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APPARATUS AND METHODS FOR TRACKING THE LOCATION

OF FRACTURING FLUID IN A SUBTERRANEAN FORMATION

[0001] This application claims priority to U.S. Provisional Patent Application Serial No.
61/437,756 filed January 31, 2011 and Entitled “Apparatus and Methods for Tracking the
Location of Fracturing Fluid in a Subterrancan Formation”, the entire contents of which are

hereby incorporated by reference herein in their entirety.

FIELD OF THE DISCLOSURE
[0002] The present disclosure relates generally to obtaining information about the location of

fractures or fracturing fluid in a subterranean formation.

BACKGROUND

[0003] Current hydraulic fracturing technology used in the oilfield industry typically
involves the pumping of large volumes of fracturing fluid into the subterranean formation at
pressures above rock-fracturing pressures in order to fracture the rock and increase the
subterranean pore space in the rock. Proppants may be included to hold open the fracture cracks
to allow the flow-back of hydrocarbons. This fracturing treatment process has been successful in
improving the production and recovery rate of hydrocarbons, particularly in unconventional
hydrocarbon reservoir formations, such as shale or tight sandstone.

[0004] During fracturing treatments, it is beneficial to understand the orientation, dimensions
and distribution of the fractures being created. It would also be beneficial to obtain information ‘

about the frécturing fluid as it progresses through the formation. This information can be useful,



WO 2012/106017 PCT/US2011/057578

for example, to make necessary changes to the injected fluids in order to enhance stimulation and
increase the production of hydrocarbons. Accordingly, there exists a need for improved systems,
apparatus and methods for obtaining information about fractures formed or existing in a

subterranean formation and/or the fracturing fluid as it advances through the formation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The following figures are part of the present specification, included to demonstrate
certain aspects of various embodiments of this disclosure and referenced in the detailed
description herein:

[0006]  Figure 1 is a schematic of an example subterranean shale rock formation in which an
embodiment of the monitoring technology of the present disclosure is implemented using
fracturing fluid that includes purpose-designed additives (PDA) in the form of gelling grout to
create a teﬁpormy PDA-barrier at four exemplary locations in accordance with an embodiment
of the present disclosure; and

[0007] Figure 2 is an exploded view of the formation of a PDA-barrier of Figure 1 after a

specific time of injection in accordance with an embodiment of the present disclosure.

BRIEF SUMMARY OF THE DISCLOSURE
[0008] In various embodiments, the present disclosure involves apparatus and methods for
providing information about the subterrancan formation, such as during hydraulic fracturing,
This information can be used, for example, to minimize the volume of fracturing fluid needed,
optimize and better control hydraulic fracturing operations, improve stimulation of the

production of hydrocarbons, other purposes or a combination thereof.
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[0009] In many embodiments, the present disclosure involves apparatus and methods for
obtaining infonnation about fractures formed or existing in subterranean formations by tracking
the flow patterns, location or propagation of fracturing fluid as it moves through the formation.
In various embodiments, new monitoring technologies are used for real-time tracking of
fracturing fluid propagation in subterranean rock formations. Depending upon the application,
the monitoring technologies may include, for example, reflected pressure pulse, active seismic,
passive micro-seismic or other acoustic wave (e.g. tomography) monitoring.

[00010] In various embodiments, the fracturing fluid is enhanced to allow tracking of the
location of Vthe advancing fracturing fluid front, such as in shale rock formations. In many
embodiments, the fracturing fluid may be enhanced with purpose-designed additives (PDA). In
some embodiments, the PDA may include gelling grout. For example, grouts provided in the
fracturing fluid may be used to produce controlled gelled grout barriers to temporarily clog the
pathway and stop the advancement of the fracturing fluid fronts. After the barrier is in place, one
or more signal may be created and detected to determine the distance and/or location of the
barrier or other information about the barrier, fracturing fluid or formation.

[00011]  Accordingly, the present disclosure includes features and advantages which are
believed to enable it to advance underground information gathering technology. Characteristics
and potential advantages of the present disclosure described above and additional potential
- features and benefits will be readily apparent to those skilled in the art upon consideration of the

following detailed description of various embodiments.



WO 2012/106017 PCT/US2011/057578

DETAILED DESCRIPTION OF PRESENTLY PREFERRED EMBODIMENTS
[00012] Characteristics and advantages of the present disclosure and additional features and
benefits will be readily apparent to those skilled in the art upon consideration of the following
detailed description of exemplary embodiments of the present disclosure and referring to the
accompanying figures. It should be understood that the description herein and appended
drawings, being of example embodiments, are not intended to limit the claims of this patent
application or any patent or patent application claiming priority hereto. On the contrary, the
intention is to cover all modifications, equivalents and alternatives falling within the spirit and
scope of the claims. Many changes may be made to the particular embodiments and details
disclosed herein without departing from such spirit and scope.

