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CHEMICAL HEATING OF HYDROCARBONS
Philip J. Closmann and Michael Prats, Houston, Tex.,
-~ assignors to Shell Oil Company, New York, N.Y., a
corporation of Delaware o : -
No Drawing. Filed Nov. 19, 1963, Ser. No. 324,843
7 Claims, ' (CL 166—11) - :

This invention relates to a method for recovering hydro-
carbon material from a nofmally substantially imperme-
able underground oil reservoir that becomes pérmeable
when the oil thercin has been heated, such, for example,
as tar sands. The invention pertains more particularly
to a method for the primary and/or secondaty recovery
of oil which is tightly bound to the formation, as in the
case. of tar sands, or is of a viscous and relatively non.

flowable nature under normal formation conditions. -

This invention constitutes a desirable method for supply-
ing %eat to an underground oil-bearing formation for
"the purpose of increasing the oil recovery therefrom.
The’ primary production of petroleum  hydrocarbon
from oil-bearing formations is usually effected by drilling
*through or into the oil-bearing sand and providing access
to the formatiosi through the borehole so as to permit oil

by conventiona! methods and apparatus. If the forma-
tion contains oil of low mediuin viscosity at reservoir
conditions, the well may.be produced cither by flowing
or pumping in a manner well known to the art, - If, on
" the ottier hand, the formation contains a highly viscous
oil at reservoir conditions, it may be necéssary to heat
the formation in the 'vicinity of the borchole to reduce the

to flow into the borehole from which it may be recovered -

viscosity of the oil so that the oil may flow into. the
borekole although -a substantial amount of oil still re--
mains in the producing formation underground. The
residual oil left in the formation underground is very
difficult to produce and considerable research has been
carried out on secondary recovery methods .to recover
this residual oil. * Various methods have been devised
such as heating, underground combustion, flooding with
water or a miscible fluid, etc. These methods iavolve
injection” of water, gas, air, fuel, solvents, etc. or a com-
bination of these into the formation through one or more

input wells, while the hydrocarbon or components thereof

are withdrawn through one or more output or producing
wells. The flooding of underground: formations - for
" primary or secondary recovery of hydrocarbon ‘materials,
such as oil, presents many problems, especially in. tight or
relatively non-permeable formations. In the water Hood-
-ing of an oil-bearing underground formation, it is neces-
-'sary to employ flood water free of clays, colloidal mate-
rial, undissolved salts, ete., which would tend to plug the
face of the oil formation and perhaps ‘withia - the oil
formation itself when the water is injected thereinto.
" In addition, many producing formations. being flooded
contain a certain amount of swelling clay in the form of
a bentonite or montmorillenite clay, which ipon swelling,
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sibly thousands of feet of pipe to the desired Jocation in

the well. : : A -
It is therefore a primary object of the present invention

to provide a method for heating dn undéerground hydios

carbon-bearing formation in 2 relatively inexpensive man-

ner so as to incréase the yield of oil from the formation,

‘Another object of the present invention is to provide
a method of heating au underground hydrocarbon-bearing
formation by means of injecting a fluid thereinto which
does not have 10 be heated at the surface before pumping
it down the well. : :

" A further object of the present invention is to provide
“a method for the primary or secondary recovery of oil
from a formation by injecting a heat-creating chemical ’
i.e., one.that reacts exothermically in the formation with-

the hydrocarbon contained therein.

Still another object of the present invention is to pro-
vide a methed whereby permeable flow channels may be
formed extending ontwardly from a well, or extending
between at least two wells, in 2 manner such that ordinary
or presently-known flood methods can be carried out

between wells penetrating the formafion after the: .

permeable channels have been formed.

" Ancther object of the present invention is to provide a

method for heating an underground oil-bearing formation - -

without the necessity of emploving heating equipment at

" the well site.
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A still further object of the present invention is to
provide a method of increasiaz the permeability of the -

formation walls on either side of a fracture between
closely spaced wells so that a pernieable flow channel
between the wells remaing after the fracture has closed.

It is alco another object of the présent invention to
provide a method of heating underground oil-bearing
formations by injecting a liguid reactant therein which

obviates the hazard encountered in injecting a gascous.” -

reactant at a pressure sufficient to form fractures in the
formation, - ’ : i :

These and other objects of this invention will be under-

stood from the following description.

The method according to-the present invention contem-

plates producing liquid or liguifiable hydrocarbons from

a hydrocarbon-bearing - subsurface formation which is

penetrated by one well, by introducing into the well a

quantity of solid-free liquid reactant which reacts exother- .

