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METHOD OF FRACTURING FORMATIONS
Clarence R. Fast, George C. Howard, and Arthur Lubin-
ski, Tulsa, Okla., assignors to Pan American Petroleum
Corporation, Tulsa, Okla., a corporation of Delaware
Filed Dec. 30, 1958, Ser. No. 783,87¢
6 Claims. (Cl 166—42)

This invention relates to an improved method of hori-
zontally fracturing formations. More particularly, this
invention relates to a method of hydraulically fracturing
subterranean formations wherein horizontal fractures are
selectively produced.

Permeable formations penetrated by a well have been
fractured by the application of a high hydraulic pressure in
the well as disclosed in Re. 23,733, reissued to Riley F.
Farris on November 10, 1953. We have found that while
that process, as previously disclosed and practiced, normal-
ly produces horizontal fractures, i.e., fractures along bed-
ding planes intersected by the well, occasionally a vertical
fracture, i.e., a fracture longitudinally of the well, is some-
times produced. While vertical fractures are in some in-
stances desirable, generally they are undesirable, partic-
ularly when the extend vertically into water or gas produc-
ing horizons adjacent a fractured oil producing formation.
We have found that a horizontal fracture can to a large
extent be selectively produced by minimizing the vertical
forces on the formation to be fractured, i.e., by reducing
to a minimum the effective overburden pressure on that
formation.

This invention may, therefore, be described in brief as
an improved method for hydraulically fracturing a subter-
ranean formation penetrated by a well wherein a hori-
zontal fracture is selectively produced by substantially
reducing the effective overburden pressure thereon. This
overburden pressure is reduced by temporarily reducing
the fluid pressure in a zone within the well which zone en-
compasses or spans a plastic, i.e., a pliable, formation such
as shale that is adjacent to the formation to be fractured.

Referring now to the accompanying drawing for a
more detailed description of this invention, a well 10
extends from the surface 12 down through a number of
subsurface formations including a plastic shale formation
12 and into a permeable formation 13 which is to be frac-
tured. The well is desirably completed in such manner
that the shale is not completely confined by the well ap-
paratus. While perforated casing in the shale zone of the
well provides some room for flow and relaxation of the
shale, the open-hole completion technique is preferred. In
open-hole completions the casing 14 is landed in or above
the shale formation 12 so that the well is open or uncased
throughout the permeable formation 13 and at least part
of the shale formation. An apparatus is then run into
the well to provide means for fracturing the permeable
formation 13 and for removing fluid pressure from a first
isolated zone 15 in the well which encompasses at least
a portion of the shale formation 12. This apparatus in-
cludes a first conduit or outer tubing string 16 having at
least one formation packer 17 near the lower end to segre-
gate the first isolated low pressure zone 15 of the well
from the pressure fluid zone 18 of the well which is within
the permeable formation 13. In some cases an upper
packer 19 is placed on the outer tubing string and spaced
from the lower packer 17 to segregate zone 15 from the
remainder of the well. A second conduit 22 is run into
the well preferably through the outer tubing string 16
as shown so that its lower end is at the elevation of and
is in fluid communication with the bottom of the low
pressure zone 15. The lower end of this inner tubing
string, i.e., conduit 22, is connected, as by means well-
known in the art and as shown schematically in the draw-
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ing, to an opening 23 in the outer tubing string 16 near
the lower packer 17 so that any liquid in the low pressure
zone 15 can be produced through conduit 22 by pumping
with any means such as a swab 24 which is run into and
withdrawn from the conduit on a swab line 25 or the like.
The annular space 26 between outer tubing string 16 and
conduit 22 is sealed at the top by a head 27 so that pressure
fluid from pump 28 can be injected through the annular
space into the pressure zone 18 at the bottom of the well.