[00013] In showing and describing pfeferred embodiments, common or similar elements are
apparent from the figures and/or the description herein. The figures are not necessarily to scale
and certain features and certain views of the figures may be shown exaggerated in scale or in
schematic iﬁ the interest of clarity and conciseness.

[00014] As used herein and throughout various portions (and headings) of this patent
application, the terms "invention", "present invention" and variations thereof are not intended to
mean every possible embodiment encompassed by this disclosure or any particular claim(s).
Thus, the subject matter of each such reference should not be considered as necessary for, or part
of, every embodiment hereof or of any particular claim(s) merely because of such reference.
[00015] Certain terms are used herein and in the appended claims to refer to particular

components. As one skilled in the art will appreciate, different persons may refer to a component

by different names. This document does not intend to distinguish between components that differ
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in name but not function. Also, the terms "including" and "comprising" are used herein and in
the appended claims in an open-ended fashion, and thus should be interpreted to mean
"including, but not limited to . . . ." Further, reference herein and in the appended claims to
components and aspects in a singular tense does not necessarily limit the present disclosure or
appended claims to only orne such component or aspect, but should be interpreted generally to
mean one or more, as may be suitable and desirable in each particular instance.

[00016] In accordance with an embodiment of the present disclosure, purpose-designed
additives (PDA) are provided in the fracturing fluid to allow the location of the fracturing fluid in
the subterranean formation to be determined or tracked. For example, the PDA may be provided
at the front end of the fracturing fluid as it is injected into the formation. At a certain time as the
fracfuring fluid moves through the formation, the PDA solidifies to form barrier to plug, or
block, the advancement of the fracturing fluid.

[00017] After the PDA-barrier is in place, one or more signals are generated and detected to
determine the distance and/or location of the barrier or other information about the barrier,
fracfuring fluid or formation. In this embodiment, after the PDA-barrier is created, a pressure
spike is provided in the well. In some instances, the increased pressure on the PDA-barrier will
generate a signal. For example, the inéreased pressure on the PDA-barrier may influence the
rock immediately surrounding or adjacent to the PDA-barrier, causing a detectable signal to be
generated. The influence from the PDA-barrier may, for example, cause rock slippage,
destabilization or breakage, creating a signal (e.g. acoustic wave) that is detectable.

[00018] For another example, the prerssure spike may pierce the PDA-barrier, generating an
acoustic energy wave (similar to impact resonance (IR)), reflected pressure pulse, other

detectable signal or a combination thereof, that transmits through the subterranean formation and
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is detected or received by one or more sensors or receivers. For example, the sensors may be
pressure transducers, acoustic sensors and/or accelerometers located in an observation borehole.
[00019] The receipt of the signal may be used to derive useful information about the PDA-
barrier, fracturing fluid or fracture. For example, the arrival time of the acoustic wave, reflected
pressure pulse or other signal at the sensor(s) or receiver(s), may be used to determine the
distance (e.g. from the well bore) to each PDA-barrier and, thus, the distance to and location of
the advancing fracturing fluid front. Other information about the location of the PDA-barrier
and fluid front may be derived, such as the direction thereof relative to the sensor(s) or
receiver(s). In some embodiments, the release of acoustic energy upon piercing the PDA-barriers
may be used for micro-seismic monitoring. Multiple PDA-barriers, and, thus, fracturing fluid
fronts, may be monitored in real-time to determine their locatibn and advancement through the
formation. After the PDA-barrier has been pierced, the fracturing fluid typically continues to
advance thrbugh the formation.

[00020] The PDA may have any suitable form, chemistry and properties. In some
embodiments, the PDA may be designed so that the PDA-barriers possess a minimal thickness
needed to reflect the pressure pulse and can be pierced by minimal strain energy. The viscosity
of the PDA-(and fracturing fluid) is typipally dictated based upon the fracturing treatment. The
PDA may be designed to be easily removed after the pressure rupture event. For example, the
PDA may dissolve or disintegrate upon contact with one or more fluid additives. Such fluid
additives may be introduced into the well as a component of the fracturing fluid or subsequently
introduced in the formation. Examples of fluid additives that may be useful for disintegrating or
breaking up the PDA-barrier are organic and inorganic breakers, oxidizers and enzymes, as well

as encapsulated organic and inorganic breakers, oxidizers and enzymes. In some instances, the
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PDA may be recovered, recycled or reused, such as to create subsequent PDA-barriers. For
example, defragmented polymerized structures may be incorporated for reuse of the PDA.
[00021] In some embodiments, the PDA is a gelling grout having any suitable form, chemistry
and properties capable of being used in one or more of the methods described herein. For
example, the gelling grout may have one or more of the following attributes: low water
permeability; high gas permeability; predictable and/or controllable gelling time and/or
expansion characteristics. If desired, chemical surfactants, such as biodegradable biosurfactants,
may be included to assist in controlling gelling.

