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ABSTRACT OF THE DISCLOSURE

Horizontal fractures are made in nonpay sections such
as shales, outside of or within the gross pay zone. Steam
is injected through these fractures at a central well -and
condensed water is produced at the surrounding  wells.
After steam breakthrough, the steam injection  rate is
reduced with time to make sure that hot water essentially
at the injected steam temperature will be produced, using
only the latent heat of condensation of the injected steam
at decreasing injection rates. A single well injection and
production scheme may be -used at the producing wells
by utilizing the excess steam. The heated oil is also pro-
duced by injecting steam into the oil reservoir; alter-
times the oil viscosity in centipoises at the original
natively hot water may be used,

The present invention relates to a novel method for
‘Tecovering petroleum from underground deposits thereof.
More particularly, it is concerned with the production of
petroleum from reservoirs of low mobility and which nos-
mally would be considered unsuitable for exploitation
by conventional fluid injection recovery methods. As used
in the present description the term “petroleum” is in-
tended to include tars and viscous oils as. well as high
gravity, e.g., 40° API, crudes. The expression “low
mobility reservoir” as used in.the present description and
claims is intended to mean a reservoir in which the flow
capacity thereof in millidarcy feet is less than about 30
times the oil viscosity in centipoises. at the original
reservoir temperature. ) '

Briefly, -the process of our invention involves first
fracturing a petroleutn bearing reservoir of the type con-
templated herein in accordance with well-known' fractur-
ing techniques. With reservoirs of such low mobility,
water can ordinarily be used as the fracturing: liquid.
After the fractures are created, heat is supplied to the
formation by injection of steam or hot water through the
fractures. When the reservoir has thus been heated so as
-to render the oil, tar, etc., readily flowable, any of several
recognized processes; including the continuation of steam
injection, forward combustion, hot waterflooding, etc.,
may be employed to recover. the oil from an offset pro-
ducing well or wells.

It ‘has' previously been thought (see U.S. Patent
3,154,142) that the only way.in which combustion can
be conducted in reservoirs of low mobility. was by means
‘of reverse combustion, as taught by Morse -in U.S.
2,793,696. Others have used the method of Morse in
‘reservoirs of the aforesaid type as indicated by Campion
et al.- 3,174,544, to render formation flnids of low
.mobility sufficiently “mobile- to support forward com-
bustion.

It is accordingly an object of our invention to provide
-a:method by which oil, tar, or equivalent reservoirs hav-
ing low fluid mobility can be subjected to forward com-
-bustion without previously using the reverse-combustion
step thereon. It is another object of our invention to pro-
vide a method for conditioning an oil bearing reservoir
“in such a way that the oxygen utilization during a. sub-
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sequent combustion process is increased. It is still another
object of our: invention to provide a means by which
heat losses to the surrounding formation during oil dis-
placement by fluid injection into the oil bearing reservoir
are substantially reduced. It is a further object of our
invention to materially reduce the substantial pressure
drop normally experienced when it is attempted to con-
duct forward combustion 4n a reservoir of initial low Auid
mobility. It is another object of our invention to Tecover
hydrocarbons from reservoirs of the aforesaid type by
first forming one or more fractures or zones of relatively
high permeability in or adjacent the ofl bearing zome,
thereafter injecting steam or a steam-water mixture into
the fracture(s) . until the temperature substantially
throughout ‘said zone is-at least about 50° F. above ifs
normal level, and then subjecting the reservoir while at
this elevated temperature to a fluid injection process to
recover oil of reduced viscosity from a producing well;
The zones of higher permeability may be in the pay and/
Or nonpay sections, i.e., relatively impermeable zones such
as.'shales, located adjacent or within the 8ross pay sec-
tion. ‘

In the drawings:

FIGURE 1 is a plot showing the distribution of heat
over varying periods of time from a fracture in a reservoir
subjected to the method of our invention.

FIGURE 2 shows the oil production rate and produced

- water-oil ratios for a 30-ft. pay section as well as .the
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10-ft. section.of the pay nearest a fracture when using
the process of our invention.

