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This invention relates to a process for ignifing and
estabhshmg in’ situ Combustion in a permesble carbona-
ceous stratum. ‘

In situ combustion id the récovery of hydrocar-
bons from underground strata confaining carbonaceous
ceous material is becoming mere prevalent in the pstro-
leurt mdustry In this technigié of production, ¢om-
bustion is initiated in theé carbonaceous stratum and the
resulting combustion zZote iS caused to move through the
stratum by eitlier. iniverSe or direct air drive whereby
the hedt of combustion of a substantial proportlon of the
hydrocarbon in the stratom drives out and, in the case of
inverse . drive, pgrades. a substantial proportion of the
unburned’ hydrocarbon material. ‘

The ignition of carbonacedus material in° a stratum
around a borehole therein, followed by injection of air
through the ignitiont borehole in the stratum, constitutes
a direct air drive process for effecting in situ combus-
tion and fecovery of hydrocarbons from the strafum,
In this type of operation the stratuim frequently plugs in
front of thé combiistion zone Because a heavy viscous
liquiid bank of hydrocarbon collects in the stratum in ad-
vance of thé combustiofi zoiis which prevents movement
of air 16 the combiistion proees. To evercome this dif-
ficulty and to permlt the continied progress of the com-
bustion zong uthrough the stratiini, inverse air mjectlon has
been resoited to. By this techiiique, a combustion zone
is’ established’ around an ignition borehcle by any suit-
able micads and air is fed throtigh the stratum to the
comblistion Zone froim ohe or more surroundmg boreholes.

In order to iiitiate iii sitti combustion in a carbona-
ceous stratum, such as an oil bearing sand or 4 porous
coal vein or any petrohferous stiucture which is naturally
porous or refidered permeable by fracturing, it is néces-
sary to dpply héat to the stratumi uitil its »temperature
reachés of éxcééds the igiiition temperature of the com-
bustible material in the stratum and then contact the hot
straturi Wwith O,. - Thie héatifig may be accomplished in
any of 4 numbeér of ways such as by a gas fired dowihole
burnér, dn electric hLeater, or 4 mass of burning misterial
positioned ifi the boréhole. In these convéntional meth-
ods of heating the str'atum around a b'orehdle alr or other
the stratumi so as to cairy heat théreto and bring: the
same to the requxred temperature for ignition.  In’ usmg
these methods the stratum adjacenit the borehole is ¢oti-
taminated with combiistionl gases and ashes from the
combustible material,- when such is utilized. Another
dxsadvantage lies in’ the overlicating and fusifig' of the
siliceous structure. of theé stratum so as to impadir the
permeability thereof: In some cases the overheating
causes spilling and caving in the borehole within' the
stratim. ]

This inivéntion i8 conceriied with a method of igniting
and establishifig ifi situ comibustion in a carbonacedis:
stratom - While avmdlng the disadvantages enumerated
above.

It is acCordinigly, ai object of the inveéntion to ‘provide
an improved process for 1gn1t1ng a carbonaceous stratiim
around a boréhole théréin. Another object is to avoid
overheating of a carbohaceous: stratim dunng iitiation
of coribiustion therem. A fiirther object is to provide a
proceéss for ignitifig 4’ carbonaceous stratum utilizing burn-
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ing char¢oal which avoids blowing the charcoal out of the
borehole. A still further objeéct is to provide a process
for igniting a stratam without contaminating the stratum
with either ashes or combustion gaseés. Another objective
of the process is to provide control of the burning rate of
the charcoal. An additional object is to prévent soaking of
the ¢harcoal with formation water and maintain the char-
coal in combustible condition. Other objects of the in-
vention will become apparent upon consideration of the
accompanying disclosure.

A broad aspect of the invention comprises burning a
porous combustible mass of fuel in a borehole in a carbo-
naceous stratum utilizing a supply of oxygen for the
burning process passing -into the borehcle from the
stratum. The usual source of oxygen is air, but, where
the térm air is utilized in'this specification, it is to be
understood that oxygen-enriched air, dilutéd air, or pure
oxygen may bé utilized, as long as the Oy concentration
in the gas is combustion supporting

The combustible fuel is ignited by any suitable means
and air is passed thru the stratum to the lgmtxon borehole
from at I8ast on¢ and preferably a plurality of air injection
borehicles surrounding the ignition borehole and spaced
thersfromi a relatively short distance which permits in-
jection of dir iito the ignition borehole without excéssive
injection borelole pressures. Usually a spacing in the
range of several feet to 100 feet is feasible, although the
itjection’ boreholes may be closer or farther from the ig-
nition borehiole in soiii¢ strata.

