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ON-THE-FLY PRODUCTION OF MATERIALS

FOR TREATMENT OF A WELL

TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed in conjunction with a subterranean
well and, in one example described below, more particularly
provides for on-the-fly production of materials for use in

treatment of a well.

BACKGROUND

Materials for use in well treatment operations are
typically manufactured at dedicated facilities remote from
wellsites where the materials will ultimately be used. Such
materials can include proppants, diverters or other types of
materials. Therefore, it will be appreciated that
improvements are continually needed in the art of producing

materials for use in well treatment operations.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative partially cross-sectional
view of a well system and associated method which can embody

principles of this disclosure.

FIG. 2 is a representative schematic view of a
technique for producing particulate material for use in the

well system.

FIG. 3 is a representative cross-sectional view of a
fracture in an earth formation, the particulate material and

a proppant having been alternately placed in the fracture.

FIG. 4 is a representative cross-sectional view of the
fracture of FIG. 3, after the particulate material has been

degraded.

FIG. 5 is a representative cross-sectional view of the
fracture, the particulate material and a proppant having

been simultaneously placed in the fracture.

FIG. 6 is a representative cross-sectional view of the
fracture of FIG. 5, after the particulate material has been

degraded.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a well 10 and
associated method which can embody principles of this
disclosure. However, it should be clearly understood that
the well 10 and method are merely one example of an
application of the principles of this disclosure in
practice, and a wide variety of other examples are possible.
Therefore, the scope of this disclosure is not limited at
all to the details of the well 10 and method described

herein and/or depicted in the drawings.
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In the FIG. 1 example, a slurry 12 is injected at
elevated pressure into an earth formation 14 penetrated by a
wellbore 16, thereby forming a fracture 18 in the formation.
The wellbore 16 depicted in FIG. 1 is lined with casing 20
and cement 22, and is generally vertical, but in other
examples the formation 14 may be fractured from a generally
horizontal or inclined portion of a wellbore, which may be
uncased or open hole where the fracture is formed, and
multiple fractures may be formed at one or multiple
locations. Thus, the scope of this disclosure is not limited
to any particular wellbore orientation, use of casing or

liner, or fracture number or location.

Furthermore, it is not necessary for the principles of
this disclosure to be applied in a fracturing operation. For
example, the slurry 12 could be injected into the formation
14 after the fracture 18 has already been formed. As another
example, the slurry 12 could be used to divert or prevent
fluid from flowing into the fracture 18. As yet another
example, the slurry 12 could be used in completion
operations, such as in a gravel packing operation, to
prevent fluid from flowing into a formation while gravel is
being placed about a well screen (not shown). Thus, the
scope of this disclosure is not limited to use of the slurry
12 in association with a fracture or in any particular type

of well operation.

The slurry 12 in the FIG. 1 example differs from prior
slurries in that it includes a particulate material (not
shown in FIG. 1, see FIGS. 3 & 5) that is manufactured on
site, and is then injected into the well 10. In this manner,
the particulate material can be tailored for specific well
and formation conditions, and certain parameters of the

particulate material (such as, dimensions, density,
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composition, wettability, configuration, etc.) can be

changed as needed or desired to achieve optimal results.

For example, it may be desirable for a dimension of the
particulate material to be relatively small when the
fracture 18 is initiated, and then for the dimension of the
particulate material to increase as a width of the fracture
increases. As another example, it may be desirable for a
density of the particulate material to decrease as a
fracturing operation proceeds, in order to achieve enhanced
vertical distribution of the particulate material along the
wellbore 16. Thus, the scope of this disclosure is not
limited to any particular reason for, or result of, changing
a parameter of the particulate material during a well

operation.

Referring additionally now to FIG. 2, a schematic view
of a particulate material production and injection system 24
that may be used with the well 10 of FIG. 1 is
representatively illustrated. Of course, the system 24 may
be used with other wells and for other purposes, in keeping

with the principles of this disclosure.

