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This invention.relates to the treatment of oil ‘wells, and
‘pertains more-particularly to improved. methods of treat-
ing :formations of wells producing both. oil and water,
whereby a water-bearing portion or zone of the formation
-may:be sealed or isolated from the oil-bearing portion or
zone near the borehole to prevent the migration of water
into the oil-bearing zone.

In many oilfields the oil-producing pertion of the forma-
tion is underlain by a water-producing portion. The water
may. not have underlain the oil originally but may have
entered later. Under either condition water from the
lower zone usually flows into the well borehole mixing
‘with -the oil therein. In many wells producing both oil
‘and “water, the encroachment of the water progresses
through various stages until -finally the well may be pro-
‘ducing large  quantities of liquid ‘of which but:a small
-portion is oil.
zone may finger up-into the cil-producing zone ‘before en-
teting the borehole; then, as the flooding advances, the
-water rises higher and higher in the oil-producing sand
adjacent to the borehole and reduces more and more the
flow area by which the oil may enter the well borehole.
This process:may continue to-such an extent that the pro-
duction from-the well is largely water even though a signi-
ficant quantity of oil may remain ‘in the-formation. Pro-
duction ofthis oil may net be economically:feasible at the
very reduced oil rate caused by-the water influx into the
swell bore.

This-migration of water from-a lower portion or zone of
the formatien;into the prodiicing section of the formation
adjacent:the well borehole is known -as -coning of water.
‘The: formation of such-a “cone” increases the flow area
for: the water at the expense-of the fiow area for the oil,
the rate at which this-takes place: depending largely upon
.the.character-of the formation;: the ‘character of the fluids
-therein .and ‘the rate of production. This may result in
the ‘almost complete ‘saturafion with water of the sands
adjacent the well, most of the oil gaining access-to the well
.as globules that ‘have to pass through the water, “When
this condition is attained, methods generally used in the
petroleum industry for attempting to cope with the influx
of water have met with little degree of success.

Several methods of suppressing water coning 'in wells
producing both. 6il -and -water have been suggested. For
‘example, the most obvious-method consisted of depositing
cement in the well borehole adjacent the water-producing
formation up to the interface between the water-producing
and-oil-producing zones. This remedy proved ineffective
as the water-from the lower zone continued to intrude into
the oil-bearing zone adjacent -the borehole. “In another
attempt {o prevent water coning; a packer was set in the
borehole. at the interface between the oil-bearing zone and
-the -adjacent water-bearing zone, and a sealing material
was ‘forced ‘down a tubing and through the packer into
the space below which was adjacent the water-producing
-zone. Pressure was then apphed to the column of plastic
sealing material to force thé impervious matenal into the
water-bearing zone to seal it off ‘effectively,  While the

First, some of the water from the lower .
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impervicus material expanded radially from the borehole
into the formation to seal off the water-bearing zone, sore
of the material was also forced both radially and upwardly
into the oil producing zone thereby diminishing the effec-
tive production area of the well.

Other workers. in the field have suggested mtroducmo
into the well borehole and positioning therein adjacent to
the oil-producing zone either a stagnant fluid or a gel-like
mass which would prevent the material used to seal the
water zone from contaminating the oil producing forma-
tion: - The use of a stagnant liquid in such a manner,
however, did not prevent the intrusion-of a mass of sealing
material from the water-producing zone into the oil-pro-
ducing zone. Further, it has been svggested to crack the
producing formations at the interface of the oil-bearing
zone and water-bearing zone and to inject into the cracked
formation a thin layer of cement or other impervious ma-
terial extending radially from the borehole. The difficulty
with this method is that it is usually not possible to crack
the formation in the desired direction for any appreciable
distance. =

It 'is therefore a primary object of -this invention to
provide a method for suppressing water coning into well
boreholes.

A further object of this inventionis to provide a method
for suppressing water .coning into well boreholes having
both oil and Wz;ter-producing zones-without contaminating
the cil-producing formation.

Another object of this invention is to provide a method
for suppressing water coning in a-well borehole having
both oil -and water-producing zones without appreciably
reducing the effective producing area of the oil-producing
formation.

It is also a further object of Ihl'i invention to p"ov1dc a
method for suppressing water coning into-a well borehole
having both oil and water-producing zones by sealing or
isolating the water-producing zone from the oil-producing
zone at a-point adjacent the borehole.

Another obJect of this i invention is to provide a method
for suppressing .water coning in.a well borehole havwg
both water and oil-producing zones by effectively sealing
off the water-producing zone of the well while preventing
the sealing material from entering the oil-producing zone.