The preferred fuel comprises charcoal briquettes packed
ifto the igtition boiehole from the bottom level of the
stratuin to the top thereof. Charcoal in other forms may
also be utilized so long as the charcoal mass is gas peritie-
dble. One desirable arrangemeént comprises a perforate
section of »tubin'g within the stratum conne(:tmg w1th an
milar miass of charcoal briquetteés or other partlculate
charcoal packed around the perforate tubing.  Thé per-
forations in the tubing should, of course, be smaller than
the' particulate charcoal so as to avoid blowing the char-
coal otit thru the tubing when combustion supporting gas
is injected into the borehole from the surrounding stratum
aiid comibustion gas is vented up the borehole.

Anothéf desira;ble arr'angem'e'nt comprise‘s agas perious
shghtly snialler than the borehole and casings thrii which
it is to be introduced to the stratum, which is supported
on' the lower eiid of a rod or tubing string. In casé.a
tubing strifig is utilized to siippoit the preformed charcoal
cylirider thie tubing within the charcoal may be perforate
SO 4§ to permit recovery of the combustion gases thiu
the tubing siridg directly from thé charcoal. In this em-
bodiment of the invention the lower end of the charcoal
mass is ignited by any suitable means such as an electric
heatitig coil, powered from theé surface, or by bottom
hole batteries triggered by jarring, a vial of sodium perox-
ide embedded in thie chidrcoal so that it breaks upon corn-
tact with the well bottom and ignites thé charcoal, a
thermite capsiile, a fuse, etc.

Once the lower tip of the combustible rod of cylinder
is burmng, the whole assembly, including the rod and
support means, may be raised or lowered so as to progres-
sively 1gmte the stratum along any sele¢ted section thereof
from top to bottom or vice versa. As the rod or cylinder
burn$ away, additional rod is fed downhole. In utilizing
inversé air injection thiu the stratum, formation-produced
air (air forced thru the stratum into the ignition bore-
hole) is more than adequate to sustain the combiistion, the
excess being sufficient to initidte combustion within the
stratum once the temperature has been raised to the i 1gn1-
tiod level: In this type of operation the resulting ash is
blown out-the production line with the exhaust gas and
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does not contaminate the stratum. When direct injectlon
of air thru the ignition borehole is utilized, the ash is de-
posited at the bottom of the borehole or on the face of the
stratum. In either case, the glowing end of the rod can
be made to traverse the pay thickness at any desired rate,
independently of the normal attrition rate of the rod, until
the combustible stratum is ignited from top to bottom
thereof within the walls of the borehole. Position of the

burning end of the rod may be determined by sliding

thermocouples attached to the rod or to the tubing above
the rod or otherwise positioned in the borehole.
In apphcatlon of the invention to strata contammg

10

water, it is advantageous to soak the charcoal in a liquid

which prevents water-soaking of the charcoal. Such liquids
as melted paraffin, fuel oil, or 'other heavy hydro-carbon
oil serve this purpose.

A more complete understanding of the invention may
be had by reference to the accompanying drawmg of

15

which FIGURE 1 is an elevation partially in section -

showing an arrangement of boreholes and apparatus
therein for effecting one embodiment of the invention;
FIGURE 2 is an elevation in partial section of appara-
tus in an ignition borehole in accordance with a second
embodiment of the invention; and FIGURE 3 is a trans-
verse section of the fuel element in FIGURE 2.
Referring to FIGURE 1, a carbonaceous stratum 18 is
penetrated by an ignition borehole 12 and surrounded by
a number of air injection boreholes 14, two of which are

shown. Each of the boreholes is provided with casing 16 -

and air injection tubing 18 is positioned in boreholes 14.
A production tubing string 20 comprising a perforate bot-
tom secton 22 is positioned in ignition borehole 12, Char-
coal in the form of briquettes forms an annular packed
bed 24 between the wall of the borehole and section 22.
Perforations 26 in section 22 are smaller than the bri-
quettes and provide a passageway into the tubing string so
that gases may pass between the stratum and the tubing
thru the charcoal mass without blowing the charcoal into
the tubing string. If desired, perforations 26 may be in
the form of elongated slots extending lengthwise or cir-
cumferentially of the tubing as shown in FIGURE 2. Nu-
meral 27 designates a fire front established in stratum 10
around borehole 12, moving outwardly toward boreholes
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14. An air supply line 28 connects with casmg 16 of i

borehole 12.

Operation utilizing the arrangement shown in FIGURE 1
comprises igniting the mass of charcoal 24 by soaking the
charcoal with a highly flammable hydrocarbon fluid, such
as gasoline, injected thru tubing 26 (or prior to the posi-
tioning of the charcoal in the borehole) and igniting the
fluid by a spark, a squibb, or other suitable means so that
the entire mass of charcoal is ignited with the aid of air
injected thru the stratum from borehole 14. Air may be
injected thru line 28 to effect the ignition or assist in the
ignition of the charcoal. The combustion gas from the
ignition is exhausted thru line 2¢. As combustion of the
charcoal continues, the temperature of stratum 19 adjacent
borehole 12 is raised until the ignition point is reached at
which time the in-place carbonaceous material is ignited
in the presence of free oxygen passing thru the stratum to
the ignition borehole.