In the FIG. 2 example, particulate material 26 is
manufactured by use of an extruder 28. The extruder 28
depicted in FIG. 2 is of the type known to those skilled in
the art as a twin screw extruder. However, the scope of this
disclosure is not limited to use of any particular type of

extruder.

The extruder 28 includes screws 30 that perform a
variety of functions, such as, conveying material through
the extruder, mixing materials in the extruder, forcing
material through a die 32 at an end of the extruder, etc. In

some examples, a gap between the screws 30 can be varied to
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thereby change a dimension and/or mixture of the material 26

that is extruded from the extruder 28.

In addition to varying the gap between the screws 30,
other ways of changing a dimension of the extruded
particulate material 26 include (but are not limited to)
varying a size or shape of an opening through the die 32,
varying a feed rate of material into the extruder 28,
varying a rotational speed of the screws 30, varying a rate
at which the material exiting the extruder is cut by a blade
of a slicer 34, etc. Thus, the scope of this disclosure is
not limited to any particular technique for changing a

dimension of the particulate material 26.

The particulate material 26 can comprise only a single
material, or it may comprise a combination of materials. In
the FIG. 2 example, a polymer material 36 is introduced into
the extruder 28, and is heated by heater coils 38. A filler
material 40 can be combined with the heated material 36 in
the extruder 28. Additionally, a gas 42 can be mixed with
the materials 36, 40 in the extruder 28, in order to change

a density of the particulate material 26.

The filler material 40 can be a material selected to
add volume to the extruded particulate material 26. In some
examples, the filler material 40 can be degradable, can

comprise a surfactant, solvent, solid particulate, etc.

However, it should be clearly understood that the
materials 36, 40 and gas 42 are merely examples of a wide
variety of different types of materials that could be
combined to produce the particulate material 26. Any number
of different materials could be combined in any order (or

simultaneously) to produce the particulate material 26.

In some examples, the material 36 could be any

polyesters, any nylons, polyethylene (including high density
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polyethylene), high density polystyrene, polylactic acid,
polyglycolic acid, copolymers of these, etc. In some
examples, the material 36 can be degradable (for example,
dissolvable, dispersible, etc.) in response to contact with
a specific degrading agent (such as, an acid, a solvent,
water, an oxidizer, etc.) in the well 10, in response to
passage of time, in response to exposure to elevated

temperatures, etc.

The materials 36, 40 can be in solid, liquid or powder
form when they are introduced into the extruder 28. The
scope of this disclosure is not limited to use of any
particular type or form of material introduced into the

extruder 28 to produce the particulate material 26.

The system 24 allows for manipulation of material 26
properties on-the-fly (such as, while the material 26 is
being injected into the well 10). The extruder 28 can be
used to generate external and internal phase differences in
various shapes. Polymer materials of a specific composition
can be compounded further downstream in the extruder 28 with
materials of different crystallinities, different
properties, or with different wettability from core

materials.

For example, a polyester material with a specific
shape, but with different wettability from a native
polyester, could be generated by mixing surfactants into the
material 26 near the end of the extruder 28. Other
substances that can be combined with the material 26 include
solvents, other polymers, mineral materials (such as, anti-
caking components, for example, to provide a non-wet

surface), etc.

Materials with different degradation rates can be

generated by compounding polyesters with varying
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crystallinities, and coating-like processes can be performed
by feeding different types of polyesters into the extruder
28 at different points. Densities can be controlled by
feeding gas 42 of various compositions and amounts into the
extruder 28, as well. Coatings within coatings of materials,
different wettabilities for different fluid interactions,
and density for different suspension, carrying and
distribution purposes can all be controlled and varied at a

wellsite.

In the FIG. 2 example, the material 26 exits the
extruder 28 and passes through the slicer 34. A valve 44
(such as, a butterfly valve) is then used to control
introduction of the particulate material 26 into an

injection stream.

