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(57) Abstract: In accordance with presently disclosed embodiments, a method and system for per-
forming real-time evaluation of a restimulation operation using coiled tubing with fiber optics is
provided. The method involves performing a restimulation treatment by pumping a slurry with di-
verter materials through an annulus in the wellbore surrounding the coiled tubing, and using fiber
optics in the coiled tubing to identity the order and magnitude of fractures being created during the
restimulation treatment. The fiber optics in the coiled tubing may include one or more tiber optic
cables designed to collect distributed acoustic sensing (DAS) or distributed temperature sensing
(DTS) data. The evaluation of the restimulation operation may be used to validate and/or adjust the
restimulation treatment as needed to improve the lateral distribution of transverse fractures through
a subterranean formation. The coiled tubing may also be used to remove sand bridges from the
wellbore throughout the restimulation treatment.
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RESTIMULATION PROCESS USING COILED TUBING AND FIBER OPTICS

TECHNICAL FIELD
The present disclosure relates generally to restimulation operations, and more
particularly, to a method and system using coiled tubing with fiber optics to improve fracture

distribution during a restimulation operation.

BACKGROUND

Hydrocarbon-producing wells often are stimulated by hydraulic fracturing operations,
wherein a servicing fluid such as a fracturing fluid or a perforating fluid may be introduced
into a portion of a subterranean formation penetrated by a wellbore at a hydraulic pressure
sufficient to create or enhance one or more fractures therein. Such a subterranean formation
stimulation treatment may increase hydrocarbon production from the well.

Once hydrocarbon production has slowed from a particular fractured area, it is often
desirable to find and exploit additional reserves of formation fluid. Restimulation operations
in horizontal wells are becoming increasingly attractive as a method to add reserves and
increase field production rates. Currently, restimulation operations can be performed by
pumping self-degrading particles (diverters) into a wellbore to bridge off existing fractures.
In some instances proppant can then be pumped down to induce new fractures across a large
pay interval. Unfortunately, there can be a limited effectiveness of such diverters if too few
or t0o many are pumped into the wellbore adjacent existing fractures. It is difficult to know
the effect of the diverters added to a particular well until after the restimulation operation is
complete.

Further, pumping diverters into horizontal wellbores can sometimes lead to the
creation of sand dunes through the horizontal wellbore section. These sand dunes can bridge
across the wellbore section, redirecting the flow of fluid in inefficient and unpredictable
ways. The sand dunes often form in the middle of a restimulation operation, thereby

affecting the remainder of the restimulation operation as well as later wellbore treatments.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclosure and its features and
advantages, reference is now made to the following description, taken in conjunction with the
accompanying drawings, in which: ’

FIG. 1 is a partial cut-away view of a wellbore environment in which a restimulation
treatment process may be employed, in accordance with an embodiment of the present
disclosure;

FIG. 2 is a process flow diagram of a method for using coiled tubing with fiber optic
components during a restimulation process, in accordance with an embodiment of the present
disclosure;

FIG. 3 is a partial cut-away view of the wellbore environment of FIG. 1 with a coiled
tubing member lowered to a position proximate perforations in the wellbore, in accordance
with an embodiment of the present disclosure;

FIG. 4 is a diagram illustrating real-time distributed temperature sensing (DTS) data
being used to evaluate fracture planes in a wellbore, in accordance with an embodiment of the
present disclosure;

FIG. 5 is a diagram illustrating real-time distributed acoustic sensing (DAS) data
being used to evaluate fracture planes in a wellbore, in accordance with an embodiment of the
present disclosure; and

FIG. 6 is a process flow diagram of a method for performing an injectivity profile

during a restimulation process, in accordance with an embodiment of the present disclosure.
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DETAILED DESCRIPTION

Illustrative embodiments of the present disclosure are described in detail herein. In
the interest of clarity, not all features of an actual implementation are described in this
specification. It will of course be appreciated that in the development of any such actual
embodiment, numerous implementation specific decisions must be made to achieve
developers’ specific goals, such as compliance with system related and business related
constraints, which will vary from one implementation to another. Moreover, it will be
appreciated that such a development effort might be complex and time consuming, but would
nevertheless be a routine undertaking for those of ordinary skill in the art having the benefit
of the present disclosure. Furthermore, in no way should the following examples be read to
limit, or define, the scope of the disclosure.