Still another object of this inveniion is to provide a
method for reducing ihe water/oil production ratio in a

well having both oil and \»/ﬁt(ir—px'oaucin:y formations.

Another object of .this- lnve"ltlf)"l is to provide a method

for reducing gas coning.

(A further object of this invention is to provide a method
for reducing the gas-oil production ratio in wells with.a
gas cap. X
. These and other objects of this invention will be under-
stood from the following description taken with reference
to the attached drawing, wherein: :

Figure 1 is a vertical section through a well borehole

_diagrammatically - illustrating the .formation of a water

cone around an oil well.

Figure 2 is a-vertical section through a well borehols
diagrammatically. showing equipment whereby a sealing
material-is being injected into.the water zone of the well
borehole, with a portion of the plugging material “balloon-
ing” upwardly into.the oil zone.

Figure 3 is a vertical section through a well borehole
diagrammatically illastrating the injection of a plugging
material into the water-producing zone while injecting a

.non-plugging fluid or material into the oil-producing zone.

Figures 4 and 5 are vertical sections through a well
borehole diagrammatically illustrating two different meth-
ods forinjecting a disk of plastic or other sealing material

radially into the formation at a point substantially at the

interface of the oil and water- bearing formations. . -
Referring to Figure 1 of the drawing, a well borehole 11
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is shown which has been drilled through various strata
including a formation or formations having an oil-produc-
ing zone 12 and a water-producing zone 13 which underlies
the oil zone. The well casing 14 is shown as positioned in
the borehole 11, being sealed therein by cement 15.  De-
pending within the well casing 14 is the lower end of a
production tubing 16.

The actual contact or transition zone represented by
line 17 which separates the oil-bearing formation 12 from
the water-bearing formation 13 varies in degree of
abruptness but is usually characterized by low water sat-
uration in the lower part of zone 12 and in the upper part
of zone 13 with progressive increase in water saturation
with depth below the oil-water contact zone along the
‘line 17. ~

Area 18 is a diagrammatical representation of what is
commonly designated as a “water cone” around the well
borehole 11 in the oil-bearing formation producing both
oil and water. Within such area 18, the natural oil-
water saturations have been greatly modified by water
encroachment and the formation thus represented has
become more permeable to water than to oil. Water
from the water-bearing zone 13 has moved upwardly into
the oil-bearing formation 12 adjacent the well borehole
11, thus reducing the depth of the oil sands at the wall
of the borehole 11 from its original depth A to its present
depth B. Continued enlargement of the water cone 18
by further upward migration of the water into the oil-
bearing zone 12 would ultimately cause the oil sands 12
adjacent the borehole to become flooded with water thus
‘effectively shutting off the entrance of oil from zone 12
into the borehole 11.

In an attempt to prevent water coning, the lower water-
bearing formation 13 is often sealed off by depositing a

volume of plastic at the bottom of the borehole and in- ¢

jecting it into the adjacent water-bearing zone 13. As
shown in Figure 2 of the drawing, a well packer 21 may
be mounted on the lower end of a pipe string 16 and
lowered into the well to the level of the interface be-
tween the oil and water-bearing zones where it is sealed
against the walls of the well casing or borehole. A seal-
ing material in then pumped down the pipe string 16 and
forced under pressure into- the water-bearing formation
13.- A sealing plug 22 is formed around the borehole by
the sealing material which is forced into the formation.
It is to be noted that the sealing material besides expand-
ing radially into the formation is also forced upwardly
into the oil-bearing formation 12 around the packer 21,
“This movement of sealing material upwardly into the oil
zone 12 around the packer 21 is known as “ballooning.”

The present invention may be practiced to suppress
water coning in a well producing both oil and water and
to prevent the ballooning of a sealing material injected
-into the well to seal off the water-bearing zones. In ac-
cordance with the present invention a pipe string 16, hav-
ing a packer 21 attached to the lower end thereof, is
lowered into a well borehole 11 as shown in Figure 3 and
the packer 21 is set against the walls of the borehole at
above or below the interface of the oil and water-bearing
zones 12 and 13, respectively. A fluid plastic or other
impervious material is pumped down the pipe string 16
into the bottom of the borehole 11 where it is forced
radially into the adjacent water-bearing formation under
pressure to effectively seal the water-bearing formation
adjacent the borehole by forming a sealing plug 22.