In: carrying out an embodiment of our invention, a
low mobility oil bearing ‘reservoir penetrated by an in-
jection well and a producing well is first fractured, either
at some level in the pay zone or in a non-oil bearing
zone located outside and/or within the Zross pay zomne.
The fracturing operation in low permeability reservoirs
as contemplated herein may be carried out with water.
To produce, such fractures, for example in a ‘tar sand
at a depth of about 1000 feet, pressures of the order of
about 1200 to 1600 p.s.i. are generally needed. While
these fractures or zones- of relatively high permeability
are not necessarily propped open in the usual way, we
bave observed that once.they are formed, they can be re-

:opened by the use of no more than about 3 the pressure

initially required. One of the practical advantages of these
fractures- or zones of “high permeability -thus created. is
that they reduce the pressure drop across the system,
requiring lower’ injection pressures which in turn result
in Jower air injection costs. In the case of the tar sands,
or similar unconsolidated oil bearing formations, we do
not know that fractures. are actually formed, but we have
observed that the injectivity of such a formation is in-
creased after being subjected to a fracture type operation.
Thus, where water is used as the fracturing liquid;:it is
possible that ‘these. permeable zones or channels” are
formed by the high pressure water streams -surging
through theformation to remove some of the sand with
them. For ‘example, thése channels can . be extended
readily from a central injection well to a number of sur-
rounding (producing) wells or vice versa so that com.-
munjcation is established between the injection and pro-
duction wells.

After the fracturing operation, steam, preferably about
80 percent quality steam, is injected through the more

‘permeable zones formed by the fracturing operation. In

the example just mentioned, the steam is preferably in-
jected- through the central well and the resulting con-
densate produced from- the surrounding wells, Steam in-
jection is preferably carried out at the full fracture or

-boiler capacity to realize- the maximum rate of Teservoir

heating. Eventually-~typically within one to four months,
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depending on injection rate, steam temperature, and dis-
tance between wells—steam breakthrough occurs at the
producing wells.

After steam breakthrough, the rate of heat dissipation
(due predominantly to conduction) from the fractures
into the surrounding formation decreases with the in-
jection time since the thermal gradient around the frac-
tures decreases with time. If steam is injected at the
original rate, the quality of steam produced increases
with time and unnecessary loss of the injected heat re-
sults. We therefore prefer that the steam injection rate
be reduced with time, making sure that hot water es-
sentially at the injected steam temperature is produced.
Otherwise stated, only the latent heat of condensation
of the injected steam should be used to provide heat to
the reservoir at decreasing injection rates. Injection of
steam through the fracture is continued until the major
portion of the reservoir is heated at least to a level such
that the original oil viscosity is substantially reduced and
the resulting hot thinned-out oil can be displaced effi-
ciently by any of several conventional recovery processes.
Ordinarily, a temperature rise of at least about 50° F.
throughout the reservoir is considered adequate to bring
about the desired reduction in viscosity. This phase of
steam injection may last several months, depending main-
1y on the oil zone thickness, the area involved, and the
injected steam temperature.

While the reservoir is being heated as outlined above,
the boiler may be operated at its full capacity for huff and
puff steam stimulation of the producing wells by utilizing
the excess steam—over and above that required for injec-
tion into the fractures—from the boiler. In a large-scale
operation involving more than one flood pattern, the ex-
cess steam may be used in several patterns.

When the reservoir oil is reduced in viscosity to the
desired value, steam injection into the fractures can be
terminated and other fluids injected as will be discussed
in greater detail below. However, if desired, steam injec-
tion can be continued after the desired reduction in oil
viscosity is reached, to displace oil towards the producing
wells. Since the original oil viscosity is reduced substan-
tially, the steam can be injected more easily than ordi-
narily could be achieved by injecting steam into cold
reservoir without preconditioning as outlined above. For
example, such steam injection pressures may range from
about 200 to about 2500 p.s.i. For the cases illustrated
below, the formations surrounding the oil reservoir are at
elevated temperatures, therefore heat losses during steam
injection into the oil bearing zone are substantiaily re-
duced.

As an alternative to steam injection, after the viscosity
of the oil has been reduced to the desired level, steam
from the boiler may be used to generate hot water at
the steam temperature by mixing steam and a predeter-
mined amount of cold water. The resulting hot water may
then be introduced into the oil reservoir at the injection
well to displace oil toward the producing wells. Hot
water displacement may not be as efficient as the steam
displacement of oil. However, in a situation where no
great advantage may be gained in raising the entire oil
reservoir to the very high steam temperature, hot water
can be generated at a lower temperature than the steam
temperature and then injected into the oil reservoir. In
this case the flood-out time of the reservoir may be sub-
stantially reduced.