Certain embodiments according to the present disclosure may be directed to systems
and methods for real-time evaluation of a restimulation operation using coiled tubing with
fiber optics. The evaluation of the restimulation operation may be used to validate and/or
adjust the restimulation treatment as needed to improve the lateral distribution of transverse
fractures through a subterranean formation. The evaluation of the restimulation operation
may also help in determining how the injectivity profiles along the lateral wellbore have been
altered, and multiple injectivity profiles may be used to help understand the effectiveness of
the diversion techniques applied.

Currently existing restimulation operations often utilize self-degrading particles to
bridge off existing fractures. In some instances, the restimulation operations may include a
refracturing operation of pumping down proppant to induce new fractures across a pay
interval. However, other restimulation operations may be performed on the wellbore, such as
introducing a treatment fluid downhole that does not include proppant or that is pumped at
rates below fracture extension pressures.

The application of restimulation technology is limited by two factors. First, it is
difficult to validate the effectiveness of each diverter application to ensure that fracture fluid
is redirected to the desired new fractures. Second, the application of diverters to a horizontal
wellbore during a restimulation operation can lead to the growth of sand dunes in the
horizontal pipe, thereby preventing fluid from flowing to parts of the wellbore.

The disclosed systems and methods for performing real-time evaluations of a
restimulation operation are designed to address and eliminate the shortcomings associated

with existing processes. Specifically, the disclosed process is designed to remove sand
3
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bridges from the wellbore using coiled tubing lowered through the wellbore to a location
proximate the perforations. The process also involves performing a restimulation treatment
by pumping a slurry that includes diverter materials through an annulus in the wellbore
surrounding the coiled tubing. The diverter materials may flow into and block existing
fractures, allowing for the development of new fracture planes in the subterranean formation.
The coiled tubing features fiber optics that may be used to identify the order and magnitude
of fractures being created during the restimulation treatment. Such fiber optics may include
one or more fiber optic cables designed to collect distributed acoustic sensing (DAS) data or
distributed temperature sensing (DTS) data. Tracer fluid (e.g., having different rheological
properties or temperatures than the contiguous fluid being injected) may be intermittently
pumped downhole with the slurry to facilitate detection of the tracer fluid flow via the
distributed sensing fiber optics in the coiled tubing. The collected distributed sensing data
may be analyzed by a control system to monitor the annular slurry velocity and quantify
leakoff points along the wellbore. The use of the coiled tubing with fiber optics to conduct
cleanout and real-time fiber optic distributed sensing intermittently throughout a
restimulation treatment may provide the ability to ensure the entire wellbore is effectively
connected and/or validate that new fracture planes are being created during the restimulation
operation.

Turning now to the drawings, FIG. 1 is an embodiment of an operating environment
10 in which the disclosed restimulation system and method may be employed. It should be
noted that while the figures may exemplify horizontal or vertical wellbores, the principles of
the methods and systems disclosed herein may be similarly applicable to horizontal wellbore
configurations, conventional vertical wellbore configurations, and combinations thereof.
Therefore, the horizontal or vertical nature of any figure is not to be construed as limiting the
wellbore to any particular configuration.

As shown in FIG. 1, the operating environment 10 may generally include a wellbore
12 that penetrates a subterranean formation 14 having one or more formation zones for the
purpose of recovering hydrocarbons. The wellbore 12 may be drilled into the subterranean
formation 14 using any suitable drilling technique. In some embodiments, a drilling or
servicing rig 16 may include a derrick 18 and a rig floor 20 through which a work string 22
(e.g., casing string) generally defining an axial flowbore may be positioned within or partially
within the wellbore 12.