. mically with hydrocarbons, confining the liquid reactant
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reduces the permeability of the formation. The use of -

" solvents as a flood or the use of chemicals added to. the
water for flooding a formation is often prohibitive in cost,
Additionally, many of the oils left in the formation are
very viscous and it is essential that they be heated in order
to cause them to flow t0 a producing well, While under- -
ground combustion is successful:in many fields, it has
‘the drawback that it destroys or uses as fuel some of the

hydrocarbons in the formation: . Further, while formas -

tions may be heated by means of injecting a hot fluid such
as steam, hot water, hot solvents, etc. in the formation, -
the heating of the flooding material at the surface is
expensive and of course there is some heat loss in trans-
mitting the heated niaterial from the- surface down pos-
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in the well opposite a selected interval of the hydrocarbon-
containing formation, applyving a pressure to the liquid
reactant sufficient to force it into the hvdrocarbon-
containing formation, ‘maintaining the liquid reactant in
situ for a time sufficient for the liquid redctant 1o react
exothermically with a portion of the hydrocarbon of the
formation and heat the hydrocarbon-containing forma.
tion adjacént the well and/or adjaccnt fractures formed
in the formation, and subsequently producing oil from
the heated formation. In some cases, the liquid reactant
is forced into the formation af a pressure at which the
formation is fractured while beingz supplied into the
fracture in a quantity sufficient so that the liquid reactant
is forced into the walls forming the fracture. '
This method of generating heat i an oil-bearing for-
mation by means ‘of a liquid reactant is especially snit-
able for selectively heating a limited region or selected
location. within aa oil reservoir formation. When using

a liquid reactant as a heat-creating medium, theé need

for heating equipment at the well site is avoided. A
liquid reactant is superior to a gaseous reactant as the
use.of a gascous reactant would necessitate the use of
expensive high pressure compressing equipment at the
wellhead. .

The liquid reactant is allowed to remain in the forma-
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tion for a time sufficient to heat the desired portion of
the formation. The heating of the reservoir formation

" need only be sufficient fto move the petroleum within the

selected region of the formation or to put the petroleum

. In a condition that it will move readily from the forma-

tion when the well is produced. The degree to which
the oil mobilization iIs attained can readily be determined

by ap;lying a pressure gradient across the selected region,

for example, between two “wells ‘and measuring the
amount of petroleum that is displaced. In the event that
2 first injéction of reactant fails to provide sufficicnt heat,
successive injections of liquid reactant may be used.

- In using the method of the present invention to effect
3 thermal soaking around a well and a backflow of oil
into the well, enough liquid reactant fo permecate a sig-
rificant pertion of the Teservoir formation is injected
thereinto at whatever préssure is required to force it into
the reservoir formation. Since the reactant is liquid, the
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formation of fracturcs does not create either a hazard or .

.a siznificant disadvantage as would the case be if the re-
actant were a 'gas. Preferably, the injection well is
-opcnad at a point opposite the oil-containing reservoir

formadon to comimunicate with a vertically extensive

interval of the reservoir formation to encourage uniform .

penetration and/or vertical or horizontal fracturing.
After injecting a selected volume of liquid reactant, for

example 200 barrels, into a formation having a thick-

ness of 20 feet, the well is shut jn at the injection pres-
sure.
well is reduced so as to initiate backflow of oil into the

. well: The backfloy results from the pressure drop be-

tween the injection pressure, or the formation. fluid
pressure, and the pressure within the well. The wells

- can be swabbed or pumped to reduce the pressure in the
. well 1o substantially atmospheric pressure, if desired.-

This method of thermal soaking of a formation with
a liquid reactant can take place in a single well which

. would be usad both as an injection and a production wel. -

Fracturing of the formation may or may not take place
during the thermal soaking process. Thermal soaking
of a well permits producing a high viscosity oil from a
reservoir that has a significant but Tow permeability. The

liquid reactant, is preferably a liquid oxidant which is-

injected into: the resérvoir and maintained there for a
time sufficient to oxidize reservoir oil and.heat the reser-
voir prior to producing a reservoir. In most reservoirs
significant advantages can be obtained by injecting a fluid
containing a higher concentration of oxidant than can be
feasibly obtained from a fre¢-oxygen-containing gas.
Since it is undesirable to inject a-gas into a reservoir at a
pressure exceeding the ‘overburden pressure, a liquid re-
actant or a liquid phase oxidant in accordance with the
presentinvention is advantageous. '

- The method of the present invention can also be em-
ployed in oil fields containing at least two wells which

_Penetrate an oil-bearing formation of significant but low

permeability wherein the liquid oxidant would be injected
through one well, into the formiation and thence to the

; production well.  An example of this modification of the

present process is given. A well compleéted into a tar

. 'sand of significant but low permeability is freed of or-

ganic material by circulating a slug of hydrocarbon

solvent followed.by 2 slug of aqueous liquid containing

a detergent. A slug of fresh water is then injected into
the formation while fluids are withdrawn from an ad-
jacent production well that is completed into the same
Teservoir at a distance of, for exdample, 50 feét.. In a

. typical 'situation about 400 barrels of 5% aqueous hy-

rozen peroxide would be injected into the well and into

“the ojl-bearing tar sand. . The hydrogen peroxide: injec-

tion might required about 1 to 2 weéeks and the peroxide
is left in the formation about'1 to 2 months. Fluids are
then produced from the heated reservoir by mecans of
secondary recovery methods suitable for an oil of about
medium viscosity. :

After such a soaking, the pressure within the -

tensive portion of the formation around ths wail.