Other fluid injection methods for displacing and recov-
ering the oil, tar or bitumen of reduced viscosity, result-
ing from steam injection through the zones or channels of
higher permeability, include subjecting the heated oil pay
to one of the recognized recovery methods, such as water-
flooding, gas injection, forward combustion, a combina-
tion of forward combustion and water-flooding, etc. Con-
ditions employed in forward combustion are well known
to the art and are discussed in some detail in U.S.
3,174,544, mentioned above, while the procedure for
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carrying out forward combustion and waterflooding is
taught in Craig et al. U.S. 3,196,945. Thinning of the oil
between injection and production wells provides a high
mobility zone through which a driving fluid and driven
hydrocarbon can move through the pay and be recovered
at the production wells. A further benefit of conditioning
the oil pay by means of steam injection in accordance with
our invention is that the higher than natural temperature
prevailing in the reservoir provides for higher oxygen
consumption efficiency when subsequently applying a re-
covery method such as underground combustion. In cases
where the fracture is in the pay itself, the injection pres-
sure required in the subsequent oil displacement phase
of our process is less than the original fracturing pressure.

In a practical application of our invention using, for
example, a S5-acre, 5-spot pattern where a fracture was
formed 5 feet below the oil zone in a shale streak, the
temperature of the shale-oil zone interface was about
312° F. after six months’ steam injection, compared to
90° F. at the top of the pay which was 35 feet from the
fracture. Heating through a number of equally spaced
fractures raises the oil temperature more evenly, however.
Over a 2V5-year period, 63,000 barrels of oil, i.e., 36 per-
cent of the original oil in place, was recovered. About 41
percent of recoverable oil can be produced from the 10-ft.
pay section (V5 the thickness of the total pay under con-
sideration) close to the fracture, compared to 35 percent
from the middle 10-ft. pay zone and 24 percent from the
top 10 feet of the pay. The difference in recovery efficien-
cy from the different sections of the pay is related to the
vertical temperature distribution in the pay. As a matter
of interest, conventional waterflood recovery for the same
formation was calculated to be about 6 percent. Thus, it is
seen that the process of our invention offers a striking
advantage over conventional waterflooding techniques as
applied to heavy oil deposits.

In connection with the above case, we refer now to
FIGURE 1 which shows that conduction heating from a
single fracture is not vertically uniform. For example, at
the end of one year of steam injection the temperature
at the shale-oil zone interface is 330° F., compared to
105° F. at a vertical distance of 45 feet from the fracture.
According to the process of our invention and using a
number of evenly spaced fractures, the oil reservoir can
be more evenly heated. With more uniform temperature
distribution in the oil zone, the displacement of the re-
servoir oil by the subsequent oil recovery operation can
be more efficient. Xt will also be noted that the rate of
temperature increase at a given position decreases with
injection time and the temperature tends to stabilize.
Thus, a limited injection time is involved beyond which
the conduction heating of the pay zone from the single
fracture is ineffective. We therefore prefer that conduction
heating from the fractures be terminated at the end of the
optimum injection time as may be determined by ref-
erence to FIGURE 1.

FIGURE 2 shows oil production rate and the produced
water-oil ratios for the entire 30 ft. section of the pay
as well as the 10-ft. pay section nearest the fracture. The
peak oil production rate from the 30-ft. pay zone is shown
to be 99 BOPD after 200 days of project life, compared
to 78 BOPD from the 10-ft. section at about the same
time. In the case of the 10-ft. section, however, the
production rate declines rapidly and at the end of 24
vears, the rate is only 3 BOPD, compared to 29 BOPD
from the entire pay. The sections of the pay closer to
the fracture respond faster to the oil recovery mechanism
involved in the process of our invention, but they also
water-out faster than sections of the formation farther
away from the fracture. At the end of the life of the
project, the water-oil ratio was 9:1, although such ratio
for the lower ¥5 of the pay was in excess of 50:1, while
the bottom 1-ft. section of the pay produced substantially
100 percent water at the end of the project.

In carrying out an operation such as that discussed
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immediately above, the average steam injection rate into
the fracture over the 2Vs-year life of the project ‘was
8300 Ibs./hour of 80 percent quality steam at 200 p.s.i.a.
and 382° F. It might be pointed out, however, that after
steam breakthrough, the steam injection rate decreased
drastically, e.g., to about 5000 Ibs./hour after 215 years.
The decrease in injection rate is due to the decrease in
thermal gradient time around the fracture. The average
hot water injection rate into the pay was about 200
bbls./day, i.e., 3000 1bs./hour. Heat balance calculations
show that about two S-acre, 5-spot patterns may be oper-
ated by using a 20,000 Ibs./hour boiler which is a conven-
tional sized unit. Excess steam over that required for
the injection operation could be mixed with about 3000
Ibs./hour of cold water to genmerate hot water at steam
temperature where hot water is to be used as the driving
fluid.