Since the temperature of burning charcoal under the
conditions maintained in the bed of charcoal reaches
the level of 2500° F. and higher, reduction in the permea-
bility of the surrounding stratum would result with di-
rect injection of air which carries the heat into the stratum;
however, with inverse air injection the passage of air into
the ignition borehole prevents excessive heating of the
stratum and thereby avoids damage and Ioss of permeabll-
ity of the surrounding stratum.

After a combustion zone has been established within the
stratum adjacent borehole 12, continued injection of air
thru the injection boreholes moves the combustion zone
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radially outwardly from the ignition borehole toward the - '

injection boreholes. When the combustion zone arrives at
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the mjectxon boreholes these boreholes may exther be
closed or utilized as production boreholes with injection
thru an outer ring of boreholes being commenced upon
termination of the imjection thru boreholes 14 so as to
move the combustion zone outwardly into unburned stra-
tum. The arrangement shown in FIGURE 1 also illustrates
a borehole arrangement wherein initiation of ignition
around each of a series of ignition boreholes 12 in a line
of boreholes in a stratum flanked on each side by a line
of m]ectmn boreholes 14, is effected, in which case the
operation is similar to that described with a ring type
arrangement of injection boreholes around a central igni-

tion borehole.

When utilizing a packed porous mass of fuel, such as

"charcoal, in borehole 12 without axial tubing section 22,

the charcoal is ignited from the top by dropping a mass

‘of burning charcoal onto the charcoal bed or by other

suitable means and the injection of air thru the stratum
into borehole 12 effects burning of the charcoal down-

‘wardly from the top, thereby establishing ignition in

stratum 10 around borehole 12 progressively from the
top to the bottom thereof. In such an operation tub-
ing string 29 may be utilized to withdraw combustion

‘pases, picking up these gases at a level just above the

top of stratum 10. It is also feasible to withdraw com-
bustion gases from the casing at or above ground level.
In igniting a stratum which is difficult to ignite, char-
coal may be added after ignition of the mass in the bore-
hole so as to replenish the supply of fuel. The addition
may be either continuous or periodic as desired.
FIGURE 2 illustrates an embodiment of the invention

‘wherein the charcoal fuel supply is formed in a gas-per-

vious mass in the form of a cylinder 30 bonded to a perfo-
rate tubing section 22. The perforations in tubing section

22 are in the form of longitudinal slots 32, providing a
‘passageway for gases into the tubing or from the tubing

into the charcoal. The charcoal cylmder is of slightly

"smaller diameter than borehole 12 and casing 16 to facili-

tate positioning of the fuel element in the borehole and to

‘provide a narrow annulus between the charcoal and the
“wall of the borehole. The lower end of tubing section 22
“is preferably closed so that gas passing from the stratum
into the tubing must pass thru the charcoal.

‘The charcoal fuel element in FIGURE 2 is of a length
corresponding to the thickness of stratum 10 and in this
form it is ignited along its entire extent in any suitable
manner as hereinafter described and thereby simultane-
ously ignites the stratum over its entire cross section as air

‘1s fed thru the stratum into the borehole.

In another embodiment of the invention utilizing a pre-
formed fuel element such as 30 on the end of a rod or
tubing string, the fuel element is prepared in a form sub-
stantially longer than the thickness of the stratum to be
ignited and only the lower end of the fuel element is
initially ignited. Feeding air thru the stratum into the
ignition borehole then causes only the lower end of the
fuel element to burn thereby producing maximum heat in
the stratum adjacent the burning section of the fuel ele-
ment. The burning end of the fuel element may be posi-
tioned at the bottom of the stratum whereby the element
is progressively burned upwardly from the lower end and
rod or tubing 20 is lowered into the borehole as the burn-
ing proceeds and as fuel element 30 becomes shorter. The
rate of lowering the supporting tubing or rod is regulated
50 as to maintain the burning end of the fuel element at
the upper edge of the combustion area in stratum 16 so
that the stratum is progressively ignited along the length
of the borehole therein upwardly from the bottom. In
this type of operation, fuel element 30 may be solid with-
‘out an axial passageway so that tubing section 22 does not
interfere with lowering the burning end of the fuel element
into the borehole as fuel is consumed and the fuel element
becomes shorter. Tubing string 20 may, however, extend
into the fuel element a substantial distancé and be open
on the lower end to exhaust combustion gases from the
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burning fuel thru an axial passageway thru the fuel ele-
ment. It is also feasible to ignite the lower end of fuel
element 39 with the same opposite the upper surface of
stratam 18 and progressively lower the burning end there-
of into the stratum as ignition in the stratum is effected
and the fuel rod becomes shorter, thereby igniting the
stratum progressively downwardly from the upper level
thereof.

