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WELLBORE TREATMENT SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

[00661] This application 15 a continuation of, and claims priority to and the benefit of, US.
Provisional Application Serial No. 62/296,308, filed February 17, 2016, the full disclosure of

which i3 hereby incorporated by reference in its entirety herein for all purposes.

BACKGROUND OF THE INVENTION

i. Field of Invention

{0002] The present disclosure relates in general to a system and method of treating a
subterranean wellbore. More specifically, the present disclosure relates to coupling a well

treatment substance with energetic material and reacting the energetic material within a wellbore.

2. Deseription of Prior Art

[B003] Perforating systems are used for the purpose, among others, of making hydraulic
communication passages, called perforations, in wellbores drilled through earth formations so
that predetermined zones of the earth formations can be hydraulically connected to the wellbore.
Perforations are needed because wellbores are typically lined with a string of casing and cement
1s generally pumped into the annular space between the wellbore wall and the casing. Reasons
for cementing the casing against the wellbore wall includes retaining the casing tn the wellbore
and hydraulically isolating various earth formations penetrated by the wellbore. Sometimes an
muer casing string 15 included that 1s circumscribed by the casing.  Without the perforations
oil/gas from the formation surrounding the wellbore cannot make its way to production tubing

mserted o the wellbore within the casing.
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{0004} Perforating systems typically include one or more perforating guns connected together in
series to form a perforating gun string, which can sometimes surpass a thousand feet of
perforating length. The gun strings are usually lowered into a wellbore on a wireline or tubing,
where the individual perforating guns are generally coupled together by connector subs.
Included with the perforating gun are shaped charges that typically include a housing, a liner,
and a quantity of high explosive inserted between the liner and the housing. When the high
explosive is detonated, the force of the detonation collapses the liner and ejects it from one end
of the charge at very high velocity in a pattern called a jet that perforates the casing and the
cement and creates a perforation that extends mto the surrounding formation. Fach shaped
charge 15 typically attached to a detonation cord that runs axially within each of the guns.
Wellbore perforating sometimes 1s typicallv followed by hydraulic fracturing in order to promote
production from the surrounding formation. The extreme pressures generated by the perforating
et often crush and compacts the reservoir rock around each of the perforations; which typically
mpedes mflow or injection to and from the reservoir. Moreover, the crushed zone can reduce
the effective permeability of the reservour rock by up to 75%. Acid is sometimes used to break
down this crushed and compacted rock, and 1s usually pumped from surface and injected into the

perforations.
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SUMMARY OF THE INVENTION

{00805} Described herein 1s a method and system for wellbore operations that include introducing
a treatment substance into the wellbore. One example method includes deploying a downhole
tool i the wellbore, where the downhole tool includes an additive casting made up of an
energetic material and a crystalline anhyvdrous acid. The downhole tool 1s positioned adjacent an
opening formed in a sidewall of the wellbore, and a reaction of the energetic material is caused to
generate an expanding gas that drives the crystalline anhydrous acid into the opening thereby
mereasing a flow of hydrocarbons through the opening. The downhole tool can further include
an explosive, and wherein the step of causing a reaction of the energetic material mvolves
iitiating detonation of the explosive so that detonation products of the explosive contact the
energetic material at a temperature to inttiate reaction of the energetic material. In an alternative,
the energetic material 15 activated concurrent with forming perforations i a sidewall of the
wellbore, so that the treatment substance is forced into the perforations by expanding gases
created by activation of the energetic material. One embodiment of the downhole tool includes a
perforating gun, and wherein the explosive comprises high explosive disposed 1 a plurahty of
shaped charges that are set radially mward from the additive casting, so that when high explosive
in the shaped charges are detonated, detonation products are generated from detonation of the
high explosive that contact the energetic matenal at a temperature to initiate reaction of the
energetic material.  In this example, detonation of the shaped charges form perforations in a
sidewall of the wellbore, wherein a plurality of openings are formed in the sidewall of the
wellbore, and wherein the perforations define the openings In an alternative, the additive casting
is formed into an annular member that circumscribes a portion of the tool. In an optional

embodiment, the additive casting is formed into a planar member and disposed inside a body of
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the tool. The acid optionally dissolves rock inside of the opening. The energetic material can be

a propellant.

