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This invention relates to the recovery of hy-
" drocarbons from partially depleted oil sands:
more particularly, it relates to an improved meth-
od of secondary recovery of oil from oil-bearing

arranged in a geometric pattern, which is known
to those skilled in the art as a “five-spot” pattern.
The five-spot pattern is the most frequent ar-
rangement of input and output wells employed

strata by a novel method of fluid-drive. 5 In fluid-drive operations. It is to be understood,
‘The recovery of oil from a subsurface forma- however, that wells 10 to 21, inclusive, may be
tion may be accomplished by several means. The arranged to form other types of input and output
oil may be produced by natural means, such as well patterns wherein my instant method may be
€8s or rock pressure, natural water drive, or solu-  successfully practiced. :
tion gas pressure. When these natural forces 10  Prior to the initiation or my method, fluid is
are insufficient to cause the oil to fiow from pro- injected into the input wells, through which the
ducing wells at an economical rate, the oil may injected fluid travels downwardly to the oil-bear-
be pumped or raised by one of the known meth- ing formation and thence outwardly through the
0ods. When pumping methods or the like can no formation toward the output wells. Oil, which
longer produce ofl at an economical rate, addi- 15 is moved toward the output wells by the injected
tional oil may be recovered by the application of  fluid, is pumped or lifted by any desired means
secondary recovery methods, for example, water- to the surface of the ground. The fluid injected
flooding, fluid-drive, or repressuring of the par- into any one input well at a desired superatmos-
tially depleted oil-bearing formation. These pheric pressure, which is determined by the exist-
‘methods usually involve injection of water, gas, 20 ing reservoir conditions, flows outwardly through
air, or other fluid or combination of fluids, into  the formation, urging oil toward the output wells.
the formation through one or more input wells The effect of the injected fluid is primarily a drive
and production of oil from one or more output to the surrounding output wells, for example, in
" wells. The method disclosed herein is primarily a “five-spot” pattern of well arrangement, filuid
concerned with the recovery of an additional 25 injected into input well 15 urges oil toward out-
amount of oil from the formation. put wells 22, 23, 25, and 26. Also, any one output
An object of this invention is to recover oil well is influenced by fluid injected into the sur-
from an underground reservoir. : rounding input wells, for example, input wells 10,
One of the objects of the present invention is 11, 14, and {5 urge oil toward output well 22,
to provide & method of increasing the ultimate 3o The fluid, which is injected into the formation,
oil recovery from a given structure containing oil, flows from the input to the output wells through
A further object of this invention is to pro- the connected pore spaces of the formation. In
vide a novel method of fluid-drive which will many hydrocarbon-bearing formations, pore
effectively increase the recovery of oil from an spaces, which although interconnected for con-
oil-bearing formation. . g5 Slderable lateral extent of. the formation, are
A still further object of this invention is to pro- closed or plugged by cross-bedding planes, in-
vide a. method of fluld-drive whereby oil is not ~ cluding a type whereby an impervious streak or
permanently trapped in the formation as a re- vein of rock puts across the formation in a ver-
sult .of the injected flulds flowing continuously  tical or slopping manner, or plugged by sediments
toward an output well from one direction, 40 anfi the like which are deposited during a fiuid-
These and additionsl objects and advantages drive secondary recovery operation. The inter-
will be apparent to persons skilled in the art by  connected pores.which may be plugged due to
reference to the following description and an- either of these or other causes will hereinafter
nexed drawing, wherein v be referred to as “dead-end” or “blingd” pores.
Figure 1 is a diagrammatic view illustrating the 45 The interconnected pores are usually plugged in
general working of my instant invention; and ° locallzed parts of the formatior, providing a
Pigure 2 is another diagrammatic view illus- region of “blind” pores adjacent to regions of
trating the general working of a modification of open pores. Hydrocarbon oil, which is urged to-
my invention. : . ward the output wells by the injected fluid, enters.
Referring to the drawing and more particular- 50 both the regions of “blind” pores and the regions
ly to Figure 1, I have shown a plurality of input of open interconnected pores. Hydrocarbon oil
wells by reference numerals 10 to 2{, inclusive, flows through the region of “blind” pores until
and a plurality of output wells by reference nu- the resistance to flow of fluid therein exceeds
merals 22 to 21, inclusive. It is to be noted from the resistance to flow in the open interconnected
the drawing that the input and output wells are 655 pores, whereupon the flow of fiuid in the reser-
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voir is by way of the open pores. Thus, fiuid,
which has entered or which was already con-
tained in the “blind” pores kecomes irapped
therein, from which i cannot be recovered unless
the principal direction of fiuid flow in the reser-
voir isschanged, )

