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 Combustion process is conducted within the 

reservoir aiming at generating heat inside the 

reservoir pore space. 

 This process is therefore more efficient in terms of 

effective heat transfer, compared with the steam 

flooding or Huff..&-Puff steam stimulation process.

In situ combustion



 This increased temperature reduces crude oil 

viscosity as well as generates other heat-associated 

benefits such as thermal expansion and crude 

cracking, distillation, and reformatting.



In Situ Combustion

 This is a pattern flood process. 

 A small portion of the oil in place is burned 

establishing heat to the rock and its fluids. 
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A burning front and combustion zone is 

propagated to the producing well by air injection 

into a well (forward combustion). 
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 In the reverse combustion process, a burning zone is 
propagated from oil producing well to an air injection 
well.

 This process was developed as a method for recovering 
extremely heavy crude oils and has been unsuccessful 
in the field. 



 More heat is recovered if water is injected with air 
(wet combustion)

 Wet combustion is a modified form of forward 
combustion



 In situ combustion process is applicable 

for a wide range of oil gravities (8 to 

36ºAPI), but commercial success has 

been possible only in oils that are 

sufficiently mobile at reservoir 

conditions. 

 Oil viscosity should be less than 5000 cp. 

 Forward combustion is theoretically the 

most efficient process. 



 The in situ combustion process has 

been successfully applied to a variety 

of reservoirs having depth, between 

169 ft (Suplacu de Barcau, Romania) 

and 11,400 ft (West Heidelberg, 

Mississippi, USA). 

 The average thickness between 4 ft 

(Gloriana,Texas) and 120 ft (Brea 

Olinda, California). 



 Reservoirs rock porosities are porosity 

between 16 and 37% and permeability's are 

between 40 and 8000 md. 

 Oil saturation at the start of a project 

should be higher than 30%.

 In situ combustion may be applied after 

water floods.
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In-Situ Combustion

 Featherston Ranch Field, Oklahoma

 180 ft deep

 20 ft oil sand

 Porosity = 0.3, permeability = 2 D, 

 18.5 API Crude oil

 150 psig 

 Two months

 80 bbls oil produced!
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Reactions

 Basic combustion reactions are :

 Carbon to CO2

 Carbon to CO

 Hydrogen to H2O

 Sulfur to SO2

 Methane to CO2
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Wet Combustion SchematicDry Combustion Schematic



Comparison of Thermal Heavy Oil 

Recovery Methods and Operational 

Problems

 The choice of recovery technique to use in 

particular reservoir depends on reservoir 

characteristics, geology and the drive 

mechanism. 



 More than one recovery process may be used. 

 Steam flooding is characterized by a longer payout 

time and greater oil recovery than steam 

stimulation. 



 For thick reservoirs steam is cheaper than air. 

 Steam injection methods are more economical than 

combustion.

 Currently, 60% of all oils produced by improved 

recovery methods are by steam injection.



 A wide variety of operational problems can occur 
in thermal recovery processes.

 The use of any of the heavy oil thermal recovery 
methods may cause casing and tubing damage, 
sand production, corrosion of equipment, and 
production of emulsion.



 High gas production rates, downhole explosion and 

well bore plugging with coke may occur in the 

process of in situ combustion.



Pilot Design and Operation

 Pilots play an important role in improving 

heavy oil recovery, improving developed 

technology such as adding chemical to 

cyclic steam stimulation, and developing a 

new technology such as fracturing tar sand 

reservoirs. 

 They are expensive, but necessary. 

 Pilots are in fact research projects run in the 

oil field.



 The engineer designing a pilot and his 
management need good under standing of what 
probably can and can not be accomplished 
considering the heterogeneity encountered in 
heavy oil reservoirs. 

 Balancing pilot benefit versus cost is of 
constant concern to the pilot manager. 

 Small patterns are preferential because pilot 
can be completed in less time. 



 It is important to have frequent decision points 

where data obtained are reviewed and changes 

in pilot design considered. 

 Managers, engineers, operators need to be both 

experienced in oil field operations but also 

looking for ways to improve the process under 

test. 