10006} Also disclosed herein 13 an example of a downhole tool for use in operations in a
wellbore and that 1s made up of a housing, explosive in the housing and that is strategically
oriented, so that when the explosive is detonated, detonation products are formed that travel
along a designated path, and an additive casting that is intersected by the designated path, the
additive casting formed from a solid matrix of a settable material, and an energetic material, and
where a wellbore treatment material is embedded within the setiable material, so that when a
reaction in the energetic material s imitiated in the wellbore, the wellbore treatment material 1s
released into the wellbore. The wellbore treatment fluid can be an anhydrous crystalline acid
that s reactive with rock that 15 intersected by a downhole perforation. In an alternative, the
energetic material includes a substance that produces energy or pressurized gas when reacted and
15 selected from the group consisting of a propellant, an oxidizer, ammonium perchlorate,
potassium perchlorate, and combinations thereof. An example of the housing is a perforating
gun body, wherein the explosive comprises a high explosive within a shaped charge, and wherein
detonating the high explosive forms openings n a sidewall of the wellbore. One embodiment of
the additive casting 1s an annular member coupled with the housing. The downhole tool can

further include a controller in commumication with the explosive.

{8687] Another method of wellbore operations includes disposing an additive casting in the
wellbore, the additive casting formed from an energetic material and wellbore treatment material
combined 1n a sohid matrix, and introducing the wellbore treatment material into an opening m a
sidewall of the wellbore by mutiating a reaction of the energetic material that releases the

wellbore treatment matenial from the matrix, and generates a gas that drives the wellbore



WO 2017/143181 PCT/US2017/018357

treatment material into the opening. The method can further include forming the opening by
detonating a shaped charge downhole that is oriented to the sidewall. In one alternative, the
additive casting is disposed in a path of detonation product discharged from the shaped charge,
and wherein the detonation product is at a temperature that tnitiates the reaction of the energetic
material. An example exists where the wellbore treatment material is a crystalline anhydrous
acid that when in the wellbore reconstitutes as a liquid and reacts with rock inside of the opening.

An example of the reactive material is a propellant.



WO 2017/143181 PCT/US2017/018357

BRIEF DESCRIPTION OF BRAWINGS

{0008} Some of the features and benefits of the present mvention having been stated, others will
become apparent as the description proceeds when taken in conjunction with the accompanying

drawings, in which:

{00809} Figure 1 is a partial side sectional view of an example of a wellbore treatment system for

use in treating a wellbore.

{00108} Figure 1A 1s a side sectional view of an example of a shaped charge for use with the

wellbore treatment system of Figure 1.

{0011} Figure 2 15 a partial side sectional view of the wellbore treatment system forming
perforations in the wellbore of Figure 1 and releasing a treatment fhud into the wellbore and the

perforations.

{0012} Figure 3 1s side partial sectional view of an alternate example of a wellbore treatment

system for use in treating a wellbore.

{0013} Figure 4 1s side partial sectional view of another alternate example of a wellbore

treatment system for use in treating a wellbore.

{0014} While the mnvention will be described in connection with the preferred embodiments, it
will be understood that it is not intended to limit the invention to that embodiment. On the
contrary, it is intended to cover all alternatives, modifications, and equivalents, as may be

mcluded within the spirit and scope of the invention as defined by the appended claims.
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DETAILED DESCRIPTION OQF INVENTION

{0015} The method and system of the present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings in which embodiments are shown. The
method and system of the present disclosure may be i many different forms and should not be
construed as limited to the illustrated embodiments set forth herein; rather, these embodiments
are provided so that this disclosure will be thorough and complete, and will fully convey its
scope to those skilled in the art Like numbers refer to like elements throughout In an
embodiment, usage of the term “about” includes +/- 5% of the cited magnitude. In an

embodiment, usage of the term “substantially” includes +/- 5% of the cited magnitude.

