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1. 
This invention relates to secondary recovery 

of petroleum oil from Subterranean reservoirs 
and relates more particularly to initiation of con 
bustion of petroleum oil remaining in partially 
depleted Subterranean reservoirs to assist in re 
covery of a portion of such oil. 
Petroleum oil is generally recovered from Sub 

terranean reservoirs initially as a result of gas 
pressure, rock pressure, or natural water drive 
forcing the oil from the oil bearing formation 
or reservoir through the producing well to the 
surface. As recovery of oil from the reservoir 
continues, the reservoir energy gradually de 
creases and finally becomes insufficient to force 
the oil to the surface, although a major portion 
of the original quantity of the oil remains in the 
reservoir. To increase the ultinate recovery 
of the oil, pumping is then employed but when 
the rate of recovery by pumping falls to a un 
economically low level a further increase in the 
ultimate recovery of the oil may still be economi 
cally effected by the employment of Secondary 
recovery methods such as gas drive or water 
drive. It has recently been proposed to increase 
the ultimate recovery of the oil by combustion or 
burning of a part of the oil in place in the reser 
voir, the combustion being Supported by continui 
ous injection of air or other oxidizing mediuri 
through an input well or wells, whereby as a 
result of decreased viscosity and distillation and 
viscosity breaking, the unburned oil, along with 
distillation and viscosity breaking products, may 
be carried to and recovered from an output well 
or group of output Wells. - 
Combustion of the oil in place in the reservoir 

has heretofore been initiated by placing char 
coal in the input well adjacent to the partially 
depleted formation, the liner, if the well con 
tains a liner, being perforated where it contacts 
the partially depleted formation, supplying air 
or other combustion supporting gas to the forma 
tion, and igniting the charcoal. However, dif 
ficulty has been encountered in initiating con 
bustion by the use of charcoal and similar types 
of combustion initiating materials in that the 
combustion is not uniform and the combustible 
material shrinks in volume as it is consumed with 
consequent settling of the unburned material to 
the bottom of the hole and non-uniform firing of 
the formation. Additionally, the temperatures 
attained by burning of the combustion initiating 
material may be so high in spots as to cause 
fusion of the formation with resulting hindrance 
to the flow of air or other combustion support 
ing gas to the formation. Further, the tempera 
tures attained by burning of the combustion initi 
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atting material tend to cause collapse or caving 
of the walls of the well resulting, where the well 
does not contain a liner, in extinguishment of 
combustion and the necessity for cleaning or re 
boring of the well before further attempts to 
initiate combustion can be made. 

It is an object of this invention to provide a 
method for initiating combustion in a subter 
ranean petroleum reservoir. It is another object 
Of this invention to obtain uniform firing of a 
partially depleted petroleum oil bearing forma 
tion. It is another object of this invention to 
prevent collapse of well walls during initiation. 
of combustion in a subterranean petroleum reser 

it is another object of this invention to 
provide a dimensionally stable combustion initi 
atting material. It is another object of this in 
vention to prevent fusion of the formation during 
initiation of combustion. These and other ob 
jects of the invention will become apparent from 
the following description thereof. - w 

In accordance with the invention, the objects 
are achieved by employing as a combustion initi 
ation material a mixture of a Solid combustible 
material and a granular, refractory material. 
This mixture is placed in the inlet well adjacent 
to the partially depleted formation wherein con 
bustion is to be initiated and maintained. Upon 
ignition, a uniform and substantially complete 
combustion within the mixture is obtained which, 
extending to the formation, initiates combustion 
of the petroleum oil within the formation uni 
formly along the face of the formation adjacent 
to the combustion initiation material. The in 
clusion of the granular, refractory material in 
the mixture renders the mixture porous, permit 
ting flow of the air or other combustion support 
ing gas through the inixture and to the formation 
to support combustion therein after initiation, 
and provides a heat absorbent preventing attain 
ment of excessively high temperatures conducive 
to fusion of the formation but maintaining the 
air or the gas passing through the mixture at a 
high temperature. Additionally, the granular, 
porous material provides a rigid, dimensionally 
stable body of packing within the Well preventing 
collapse of the walls of the well, if a liner has 
not been provided, and thereby avoiding ex 
tinguishment of combustion and the necessity for 
cleaning or reboring the well. 

