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This invention relates generally to the treatment of
fluid producing wells, and more specifically to a new and
useful method for increasing the fluid production thereof.

1t is customary, when the production of a well has be-
gun to drop off, to attempt to increase the same by any
one or a combination of three different methods, as fol-
lows: creating artificial pressure on the producing region
as by introducing fluid such as water, gas or air under
pressure into another well in the same area; shooting the
well by lowering an explosive charge into the well to
the level of the producing region and then exploding it to
open up new passages for the flow of fluid; and fracturing
the producing formation adjacent the well bore by hy-
draulic pressure.

However, the use of artificial pressure, while often suc-
cessful for a time, has certain limitations in that, for
example, after the fluid reservoirs supplying the most di-
rect natural channels, into the well have been exhausted
the water, gas or air is apt to flow therethrough into the
well to a point where further production is unprofitable.
Shooting the well by simply setting off a charge of explo-
sive is of limited effectiveness and if the well is shot dry
may tend to fuse the material of the producing forma-
tion and prevent flow into the well. Also, in the case
of wells previously shot it is apt to cause the wall of the
well to collapse, necessitating a lengthy and expensive
cleanout procedure. The use of hydraulic fracturing is
more complicated, requiring high pressure pipe and other
expensive, complicated equipment, with the concomitant
danger associated with contained hydraulic pressure, and
in addition it often is of limited effectiveness.

Accordingly, a primary object of my invention is to pro-
vide a relatively safe and inexpensive, and highly effective
method of fracturing the producing formation adjacent the
well bore to increase the flow of fluid into the well and
thereby increase the production thereof.

Another object of my invention is to provide a method
of fracturing a well to increase the production thereof,
which tends to produce a vertical fracture and thereby
utilize the weight of the earth above the fracture to hold
it open and eliminate the necessity of introducing prop-
ping agents into the well for this purpose.

The method of increasing the production of a well in
accord with my invention is characterized by filling the
well bore in the region of the producing formation with
a material which will solidify in the well and provide a
hard lining for the well bore at that region, the explosive
being embedded within the lining to comprise therewith
a solid plug in the well bore at the producing formation,
and then disintegrating this lining by explosive means to
fracture the surrounding producing formation, whereby
the lining provides only momentary support for the well
bore, tending to reduce caving in and adverse blast ef-
fects while utilizing to the fullest the shock forces pro-
vided by the explosive to fracture the producing forma-
tion. :

The foregoing and other objects, advantages and char-
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acterizing features of the method of increasing the pro- -
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duction of a well in accord with this invention will be-
come clearly apparent from the ensuing detailed descrip-
tion taken together with the accompanying drawing form-
ing a part of this specification and illustrating the applica-
tion of the method of my invention, wherein the single
figure represents a sectional view through a well being
treated to increase the production thereof in accord with
the method of this invention just prior to exploding the
same.

My invention is primarily directed to increasing the
production of new wells, where high bottom hole pres-
sures and large fluid volumes are not involved, or old
wells producing fluids such as for example crude oil,
natural gas, fresh or salt water, or any mineral bearing
liquid or gas, and the term fluid as used herein is meant
to include any liquid or gas being produced by a well
which is adapted to be treated to obtain additional pro-
duction in accord with my invention. However, I con-
template that at least certain aspects of the method of
my invention might be useful in other fields, such as for
example seismic exploration for more efficient wave
propagation.

By way of illustrating my invention, the drawing shows
a well 4 -which penetrates through different formations
such as those indicated at 1 and 2 and a fluid producing
formation indicated at 3. In practicing the method of
this invention, the well 4 is filled in to approximately the
bottom level of the producing formation 3 with any
suitable fill material 5 such as for example cement, a
quick setting, cement-like compound such as Cal-Seal,
sold by Halliburton Oil Well Cementing Co., or the like.
Then the well 4 is filled, in the region of the producing
formation 3 with a material adapted to coat the wall sur-
face 6 and set in the well and form a hard, solid lining 7.
The material of lining 7 should be a substance which will
set up in the presence of hydrocarbons and fresh and
brine water, and also one which does not produce any
emulsification of the fluid in the producing region 3, and
preferably comprises a high polymer, thermo-setting resin
or like plastic material and a hardener therefor causing
the same to set in situ. I have found epoxy resins such
as bis phenol epichlorolhydrin with a hardener such as
a combination primary and tertiary amine to be quite
suitable for the purpose.

An explosive charge indicated at 8 and comprising any
desired medium such as for example nitroglycerine or
the like is embedded in the lining 7 before it sets, and
this is accomplished either by inserting the explosive into
the plastic to displace the latter, or by inserting the explo-
sive into the well bore and pouring the plastic thereover.