The wellbore 12 may extend substantially vertically away from the earth’s surface 24
4
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over a vertical wellbore portion 26, or may deviate at any angle from the earth’s surface 24
over a deviated or horizontal wellbore portion 28. In other operating environments 10,
portions or substantially all of thé wellbore 12 may be vertical, deviated, horizontal, and/or
curved and the wellbore 12 may be cased, uncased, or combinations thereof.

After the wellbore 12 has been drilled through the desired subterranean formations 14,
formation entry points 30 may be formed to provide fluid communication between the
wellbore 12 and the subterranean formation 14. For example, a perforating gun (not shown)
may be lowered through the wellbore 12 and used to form perforations (entry points) 30
through the wellbore 12, casing 22, and cement to allow fluid communication between the
wellbore 12 and the subterranean formation 14. In other embodiments, sliding sleeves (not
shown) on a completion string (e.g., casing 22) may be opened to provide a similar formation
entry point 30 for fluid communication between the wellbore 12 and the subterranean
formation 14. During a fracturing operation following the creation of such entry points 30,
one or more treatment fluids may be pumped at high pressure through the wellbore 12 to
form fractures 32 in the subterranean formation 14 adjacent the entry points 30. Such
fracturing operations may help to increase production of oil and gas from the subterranean
formation 14. Other types of treatments may be performed as well to condition the
subterranean formation 14 for increased production of formation fluids.

At times it may be desirable to perform a restimulation operation to find and exploit
additional reserves of formation fluid after production has slowed from existing fractured
sections of the subterranean formation 14. To that end, a high pressure pump 34 may be
connected to the wellbore 12 and used to pump a restimulation slurry through the wellbore
12. The restimulation slurry may include a diverter material that is mixed with fluid, and the
diverter material may be directed into existing fractures 32 to close or temporarily block
those fractures 32. In some embodiments, fracturing fluid may then be directed into other
entry points 30 along the wellbore 12 to form additional fracture planes within the
subterranean formation 14. These new fracture planes may help to increase the production of
hydrocarbons from the subterranean formation 14 following the restimulation operation.

During the restimulation operation, it is desirable to monitor the progress of the
restimulation in real-time or near real-time. That way, an operator or automated system may
be able to make adjustments to the slurry mixture to improve the formation and distribution
of transverse fracture planes within the subterranean formation 14. To that end, the disclosed

system may utilize a coiled tubing member 36 disposed within the wellbore 12.
5
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The coiled tubing member 36 may be selectively unspooled from and/or spooled onto
a reel 38 disposed at the surface 24 to adjust a position of the coiled tubing 36 within the
wellbore 12. For example, unspooling the coiled tubing member 36 from the reel 38 may
lower the coiled tubing 36 to a lower position extended through the wellbore 12, while
spooling the coiled tubing 36 back onto the reel 38 may raise the coiled tubing 36 through the
wellbore 12. The approximate depth of the coiled tubing member 36 extending into the
wellbore may be adjusted at different points during the restimulation operation, as described
below.

The coiled tubing member 36 includes at least one optical waveguide 40, such as a
fiber optic cable, extending therethrough. The optical waveguide(s) 40 may use an optical
fiber as a distributed sensor to measure various properties of the wellbore during the
restimulation operation. For example, a first optical waveguide 40A may act as a distributed
acoustic sensor to measure the properties of acoustic waves that strain the waveguide 40A.
This sensing may be performed by interrogating the backscattered light returning from the
waveguide 40A. Changes in the backscattered light can indicate the presence and also certain
characteristics of acoustic waves at different positions along the wellbore 12. Accordingly,
the optical waveguide 40A may be used to detect distributed acoustic sensing (DAS) data.