After the material 26 passes through the valve 44 it is
contacted by a stream of relatively cold or surface
temperature water 46. This cools the material 26 and fixes
its dimensions and shape, prior to the material being

injected into the well 10.

A pump 48 then forces the material 26 (and water 46)
into an injection line 50 connected to a wellhead 52. The
material 26, thus, becomes part of the slurry 12 injected

into the well 10.

In the FIG. 2 example, the material 26 is pumped into
the injection line 50 downstream of an apparatus known to
those skilled in the art as a “missile” 54. The missile 54
is a manifold allowing multiple different fluids, materials,
gels, etc. (such as, proppants, diverters, acids,
surfactants, etc.) to be combined for flow into the well 10

via the injection line 50.

In other examples, the material 26 could be pumped into

the missile 54, or the material 26 could be pumped into a
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line upstream of the missile. Thus, the scope of this
disclosure is not limited to any particular location for

combining the material 26 into the slurry 12.

Referring additionally now to FIG. 3, an enlarged scale
cross-sectional view of a portion of the well 10, taken
along line 3-3 of FIG. 1, is representatively illustrated.
In this view, one example of a manner in which the material

26 can be used in a fracturing operation is depicted.

In the FIG. 3 example, the material 26 is
intermittently added to the slurry 12. Proppant 56 is added
to the slurry 12 when the material 26 is not added to the
slurry. Thus, the material 26 and proppant 56 are added
alternately to the slurry 12 (although, at times, neither of
the material and proppant may be added to the slurry).

As depicted in FIG. 3, a result of this technique can
be that some portions of the fracture 18 have mostly the
material 26 therein, and some portions of the fracture have
mostly the proppant 56 therein. If the material 26 comprises
a diverting material, then this technique can cause
different portions of the formation 14 to fracture (e.g.,
due to the diverting material temporarily closing off
already-fractured portions of the formation), thereby
enhancing the fracturing of the formation. Note that, in the
FIG. 3 example, the material 26 first injected into the
fracture 18 has smaller dimensions as compared to the

material later injected into the fracture.

Although the fracture 18 is depicted in the drawings as
being substantially straight and planar, in some
circumstances fractures can have significant tortuosity,
branching, etc. Another effect of the material 26 comprising
a diverting material can be to cause the fracture 18 to

extend in different directions and increase branching (e.g.,
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due to the diverting material temporarily closing off
portions of the fracture). In this manner, the fracture 18
can provide enhanced connectivity between the formation 14

and the wellbore 16.

Referring additionally now to FIG. 4, the well 10 is
representatively illustrated after the material 26 has been
dissolved, dispersed or otherwise degraded. The proppant 56
remains in the fracture 18 to prop open the fracture, reduce

production of formation fines, etc.

In this example, with the material 26 removed from the
fracture 18, fluid communication between the formation 14
and the wellbore 16 is improved. However, in other examples,
the material 26 may not comprise a diverting material or may
not otherwise restrict fluid communication between the
formation 14 and the wellbore 16. Furthermore, it is not
necessary for the material 26 to be degraded after it is
injected into the well 10. Thus, the scope of this
disclosure is not limited to use of the material 26 as a
diverter, or to use of the material 26 for any particular

purpose in the well 10.

Referring additionally now to FIG. 5, another example
of a manner in which the material 26 can be used in a
fracturing operation is depicted. In this example, the
material 26 and the proppant 56 are added at a same time to
the slurry 12, so that they are injected into the well 10
simultaneously. As viewed in FIG. 5, the material 26 and the

proppant 56 are mixed together in the fracture 18.

Referring additionally now to FIG. 6, the fracture 18
is depicted after the material 26 has been dissolved,
dispersed or otherwise degraded. The proppant 56 remains in
the fracture 18 and can function to prop open the fracture,

reduce production of formation fines, etc., with increased
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fluid communicability between the formation 14 and the

wellbore 16.