{0016] It 1s to be further understood that the scope of the present disclosure 1s not limited to the
exact details of construction, operation, exact materials, or embodiments shown and described, as
modifications and equivalents will be apparent to one skilled in the art In the drawings and
specification, there have been disclosed illustrative embodiments and, although specific terms
are employed, they are used in a generic and descriptive sense only and not for the purpose of

Hmitation.

{0817} An example of a well treatment system 10 1s shown in a partial side sectional view n
Figure 1. Here the system 10 15 used for treating a wellbore 12 that intersects a formation 14,
Wellbore 12 15 lined with casing 16 which forms a barrier between formation 14 and inside of
wellbore 12, Included with the example of the wellbore treatment system 10 1s a perforating
string 18 shown made up of a string of perforating guns 201-20,, optional connector subs 225, 22,
couple together adjacent guns 204-20,. The guns 20420, of the illustrated embodiment include

elongate gun bodies 24-24,, that have a generally curved outer surface and resembie a cyhindrical
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shape. Charge tubes 26,-26, are depicted disposed within each of the gun bodies 24,-24,.
Further in the example of Figure 1, shaped charges 28 are shown mounted within the charge
tubes 26,-26,. Shown in a side sectional view in Figure 1A 1s an embodiment of a shaped charge
28, and which includes a case C, a liner L set in the case C, and high explosive HE between the
case C and liner L. A detonating cord 29 extends within the perforating string 18 (Figure 1) and
along a path that runs adjacent a booster charge BC in each of the shaped charges 28 Inttiating
detonation of the detonating cord 29 forms a detonation wave that travels along a length of the
detonation cord 29 and transfers to the booster charges to detonate the high explosive in the
shaped charges 28, Example high explosives HE include compositions sold under trade

designations HMX, HNS, RDX, PYX and TNAZ.

[0018] Further provided with the example well treatment system 10 of Figure | are examples of
additive castings 30-30, shown as annular members that encompass outer surfaces of the
perforating gun bodies 24;-24,. A wireline 32 1s shown mounted to an upper end of a perforating
string 18 and 15 used for raising and lowering perforating string 18 within wellbore 12.
Additionally, wireline 32 can provide a communication means between perforating string 18 and
a surface truck 33 shown mounted on surface 34 and outside of the wellbore 12, In one
alternative, a controller 35 i3 included, such as in surface truck 33, and that s 1 selective
communication with wireline 32 for controlling operation of perforating string 18. In an optional
embodiment, wireline 32 couples to a motorized reel (not shown} for raising/lowering wireline
32 in wellbore 12, In an example motorized reel mounts to surface truck 33. In a non-limiting
example of operation, perforating string 18 communicates to surface truck 33 and/or controller
35 via wireline 32. Optionally, other means of conveying and signaling perforating string 18

may be emploved, such as coiled tubing, cables, shick line, and the bke.
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{0019} Figure 2 shows in a side partial sectional view an example of the shaped charges 28 of
Figure 1 having been detonated, such as from a signal via wireline 32 from surface truck 33 or
controller 35, and which have formed perforations 36 that project radially out from the wellbore
12, through the casing 16, and into the formation 14. Openings 38 in the sidewall of each of the
gun bodies 241-24,, are also formed by detonating the shaped charges 28 Referring back to
Figure 1, 1n an example the additive castings 304-30, are substantially solid members whose
constituents include an energetic material and a treatment substance. Examples of the energetic
material include any substance that produces energy or pressurized gas when reacted, such as a
propellant, oxidizers, ammonium perchlorate, potassium perchlorate, any other reactive maternial,
and combinations thereof. Examples of the treatment substance mclude anything used for
treating the wellbore 12, such as an acid, crystalline acids, anhydrous acids, crystalline
anhydrous acids, brine, a surfactant, a salt, a polysaccharide, corrosion mhibitors, and
combinations thereof. Some examples of suitable crystalline anhydrous acids and salts that
produce acids when dissoived include, but are not intended to be himited to, acetic anhydride,
citric acid anhydride, sulfamic acid anhydride, benzoie acid, benzoic acid flakes, hydrochionic
acid, hydrofluoric acid, phthalic acid, phthalic anhydride, terephthalic acid, terephthalic
anhydride, sulfuric acid anhydride, polylactic acid, boric acid, ammonium bifluonide, potassium
bifluonide, ethyvienediaminetetraacetic acid, lactic acid, along with combinations and mixtures
thereof. In an alternative, the treatment substance 1s encapsudated in a shell (not shown) that
dissolves/degrades when exposed to conditions/fluids downhole. Examples exist wherein the
treatment substances dissolve in connate fluid, water based drilling fluids, oil based drilling