In operation, after the shale formation 12 has been
located by cuttings analysis, drillers log, electric log, or the
like, and particularly after the shale-permeable formation
interface 2% has been located, the well apparatus is in-
stalled as above described. The lower formation packer
17 is set on or adjacent to the interface 29 so that it isolates
the low pressure zone 15 from the high pressure zone 18.
The pressure on the shale is then removed by, for example,
pulling up on swab line 25 to remove the weight of the
liquid column in tubing 22 and thereby substantially re-
duce the liquid pressure in the low pressure zone 15.
Fluid pressure above the lower packer may also be reduced
or minimized by removing liquid from the well as by
swabbing the liquid from low pressure zone 15 through
the conduit 22. When a substantial part or preferably all
of the liquid in this zone has been removed or the pressure
therein has otherwise been substantially reduced so that
the pressure on the face 3¢ of the shale formaion is at least
temporarily decreased, preferably to substantially atmos-
pheric pressure, this shale formation at least partially re-
laxes, i.e., flows to some extent into the well, simultane-
ously reducing the vertical stress in the plastic shale for
a substantial distance radially into the formation. This
movement of the shale and the resulting reduction of
the vertical stress, i.e., effective overburden pressure, thus
either initiates a fracture at the interface 29 or, due to the
reduction of this effective overburden pressure on the
shale-permeable formation interface 29, a fracture is in-
itiated at a relatively low pressure when hydraulic pres-
sure is subsequently applied. While we do not wish to be
limited to any theory of operation, it appears that in some
cases the movement of the shale into the well produces
shear at the interfaces, e.g., interface 29, between a shale
zone and an adjacent rock formation, and thereby con-
tributes to the initiation of a fracture at the interface. In
some cases it may be desirable to maintain this low pres-
sure in this isolated zone for a relatively long period of
time, e.g., an hour or more, so that adequate time is pro-
vided for the relaxation of the shale to propagate a sub-
stantial distance radially from the well. This partial re-
laxation of the shale reduces the effective overburden on
the permeable formation 13 for a relatively great distance
from the well. When the fluid pressure in the isolated
zone 15 has been substantially reduced and the effective
overburden thereby decreased and preferably before the
shale is again in equilibrium and any fracture previously
initiated has had time to heal, e.g., within a period of
time less than about a day, preferably within about an
hour or less, a quantity of fracturing fluid is injected via
high pressure pump 28 and the annular space 26 into the
high pressure zone 18 of the well. In some cases as a
limit the two operations, i.e., swabbing and fracturing, are
conducted simultaneously. The period of time allowed
to elapse after reducing the pressure in the isolated zone
and before applying pressure in the high pressure zone
depends, however, upon a number of variables including
well depth, shale plasticity and temperature and generally
the period decreases as each of these variables increase.
Fracturing fluid in this high pressure zone then enters any
horizontal fractures initiated by the previous relaxation
and movement of the shale or otherwise places the permea-
ble formation 13 under sufficient stress to produce or other-
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wise extend a horizontal fracture 31 in or adjacent to the
permeable formation 13. Generally this fracture is along
the interface 29. Formation props 32 are thereby placed
in the fracture and remain there when the job dis completed
so that when the well is placed on production and fluid
flows from the permeable formation into the well, a highly
permeable path is provided.

While in the foregoing description reference has been
made to a subterranean formation in which the permeable
formation is located below the plastic formation, it will be
apparent that when the pressure in the zone of the well
opposite the plastic formation is at least temporarily sub-
stantially reduced preferably to atmospheric pressure and
the shale formation is thereby relaxed, the vertical pres-
sure on formations overlying the shale formation is also
reduced. Consequently, it can be seen that our method
of producing horizontal fractures is not limited to frac-
turing those producing formations underlying plastic for-
mations but can in some cases be applied to producing
such fractures in formations overlying plastic formations
and that the procedure for fracturing such overlying for-
mations can be readily adapted from the above-described
procedure. That is, after removing the fluid pressure on
the plastic shale zone, fracturing fluid can be injected
into the well either above or below the low pressure zone
and pressure can be applied thereto to fracture an adjacent
formation, Tt can thus be seen that this invention is sus-
ceptible to a wide variety of embodiments and should
therefore be construed not to be limited by the above
description but should be construed to be limited only
by the scope of the appended claims.