For preparing the combustion initiation mix 
ture, various types of solid, combustible material 
may be used. By solid, combustible material, we 
mean a combustible material which Will be suff 
ciently non-fluid at the temperatures attained by 
the mixture during combustion to be substantially 
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non-flowable or non-separable from the porous, 
refractory material. The solid, combustible ma 
terial may contain volatile components, but it is 
desirable to employ a material which contains a 
minimum of Such components in order to avoid 
their loss by volatilization prior to burning with 
consequent reduction in fuel value of the Con 
oustible material. It is further desirable that the 
combustible material have a high heat of Com 
bustion. Preferred materials include petroleum 
coke, coke from coal, and charcoal, although 
coal, wood, or other solid, combustible carbonace 
ous material may be used. Generally, the Con 
bustible material should have a particle size aS 
Small as possible compatible with retention in 
the mixture under the rates of flow through the 
mixture of the air or other combustion supporting 
gaS. 
The amount of combustible material in the 

combustion initiation mixture must be such as 
to raise the temperature of the mixture sufi 
ciently high to initiate combustion of the oil 
contained in the formination. Generally, the 
amount of combustible material required will be 
in excess of 1 percent by weight of the mixture 
although this amount Will vary with the type of 
combustible material and the type of refractory 
material. Amounts of combustible material 
greatly in excess of 1 percent by weight of the 
mixture may be used although the amount used 
should be below the amount resulting in the at 
tainment of temperatures of the mixture Sufi 
ciently high to result in fusion of the refractory 
material or the walls of the well. Amounts of 
combustible material in excess of 15 percent by 
weight of the mixture should generally be 
avoided although these larger amounts may be 
employed where the heat of combustion of the 
combustible material is low, the heat capacity or 
fusion temperature of the refractory material 
is high, or heat losses are high. 
The granular, refractory material may be 

crushed or broken stone, pebbles, sand, crushed 
or broken fire brick, consolidated particles of 
clay, etc. The essential characteristics required 
of these materials are that they be refractory, 
i. e., do not disintegrate or fuse to any great ex 
tent at the temperatures of combustion attained 
and be granular, i. e., of Such size and shape that 
they will not pack to form a body impermeable 
to the flow of the air or other gas therethrough 
for supporting combustion within the oil-con 
taining formation. The average particle size of 
the refractory, granular material should be pref 
erably adout 0.2 inch in effective diameter or 

0 

5 

20 

25 

30 

3 ..) 

40 

45 

5 5 Srihaller, although average sizes Small than about 
.004 inch in effective diameter should be avoided. 
The combustion initiating mixture may be 

prepared by mechanically admixing the desired 
combustible material and the desired granular, 
refractory material. However, a preferred type 
of combustion initiation mixture Comprises a, 
carbonaceous material such as petroleum Coke 
deposited on a granular, refractory, surface ac 
tive material Such as fuller's earth (attapulgite), 
activated clays including the bentonites, syn 
thetic Silica-aluminas and activated aluminas. 
These surface active materials have large surface 
areas, namely, about 125 to 325 square meters 
per gram depending upon the material, and there 
fore are capable of retaining in thin layers large 
amounts of carbonaceous material. Addition 
ally, the large surface area facilitates combus 
tion in the mixture. Deposition of the carbo 
naceous material on the surface active material 
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may be made in any suitable manner as, for ex 
ample, by contacting the Surface active material 
with a heavy, high boiling petroleum oil. Such as 
a petroleum residue, and then heating to a ten 
perature of the order of 800° E. to remove low 
boiling components. 
In initiating combustion in the formation, the 

mixture is placed in the input well adjacent to 
the formation from which the oil is to be re 
Covered, the liner, if any, being perforated to 
permit the spread of combustion and the flow of 
combustion Supporting gas to the formation. 
Generally, sufficient mixture should be employed 
to fill the Well along the entire depth of the 
formation in which combustion is to be initiated 
in order to obtain firing of the formation along 
the entire face exposed to the well. However, 
the combustion initiating material may be placed 
in the well to form a column of any length greater 
Or Smaller than the thickness of the formation 
exposed to the well and it is often advantageous 
to form a column of combustion initiating ma 
terial greater than the length of the formation 
exposed to the Well and extending upwardly be 
yond the formation since thereby the problems of 
igniting the combustion initiating material, in 
creasing With depth, are minimized. 