In order to change the direction of flow of the
injected fluid and thereby recover the oil which
is trapped in the “blind” pore regions of the for-
mation, I shut in output wells 22, 28, 24, 26, 26,
and 27, withdrawing no fluid therefrom; I open
input wells {5 and {7 to the atmosphere so that
the pressure on the well approaches atmospheric
pressure; I maintain input wells (8, 12, 18, and
20 at a superatmospheric injection pressure of P;
I maintain a reduced superatmospheric pressure
of p, on input wells {4, 13, 18, 16, 19, and 2f.
This reduced pressure, p, may be any desired su-
peratmospheric pressure less than pressure P,
however, I have found that by maintaining the
reduced superatmospheric pressure approximate-
ly one-half of the injection pressure I cbiain sat-
isfactory performance of my method. By thus
adjusting the pressures on the input wells, the
principal movement of fluid through the reservoir
will be in the general direction of input wells {5
and 11, as indicated by the large full arrows on
Figure 1. A minor movement of fluid also takes
place between the input wells which are subjected
to pressure P and the input wells which are sub-
jected to pressure p. There is also a minor move-
ment of fluid between this latier group of wells
and the input wells which are open to the atmos-
phere. These minor movements are indicated by
the small full arrows on the drawing. It will be
noted that the direction of flow from all input
wells is changed, excepting that from wells 10, 12,
18, and 20. By changing the direction of move-
ment of Aluid through the reservoir for & prede-
termined length of time, as predicted by the res-
ervoir conditions, hydrocarbon oil which was
trapped in the “blind” pores by the movement of
fluid through the reservoir previcus o the initia-
tion of my instant method is removed from those
pores and is caused to flow into the open inter-
connected pore spaces through which it may ke
urged to the outpub wells, when the conventional
method of fluid-drive is resumed. Prior to re-
suming the conventional method of fluid-drive,
- a step in which input wells {4 and 16 are opened

to the atmeosphere is practiced, wells i, 13, 18,
and 2! are subjected to superatmospheric pres-
sure P; and wells 16, £2, i5, {7, {8, and 206 are
subjected to superatmospheric pressure, p. Thus,
the géneral direction of the principal movement
“of fluid in the reservoir, which is also maintained
for a predetermined length of time, is toward in-
put wells {4 and 16, as jndicated by the large
broken arrows. It is to be noted that the direc-
tion of the principal movement of fluid in the res-
ervoir, which.is toward input wells {4 and (6 that
are opened to the atmosphere, is substantially
across the direction of the principal movement
of fluid resulting from input wells i§ and §7 be-
ing opened to the atmosphere. Minor movements
of fluid in the reservoir alsc take place between
_ those input wells which are subjected to pressure
P, and those which are subjected to pressure p,
and between the latter input wells and input
wells {4 and 16, as indicated by the small broken
arrows. During the step of my instant invention
in which input wells 14 and i6 are opened to the
atmosphere, hydrocarbon oil which has been
trapped in the “blind” pores that occur in the
formation between input wells 10, (2, 18, and 20
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and the output wells is caused o flow to the open
interconnected pores through which the oil is
urged to the output wells, when the conventional
method of fiuid-drive is resumed. -After the di-
rection of fluid movement in the reservoir hag
been changed by the steps as set forth, all input
wells are subjected to the superatmospheric pres-
sure P, and hydrocarbon fluid is withdrawn from
cutput wells 22, 23, 28, 25, 26, and 27. Fluid is
injected into all input wells until it again be-
comes necessary to repeat the steps of my instant
invention. ) )

Turning next to Figure 2 for a description of a
modification of my instant invention, it will ke
noted that the input and output wells are desig-
nated by the same reference numerals as in Fig-