In the preferred modification of the present invention,
a pressure is applied: to the liquid reactant in the. well
which is sufficient to form fractures in the formation ex-
tending outwardly from the well,
then forced into the fractures aad inio the formation
forming the walls of the fractures to heat a radially ex-
When
at Ieast two wells are invclved a pressure may be ‘sub-
sequently applied to the liquid teactant sufficient to extend

the: fractures 1o a second well with the pressure: being, - -

maintaided-at a valve sufficient to maintain the fractures
open in the absence of propping agents, whereby the
hydrocarbons in the formation forming the walls of the
fractures are heated. : o B .

In the event that the fractures extending from the in-
jection” well did not extend all the way to the production
well, the fracture into Which the reactive liquid was in-
jected can be subsequently swépt frec of the speat reactant
and the oil of reduced viscosity by liquid displacement of

these fluids into the formation or by allowing them to -

drain back o tlie injection well. ‘Subsequently, the frac-

ture could be retréated with a new quantity of lquid re- -
actant to remove more of the oil from the formation,

which step could be repeated, as needed. In the

. normally-porous’ reservoir formations that are plugged

with -viscous oils, a femoval of the ol contained in the
walls of the fracture createst a permeable path throuzh
the reservoir formation. As soon as such a permeable

' ~path or layér has obtained a thickness of a few inches,

the reservoir formation can be readily heated and pro-

duced by conventional thermal drive procedures, such as
steam or hot water -injections, which, becatse of the.

permeable path, "are not dependent upon propped frac-
tores or injection pressures that exceed the overburden

pressure of the depth of the :reservoir. Thus, once the-

oil has beén rémoved from the wall surrounding a frac.-
ture to form a permeable flow path along the fracture,

- the pressure at which the liguid reactant was injected can
. be reduced below that needed to hold the fracture open.
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‘A modification of the heating and’ fratturing process -
described hereinabove would permit a fracture extending

from the injection well, after being freed of organic

- material, to have water injected into it at a pressure

and 4 volume -sufficient to extend the fracture to the

5 production well. The water would then be displaced

from the fracture by injectirig enough hydrogen peroxide

through the injection well and fracture to cause a layer of .

hydrogen péroxide to.be produced at the prodiiction well.

The rate of hydrogen peroxide inje@tion is maintained .
until the front of the concentrated soluticn of hydrogen:

peroxide reaches the production well, at which time injec-
tion is stopped and the peroxide reactant is allowed to-
remain in the formation for a one to two menth period

in order to heat the entire formation. N

A liquid phase reactant or oxidant may be employed
which reacts exothermically with the oil of the formation.
Thus. for example hydrogen peroxide, nitrous oxide, sul-
fur trioxide, etc., and liguids containing these materials
are suitable. If sulfur trioxide is to be used it is pref-
erably in the form of oleum,. i.e. concentrated sulfuric
acid having an excess of sulfur trioxide present. Clear
solutions rather than suspensions must be employed as
suspensions of material are undesirable as the solid mate-
rial in the suspension filters out on the surface of the

‘borehole . wall and limits or prevents further injection

of fluid into the formation. Nitrogen oxides which are
used in accordancé with the present invention are used
in a reservoir in which the overburden pressure is a value

.at which the nitrogen oxide being used is liquid, or at ..

which the nitrogen oxide forms an aqueocus’ squtiox:n.
Nitrogén oxide may be used in the form of fuming nitric
acid. Thus the reactants that are contemplated for use
in the present 'process comprise single phase liquid systems
which are readily injected into the earth formations.

In respect to using oleum in fractures in the formation

Liquid reactant is’
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in accordance with the present method the fracture would
be immediately heated by the heat of hydration and/or
neutralization released as the oleum dxsp!aces an aqueous
fracturing fluid and/or ‘any water in‘-the pores of the
formauon When a layer of oleum extends from an in-
jection well to the \Mmty of a production well, the

-injection of the oleum is preferably stopped to prevent its

flow out of the formation and the oleum is allowed to
comple’e its reaction with the hydrocarbons in the ‘wall
of the - fractures.’

