a stream of sample gas is passed from line 
88 thru line 106 in admixture with a standard reference 
gas from line 80 thru meter 108 and a constant volume 
regulator 110 to chromatographic analyzer 112. Helium, 
as a carrier gas, is also introduced to instrument 112 by 
line 98, meter 114, and constant volume regulator 116 
for admixture with the sample gas in instrument 112. 
The chromatograph is provided with injection points 118 
and 120 for use when injecting a bomb sample or a 
syringe sample. Vent line 122 contains a sample point 
124 for obtaining a syringe sample and sample point 126 
for obtaining a bomb sample when such samples and 
operation are desired. 

Chromatographic analyzer 112 is a conventional instru 
ment such as Model 109 manufactured by Phillips Pe 
troleum Company and commercially available. This in 
strument emits a signal thru line 128 which is propor 
tional to the concentration of hydrocarbons broadly or 
of a specific range of hydrocarbons in the gas sample, de 
pending upon the reference gas fed to this instrument. 

Hydrogen detector 130 is fed a gas sample thru line 
132 and nitrogen thru line 134 for determination of the 
He content of the sample gas. When utilized in the sys 
tem, a signal proportional to the H2 content is emitted 
thru line 136 and may be fed to computer 138 along 
with the signals from the other instruments. However, 
this hydrogen detector may be utilized independent of 
the other analytical instruments. 
Any one or all of the signals from instruments 74, 93 

and 112 may be fed to computer 138 for obtaining a con 
trol signal for operation of the in situ combustion proc 
ess being effected in stratum 10. The computer may also 
provide a printout for use in manual control of the in 
situ combustion process. 

Control of the in situ combustion process may be 
effected by increasing the air input from blowers or com 
pressors 20 as by regulating the valve in line 16 to vary 
the injection pressure and/or by varying the back pres 
Sure in well 12 as by regulating the valve in line 22. It 
is also feasible to regulate the rate of introduction of 
Water as a coolant in well 12 of regulating the valve in 
line 26. 

Methane may be introduced thru line 140 when desired 
to increase the combustion temperature in response to a 
need for a higher combustion temperature as indicated 
by the parameters provided by the analytical instruments. 
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4. 
Since the response to a change in air injection pressure 

and/or back pressure (changing the air injection rate) 
in the system is relatively slow, it is usually preferred 
to space the control signals at certain intervals or to by 
pass the generated signals until the process has responded 
to the previous control signal and adjustment as indicated 
by the monitoring instruments. In an in situ combustion 
operation in which the response to a change in air in 
jection rate is particularly slow, a printed read out of 
the parameter combination in line 142 may be provided 
for an operator who manually adjusts the control valves 
or other control elements in the apparatus arrangement. 
The information provided by the several instruments of 
the disclosed system is particularly useful in the initial 
phases of the in situ combustion operation when regula 
tion of conditions, particularly of the rate of injection of 
air, is of primary importance. 

In a typical operation, hot production fluid at a tem 
perature of about 500 F. and a pressure of about 1000 
p.S.i.g. is passed thru line 24 to the system shown at a 
rate of about 360,000 standard cubic feet per hour 
(s.c.f.h.). A small sample of this stream is taken off 
at point 36. This sample is cooled to a temperature of 
about 70 F., or roughly room temperature, and reduced 
in pressure to below about 20 p.s.i.g. downstream of 
cooler or condenser 58. This cooling and pressure reduc 
tion is preferably effected step-wise but may be done 
in one operation. The sample gas stream is then dried 
in dryer 66 and passed at a rate of 0.018 to 0.021 standard 
cubic feet per minute (s.c.f.m.) thru line 72. Of this dry 
Sample gas stream, 0.006 to 0.007 s.c.f.m. is passed to 
OXygen analyzer 74 in admixture with carrier gas and 
a Standard reference gas. A comparable stream of the 
Sample gas is also passed to thermal conductivity cell 
93 in admixture with a carrier gas and a standard ref 
erence gas. The flow rate of sample gas to chromatographic 
analyzer 112 is controlled within the range of 0.004 to 
0.007 s.c.f.m. and this sample gas in admixed with carrier 
gas and a standard reference gas. 