Simultaneously, a second fluid, which is non-sealing in
character, is forced down the annulus 23 between the well
casing 14 and the pipe string 16. The non-sealing liquid
is forced radially into the oil-producing zone 12. Any
stitable non-sealing material which will not contaminate
or block the oil sands 12 may be wused to prevent the
ballooning of the sealing material. The most common
non-sealing fluid which could be used would, of course,
be some of the oil which had already been produced by
that well,
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Chemicals or other materials which control the vis-
cosity of the oil may be added to the oil to alter its vis-
cosity. Radial velocities of the non-sealing oil into the
oil zone and of the plastic sealing fluid into the water zone
can be maintained equal and parallel to the interface 17
provided that a proper relationship is maintained between
the permeabilities of the two zones 12 and 13 and the
viscosities and injection pressures of both fluids. The
permeability of the oil sand 12 to the non-sealing fluid
and of the water sand 13 to the sealing fluid can be
readily determined in a manner well known to the art
after cores from each zone have been obtained as by a
sidewall coring operation. After determining the
permeabilities of the sands of the two zones, the viscosities
of the sealing fluid and/cr of the non-sealing fluid may be
adjusted, as by the addition of chemicals, other oils, or
cther materials, so that the two finids pass through the
respective formations at equal radial velocities when they
are injected into the well under pressure greater than
formation pressure and so adjusted that the pressure in
the non-sealing fluid just above the packer is equal
to the pressure in the sealing fluid just below the packer.
If the formation containing the oil and/or water-producing
zonie is not homogeneously permeable, the adjustment
should be made to maintain equal radial velocity at the
sealing/non-sealing fluid interface.

Alteration of the viscosity of the non-sealing fluid is
not essential if some contamination of the oil zone is
allowable. The basic steps in the present invention com-
prise the simultaneous injection of the two fluids, al-
though alteration of non-sealing fluid viscosity may be
desirable in many cases. When the well is put on pro-
duction, the oil in the oil sand 12 forces the non-sealing
liquid out of the sand and into the borehole where it is
raised ahead of the normal well fluid. .

The suppression of water coning may also be readily
accomplished by carrying out the present method as dia-
grammatically illustrated in Figure 4 of the drawing. In
this modification, the coning of water from a lower water-
producing zone 13 to the upper oil-producing zone 12 may
be suppressed by forming either in the oil zone 12 or be-

.tween the two zones 12 and 13 at a point adjacent the

borehole 11, a disk 24 of plastic or other impervious ma-
terial, which will solidify after being forced into place.
To form the disk 24 a pipe string 16 is lowered into the
well borehole 11, there being carried on the lower end of
said pipe string 16 is spaced relationship a pair of packers
25 and 26. The packers 25 and 26 are adapted to be
sealed against the wall of a borehole, while the space
above the packers is in communication with the space
therebelow through a suitable conduit means such as a
short pipe 27 extending through both packers 25 and 26.
The space 28 between packers 25 and 26 is in communica-
tion with the bore of the pipe string 16 through one or
more suitable ports 29 in the lower end of the pipe string.
The bottom of the pipe string is closed in any suitable
manner as by a cap or plug 30.

The disk 24 shown in Figure 4 may be formed by plac-
ing the double packers 25 and 26 in the borehole 11 5o as
to straddle the desired level at which the plastic is to be
placed. While the plastic disk 24 is preferably injected
and formed at the interface between the oil and water-
bearing zones, the plastic may, however, be injected above
or below the interface. Thus, it may be desirable in many
cases to inject the plastic entirely in the oil-bearing zone.
This should postpone coning even longer than injection at
the interface. As the water level rises and passes over this
first plastic disk, coning may begin anew. If a sufficient
thickness of oil-bearing formation is left it may then be
feasible to set a second plastic disk above the water layer.
Possibly a multi-disk device could be used to inject several