It may now be fully appreciated that the above
disclosure provides significant advancements to the art of
producing materials for use in well operations. In examples
described above, the material 26 can be manufactured on
site, even while a well operation is being performed, and
parameters/properties of the material can be changed as

needed or desired as the operation progresses.

The above disclosure provides to the art a unique
method. In one example, the method can comprise:
manufacturing particulate material 26 during an operation at
a well 10; injecting the particulate material 26 into the
well 10 during the manufacturing step; and changing a
dimension of the particulate material 26 during the

injecting step.

The manufacturing step can include extruding the
material 26 during the operation. The extruding step can
include extruding the material 26 so that the material has a

desired shape.

The changing step can include increasing the dimension

of the particulate material 26 during the injecting step.

The manufacturing step can include fixing a shape of
the particulate material 26 by cooling the particulate

material 26 prior to the injecting step.

The manufacturing step can include converting a liquid

and/or a powder to the particulate material 26.

The method can include changing a density of the

particulate material 26 during the injecting step.

The manufacturing step can include combining a

polyester with a filler material at the well 10.
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The method can include the particulate material 26

degrading in a fracture 18 formed in an earth formation 14.

The injecting step can include alternately injecting

the particulate material 26 and a proppant 56.

The injecting step can include simultaneously injecting

the particulate material 26 and a proppant 56.

Another method described above can comprise:
manufacturing particulate material 26 during an operation at
a well 10; injecting the particulate material 26 and a
proppant 56 into the well 10 during the manufacturing step;
and the particulate material 26 degrading in a fracture 18

formed in an earth formation 14.

Another method described above can comprise:
manufacturing particulate material 26 during an operation at
a well 10; fixing a shape of the particulate material 26 by
cooling the particulate material; and then injecting the

particulate material 26 into the well 10.

A particulate material 26 production and injection
system 24 for use with a well 10 is also described above. In
one example, the system 24 comprises an extruder 28, and a
pump 48 connected between the extruder and the well 10. The

pump 48 pumps the particulate material 26 into the well 10.

Water 46 can contact the particulate material 26
upstream of the pump 48. The water 46 may fix a dimension

and shape of the particulate material 26.

The extruder 28 can receive a filler material 40
therein, and a feed rate of the filler material 40 into the
extruder 28 may change while the pump 48 pumps the

particulate material 26 into the well 10.

The extruder 28 may receive a gas 42 therein, and a

feed rate of the gas 42 into the extruder 28 may change
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while the pump 48 pumps the particulate material 26 into the
well 10.

A gap between screws 30 of the extruder 28 may change
while the pump 48 pumps the particulate material 26 into the
well 10.

The system 24 may include a die 32 connected at an
output of the extruder 28. An opening through the die 32 may
change while the pump 48 pumps the particulate material 26
into the well 10.

Although various examples have been described above,
with each example having certain features, it should be
understood that it is not necessary for a particular feature
of one example to be used exclusively with that example.
Instead, any of the features described above and/or depicted
in the drawings can be combined with any of the examples, in
addition to or in substitution for any of the other features
of those examples. One example’s features are not mutually
exclusive to another example’s features. Instead, the scope
of this disclosure encompasses any combination of any of the

features.

Although each example described above includes a
certain combination of features, it should be understood
that it is not necessary for all features of an example to
be used. Instead, any of the features described above can be
used, without any other particular feature or features also

being used.

It should be understood that the various embodiments
described herein may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of this disclosure. The embodiments are described

merely as examples of useful applications of the principles
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of the disclosure, which is not limited to any specific

details of these embodiments.

In the above description of the representative
examples, directional terms (such as “above,” “below,”
“upper,” *“lower,” etc.) are used for convenience in
referring to the accompanying drawings. However, it should
be clearly understood that the scope of this disclosure is

not limited to any particular directions described herein.