[00022] In an exemplary embodiment shown in Figures 1-2, the PDA is a grout disposed at
the fracturing fluid front. At a desired time in the advancement of the fracturing fluid, the grout
gels or hardens to form a barrier at the depicted locations in four illustrated formation fractures
or fracture branches. Thereafter, pressure in the well is increased (Figure 2(a)) sufficient to
pierce the gelled grout barrier at each location. The piercing of the gelled grout barrier will
generate a reflected pressure pulse (Figure 2(b)), which transmits through the subterranean (rock)
formation and is received by one or mofe sensors (e.g. pressure transducer). An example graph
of pressure transducer readings showing an initial pressure increase a pressure pulse is
illustrated. The retrieval of the reflected pressure pulse at the sensor(s) may be used to determine
location daté, such as the direction and/or distance to each gelled grout barrier at the fracturing
fluid front. It should be understood that the present disclosure and appended claims are not
limited to this particular embodiment.

[00023] In some embodiments, the gelling grout may be polymer-based. Certain polymers
offer predictable and/or controllable gelling time and curing temperature. For example,

polyamide-based grout exhibits a controllable gelling time ranging from a few seconds to several
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hours. Controlling or changing the gelling time of polymer-based grouts may enhance
performance of the grouts in practicing the methods of the present disclosure. For example, by
controlling or predicting the gelling time, polymer grouts can be effectively delivered to a target
region in the formation without premature gelling based upon the expected time needed to travel
to that region. Controlling the curing temperature by use of heat-activated polymers may
enhance performance based upon the type of formation surfaces exposed to the grout during
advancement through the formation.

[00024] For another example, the gelling grout may be acrylamide-based. Acrylamide-based
grout may, for example, penetrate more readily, maintain a constant viscosity during injection,
have better gel time-control, have adequate strength, have a viscosity and density close to water,
or a combination thereof. Acrylamide-based grouts may be hardened with a two-component
redox system having one part initiator, or catalyst, and a second part accelerator, or activator.
Gelling time of acrylamide-based grouts may be directly influenced by the concentration of
catalyst, activator and/or inhibitor and temperature. An exemplary inhibitor used to assist in
controlling gelling time is potassium ferricyanide. Exemplary catalysts, or initiators, are peroxide
or a persulfate, such as ammonium persﬁlfate. Exemplary activators, or accelerators, are organic
compounds, such as triethanolamine, nitrilotrispropionamide, or dimethylaminiopropionitrile.
[00025] For another example, the gelling grout may be underivatized guar or derivatized guar,
such as hydfoxy propyl guar (HPG). Sucb grouts may exist as cross-linked hydrogels.

[00026] The gelling grout may further include a cross-linking agent. Suitable cross-linking
agents include organometallic agents, such as titanim or aluminum based cross-linking agents as
well as borate ion releasing cross-linking agents. Borate ion releasing cross-linking agents are

preferred for low temperatures and organometallic cross-linking agents are preferred for high



WO 2012/106017 PCT/US2011/057578

temperatures. If desired, a multi-functional cross-linking agent may be used to form hydrogels
of guar or HPG, rather than simply a cross-linked structure.

[00027] For still a further example, the gelling grout may consist of more than one the group
including the above polymers and polyurethane, polyethylene and silicate. These grouts may, for
example, have one or more of the following attributes: environmentally friendly; biodegradable;
have controllable gelling time under various pressures and temperatures. In order to harden the
resiﬁous grouts at various pH and temperatures, appropriate catalysts and promoters (oxidizers,
enzymes) may be used. The degree of gelation of these grouts may be determined by the
enthalpy of the polymerization process and the extent of cross-linking. The gelling temperature
and the degree of polymerization of these grouts may have decisive influence on the strength and
fracture behavior of the gelled grout barrier. The designed gel permeability may be much higher
than shale rock for gas, but low enough to prevent fracturing fluid from permeating through the
gelled grout barrier.

[00028] Preferred embodiments of the present disclosure thus offer advantages over the prior
art and are well adapted to carry out one or more of the objects of this disclosure. However, the
present invéntion does not require each of the components and acts described above and is in no
way limited to the above-described embodiments, methods of operation or variables. Any one or
more of the above components, features and processes may be employed in any suitable
configuration without inclusion of other such components, features and processes. Moreover, the
present invention includes additional features, capabilities, functions, methods, uses and
applications that have not been specifically addressed herein but are, or will become, apparent

from the description herein, the appended drawings and claims.
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[00029] The methods that are provided in or apparent from the description above or claimed
herein, and any other methods which may fall within the scope of the appended claims, may be
performed in any desired suitable order and are not necessarily limited to any sequence described
herein or as may be listed in the appended claims. Further, the methods of the present invention
do not necessarily require use of the particular components shown and described herein, but are
equally applicable with any other suitable structure, form and configuration of components.