The process of the invention offers good control of the
burning rate of the charcoal by controlling the back pres-
sure on the ignition well thereby regulating the supply of
oxygen entering the ignition borehole. Another advantage
lies in the fact that direct air injection thru the ignition
borehole passes hot gases nto the stratum thereby melting
or rendering more fluid heavy viscous hydrocarbons in the
stratum which are driven deeper into the stratum and
upon cooling congeal there and shut off the supply of air
by rendering the stratum impermeable. By utilizing a
bonded mass of charcoal as the fuel, or by arranging the
mass of fuel arcund a perforate tubing section in the stra-
tum, the blowing of particles of charcoal out thru the ig-
nition well with combustion gases and/or air is completely
avoided with only the ashes from the charcoal being blown
out thru the production tubing.- The inverse air injection
technique also permits simultaneous ignition of the en-
tire pay stratum around the ignition borehole which is less
feasible with direct injection thru the charcoal into the
pay zone, )

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 igniting a combustible gas-permeable
carbonaceous stratum comprising suspending a bonded
unitary mass of solid fuel comprising charcoal in an igni-
tion borehole adjacent said stratum; heating and igniting
a lower end section of said mass of fuel; passing O,-con-
taining combustion-supporting gas into an offset borehole
and thru said stratum into said ignition borehole to burn
the ignited mass of fuel, s¢ as to heat and ignite a section
of said stratum adjacent the burning fuel; thereafter mov-
ing the burning mass of fuel along said ignition borehole
while passing said gas thru said stratum so as to ignite an
adjacent section of said stratum; and venting gases from
said ignition borehole.

2. The process of claim 1 wherein the burning section
of said mass of fuel is moved progressively up said igni-
tion borehole from the bottom to the top of said stratum
so0 as to ignite the entire exposed section of said stratum
within said ignition borehole.

3. The process of claim 1 wherein the burning section
of said mass of fuel is moved progressively down said ig-
nition borehole from the top to the bottom of said stra-
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tum so as to ignite the entire exposed section of said 55

stratum within said ignition borehole.
4. The process of claim 1 wherein said fuel mass is

6

supported on the end of a tubing string and combustion
gases are removed thru said string.

5. The process of claim 1 wherein said stratum is ig-
nited adjacent the bottom and the ignited area is caused
to move progressively upwardly therefrom to a level ad-
jacent its top.

6. A process for initiating in situ combustion in a
permeable carbonaceous stratum comprising placing a
gas-permeable mass of charcoal in a borehole within said
stratum; heating said charcoal mass to ignition tempera-
ture; passing Op containing, combustion-supporting gas
thru said stratum from an injection area into said bore-
hole and said charcoal so as to ignite and continue com-
bustion of said charcoal, thereby heating the adjacent stra-
tum; continuing the passing of said gas thru said stratum
so as to continue said combustion and to ignite the car-
bonaceous material in said stratum after said stratum
reaches ignition temperature to establish in situ combus-
tion therein; and venting from said borehole all gases
produced by the combustion so as to avoid passing hot
gases into said stratum and plugging thereof with heavy
hydrocarbon material.

7. The process of claim 6 wherein a mass of charcoal
briquettes is packed into said borehole.

8. The process of claim 7 wherein the top of said mass
of briquettes is adjacent the top of said stratum and said
mass is ignited at the top whereby combustion proceeds
downwardly thru said mass the thickness of said stratum
so as to ignite the entire wali of said borehole within
said stratum.

9. The process of claim 6 wherein said charcoal is
soaked with a liquid, water-repellant, combustible ma-
terial prior to placement in said stratum so as to mini-
mize absorption of formation water,

10. A process for imitiating in situ combustion in a
premeable carbonaceous stratum comprising positioning a
gas permeable mass of fuel, provided with an axial gas
passage therethru, in a borehole within said stratum;
igniting said mass of fuel; burning said mass of fuel by
injecting combustion-supporting gas into said stratum at
a locus spaced from said borehole so as to pass said gas
into said borehole and into said mass of fuel, thereby
heating and igniting the carbonaceous material in said
stratum adjacent said borehole; passing combustion gas
from the burning fuel and said material into said axial
passageway, upwardly therethru, and out of said well.

11. The process of claim 10 wherein said fuel mass
is bonded together on a perforate section of tubing prior
to positioning within said stratum to form said fuel and
said tubing connects with a tubing leading out of said
borehole.
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