We claim:

1. A method of producing a horizontal fracture in a
subterranean permeable formation penetrated by a well
comprising temporarily substantially reducing the fluid
pressure in a first zone which extends through and is in
fluid communication with a plastic formation and is ad-
jacent to said permeable formation penetrated by said
well, maintaining the reduced fluid pressure for sufficient
time to at least partially relax said plastic formation, and
then while said plastic formation is relaxed injecting a
fracturing liquid into a second zone which extends through
said permeable formation of said well and which is isolated
from said first zone, said fracturing liquid being injected
into said second zone under sufficient pressure to produce
said horizontal fracture in said permeable formation.

2. A method of producing a horizontal fracture in a
subterranean permeable formation penetrated by a well
where said well also penetrates a plastic formation which
is adjacent to said permeable formation comprising isolat-
ing a first zone in said well which extends through and
is in fluid communication with said plastic formation from
a second zone in said well which extends through said
permeable formation, removing liquid from said first zone
to reduce substantially the fluid pressure on said plastic
formation whereby said plastic formation relaxes and
flows plastically toward said well and initiates a formation
fracture, and then while said pressure on the face of said
plastic formation is substantially reduced injecting a frac-
turing liquid into said second zone under sufficient pres-
sure to extend said fracture.

3. A method of producing a horizontal fracture in a
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subterranean permeable formation penetrated by a well
where said well also penetrates a plastic formation which
is adjacent to said permeable formation comprising isolat-
ing a first zone in said well which extends through and is
in fluid communication with said plastic formation from
a second zone in said well which extends through said
permeable formation, removing liquid from said first zone
to reduce the fluid pressure on said plastic formation to
substantially atmospheric pressure, and then while said
pressure on the face of said plastic formation is substan-
tially atmospheric injecting a fracturing liquid into said
second zone under sufficient pressure to fracture said per-
meable formation.

4. In a well completion process wherein said well pene-
trates a permeable formation and a plastic formation ad-
jacent said permeable formation the steps of isolating a
first zone in said well which extends through said plastic
formation from a second zone in said well which extends
through and is in fluid communication with said permeable
formation, pumping liquid from said first zone to reduce
the pressure on the face of said plastic formation to sub-
stantially atmospheric pressure and relax said plastic for-
mation, and then, while said plastic formation is relaxed,
injecting a fracturing liquid into said second zone under

5 a pressure great enough to fracture said permeable forma-

tion.

5. In a well completion process wherein said well pene-
trates and is in fluid communication with a permeable
formation and a plastic formation adjacent to said permea-
ble formation the steps of isolating said plastic formation
from fluid communication with said permeable formation
through said well, removing liquid from said well adjacent
said plastic formation to reduce the fluid pressure on the
face of said plastic formation and relax said plastic forma-
tion and then, while said plastic formation is relaxed, in-
jecting a fracturing liquid into said permeable formation
under sufficient pressure to fracture said permeable forma-
tion.

6. In a well completion process wherein said well pene-
trates a permeable formation and an open plastic forma-
tion adjacent to said permeable formation the steps of
lowering into said well a first tubing string which extends
into said permeable formation and has at least one packer
thereon, setting said at least one packer in said well to
isolate a first zone in said well which extends through
said plastic formation from a second zone in said well
which extends through said permeable formation, running
@ second tubing string into said well to a depth sufficient
to place its lower end in the bottom of said first zone,
pumping liquid from said first zone through said second
tubing string to decrease the pressure on the face of said
plastic formation to substantially atmospheric pressure,
then while said pressure is maintained at substantially
atmospheric injecting into said second zone of said well
via said first tubing string a fracturing liquid under suf-
ficient pressure to create a fracture in said permeable for-
mation, and producing said well.
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