fluids, and combinations thereof.
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{0028} In a non-limiting example of operation, the shaped charges 28 of Figure 1 are oriented so
that when explosives within the shaped charges 28 are detonated, detonation products generated
by the detonation are directed towards the additive casting 30:-30,. An example of the
detonation products includes gas at high pressure and/or temperature that initiate a corresponding
reaction of the energetic material in the additive casting 30;-30,. Reacting the energetic material
releases the treatment substance from the additive casting 30,-30,. and into the wellbore 12. In
the example of Figure 2, the treatment substance takes the form of a treatment fluid 40 when
released from the castings 30;-30,. The treatment fluid 40 15 shown in wellbore 12 and entering
perforations 36, In one non limiting example, a crystalline acid, such as an anhydrous crystalline
acid, was bound to an energetic gas generating material, such as potassium perchlorate and then
molded to from castings 30;-30, and combined with the perforating gun bodies 24,-24,,. As the
propellant in the castings 30,-30, reacts to the detonation of the shaped charges 28, energy is
generated, that in an example includes high velocity gases, that carries or urges the crystalline
actd mto the perforations 36, and where the acid begins to react with the crushed and compacted
rock that surrounds the perforations 36. Depending on the acid blend, calcareous components of
the crushed rock are dissolved, as well as the matrix uself. This results m a removal of the
crushed and compacted rock, which reduces the overall formation skin. Optionally, a fuel, such
as a plastic resin, can be used in combination with the energetic gas generating matenials to
enhance reaction of the propellant. Examples of the reaction of the propellant include
combustion, burning, ignition, and detonation. Alternatively, the charge tubes 26,-26, could be
formed from the cast material of the propelants/energetic material in the additive substance.

Optionally, the combination of cast energetic material and treatment substance can be positioned

10
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within the gun bodies 24,-24,, in any shape or form. The treatment method described herein can

be performed with or without packers (not shown}.

{0021} Figure 3 shows an alternate example of a well treatment system 10A where the
perforating string 18A 1s disposed in wellbore 12 and shown having additive castings 30A,-304,
disposed within the annular gun bodigs 24A,-24A,. In this example, the additive castings 30A;-
30A, are disk like members and placed adjacent the shaped charges 28A disposed within the gun
bodies 24A,-24A,. The operational sequence of the embodiment of the well treatment system
10A of Figure 3 1s much the same as that of the system 10 of Figure 1, that is detonation of the
shaped charges 24A,-24A, in turn causes wnitiation of a reaction of the additive castings 30A;-
30A,, thereby releasing a treatment substance into the wellbore 12. However, other means of
initiation reaction of the energetic maternal can be employed, such as electricity (i.e. via wireline

32} or from a detonation wave tfrom detonation cord 29A in the perforating string 18A.

{0022] Ancther alternate example of a well treatment system 10B is shown in a side partial
sectional view 1n Figure 4. Tn this example, the additive casting 30B 1s an elongate cyhindrical
member disposed on an end of wireline 32 and set within wellbore 12. Here, perforations 36
have already been formed within the formation 14, In this example, a signal from the surface
truck 33 via wireline 32 makes it way to the additive casting 30B to initiate a reaction of the
energetic material making up the casting 30B, and thereby releasing the treatment substance into

the wellbore 12 and into perforations 36.