[00030] While exemplary embodiments of the invention have been shown and described,
many variations, modifications and/or changes of the system, apparatus and methods of the
present invention, such as in the components, details of construction and operation, arrangement
of parts and/or methods of use, arc possible, contemplated by the patent applicant(s), within the
scope of the appended claims, and may be made and used by one of ordinary skill in the art
without departing from the spirit or teachings of the invention and scope of appended claims.
Thus, all matter herein set forth or shown in the accompanying drawings should be interp}‘eted as
illustrative, and the scope of the disclosure and the appended claims should not be limited to the

embodiments described and shown herein.

10



WO 2012/106017 PCT/US2011/057578

CLAIMS

1. A method of determining the location of fracturing fluid in a subterranean formation
accessible tﬁrough an underground well, the method comprising:

providing purpose-designed additives in the fracturing fluid;

injecting the fracturing fluid with the purpose-designed additives into the formation;

as the fracturing fluid moves through the formation, the purpose-designed additives
solidifying to form a barrier in the path of the fracturing fluid, temporarily blocking further
advancement of the fracturing fluid through the formation;

providing a pressure spike in the well;

in response to the pressure spike contacting the barrier, at least one signal is generated,

detecting the at least one signal; and

based upon the detection of the at least one signal, determining data about the location of

fracturing fluid at or proximate to the location of the barrier.

2. The method of claim 1 further including determining the distance to the location of the

barrier location on a real-time basis.

3. The method of claim 1 further including providing the purpose-designed additives at the

fracturing fluid front, further wherein the barrier is formed proximate to the fracturing fluid front.

4, The method of claim 3 further including allowing the formation of multiple fracturing

fluid fronts and barriers.

1
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5. The method of claim 3 further including the pressure spike piercing the barrier, wherein

the piercing of the barrier causing at least one signal to be generated.

6. The method of claim 5 wherein the purpose-designed additives solidify at a desired time,
further including, after the barrier is pierced, the fracturing fluid advancing further through the

subterranean formation.

7. The method of claim 3 wherein the purpose-designed additives solidify multiple times
during advancement of the fracturing fluid through the subterranean formation, allowing multiple

successive locations of the fracturing fluid front to be determined.

8. The method of claim 1 further including the purpose-designed additives forming a barrier

having a minimal thickness needed to reflect the pressure spike.

9. The method of claim 1 further including removing the purpose-designed additives after

the barrier is pierced.

10. . The method of claim 1 further including providing at least one sensor or receiver in the

well to detect the at least one signal.

11.  The method of claim 10 wherein the signal is a reflected pressure pulse, further including
using the arrival time of the reflected pressure pulse at the at least one sensor or receiver to

determine the distance to the barrier.

12
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12. The method of claim 11 further including determining the direction from the at least one

sensor or receive to the barrier.

13.  The method of claim 10 wherein the signal is an acoustic wave.

14. The method of claim 1 further including in response to the pressure spike contacting the
barrier, the barrier influencing surrounding rock in the adjacent subterranean formation, the

surrounding rock causing at least one detectable signal to be generated.

15. The method of claim 14 wherein at least one signal is generated by failure of the

surrounding rock.
16.  The method of claim 10 further including purpose-designed additives biodegrading,

17.  The method of claim 1 further including providing gelling grout in the purpose-designed

additives.
18. - The method of claim 17 further including designing the gelling grout to have predictable

and/or controllable gelling time, wherein the purpose-designed additives solidify to form the

barrier at a certain time.

13
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19.  The method of claim 17 further including designing the gelling grout to have predictable

and/or controllable expansion characteristics.

20. A fracturing fluid containing a hardenable and expandable gelling grout, the grout
comprising at least one polymer selected from the group consisting of homo- and co- polymers
of amides, racrylates, acrylamides, non-derivatized guar and guar derivatives, wherein after a
certain period of time after the fracturing ﬂuic} is introduced into and propagates through a
subterrancan formation, the grout hardens and forms a temporary solid barrier that is water

impermeable, capable of reflecting a pressure pulse and being pierced thereby.

21.  The fracturing fluid of claim 20 wherein the at least one polymer is selected from the

group consisting of polyamides, polyacrylates and polyacrylamides.

22.  The fracturing fluid of claim 21 wherein the at least one polymer is hydroxypropyl guar

(HPG).

23.  The fracturing fluid of claim 21 wherein the grout further comprises a cross-linking

agent.

24.  The fracturing fluid of claim 21 wherein the grout possesses predictable and/or

controllable gelling time.

25. The fracturing fluid of claim 21 wherein the grout possesses predictable and/or

controllable expansion characteristics.
14
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