In addition, a second optical waveguide 40B in the coiled tubing member 36 may act
as a distributed temperature sensor to measure thermal properties that strain the waveguide
40B. This sensing may be performed by interrogating the backscattered light returning from
the waveguide 40B. Changes in the backscattered light can indicate variation in the
temperature of fluids at different positions along the length of the wellbore 12. Accordingly,
the optical waveguide 40B may be used to detect distributed temperature sensing (DTS) data.

Although the illustrated coiled tubing 36 features one DAS data sensing optical
waveguide 40A and one DTS data sensing optical waveguide 40B, it should be noted that
other embodiments may have different arrangements of fiber optic distributed sensors in the
coiled tubing 36. For example, the coiled tubing 36 could include just a single DAS data
sensing optical waveguide 40A, just a single DTS data sensing optical waveguide 40B,
multiple sets of one or the other type of optical waveguide 40, or multiple sets of both types
of optical waveguides 40. It should be noted that optical waveguides may also be used for
real-time data transfer to/from one or more tools (e.g., a point pressure gauge) on the coiled
tubing bottom hole assembly.

A control system 42 disposed at the surface 24 may be communicatively coupled to
6
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the one or more optical waveguides 40 positioned in the coiled tubing member 36. The
control system 42 utilizes at least a processor component 44 and a memory component 46 to
monitor and/or control the restimulation operation. For example, one or more processor
components 44 may be designed to execute instructions encoded into the one or more
memory components 46. Upon executing these instructions, the processors 44 may
determine and log changes in the fracture planes formed in the subterranean formation based
on the detected DAS and/or DTS signals retrieved during the restimulation operation. In
some embodiments, the one or more processors 44 may execute instructions for controlling
operations of certain well site components (e.g., pump 34, or a slurry mixing component).
This may help to control the pumping pressure or the concentration of diverter particulate in
the slurry mixture being pumped downhole to improve the efficiency and/or effectiveness of
the restimulation operation.

FIG. 2 is a process flow diagram of a method 90 for operating the above described
system to improve the effectiveness of a restimulation operation. The method 90 includes
running (block 92) the coiled tubing through the wellbore to a position where the bottom of
the coiled tubing is below the entire set of perforations. The coiled tubing 36 is shown in this
lowered position in FIG. 3. In a horizontal wellbore 12, lowering the coiled tubing 36 to this
position effectively cleans out the horizontal section of the wellbore 12 (e.g., adjacent the
entry points 30). The coiled tubing 36 may move through and circulate any sand dunes
formed from diverter or other particulate that had previously settled in the horizontal
wellbore. That way, the coiled tubing 36 is run in while performing a pre-restimulation
cleanout of the wellbore 12. This may ultimately allow the restimulation operation to
proceed without sand deposits impeding the fluid movement through the wellbore 12.

Once the coiled tubing has been lowered below the perforations to clean out the

wellbore 12, the method 90 of FIG. 2 may include performing a baseline injectivity profile

. (block 94) of the wellbore section adjacent the entry points 30. The baseline injectivity

profile (block 94) may be a temperature survey, an acoustic survey, or both, of the wellbore
section. This may be accomplished by taking one or more samples of DTS/DAS data via one
or more sensing fiber optic cables (e.g., 40 of FIG. 3). The control system (e.g., 42 of FIG. 3)
may process and/or store the DAS/DTS data to determine the locations of initially existing
near-wellbore fracture initiation points. The method 90 may then include pulling (block 96)
the co'iled tubing to a position where the lower end of the coiled tubing is above the highest

perforation (at minimum). FIG. 1 shows the coiled tubing raised to such a position. This
7



10

15

20

25

30

CA 03014881 2018-08-16

WO 2017/213670 PCT/US2016/036984

may prevent sand dunes from forming around the coiled tubing during a fracture treatment,
so that the coiled tubing does not become stuck in the horizontal wellbore.