‘ure 1. When it is'desired in the practice of fiuid-

drive operations to apply this modification, out-
put wells 22, 23, 24, 25, 26, and 27 are shut in.
Input wells 4, i5, {8, and {7 are opened to the
atmosphere and sufficient fluid is injected into
input wells £0, 14, §2, (3, {8, {9, 20, and 2f to
maintain & superatmospheric pressure P, there-
on. This pressure is preferably that at which
normal fluid-drive operations were carried out.
The movement of fuid in the reservoir is effected
between the last mentioned group of input wells
and the input wells which are opened to the at~
mosphere for a predetermined length of time as
predicated by the reservoir conditions in order to
remove hydrocarbon oil from the “blind” pores.
The general direction of the movement of the
fluid in the reservoir ig indicated by the large full
arrows on Figure 2. Minor fiuid movements are
generally indicated by the small full arrows on
Figure 2. Next input wells (8, i4, {8, {2, {8, and
28 are opened to the atmosphere and input wells
i, i8, €9, 13, 1%, and 2( are subjected to the
superatmospheric pressure P, and fiuid is moved
through the reservoir toward the input wells
which are open to the atmosphere, as generally
indicated by the broken arrows. When the hy-
drocarion oil, which has been trapped in the

" “blind” pores of the formation has been remecved

thereirom to the open Iinterconnecting pore
spaces, fluid is again injected info input wells {8,
(4, 18, 12, {8, and 20, increasing the pressure on
these wells to superatmospheric pressure P while
confinuing to maintain the remsaining inptt
wells, namely, wells {, {5, £8, 13, {7, and 2§ at
said superatmospheric pressure, P; cutput wells
22, 23, 24, 28, 26, and 27 are opened up to produc-
tion; and normal fluid-drive operations are re-
sumed. When oil again becomes trapped in the
“blind” pores, the practice of this modification of
my invention may be resumed. )

From the foregoing, it is believed that the many
advantages obtainable by the practice of the
present invention will be readily apparent to per-
sons skilled in the art. However, since certain
changes may be made in carrying out the above
method without departing from the scope of the
invention as defined by the eppended claims, it
is intended that all matter contained herein shalil
be interpreted as #lusirative sand explanatory,
rather than in 2 limiting sense. :

I claim:

1, In a method of recovering hydrocarbons
from 2 hydrocarbon-bearing formation that is
substantially devoid of natural fiuid energy and
that is penetrated by a plurality of input wells
and at least one output well, the steps compris-
ing shutting in the output well, injecting fuid
under pressure into the formaticn through at
least one input well to effect movement of hydro-.
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carbons through the formation in one general
direction and toward the output well, subsequent.
ly injecting fluid under pressure into the forma-
tion through at least another:input.well to effect
movement of hydrocarbors through the forma-
tion toward the output well in a general direc-
tion that is across the direction of movement
effected by the preceding step,.and opening the
previously shut-in well and ‘withdrawing fluid
from the formation therethrough.

2. In a method of recovering hydrocarbons
from a hydrocarbon-bearing -formation that is
substantially -devoid of natural fluid energy and
that is penetrated by a plurality of input wells
and at least.one output well, the steps compris-
ing shutting in the output well, injecting Auid
under pressure :into the formation through at
least one input well while maintaining the pres-
sure on at least another of the input wells at
an inferior pressure to obtain directional fluid
drive -and movement of hydrocarbons through
the formation and toward the output well, sub-
sequently injecting fluid under:sufficient pressure
into the formation through at least one input well
other than the first mentioned input well to cb-
tain fluid drive and movement of hydrocarbons
through the formation and toward the output
well across the fluid drive and movement of hy-
drocarbons obtained in the second step, and then
withdrawing fiuid from the formation through

the previously shut-in output well.

"~ 3. In a method of recovering hydrocarbons
from a hydrocarbon-bearing formation that is
substantially devoid of natura] fluid energy and
that is penetrated by a plurality of input wells
and at least one .output well, the steps compris-
ing shutting in the output well, injecting fluid
under superatmospheric pressure into the forma-
tion through at least one input well while main-
taining at least another of the input wells at
substantially atmospheric pressure to obtain di-
rectic 1al movement of the hydrocarbons through

the formation and toward the output well, sub-

sequently injecting additional fluid under suffi-
cient pressure into the formation through at least
one input well other than the firrt mentioned
input well to obtain movement of the hydrocar-
. bons through the formation and toward the out-
put well across the movement of the hydrocar-
‘bons obtained in the second step, and then open-
ing the previously shut-in output well and recov-
ering fluid therethrough. .