The explosive charge 8 preferably is selected to exert a
strong compressive force, rather than a pure shattering
effect, and is of such strength that it will substantially
completely disintegrate the resinous lining 7. Then the
lining 7 is permitted to harden and set, which might take
several days depending on the nature and amount of
hardener in the mixture which can be varied.

Thus, the lining 7 and explosive 8 together comprise a
solid plug compltely filling the well bore at the producing
formation 3, thereby restoring that portion of the well
to an equilibrium state simulating the undrilled condi-
tion thereof. In other words, that portion of the well
is restored as far as possible to a condition resembling its
natural condition before the well bore was initially drilled.
The well bore then is filled in over the plug comprising
lining 7 and charge 8, using water, oil, additional resinous
or other suitable material 10.

Then, after the lining 7 has set, it is disintegrated by
exploding charge 8, which fractures the surrounding pro-
ducing formation 3. ‘ :

I am aware that it has been proposed to line wells with
various substances, and then perforate the lining as by
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conventional gun perforators or explosive charges to pro-
vide channels through the lining to admit fluid into the
well, with the lining otherwise remaining in place as a
support for the well wall. This obviously does not pro-
vide the desired vertical fractures. :
However, I propose first of all to restore the wall sur-
face of the well bore, in the fluid producing region, to a
condition of substantial homogeneity, in order to equalize
the pressure thereon, and simultaneously to restore that
portion of the well bore to an equilibrium condition by
providing a temporary supporting lining resembling a
thick walled cylinder having an explosive’ charge con-
tained therein. - Then, I disintegrate this lining by ex-
- plosive means producing an extremely strong, intensified
shock wave which ruptures the lining. The lining : ap-
-pears to react according to the concept of a thick walled
_cylinder and initially rupture predominantly in a vertical
plane, and it is my belief, based on experiments using this
method, that this tends to produce more nearly vertical
fractures in the formation sarrounding the lining.

Thus, in the natural cowrse of drilling a well the dif-
ferential hardness of successive fock strata produces vary-
ing diameters in the well bore, generally as a function of
the varying rigidity of these layers. Shale layers in par-
ticular show a tendency to spall away and thereby in-
crease the diameter of ‘the ‘well ‘hole. ' This differential
spalling off effect is magnified in wells which previously
have been shot with explosives or other fracture methods.

With my method, when the coatings agent is introduced
into the hole it is in the fluid state and will flow along the
lines of least resistance and thereby fill all voids, fractures
and fissures within the potential producing horizon. In
this way the weakest sections, being those which have had
the greatest spalling or erosion, receive the greatest quan-
tity of coating agent, and the harder, stronger sections
receive a thinner coating. By introducing enough coating
agent to provide a lining within the well bore it will be
appreciated that, the agent which penetrates the voids,
interstices and the like will restore the well wall to.a
more homogeneocus condition,” which I believe is more
favorable for producing vertical fractures. o

The filling agent, in addition to producing a condition
of greater homogeneity, is believed possibly to have some
tendency to selectively plug the well bore surface at the
producing formation by flowing into the more porous and
permeable layers which usually. give up their oil, or what-
ever fluid is being sought, first and which thereafter act
as preferred channels for a flooding agent introduced to

- create -artificial pressure. This would tend to prevent
flooding of the well through these channels, thereby in-

creasing the efficiency of the flooding agent on the re-

mainder -of the producing horizon, because the deeper
penetration thereof by the coating agent is less apt to be
disturbed by the explosive force. The low porosity, low
permeability strata is apt to be hardly penetrated at all,
and it is these latter horizons which usually retain the
‘reserve oil saturations being sought. )

Similarly, it is believed that a measure of natural selec-
tive shooting is provided, because the stronger, less per-
meable and porous areas, which are most apt to hold back
their oil, have the thinnest coating and therefore are ex-
posed to the shock force first. :
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rounding producing formation 3, and in addition the
charge 8, or its container, preferably is intimately bonded
to the lining 7 with no void therebetween. The greater
strength of the lining, relative to the surrounding pro-
ducing formation, appears to give a better fracturing ac-
tion, and the. direct contact between the explosive and
the solid lining greatly intensifics the explosive force and
provides a shock wave of the desired amplitude,

The shock wave developed by the explosive charge 8
is: contained, confined and reflected by fill 5 and 10, and
I believe that it can be further intensified by placing re-
flective layers 9, of steel, lead, limestone or other material
having good wave reflecting characteristics, at the opposite
ends of lining 7. :

It is impossible, at this time, to be certain of the theory
underlying my method, but I believe that the initial shock
wave travels through the lining 7 at great velocity and is

_reflected back at the outer wall of the lining adjacent the

producing formation 3 placing the lining and the adjacent
producing formation under tension. I believe that the
development of tensile stresses produces or at least has a

" tendency to produce vertical fracturing. In this regard

it is moted that the fluid filling agent. tends fo maintain

~ fluid at its contact with the wall of the well bore and
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provide a film of moisture on the surface thereof which
I believe tends to lower its tensile strength.