The method 90 may include pumping a portion of a restimulation treatment (block 98)
through the wellbore and out into the perforations and/or fractures in the formation while the
coiled tubing is in the raised position. The restimulation treatment (block 98) may be a
desired slurry of wellbore treatment fluid mixed at the surface. Depending on the design of
the slurry rate and casing diameter in the wellbore, the main restimulation treatment (block
98) may be pumped down the annulus of the coiled tubing positioned in the wellbore (e.g.,
coiled tubing 36 in the wellbore 12 as shown in FIG. 1). In other embodiments, the coiled
tubing may be pulled entirely to the surface of the wellbore to enable pumping of the
restimulation treatment (block 98) at the desired slurry rate. Pumping of the restimulation
treatment (block 98) may continue until an intermittent break in the treatment.

At the break in the restimulation treatment, the coiled tubing may be run in hole
(block 100) to the position below the perforations (as shown in FIG. 3), circulating any
residual sand in the horizontal wellbore to the surface. In this manner, the coiled tubing may
function to clean out the horizontal wellbore mid-treatment, removing or clearing any
particulate bridges and sand dunes that had previously formed across the wellbore. Once the
coiled tubing is at the total depths of the perforations, the method 90 may include performing
a mid-treatment injectivity profile (block 102) on the wellbore. The mid-treatment injectivity
profile 102 may be based on temperature data, acoustic data, or both.

FIG. 6 is a process flow diagram illustrating a method for performing the injectivity
profile 102. The method 102 may include shutting in the wellbore and pumping (block 104)
a slurry including diverter material (e.g., Biovert®) down an annulus of the wellbore
surrounding the coiled tubing and liner or casing. This diverter material being pumped
downhole may bridge off the existing fracture planes and create new fracture planes. For
example, as shown in FIG. 3, the diverter material in the slurry may be pumped downhole to
bridge off the old fractures 32 and create new fractures 130 at different perforations along the
wellbore 12.

While performing this pumping (block 104) of slurry with diverter material, the
method 102 includes collecting or recording distributed sensing data (block 106) in real-time.
The distributed sensing data (block 106) may be collected across the entire perforated section
of the wellbore using the distributed sensing optical fiber(s) in the coiled tubing. This may

involve collecting DAS/DTS data via one or more optical cables (40) in the coiled tubing. In
8
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some embodiments, a tracer fluid may be pumped downhole sequentially with the slurries of
diverter material. As the tracer fluid is pumped down the annulus surrounding the coiled
tubing, real-time fiber optic distributed sensing data may be collected. For example, a fiber
optic cable may detect a frequency, or thermal response based on the location of the tracer
fluid within the wellbore.

In some embodiments, the method 102 may optionally include collecting additional
shut in data (block 108) after the pumping has stopped to obtain warmback DTS data. The
method 102 further includes combining (block 110) the collected data sets to evaluate the
injectivity profile and near-wellbore fracture initiation points. The control system may
evaluate (block 110) the collected DAS/DTS data to determine the location of near-wellbore
fracture initiation points along with an injectivity profile along the entire length of the
wellbore section. This data can then be compared to the information obtained during the
initial baseline injectivity profile (block 94 of FIG. 2) to evaluate the progress of the
restimulation treatment (e.g., to ensure that new fracture planes are being created).

.- By pumping such customized slurries of diverter material with the coiled tubing
deployed downhole below the perforations, new fracture planes may be created and validated
in real-time by monitoring the flow of fluids via distributed sensing fiber optics. Such
analysis can be performed at different times throughout the restimulation treatment, as well as
before beginning the fracture treatment (e.g., block 94) or after completing the restimulation
treatment.

Turning back to FIG. 2, based on the evaluation of the latest injectivity profile (block
102), the control system may determine (block 112) an adjustment to the amount of diverter
material being pumped downhole or where to insert the diverter material in the treatment.
For example, if a large amount of leakoff is detected in an unproductive area of the wellbore,
it may be desirable to add more diverter material to the slurry to divert from that area of the
wellbore. In other embodiments, the monitored leakoff data may indicate that there is too
much diverter material being added to the perforated wellbore and that the diverter material
needs to dissolve for some time before pumping additional slurry downhole.