[0023] In one non-limiting example of forming an additive casting 30, the energetic material 13
bound to a setiable material, combined with a wellbore treatment material, and then molded into

a desired shape, such as the annular shape of the additive casting 30 of Figure 1. Example

11
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settable materials include thermosetiing polymers, resins, thermosetting resins, acrylic resins,
polvesters, vinyl esters, epoxy, polyurethane, phenolic resins, amino resins, furan resins, any
other material that is moldable and then hardens, and combinations thereof. An alternate
embodiment of forming the casting 30 includes mixing a higuid-form resin with a powdered
composition of crystalline acid and a propeliant, and molding the mixture into a disk or other
shape. The propellant/acid disk is then placed adjacent to conventional shaped charges within a
perforating gun assembly.  Alternatively, the propellant/acid combination s cast as a cylinder
(casting 30B of Figure 4) and conveyed downhole to treat a previously perforated wellbore. In
this example, reaction of the propeliant 15 imtiated by means other than a shaped charge, such as
by a detonating cord or other suitable inttiator.  Other components, such as wellbore treatment
materials, which mclude acids, anhydrous acids, crystalline acids, and anhydrous crystalline
acids, are optionally blended into the mixture of the energetic material and resin. Thus the gas
generated by an oxidation process of the energetic material urges the acid mto the perforations
36, and the energetic material 13 a conveyance or delivery method rather than a stimulation tool.
In one alternate embodiment, the acid/energetic maternial composition 18 cast into tubes and

placed inside perforation gun bodies 24,-24, (Figure 1),

[8024] One example propellant for use i the casings described above mcludes potassium
perchlorate. In this example, detonating a perforating gun generates extreme pressure and heat
that ignite the propellant material.  As the propeliant material combusts or burns a high-velocity
gas 15 generated which carries the crystalline acid into the perforations. Inside the perforations
the acid reconstitutes as a lignd acid that reacts with the crushed and compacted rock
surrgunding the perforation tunnels. Depending upon the type or blend of crystalline acid, the

calcareous components of the crushed rock can be dissolved or the rock matrix itself can be

12
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removed. This eventually leads to the removal of crushed and compacted rock, thereby
mmproving hydraulic communication between the formation 14 and wellbore 12 through the
perforations 36 (Figure 2). A significant advantage realized by the present disclosure is that
costly equipment for pumping wellbore treatment fluids downhole i3 not required. Another
advantage is that the amount of wellbore treatment fluids or material can be greatly reduced as
well as an excessive amount of wellbore treatment fluid is consumed when being pumped
downhole. Typical acidizing treatment operations require many hundreds of liters of acid,
whereas tmplementation of the presently disclosed technique s expected to require only grams

of treatment substance.

{0025} The present invention described herein, therefore, i1s well adapted to carry out the objects
and attain the ends and advantages mentioned, as well as others inherent therein. While a
presently preferred embodiment of the invention has been given for purposes of disclosure,
numerous changes exist in the details of procedures for accomplishing the desired resulis. For
example, in an embodiment, additive castings 30;-30, of Figure 1 are inserted within the gun
bodies 24,-24,. In another alternative, charge tubes 26,-26, are formed from the same material
as 30;-30, These and other simlar modifications will readily suggest themselves to those
skilled i the art, and are intended to be encompassed within the spint of the present invention

disclosed herein and the scope of the appended claims.

13
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CLAIMS

What s claimed 1s.