It might be possible, once the lining 7 has hardened,
to drill-a hole therein and fit the charge 8 in the hole in a
manner such that a tight bond is achieved between the
line 7 and the charge 8. However, it is felt that it would
be nearly impossible to do this and still maintain the
bonding required between the material and the explosive,
and therefore it is preferred to either insert the explosive
charge 8 into the lining 7 when it is in a plastic condition
and displace the same, or to pour the plastic lining ma-
terial over the explosive.

In this regard, a particular feature of practical im-
portance lies in the simplicity of the invention. No com-

~ plicated machinery or expensive equipment is required
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because the plastic forming the lining 7 can be introduced
into. the well bore in an ordinary dump bailer cr sand
pump. . Also, none of the dangers associated with hy-
draulic. fracturing exist in my method except those found
in any well shooting operation. In addition, the cost of
fracturing a well in this manner is far below that using
conventional hydraulic fracturing equipment. )

It might be possible to increase the shock force by
properly selecting a filler agent for the lining material,
suchas-barium titanate, quartz, salt, limestone or other
material of various densities, to comprise one acting as
a shock wave propagator and this might find use in seismic
exploration as would the use. of clear resin. In addition,
while I believe that a resinous material'is to be preferred

- for the liner, and particularly a high polymer resin which
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In accord with my invention, the lining is disintegrated

- and. therefore provides only temporary, substantially in-
stantaneous support to the well bore wall, the only resin-
ous material remaining ‘being that which has penetrated
the interstices of highly porous flooded out sections. ‘At
the ‘same time my method provides deeper penetration
into the producing horizon and therefore opens it up bet-
‘ter, and the tendency to- align the fractures vertically
takes advantage of the weight of the strata thereabove to
bold the fractures open and .avoids the necessity of in-
troducing propping agents for this purpose.’ .
Further to this end I find that the material comprising
the lining 7 apparently should be stronger than the sur-
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appears to-assist greatly in the development of the de-
sired shock waves, it is possible that other lining mate-
rials might find utility in this method such as for example
sulfur which couild initially be melted as by a heater or
thermit bomb and then permitted to harden around the
explosive.  -Also, while I believe that a hard lining is to
be preferred, I contemplate that a viscous, plastic lining
might, at least under certain circumstances, accomplish
to some degree the purposes of my invention:

It"will be appreciated that variations in the above de-

scribed presently preferred method of this invention might
occur to those skilled in the art without departing from
the spirit of the invention or the scope of the appended
claims, . - S

Having fully disclosed and completely described my in-
vention; together with the manuer of carrying out the
same, what I claim as new is: i

1. The method of improving the ‘production of a well

“having a bore extending into a-fluid producing formation

which comprises, filling the well bore in the region of
the producing formation ‘with a viscous plastic material

[
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adapted to solidify within the well bore and form a plug-
like supporting lining for the wall thereof, embedding an
explosive charge within sajid material in intimately
bonded relation thereto, and exploding said charge after
said material has solidified to disintegrate said lining and
fracture the surrounding producing formation.

2. The method of claim 1, wherein the explosive charge
is inserted into the filling material after it has been ap-
plied to the well bore and while itisin a plastic condition.

3. The method of claim 1, wherein the explosive charge
is positioned in the well bore before it is filled with the
plastic material.

4. The method of increasing the production of a well
having a bore extending into a fluid producing formation
comprising, filling the well bore in the region of the pro-
ducing formation with a material adapted to harden in

- the well bore -and provide a -solid lining therefor at the

producing formation, positioning an explosive charge in
the region of the producing formation in a manner such
that it is incased in said lining, said -lining and said ex-
plosive means together completely plugging the well bore
in the region of the producing formation, and substan-
tially completely disintegrating said lining by exploding
said charge.

5. The method set forth in claim 4, wherein said lining
has a compressive strength substantially greater than that
of the surrounding producing formation.

6. The method set forth in claim 4, wherein said lining
has a tensile strength substantially greater than that of the
surrounding producing formation.

7. The method set forth in claim 4, wherein shock
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wave reflecting means are provided adjacent the upper
and lower ends of said lining.

8. The method set forth in claim 4, wherein the ma-
terial of said lining comprises a high polymer thermoset-
ting resin and a filler therefor.

9. The method set forth in claim 8, wherein said
filler comprises a shock wave propagating material.

10. The method of increasing the production of a well
having a bore extending into a fluid producing formation
which comprises filling the well bore at the producing
formation with- a material adapted to form a supporting
lining for the wall thereof, embedding an explosive
charge within said material in intimately bonded relation
thereto, said lining and said charge completely plugging
the well bore at the producing formation, and substan-
tially completely disintegrating said lining to fracture the
producing formation by exploding said charge.
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