.disks at one time, then as water encroached, a borehole

packer or plug could be used to seal each disk at the well
bore. The plastic could be injected at the time the well
was completed if thought desirable. Prior to the place-
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tnent of these packers 25 and 26, the formations at this
level may be fractured as by shooting with explosives,
or may be cut as by reaming, undercutting, or in any other
manner well known to the art.  After placement of the
packers in position, a sealing material is forced down pipe
string 16 cut ports 29 into the space 28 between the
packers 25 and 26 and thence into the formation between
the .0il zone 12 and the water zone 13 to form a disk-
shaped deposit of material 24 which readily hardens or
solidifies to become impervious to- water.. Simultaneous-
ly, oil or any other non-sealing material is forced down
the annulus 23, a portion of the non-sealing material being
forced into the cil-producing zone 12, while the other por-
tion of the non-sealing material is forced through conduit
27 by-passing the packers and thence into- the water-
producing formation 13. By maintaining a flow of non-
sealing fluid into the formation in a direction essentially
parallel to the interface and at a radial velocity equal to
that at which the sealing material flows into the formation,
a disk 24 of suitable lénticular shape may be formed with-
out any of the material ballooning vpwardly into the oil
formation or downwardly into the water formation... Such
a flow may be maintained by suitable adjustment of fluid
viscosity as discussed above and by maintaining pressures
above and below the packers nearly equal. The thick-
ness of the disk 24 may vary from several inches to sev-
eral feet, depending on the character of the formations
and the pressures and. viscosities used.

As a substitute for the oil or other non-sealing fluid to
be used in the region below the plastic disk 24, i. e., ad-
jacent the water-bearing formation 13, water treated with
viscosity-increasing chemicals; such as glycerol or sugar
may be used. The apparatus needed to inject three differ-
ent fluids into a well borehole would be modified slightly
as shown in Figure 5 of the drawing to include a small
diameter pipe string 32 positioned within the pipe string
16 and extending through the plug 39 closing the lower
end of said pipe string.

Thus, by using the equipment shown in Figure 5 of the
drawing, oil or any other non-sealing fluid is pumped
down the annulus 23 between the well casing 14 and the
pipe string 16 to be injected into the oil-producing forma-
tion 12 while at the same time the sealing material is
pumped down the pipe string 16 and forced into the forma-
tion to form a disk 24 and a third fluid, preferably an in-
expensive fluid, is forced down the inner pipe string 32
and into the water-producing formation 13. - The pump
pressures-and the viscosities of the fluids may be adjusted
(dependent upon the permeabilities of the formation(s) to
the injected fiuids) so that the radial velocity of all three
fluids into the formations is substantially equal and in a
direction parallel to the interface 17.

While best results are obtained when the:velocities of
all the fluids being injected are equal it is not essential
to the prevention of coning that the radial velocities of
all three fluids be equal. = A curved or otherwise distorted
disk will also suppress coning though, possibly, at some
sacrifice in efficiency.

Any suitable sealing material may be employed ac-
cording to the present invention which may be injected into
a formation and form therein a water-impermeable mass.
Among the various materials which may be used are
many resins, synthetic resins, plastics, synthetic plastics,
such as phenol formaldehyde and. urea formaldehyde
resins, various gels such as silica gel, various gums such
as Yacca gum, mixtures of asphalt and pyridine, and the
like. . The materials used should be both water and oil
insoluble.

After a sealing material has been forced into the forma-
tion, the remainder of the sealing material and/or non-
sealing material may be removed from the casing 14 or the
pipe strings 16 and 32 in any manner well known to
the art, as by circulation. If the packers 21, 25, and 26
are removed from the borehole together with the pipe
strings, they are preferably- replaced by other: packers
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in a manner well known to the art to prevent water: from
a water-bearing formation from'mixing with oil in the well
borehole. ’

We claim as our invention: .

1. In a well borehole traversing an oil-bearing forma-
tion and other formations adjacent thereto containing
undesirable fluids, the method of suppressing the migra-
tion-of a fluid from said other formations into the oil=
bearing formation -adjacent the Borehole, said niethod
comiprising packing off-the section of borehole adjacent
the formation to be sealed, injecting. a fluid water and oil
insoluble sealing material under pressure radially into the
formation adjacent the packed-off section of borehole, si-
multaneously injecting a non-sealing liquid under pressure
radially into at least said oil-bearing formation traversed
by said borehole, both of said injections being carried out
at pressures sufficient to maintain the. radial flows of the
fluid sealing material and non-sealing fluid into the forma-
tions at substantially equal velocities, and subsequently re-

opening the oil-bearing formation to production.

2. In a.well .borehole traversing an oil-bearing forma-
tion and a water-bearing formation, the method of prevent-
ing the migration of water from the water-bearing forma-
tion into the oil-bearing formation adjacent the borehole,
said-method comprising packing off a portion of the bore-
hole at'a level between the two formations, injecting a
water and oil insoluble: sealing fluid into said packed-off
portion of said borehole and radiaily into the water-bear-
ing formation, simultaneously injecting radially into said
oil-bearing formation a non-sealing liquid, both of said
injections being carried out at pressures sufficient t¢ main-
tain the radial flows of the sealing fluid and non-sealing
liquids into the formations at substantially equal velocities,
and subsequently reopening the oil-bearing formation to
production.