1. A method of operations in a wellbore comprising:

deploying a downhole tool in the wellbore, the downhole tool comprising an additive

casting that comprises an energetic material and a crystalline anhydrous acid,

positioning the downhole tool at a designated depth i the wellbore; and

causing a reaction of the energetic material to generate energy that drives the crystalline
anhydrous acid into an opening formed in a stdewall of the wellbore thereby increasing a

flow of hydrocarbons through the opening,

~

2. The method of Claim 1, wherein the downhole tool further comprises an explosive, and
wherein the step of causing a reaction of the energetic matenial comprises mitiating detonation of
the explosive so that detonation products of the explosive contact the energetic material at a

temperature to nitiate reaction of the energetic material.

3. The method of Claim 1, wheremn the energy 1s from expanding gas produced by the
reaction of the energetic material, and wherein the energetic material 1s reacted concurrent with
forming perforations in a sidewall of the wellbore, so that the treatment substance is forced into

the perforations by the expanding gas.

4, The method of Claim 3, wherein the downhole tool comprises a perforating gun, and
wherein the explosive comprises high explosive disposed in a plurality of shaped charges that are

set radially inward from the additive casting, so that when high explosive in the shaped charges

14
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are detonated, detonation products are generated from detonation of the high explosive that

contact the energetic material at a temperature to initiate reaction of the energetic material.

5. The method of Claim 4, wherein detonation of the shaped charges form perforations in a
sidewall of the wellbore, wherein a plurality of openings are formed in the sidewall of the

wellbore, and wherein the perforations define the openings

6. The method of Claim 1, wherein the additive casting is formed into an annular member

that circumscribes a portion of the tool.

Ay
I
i

The method of Claim 1, wherein the additive casting s formed into a planar member and

disposed inside a body of the tool.

8. The method of Claim 1, wherein the acid dissolves rock inside of the opening.
9. The method of Claim 1, wherem the energetic material comprises a propellant.
10, A downhole tool for use in operations 10 a wellbore comprising:

a housing;

explosive in the housing and that 1s strategically ortented, so that when the explosive is

detonated, detonation products are formed that travel along a designated path; and

an additive casting that 15 intersected by the designated path, the additive casting
comprising a solid matrix of a settable material, and an energetic material and a wellbore
treatment material embedded within the settable material, so that when a reaction in the
energetic material 1s inttiated n the wellbore, the wellbore treatment material 15 released

into the wellbore,

15
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11 The downhole tool of Claim 10, wherein the wellbore treatment fhud comprises an

anhydrous crystaliine acid that is reactive with rock that s intersected by a downhole perforation.

12. The downhole tool of Claim 10, wherein the energetic material comprises a substance
that produces energy or pressurized gas when reacted and is selected from the group consisting
of a propellant, an oxidizer, ammoniom perchlorate, potassium perchlorate, and combinations

thereof.

13. The downhole tool of Claim 10, wherein the housing comprises a perforating gun body,
wherein the explosive comprises a high explosive within a shaped charge, and wherein

detonating the high explosive forms openings in a sidewall of the wellhore.

14. The downhole tool of Claim 13, wherein the additive casting comprises an annular

member coupled with the housing.

15 The downhole tool of Clamm 10, further comprising a controller in communication with

the explosive.

16. A method of wellbore operations comprising;

disposing an additive casting in the wellbore, the additive casting comprising an energetic

material and wellbore treatment material combined in a solid matrix; and

imtroducing the wellbore treatment material into an opening in a sidewall of the wellbore
by imtiating a reaction of the energetic material that releases the wellbore treatment
material from the matrix, and generates a gas that drives the wellbore treatment materal

into the opening.

16
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17. The method of Claim 16, further comprising forming the opening by detonating a shaped

charge downhole that 1s oriented to the sidewall.

18. The method of Claim 17, wherein the additive casting 1s disposed in a path of detonation
product discharged from the shaped charge, and wherein the detonation product 15 at a

temperature that initiates the reaction of the energetic material.

19. The method of Claim 106, wherein the wellbore treatment material comprises a crystalline
anhydrous acid that when in the wellbore reconstitutes as a liquid and reacts with rock inside of

the opening.

20. The method of Claim 16, wherein the reactive material comprises a propellant.

17
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