Standard reference gases comprise a combustion gas 
prepared by burning a sample of the reservoir car 
bonaceous material or crude oil and recovering the re 
Sulting combustion gas as the standard reference gas. 
Other reference gases comprise normally gaseous hydro 
carbons and/or standard mixtures thereof. 

Instruments 74 and 93 utilized in one arrangement are 
Beckman instruments, the chromatograph being a Phillips 
Model 109 instrument. 

Certain modifications 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. 
We claim: 
1. A process for analyzing a high temperature and high 

pressure effluent stream from in situ combination of an 
oil bearing stratum recovered thru a production well 
therein which comprises the steps of: 

(1) withdrawing a sample stream from said effluent 
stream, cooling said sample stream and reducing the 
pressure thereof to a value siutable for the analyzer 
instruments mentioned hereinafter; 

(2) separating the stream of step (1) into a gaseous 
stream and a liquid stream; 

(3) recovering a minor portion of the gas stream of 
step (2) as a sample stream; 

(4) further cooling the sample gas stream of step (3) 
to about room temperature, filtering same, and re 
moving resulting liquid therefrom; 

(5) drying a selected portion of the sample gas stream 
of step (4) to remove vapor therefrom; 

(6) passing a first portion of the resulting dry gas 
stream of step (5) to an O2 analyzer to determine 
the O2 concentration therein; 

(7) passing a second portion of the gas stream of step 
(5) to a thermal conductivity cell to determine the 
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concentrations of CO and hydrocarbons therein; and 
(8) passing a third portion of the gas stream of step 

(5) to a chromatographic analyzer to determine the 
concentration of C to Cs hydrocarbons therein. 

2. The process of claim 1 including the steps of passing 
signals representing the values obtained in steps (6), (7) 
and (8) to a computer to obtain one of a control signal 
and a print out. 

3. The process of claim 2 wherein said in situ combina 
tion is effected in said stratum by moving a combustion 
zone therethru between said production well and an offset 
injection well by injecting air thru said injecting well as 
a combustion-supporting gas, and including the step of 
controlling the air injection rate in response to one of said 
control signal and print out. 

4. The process of claim 1 wherein at least one of the 
values determined in steps (6), (7), and (8) is used to 
control the rate of air injection to said in situ combustion. 

5. In combination, apparatus comprising: 
(a) a production line from a well for supplying a high 

pressure and high temperature stream of gas from an 
in situ combustion oil production process maintained 
by an injected stream of air; 

(b) a sample line connected with said production line 
having means therein for cooling and pressure re 
duction of a sample gas stream; 

(c) means in said sample line downstream of the 
means of (b) for separating from said gas stream liq 
uids resulting from said cooling; 

(d) filtering means in said sample line downstream of 
the means of (c); 

(e) means for drying said sample gas stream; 
(f) an oxygen analyzer connected with said sample 

line downstream of the several aforesaid means by 
a first branch sample line having a flow meter there 
1n; 

(g) a thermal conductivity cell connected with said 
sample line downstream of the several aforesaid 
means by a second branch sample line having a flow 
meter therein; and 
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(h) a chromatographic analyzer connected with said 
sample line downstream of the several aforesaid 
means by a third branch sample line having a flow 
meter therein. 

6. The apparatus of claim 5 including: 
(i) a computer operatively connected with said oxy 
gen analyzer, with said thermal conductivity cell, 
and with said chromatographic analyzer and adapted 
to provide one of a control signal and a print out 
of the parameter combination from the aforenamed 
instruments. 

7. The apparatus of claim 6 including: 
(j) a hydrogen detector operatively connected with said 
computer and provided with a gas sample inlet. 

8. The apparatus of claim 5 including: 
(k) means for passing a stream of a standard reference 
gas into each of the instruments of (f), (g), and 
(h); 

(1) means for passing a stream of nitrogen to said oxy 
gen analyzer; and 

(m) means for passing a stream of carrier gas to said 
thermal conductivity cell and to said chromatographic 
analyzer. 
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