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penetrates the formation and reacts with the aqueous. 
solution to form a precipitate for a substantial depth into 
the formation. An aqueous solution of aluminum sul 
fate followed by gaseous ammonia, which may be mixed 
with an inert gas such as nitrogen or methane to prevent 
condensation of the ammonia, is suitable for this purpose. 
Still another method which is particularly suitable when 
an aqueous fracturing fluid has been used is to inject 
silicon tetrafluoride into the fracture. Silicon tetrafluo 
ride hydrolyzes upon contact with water and forms a 
solid siliceous deposit which effectively plugs the 
formation. - 

After injection of the sealing material into the forma 
tion a propping agent suspended in a liquid is pumped 
down the well and displaced into the fracture. The 
liquid used as a medium for carrying the propping agent 
into the fracture flushes sealing composition from the frac 
ture into the formation and thereby insures the fracture 
being maintained open. The well is then shut in for a 
period sufficient for the sealing material to set to form 
the desired seal preventing flow into the fracture. 

Following the setting of the sealing composition, a 
fluid, preferably a low fluid loss liquid, is pumped down 
through tubing 34 and displaced into the fracture. The 
pressure applied to the fluid is increased and the pumping 
of the fluid into the fracture is continued at a rate to form 
an extension 38 of the fracture radially beyond the 
plugged walls of fracture 36. Preferably, a propping 
agent, indicated by reference numeral 46, is added to 
liquid pumped into the extension 33 after the extension 
has been formed to prop the extension open. 

Oil is produced from the well 40 by displacing water 
downwardly through tubing 34 into fracture 33. The 
sealed walls of the fracture 36 prevent the water from 
entering the oil-bearing formation except at the extein 
sions 38 of the fracture. The water then flows radially 
inward from the extensions 38 of the fracture toward 
the well 10 and drives oil in the formation into the 
annular space surrounding tubing 34 through the perfo 
rations 26. In the well illustrated in the drawing, it is 
assumed that the pressure applied to formation 2 is 
adequate to lift the oil through the annulus to the surface 
for discharge through outlet. 20 to simplify the apparatus 
shown in the drawing. If desired, suitable lifting ap 
paratus such as a pump may be installed for lifting the 
fluid delivered into the well 10 through perforations 26 
to the surface. 

In a specific example of this invention, oil is to be 
recovered through a well penetrating a small lenticular 
oil reservoir at a depth between 1883 and 1903 feet. 
The well is prepared for fracturing by cutting a notch 
in the borehole wall of the well at 1902 feet. The for 
mation is broken down and fractured in the conventional 
manner with 50,000 gallons of gelled water containing 
0.2 pound per gallon of silica powder, followed by 
60,000 gallons of gelled water containing one pound per 
gallon of 6-8 mesh sand. The well is shut in for 48 
hours and the casing is then perforated in the 1883-1893 
foot interval. An injection string of tubing is run, and 
a packer on the injection string is set at 1895 feet. 
Flood water is injected through the injection tubing and 
oil is produced through the annulus of the secondary 
recovery operation. 

This invention is suitable for the production of oil 
by gas or water drive, or by in situ combustion. The 
sealing material selected to seal the faces of the fracture 
will depend upon the type of secondary recovery process 
that is to be used and should be capable of withstanding 
the fluid and conditions existing in the process. For 
example, a water-insoluble sealing material should be 
used in a water flood process and a sealing material 
capable of withstanding high temperatures should be 
used in an in situ combustion process. If the process is 
to be used for in situ combustion the oil in the formation 
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at the extremities of the fracture can be ignited by dis 
placing a solution of phosphorus, and carbon disulfide 
through the fracture and into the formation surrounding 
the extension 38. After the solution of phosphorus is 
displaced into the formation air is displaced through 
the fracture into the formation. The air upon contact 
with the phosphorus ignites the phosphorus to supply 
the heat required for ignition of oil in the oil-bearing 
formation 12. 
The location of the fracture is dependent upon the 