Advantages and Limitations

 This process is the only method applicable to the 

deeper reservoirs with extremely high molecular 

weight viscous oils.



Limitations are:

1. Gravitational segregation is a major problem. Hence, 

thickness and vertical continuity of the reservoir are 

significant issues.

2. Process is economically dependent on high porosity and 

oil saturation and the sand thickness being moderate. 

3. Installation of facilities is expensive.



 4. Special completion designs are needed to accommodate 

high temperatures encountered.

 5. Production and transportation of high-viscosity and high-

density dead oil often poses serious problems.



 6. Serious operational problems are experienced 

due to emulsification, production of acidic water 

and gases, increased sand production, and well 

born plugging due to deposition of asphaltenes, 

waxes, and inorganic precipitates.
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West Buffalo Red River Unit

Depth to top of pay 8,395 ft

Net pay 13 ft

Porosity 18%

Permeability 10 md

Initial pressure 3600 psi

Reservoir temperature 215 F

Oil saturation 49 %

STOOIP 28.991 MMSTB

Oil gravity 32 °API

Bubble point pressure 300 psi

Solution GOR 173 scf/stb

Formation volume factor 1.174 RB/STB

Viscosity of saturated oil 2.4 cp

Compressibility of saturated oil 8.8 E-6 1/psi



COMBUSTION PROJECTS IN LIGHT OIL RESERVOIRS



 Because of the ease of 02 (air) availability, some 

operators are taking a great deal of interest in using 

combustion process in light oil reservoirs.



 Under right conditions of pressure / temperature in 

the reservoir, auto ignition occurs when air reacts 

with oil in the pore space. 

 Heat is liberated as well as flue gas is generated.



 This process is some combination of: 

 1. Viscosity Reduction

 2. Vaporization of Light Ends 

 3. Steam Distillation



 Major concerns are associated with this type of project:

 1. Safety while injecting air - - presence of oil in the injector 

and O2 in the producer can create a hazardous situation 

which could result in an explosion. 

Monitoring efforts are needed to ensure that there is no oil 

in the injector and no un-spent 02 in the producer.



 2. Environmental concerns due to generation and 

production of the combustion by-product - CO2

 3. Corrosion due to the presence of O2 and CO2 in the 

system



 While air may be injected in a flat reservoir, it is common to 
inject air in the crestal locations to take advantage of 
gravity drainage process resulting in high displacement 
efficiency.. 

 Two questions need to be resolved while considering this 
process:

 Will the oil auto-combust?

 Will the process results in efficient sweep?



Three laboratory tests are made:

 to investigate the air-oil ignition process.

 to assess the efficacy of the combustion process, the 

rate of propagation of the combustion front, and its 

effect on oil recovery. 

 to simulate flue gas displacement ahead of the 

combustion front.



 ARC (Accelerating Rate Calorimeter) test is made in an 

instrument, capable of determining exothermic reactions 

and kinetics parameters over an extended pressure (9,000 

psig) and temperature range.

 Combustion Tube Test is conducted to study the 

combustion characteristics of the oil in the presence of 

reservoir fluids and rock. 

It provides information on: quantity of air required to burn, 

average combustion temperature, residual oil, fuel deposition, 

and equivalent oil burned as fuel.



 Packed-Column Displacement is made under reservoir 

pressure and temperature. 

- Conditions in a column containing the initial oil and water 

saturations. 

- The injection gas' consists of CO2, N2, and CH4 in a   

concentration to mimic the flue gas generated ahead of the 

combustion front. 

- Oil recovery is plotted versus injection gas volume; near-

miscibility, miscibility, and immiscibility is assessed from the 

recovery behaviour.
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Oil Production & Air Injection

Primary Recovery:

6.5 % STOOIP



41

West Buffalo Red River Unit
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HPAI vs. Primary Recovery
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What's New in Thermal Flooding...

 Cogeneration

 Additives to injected steam

 Inert gas

 Foams

 Supercritical flow

 SAGD processes

 Cold (foamy) oil recovery

 ICP process