4. In a method of recovering hydrocarbons
from a hydrocarbon-bearing formation that is
substantially devoid of natural fluld energy and
that is penetrated by a plurality of input wells
and at least one output well, the steps compris-
ing shutting in the output well, injecting Auid
under superatmospheric pressure into the forma-
tion through at least one input well while main-
taining at least another of the input wells at
substantially atmospheric pressure to obtain di-
rectional movement of the hydrocarbons through
the formation and toward the output well, sub-
sequently injecting additional fluid under super-
atmospheric pressure into the formation through
at least one input well other than the first men-

tioned input well while maintaining another of -

the input wells at substantially atmospheric pres-
sure to obtain movement of the hydrocarbons
through the formation and toward the output
well in' a direction across that obtained in the
second step, and then opening the previously
shut-in output well and recovering fluid there-
through. o . :

3

5. The method of working an ofl field to re-
cover oil from a partially ‘depleted oil-bearing
formation that is substantially devoid of natural
fluid energy :and that is penetrated by a plu-

5 Tality of input wells and output wells compris-
ing shutting ‘in.-the output wells, injecting fluid
under superatmospheric pressure.into the forma-
tion through a group of input wells while main-
taining at least one input well at reduced pres-

10 sure to move oil in the formation towards one
part of the ‘field, subsequently :injecting fluid
under superatmospheric pressure into another
group of input wells to move il in the forma-
tion toward another part of the field, and with-

15 drawing oil hrough at least one output well,

6. The method of working an .oil fleld to re-
cover oil from :a partially depleted oil-bearing
formation that is penetrated by a plurality of
input wells and output wells comprising shutting

og in the output wells, injecting finid under superior
superatmospheric pressure into the formation
through a group :of input wells, gimultaneously
injecting fluid under inferior superatmospheric

‘pressure into the formation through a sétond
o5 £roup of input wells while maintaining a plu-

rality of the input wells at a pressure below

:said inferior superatmospheric pressure to move

-oil through the formation toward one part of

the field, subsequently injecting fiuld under su-

30 perior superatmospheric pressure into the for-
mation through a third group of input wells,
simultaneously with the preceding step injecting
fluid under inferior superatmospheric pressure
into the formation through a fourth group of

35 input wells to move oil through the formation

toward another part of the field, and withdraw-

ing oil through output weljs.

7. The method of working an oil field to re-
‘cover oil frém a partidlly depleted oil-bearing
formation that is penetrated by a plurality of
input wells and output wells comprising shutting
in the output wells, injecting fluid under superior
superatmospheric pressure into the formation
through a group of input wells, simultaneously
injecting fluld under inferior superatmospheric
pressure into the formation through a second
group of input wells while maintaining a plu-~
rality of the input wells at atmospheric pressure
to move o0jl through the formation toward one
part of the- fleld, subsequently injecting fluid
under superior superatmospheric pressure into
the formation through-a third group of input
wells, simultaneously with the preceding step in-
jecting fluid under inferior superatmospheric
pressure into the formation through a fourth
group of input wells to move oil through the
formation toward another part of the field, and
then withdrawing oil through the output wells.

-8. The method of working an oil field to re-
cover oil from s partially depleted oil-bearing
formation that is penetrated by a plurality of
input wells and output wells comprising shutting
in the output wells, injecting fluid under super-
atmospheric pressurd into the formation through
one group of input wells while maintaining an-
other group of input wells at a pressure below
said superatmospheric pressure to move . oil
through the formation toward one part of the
field, subsequently injecting fluid under super-
atmospheric pressure into the formation through
a third group of input wells to move oil through
the formation toward another part of the field,
ang withdrawing oil through output wells, -

9. The method of working a partially depleted
756 oil-bearing formation that is_penetrated by at
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least three input wells that are spaced substan-
tially equidistant and one output well positioned
substantially centraily of the input wells com-
prising shutting in the outpui well, injecting Auid
under superior superatmospheric pressure inte
the formation through at least one input well
while maintaining at least one input well &t
atmospheric pressure, simultaneously injecting
fiuid under inferior superatmospheric pressure
into the formation through at least one input
well to obtain movement of oil throughk the for-
mation in one general dirvection and toward the

()
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output well, injecting fluid under superatmos-
pheric pressure that is greater than the pressure
mentionéd in the preceding step into the forma-
tion through at least one input well first men-
tioned other than the well referred to in the
second step to obtain movement of oil through
the formation and toward the output well in a
general direction which crosses the above men-
tioned direction of movement, and then opening
the previously shut-in output well and withdraw-
ing oil therethrough.
WILLIS A, HEATH,