reservoir characteristics and the type of Secondary 
recovery process employed. Fracture 36 may be made 
at any point in the oil-bearing formation 2. In some 
instances it may be desirable to form the fracture near 
the top of the oil-bearing formation, and inject gas to 
drive formation fluids through perforations in the casing 
at the lower part of the oil-bearing formation. In an 
other arrangement the fracture can be made near the 
lower boundary of the reservoir and water injected 
through the fracture to drive oil in the formation through 
perforations above the fracture. The fracture 36 also 
may be made at substantially the middle of the forma 
tion with perforations both above and below the fracture 
to allow oil to flow through the formation both above 
and below the fracture into the well. Such an arrange 
ment will necessitate a more complicated arrangement 
within the borehole for delivery of oil to the surface. 
The process of this invention reduces the short circuit 

ing of oil in the pay zone by a fluid injected into the pay 
zone in a single well secondary recovery process. This 
invention is particularly suited for use in thin pay zones 
in that it allows an efficient sweep pattern to be obtained 
with a single fracture employed for construction of a 
barrier to prevent bypassing of the formation as well as 
delivery of fluids into the formation. 
We claim: 
1. A method for the production of oil from an oil 

bearing formation penetrated by the borehole of a well 
comprising forming a substantially horizontal fracture 

9, extending from the borehole of the well into the oil 
bearing formation, setting a packer in the borehole ad 
jacent the fracture to divide the borehole into a first sec 
tion communicating with the fracture and a second section 
communicating with the pay zone at a depth different than 
the depth of the fracture, running tubing down the well 
and through the packer to provide a conduit from the well 
head to the borehole below the packer, injecting a sealing 
material into the fracture and from the fracture into the 
formation adjacent the walls thereof. to substantially per 
manently plug the walls of the fracture substantially con 
tinuously from the borehole to the outer extremity of the 
fracture to prevent flow of fluids between the formation 
and the fracture, thereafter pumping a fluid free of sealing 
material into the fracture under a pressure adapted to form 
an extension of the fracture radially beyond the plugged 
formation, injecting a fuid down the first section of the 
well and outwardly through the fracture and extension of 
the fracture into the formation adjacent said extension to 
drive oil through the oil-bearing formation to the second 
section of the borehole of the well, and lifting oil through 
said second section of the well. 

2. A method as set forth in claim 1 in which the walls 
of the fracture are plugged with a water-insoluble mate 
rial, and the fluid injected down the first section of the 
well outwardly through the fracture and extension of the 
fracture is water. 

3. A method as set forth in claim 1 in which the forma 
tion walls of the fracture are plugged with a material in 
soluble in hydrocarbons, and the fluid injected down the 
first section of the well and outwardly through the frac 
ture and extension of the fracture includes hydrocarbons. 

4. A method as set forth in claim 1 in which the walls 
of the fracture are plugged with a heat resistant material, 
and the fluid injected down the first section of the well and 
outwardly through the fracture and extension of the frac 
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ture is an oxygen-containing gas adapted to support com 
bustion of oil in the oil-bearing formation. 

5. A method as set forth in claim 1 in which the seal 
ing material is finely powdered silica. 

6. A method for the production of oil from an oil 
bearing formation penetrated by the borehole of a well 
comprising forming a substantially horizontal fracture 
extending from the borehole of the well into the oil-bearing 
formation, isolating the fracture from at least a portion of 
the borehole in the interval of the oil-bearing formation, 
injecting a sealing material down the well and into the 
fracture and from the fracture into the walls of the frac 
ture, injecting a liquid devoid of sealing material down the 
well and into the fracture to displace the sealing material 
from the fracture into the walls of the fracture, shutting 
the well in to set the sealing material while maintaining the 
fracture open whereby the walls of the fracture are sub 
stantially permanently plugged substantially continuously 
from the borehole wall to the outer extremity of the 
fracture to prevent fluid flow through said walls, there 
after injecting a liquid down the well and into the fracture 
and applying pressure thereto to extend the fracture ra 
dially beyond the plugged walls of the fracture, setting a 
packer in the well adjacent the fracture to divide the well 
into a first section communicating with the fracture and 
a second section communicating with the oil-bearing for 
mation at a point spaced from the fracture, running 
tubing down the well and through the packer to provide 
a conduit from the well head to the borehole below the 
packer, injecting a fluid down the first section of the well 
and outwardly through the fracture and extension thereof 
into the oil-bearing formation to drive oil inwardly to 
ward the second section of the well, and producing oil 
through the second section of the well. 