3. In a well borehole traversing an oil-bearing formation
and a water-bearing formation, the method of preventing
the migration of water from the water-bearing formation
into the oil-bearing formation adjacent the borehcle, said
method comprising packing off a portion of the borehole
between two levels vertically spaced from each other sub-
stantially at the interface between the two formations, in-
jecting to a radial depth equal to at least the diameter of
the borehole a water and oil insoluble sealing liquid into
sajid packed-off pertion of said borehole and into the
formation substantially at the interface of said oil-bearing
and water-bearing formations, simultaneously injecting a
non-sealing liquid into said oil-bearing formation and
through said packed-off portion of said borehole into said
water-bearing formation, both of said injections being
carried out at pressures sufficient to maintain the radial
flows of the sealing and non-sealing liquids into the forma-
tions at substantially equal velocities, and subsequently
reopening the oil-bearing formation to production.

4, In a well borehole traversing an oil-bearing forma-
tion and a water-bearing formation, the method of pre-
venting the migration of water from the water-bearing
formation -into the oil-bearing formation adjacent the
borehole, said method comprising fracturing the borehole
wall at substantially the interface of said oil-bearing and
water-bearing formations, packing off the fractured por-
tion of the borehole, injecting under high pressure a water
and oil insoluble sealing liquid into said packed-off portion
of said borehole and into the formation fracture, simul-
taneously injecting into said oil-bearing formation a non-
sealing liquid, both of said injections being carried out at
pressures sufficient to maintain the radial flows of the
sealing and non-sealing liquids into the formations at sub-
stantially equal velocities, and subsequently reopening the
oil-bearing formation to production.

5. In a well borehole traversing an oil-bearing forma-
tion and .a water-bearing formation, the method of pre-
venting the migration of water from the water-bearing
formation into the oil-bearing formation adjacent the bore-
hole, said method comprising packing off a portion of the
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borehole between two levels vertically spaced from each
other substantially at the interface between the two forma-
tions, injecting a water and oil insoluble sealing liquid
into said packed-off portion of said borehole and into the
formation substantially at the interface of said oil-bearing
and water-bearing formations, simultaneously injecting a
first- non-sealing liquid into said oil-bearing formation,
simultaneously injecting a second non-sealing liquid
through said packed-off portion of said borehole into said
water-bearing formation, said injections being carried
out at pressures sufficient to maintain the radial flows of
the sealing and non-sealing liquids into the formations at
substantially equal velocities, and subsequently reopening
the oil-bearing formation to production.

‘6. In a well borehole traversing an oil-bearing forma-
tion and a water-bearing formation, the method of pre-
venting the migration of water from the water-bearing
formation into the oil-bearing formation adjacent the bore-
hole, said method comprising packing off a portion of the
borehole between two levels vertically spaced from each
other substantially at the interface between the two forma-
tions, injecting a water and oil insoluble sealing liquid into
said packed-off portion of said borehole and into the
formation substantially at the interface of said oil-bearing
and water-bearing formations, simultaneously injecting a
non-sealing hydrocarbon base liquid into said oil-bearing
formation, simultaneously injecting a non-sealing water-
base liquid through said packed-off portion of said bore-
hole into said water-bearing formation, said injections be-
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ing.carried out at pressures sufficient to maintain the radial

flows of the sealing and non-sealing liquids into the forma-

tions at substantially equal velocities, and subsequently
recpening the oil-bearing formation to production.

7. In a well borehole traversing an oil-bearing forma-
tion and a water-bearing formation, the method of prevent-
ing the migration of water from the water-bearing forma-
tion into the oil-bearing formation adjacent the borehole,
said method comprising fracturing the borehole wall sub-
stantially at the interface of said oil-bearing and water-
bearing formations, packing off above and below the frac-
tured portion of the borehole, injecting under high pressure
a water and oil insoluble sealing liquid into said packed-
off portion of said borehole and into the formation frac-
‘ture, simultaneously injecting a non-sealing liquid into said
oil-bearing formation and through said packed-off portion
of said borehole into said water-bearing formation, both
of said injections being carried out at pressures sufficient
to maintain the radial flows of the sealing and non-sealing
liquids into the formations at substantially equal velocities,
and subsequently reopening the oil-bearing formation to
production.
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