After allowing this reaction with its.
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concurrent heating to occur, the spent oleurn may be

drsp!aeed or contacted with caustic, thus causmg further
heating within the formation due to neutralization of the
unreacied sulfuric acid: - This action would also enhance
the emulsification of the oil in the injected hqulds due

) the surfactant properties of the salts of the snifonated

aromatic compounds formed by the reaction of some of

_ the sulfur trioxide with a portien” of the hydrocarbons
in the formation,

This method of heatvng is particularly
advantageous in that the heat'is generated in situ all along

the wails of the fractures that may penetrate deeply into.
It provxdes a means for relatively qurckly_

the formation.
heating a substantial volume of 'an oil-bearing reservoir,

As mdlcated heremabme, a liquid phase reactive fluid
comprises a particularly advantagecus means of chemi-

cally heating port'ons of an underground reservoir forma- .
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form fractures in sa2id hydre*arbon—eonmmmg for-"

mation,

subsequently maintzining said Hquid reactant in said

fractures for a tiroe sufficient for the liguid reactant

to rcact exothermically with a portion of said hydre- -
carbon of said fo‘mauon and heat the hydrocarbon-

containing formaiion adjacent the well, and

subsequently product
hydrocarbon-c:cm::.:runa formation adjacent the frac-
tures to form permeable flow channels in sa;d forma-
tion along said fractures.

2. The method of clzim 1 wherein the hydrocarbons are _. o
produced back into the well by discoatinuing the apphca‘“‘ o

tion of pressure to the hqurd reactant and opéning the
well in a2 manner per'mmn" flow ‘of hydrocarbon into
the well.

3. The method of GSaim l carried out in one well posi-
tioned in the vicinity of a sccond or production well
wherein the hydrocartons are. produced into said second
well by maintaining a pressure on the liquid reactant

- forced into said formation.
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tion because it is dangerous to inject a gas at pressures .

exceeding the overburden pressure of the reservoir forma-
tion. The use of hqurd is advantageous because the
pressure applied to them is 1mmedrately reduced (by the
effects within the formatxon) whenever fracturing occurs.

30-

In contrast, a gas, which is a relatively extensrvely coms- °

pressible fluid, would immediately expand into the greater-

‘volume made available by the fracture and would con-
-tinue to exert a relatively high pressure in a manner liable
Blowouts,

to ‘cause .a blowout through the surface.
especrally around a well casing, have been experienced
when using a' gas as.an m;ectxon fluid in a formation.

As compared to gases, quurd réactants have the. addi- -

tional advantages of rcquxrmﬂ materlally less equipment
and energy to provide a’given high injection pressure and
also have the.capability of containing a much greater
mass of redctants per unit volume.

The method of the present invention is not concerncd

- with heating a formationt to ignition temperature of the

oil to carry out secondary recovery of oil by underground
This high degree of heatmg is not
pertinent to the present process, All that is needed is a
temperature ris¢ sufficient to move a localized portion

_of the oil adjacent the well or the fractures extending

therefrom. . The amount of heating obtained by the pres-
ent method does not cause cracking or distillation of oil

40

in the reservoir. It need only render the oil susceptible to -

fluid displacement and/or entrainment by the reactant
liquid and/or other fluids that are subsequently pumped
through or displaced within the selected portxon of the
reservoir formations.

We claim as our invention:

1. A method of producing liquid or liquifiable hydro-
carbons from a hydrocarborhcontammg subsurface forma-

" tion, said formation being penetrated by at least one well,

said method compnsmg'
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introducing into 2 well-a quantity of a solids-free liquid. -

reactant which reacts exotbermxcally wrth hydrocar-
" bons,,

" confining said lxqmd reactant in said well opposite a

. selected inferval of sard hydrocarbon—contammﬂ
formation,

applying a pressure to sard liquid reactant sufficient to
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4. The method of Jaim 1 mcludmg the step of apply-

ing a pressure to said jiguid reactant sufficient to extend

said fractures to a second well, and maintaining said
pressure at a value suficient to maintain said fractures

~open in the absence of propping agents whereby the

hydrocarbons in the formation formmg the walls of the
fractures are heated. )

5. The method of claim 4 mcludmg the step of pro-
ducing heated hydrocarbons from the fractures.. N

6. The method of claim § including the step of in-

* creasing- the permeub?ut)" of the hydrocarbon-containing

formation adjacent e fractures throughout the length
thereof by injecting’ .—_ddmonal liquid reactant until a

chemrcally-heated permeable flow channel is formed ,:

through said formaticn adjacent the fractures, and sub-
sequently reducing the injection pressure below that nec-
essary to maintain the fractures open while being sufficient

to force {luid through the permeable flow charmels formed . -

in the formation.
7. The method of claim § including the step of subs

Asequently producmv tha hydrocarbon—contammg forma-

tion by injecting a hoa-reactant fluid in one well under

' well.
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