Ignition of the combustible material in the 
mixture may be effected in a number of ways. 
The combustible material in the mixture may be 
ignited at the Surface and the mixture then po 
Sitioned in the well adjacent to the formation 
in which combustion is to be initiated, a supply 
of air or other combustion supporting gas being 
pumped Or otherwise injected into the Well to 
maintain combustion in the mixture and in the 
formation after combustion is initiated. Pref 
erably, however, the mixture is positioned in the 
Well adjacent to the formation and the com 
bustible material thereafter ignited, the supply of 
air or other combustible gas being provided to 
maintain combustion in the mixture and in the 
formation after ignition. Various methods may 
be employed to ignite the combustible material 
after the mixture has been positioned adjacent 
to the formation. For example, the combustible 
material in another portion of the mixture may 
be ignited at the Surface and the mixture placed 
in the Well on top of the mixture already in the 
Well. Another method comprises heating the 
air or other combustion Supporting gas injected 
into the well to a temperature above the ignition 
temperature of the combustible material in the 
mixture whereby the combustible material Will 
ignite. Rapid ignition may be obtained by this 
method where the injected air or other gas is 
heated to a temperature about 200 E. above the 
ignition temperature of the combustible mate 
rial. Ignition may also be effected by placing a 
charge of black powder or other readily cornbus 
tible, low brisance material, containing its own 
combustion supporting medium on top of the 
combustion initiation material and igniting elec 
trically, by fuse, or otherwise. Other aethods 
of ignition will Suggest themselves to those skilled 
in the art. 

Having thus described our invention, it will be 
understood that such description has been given 
by way of illustration and example only and not 
by way of limitation, reference for the latter pur 
pose being had to the appended claims. 
We clain: 
1. In a method of recovering petroleum from 

a Subterranean formation having an input well 
and an output well leading from the surface 
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thereto wherein said petroleum is ignited at said 
input well, a combustion Supporting gas is forced 
through said input well into said formation to 
maintain combustion of petroleum therein, and 
petroleum and combustion products migrate to 
Said output well, the improvement in initiating 
Combustion of petroleum contained in Said for 
nation comprising placing adjacent to said for 
mation for the entire depth thereof at Said input 
well a mixture comprising a granular, refractory 
Surface active material having a Surface area. 
between 125 and 325 square meters per gram and 
a particle size between .004 and 0.2 inch in ef 
fective diameter and having deposited therein 
petroleum coke in an amount between one per 
cent and fifteen percent by weight of said mix 
ture, and forcing said combustion supporting gas 
through said input well to said mixture and into 
said formation and igniting Said combustible ma 
terial in said mixture. 

2. In a method of recovering petroleum from 
a subterranean formation having an input well 
and an Output Well leading from the surface 
thereto wherein said petroleum is ignited at said 
input well, a combustion Supporting gas is forced 
through said input Well into said formation to 
maintain combustion of petroleum therein, and 
petroleum and combustion products migrate to 
Said output well, the improvement in initiating 
combustion of petroleum contained in said for 
mation comprising placing adjacent to said for 
mation for the entire depth thereof at said input 
Well a mixture comprising a granular, refractory 
Surface active material having a Surface area be 
tween 125 and 325 Square meters per gram and 
a particle size between .004 and 0.2 inch in ef 
fective diameter and having deposited therein 
petroleum coke in an amount between one per 
cent and fifteen percent by weight of said mix 
ture, said mixture having been formed by con 
tacting said surface active material with a high 
boiling petroleum oil and then heated to a tem 
perature of the Order of 800 F., and forcing said 
combustion Supporting gas through said input 
well to Said mixture and into said formation and 
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igniting said combustible material in said mix 
ture, 

3. In a method of recovering petroleum from 
a Subterranean formation having an input well 
and an Output well leading from the Surface 
thereto wherein said petroleum is ignited at said 
input Well, a combustion supporting gas is forced 
through said input well into said formation to 
to maintain combustion of petroleum therein 
and petroleum and combustion products mi 
grate to Said output well, the improvement in 
initiating combustion of petroleum contained in 
Said formation comprising placing adjacent to 
Said formation for the entire depth thereof at 
Said input Well a mixture comprising a granular, 
refractory surface active material having a sur 
face area between 125 and 325 square meters per 
gram and a particle size between .004 and 0.2 
inch in effective diameter, and having deposited 
therein petroleum coke in an amount between 
One percent and fifteen percent by weight of the 
mixture, Said mixture having been formed by 
contacting said surface active material with a 
high boiling petroleum oil and then heated to 
a temperature of the order of 800° F., forcing 
Said combustion supporting gas through said in 
put well to said mixture and into said formation, 
and igniting Said petroleum coke in said mixture 
by placing black powder on top of said mixture 
in said input well and igniting said black pow 
der. 

GEORGE C. MAYES. 
ROBERT L. KOCH. 
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