7. A method for the production of oil from an oil 
bearing formation penetrated by the borehole of a well 
comprising forming a substantially horizontal fracture ex 
tending from the borehole of the well into the oil-bearing 
formation, isolating the fracture from at least a portion 
of the borehole through the interval of the oil-bearing 
formation, injecting a sealing material down the well and 
into the fracture and from the fracture into the walls of 
the fracture, injecting a liquid devoid of sealing material 
down the well and into the fracture to displace the sealing 
material from the fracture into the walls of the fracture, 
shutting the well in to set the sealing material whereby 
the walls of the fracture are substantially permanently 
plugged substantially continuously from the borehole to 
the outer extremity of the fracture to prevent fluid flow 
through said walls, thereafter injecting a liquid down the 
well and applying pressure thereto to extend the fracture 
radially beyond the plugged walls of the fracture, deposit 
ing a propping agent in the fracture and extension, setting 
a packer in the well adjacent the fracture to divide the 
well into a first section communicating with the fracture 
and a second section communicating with the oil-bearing 
formation at a point spaced from the fracture, running 
tubing down the well and through the packer to provide 
a conduit from the well head to the borehole below the 
packer, injecting a fluid down the first section of the well 
and outwardly through the fracture to the extension there 
of and into the oil-bearing formation to drive oil inwardly 
toward the second section of the well, and producing oil 
through the second section of the well. 

8. A method for the production of oil from an oil 
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bearing formation penetrated by the borehole of a well 
comprising forming a substantially horizontal fracture ex 
tending radially outwardly from the borehole of the well 
into the oil-bearing formation, isolating the fracture from 
at least a portion of the borehole through the interval of 
the oil-bearing formation, injecting a heat resistant sealing 
material into the fracture and from the fracture into the 
walls of the fracture to substantially permanently plug 
said walls substantially continuously from the borehole to 
the outer end of the fracture and prevent flow of fluids 
through said walls, thereafter forming an extension of the 
fracture radially beyond the plugged formation, depositing 
a propping agent in the fracture and extension to main 
tain the fracture open, injecting a pyrophoric material 
down the borehole and outwardly through the fracture 
into the formation adjacent the extension of the fracture, 
setting a packer in the borehole of the well adjacent the 
fracture to divide the well into a first section communicat 
ing with the fracture and a second section communicating 
with the oil-bearing formation at a point spaced from the 
fracture, running tubing through the packer to provide a 
conduit from the wellhead to the borehole below the 
packer, injecting an oxygen-containing gas through the 
first section of the well and outwardly through the fracture 
into the formation adjacent the extension of the fracture 
to initiate combustion of oil in the formation, and pro 
ducing oil through the second section of the well. 

9. A method for the production of oil from an oil 
bearing formation penetrated by the borehole of a well 
comprising forming a substantially horizontal fracture 
extending radially outwardly from the borehole of the 
well into the oil-bearing formation, isolating the fracture 
from at least a portion of the borehole through the interval 
of the oil-bearing formation, injecting a heat resistant seal 
ing material into the fracture and from the fracture into 
the walls of the fracture to substantially permanently plug 
said walls substantially continuously from the borehole to 
the outer end of the fracture and prevent flow of fluids 
through said walls, thereafter forming an extension of the 
fracture radially beyond the plugged formation, depositing 
a propping agent in the fracture and extension to maintain 
the fracture open, setting a packer in the borehole of the 
well adjacent the fracture to divide the well into a first 
section communicating with the fracture and a second sec 
tion communicating with the oil-bearing formation at a 
point spaced from the fracture, running tubing through 
the packer to provide a conduit from the wellhead to the 
borehole below the packer, injecting an oxygen-containing 
gas through the first section of the well and outwardly 
through the fracture into the formation adjacent the exten 
sion of the fracture, igniting oil in the formation, continu 
ing the injection of the oxygen-containing gas to cause in 
situ combustion of oil in the formation, and producing oil 
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through the second section of the well. 
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