An embodiment of our invention in which in situ com-
bustion is employed after the temperature of the petro-
leum deposit has been increased to the extent of at least
50° F. is illustrated in the following example:

Example

Athabasca tar sand (306.25 pounds) containing 15
weight percent tar was packed into a combustion cell 12
inches in diameter and 4 feet long. In the middle of this
cylinder of tar was a crack ¥4 inch thick by 8 inches wide,
filled with 20-40 mesh flint-shot sand to simulate a zone
or channel of relatively high permeability. Steam at 150
p.s.i.g. was injected for about 1% hours to heat the tar
sand to a temperature ranging from about 355° F. at the
outlet to about 365° F. at the inlet. Thereafter air injec-
tion at the rate of 23 s.c.f.h. was initiated. At the inlet the
temperature dropped 20°-30° F. but at the outlet it de-
creased only about 1° F. About two hours after the start
of air injection the temperature of that portion of the
tar sand between 3.5 and 4 feet from the inlet end of the
cell increased 5°—12° F, Thereafter a temperature increase
was also noticed in portions of the cell closer to the inlet.
The highest temperature area tended to move in the di-
rection of the air inlet., After the combustion fromt
had reached a point approximately 3 feet from the inlet,
the front reversed its path and traveled in the same direc.
tion as the air flow. While the run was in progress, melted
tar and water were collected. The run was halted pre-
maturely due to a ruptured valve in the product line.
However, it clearly demonstrated that hydrocarbon bear-
ing formations can be brought, by steam injection, to a
temperatire sufficient to cause a portion of the hydro-
carbons therein to burn when subsequently contacted with
air at such temperature, resulting in a flow of hot, thinned
oil through the formation to a producing well. During the

course of the run the pressure within the cell averaged

714 p.s.i.g. and oxygen consumption during the last six
hours of the run was 99.6 percent, indicating a very effi-
cient combustion process. The observed peak temperature
was 1234° F. with the average during the combustion
portion of the run being about 1080° F.

It should be pointed out that by the process of our
invention, as illustrated in the above example, combus-
tion can be initiated without the use of a separate ignition
step. This is not only advantageous because of the sav-
ings in time but is desirable since it avoids the use of a
rather costly and sometimes dangerous procedure.

It will be apparent from the foregoing description that
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we have developed a method of thermal recovery having
wide application in hydrocarbon bearing reservoirs of
low permeability. As contemplated by our invention, such
Teservoirs are not necessarily limited to those having high
viscosity oils, i.e., not more than about 25 API gravity,
or tar, but on the contrary, our process is equally appli-
cable to the less viscous, higher gravity, e.g., 40° AP],
oils present in reservoirs of low permeability.

We claim:

1. In a method for recovering petroleum from an
underground oil bearing formation of low mobility pene-
trated by an injection well and a producing well, a non-
oil bearing zone being adjacent said formation, the im-
provement which comprises subjecting said zone to fluid
pressures sufficiently high to create a channel of relatively
high mobility in close proximity to said oil bearing for-
mation; thereafter injecting steam at a temperature of at
least about 300° F. into said channel and continuing
steam injection until the temperature of a major portion
of said petroleum has been increased to at least about
50° F. above the normal reservoir temperature; and
thereafter, while said petroleum is in a heated condition,
subjecting said deposit to a conventional fluid injection
recovery method.,

2. The method of claim 1 in which hot water at a
temperature of at least about 300° F. is the fluid employed
in said recovery method.

3. The method of claim 2 in which the petroleum is a
bituminous tar.

4. The method of claim 2 in which the petroleum in-
volved is a viscous oil having an API gravity of not more
than about 25°,

5. The method of claim 1. in which steam at at least
about 300° F. is employed in said recovery method.

6. The method of claim 5 in which the petroleum in-
volved is a bituminous tar.

7. The method of claim § in which the petroleum in-
volved is a viscous oil having an API gravity of not more
than about 25°.

8. The method of claim 1 in which the conventional
fluid injection recovery method employed is in situ com-
bustion.

9. The method of claim 8 in which no separate ignition
step is employed.

10. The method of claim 8 in which the petroleum in-
volved is a viscous oil having an' APX gravity of not more
than about 25°.

11. The method of claim 8 in which the petroleum in-
volved is a bituminous tar.

12. The method of claim 1 in which the petroleum in-
volved is a bituminous tar.

13. The method of claim 1 in which the petroleum in-
volved is a viscous oil having an API gravity of not more
than about 25°,
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