The terms “including,” “includes,” “comprising,”
“comprises,” and similar terms are used in a non-limiting
sense in this specification. For example, if a system,
method, apparatus, device, etc., is described as “including”
a certain feature or element, the system, method, apparatus,
device, etc., can include that feature or element, and can
also include other features or elements. Similarly, the term
“comprises” is considered to mean “comprises, but is not

limited to.”

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of this disclosure. For example,
structures disclosed as being separately formed can, in
other examples, be integrally formed and vice versa.
Accordingly, the foregoing detailed description is to be
clearly understood as being given by way of illustration and
example only, the spirit and scope of the invention being

limited solely by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A method, comprising:

manufacturing particulate material during an operation

at a well;

injecting the particulate material into the well during

the manufacturing; and

changing a dimension of the particulate material during

the injecting.

2. The method of claim 1, wherein the manufacturing
further comprises extruding the material during the

operation.

3. The method of claim 2, wherein the extruding
comprises extruding the material so that the material has a

desired shape.

4. The method of claim 1, wherein the changing
further comprises increasing the dimension of the

particulate material during the injecting.

5. The method of claim 1, wherein the manufacturing
further comprises fixing a shape of the particulate material

by cooling the particulate material prior to the injecting.

6. The method of claim 1, wherein the manufacturing

further comprises converting a selected at least one of the
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group consisting of a liquid and a powder to the particulate

material.

7. The method of claim 1, further comprising changing

a density of the particulate material during the injecting.

8. The method of claim 1, wherein the manufacturing
further comprises combining a polyester with a filler

material at the well.

9. The method of claim 1, further comprising the
particulate material degrading in a fracture formed in an

earth formation.

10. The method of claim 1, wherein the injecting
further comprises a selected one of the group consisting of:
a) alternately injecting the particulate material and a
proppant, and b) simultaneously injecting the particulate

material and a proppant.
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11. A method, comprising:

manufacturing particulate material during an operation

at a well;

fixing a shape of the particulate material by cooling

the particulate material; and

then injecting the particulate material into the well.

12. The method of claim 11, wherein the injecting
further comprises alternately injecting the particulate

material and a proppant.

13. The method of claim 11, wherein the injecting
further comprises simultaneously injecting the particulate

material and a proppant.

14. The method of claim 11, further comprising
changing a dimension of the particulate material during the

injecting.

15. The method of claim 14, wherein the changing
further comprises increasing the dimension of the

particulate material during the injecting.

16. The method of claim 11, wherein the manufacturing
further comprises extruding the material during the

operation.

17. The method of claim 11, further comprising the

particulate material degrading in the well.
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18. The method of claim 11, wherein the manufacturing
further comprises converting a selected at least one of the
group consisting of a liquid and a powder to the particulate

material.

19. The method of claim 11, further comprising
changing a density of the particulate material during the

injecting.

20. The method of claim 11, wherein the manufacturing
further comprises combining a polyester with a filler

material at the well.
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21. A particulate material production and injection

system for use with a well, the system comprising:
an extruder; and
a pump conhected between the extruder and the well,

wherein the pump pumps the particulate material into

the well.

22. The system of claim 21, wherein water contacts the

particulate material upstream of the pump.

23. The system of claim 22, wherein the water fixes a

dimension and shape of the particulate material.

24. The system of claim 21, wherein the extruder
receives a filler material therein, and wherein a feed rate
of the filler material into the extruder changes while the

pump pumps the particulate material into the well.

25. The system of claim 21, wherein the extruder
receives a gas therein, and wherein a feed rate of the gas
into the extruder changes while the pump pumps the

particulate material into the well.

26. The system of claim 21, wherein a gap between
screws of the extruder changes while the pump pumps the

particulate material into the well.

27. The system of claim 21, further comprising a die

connected at an output of the extruder, and wherein an
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opening through the die changes while the pump pumps the

particulate material into the well.
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