Once the injectivity profile (block 102) and/or real-time adjustments (block 112) are
completed, the process may be repeated (block 114) until the entire restimulation treatment
has been pumped. The coiled tubing may again be pulled back out of hole (block 96) to a
position above the perforations, and the sequence of blocks 96 to 112 may be repeated until

the restimulation treatment is completed. Although this process may take additional time to
9
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complete compared to existing restimulation operations, a limited number of intermittent
cleanouts (block 100) and injectivity profiles (blocks 102) performed during the treatment
may provide an important assessment of the effectiveness of the diversion. Additionally, the
method 90 allows operators to make informed changes to the slurry treatment being pumped
downhole in real-time during the treatment, instead of just evaluating the end results of the
treatment.

As mentioned above with respect to block 106 of FIG. 6, the injectivity profile
method 102 involves collecting and utilizing distributed sensing via fiber optics to perform
surveys of the wellbore during a restimulation treatment. This could include, for instance,
distributed temperature sensing (DTS) and distributed acoustic sensing (DAS) via fiber optic
cables. The DAS and/or DTS data collected using this technology may be interpreted to
quantify the leakoff points along the wellbore during the restimulation treatment. The DAS
and/or DTS data may show precisely where the fluid exits the wellbore into the subterranean
formation. The control system may map out these leakoff points on a display (e.g., part of an
operator interface coupled to the control system). The resulting leakoff data, along with the
injectivity profile, may be used to validate or update the required volumes, pressures, and
concentrations of diverter slurry needed to effectively divert in a given formation.

FIG. 4 illustrates how DTS data captured in real-time via a fiber optic cable in the
coiled tubing may be used to monitor the restimulation operation. In some embodiments, the
DTS information may be displayed in the illustrated format to an operator via a display 200
coupled to the control system of FIG. 1, for example. The DTS data may be provided by a
fiber optic cable 40B in the coiled tubing 36 designed to detect variations in a temperature
wave (instead of a velocity) along the perforated section of the wellbore 12. Such differences
in temperature may be a result of thermal tracer fluid that is intermittently pumped downhole
during the restimulation operation, as described above with reference to FIG. 2. In other
instances, the temperature differences may simply be a result of where the restimulation fluid
is moving through the perforated section of the wellbore, without the addition of thermal
tracer fluid.

The illustrated embodiment shows a temperature map 270 (e.g., temperature
injectivity profile) of DTS data detected by the fiber optic cable 40B, a pumping chart 272
indicative of the restimulation operation being performed during the DTS data collection, and
a wellbore display 274 showing the approximate location of the perforations (or other entry

points) 30 along the length of the wellbore 12 adjacent the coiled tubing 36. The temperature
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map 270 is plotted with respect to time on the x-axis 276 and is sequenced with the pumping
chart 272 with respect to time. The temperature map 270 is plotted with respect to wellbore
depth on the y-axis 278 and is sequenced with the wellbore display 274 with respect to depth.
The “depth” may refer to the distance along the axial flowbore of the perforated section of the
wellbore 12, regardless of whether that section of the wellbore is vertically oriented or
horizontally oriented. The pumping chart 272 may track an injection rate 280 of the slurry
being pumped downhole during DTS data collection, the concentration of diverter material
282 being pumped downhole in the slurry, and a well pressure 284 throughout the pumping
operation.

As tracked by the temperature map 270, the pumping chart 272, and the wellbore
display 274, the data shown in FIG. 1 illustrates the following process. First, the horizontal
wellbore 12 is cleaned out to a total depth via the coiled tubing 36 being lowered through the
perforated section of the wellbore 12. This may be performed prior to collection of DTS data
via the fiber optic cable 40B. As illustrated in the wellbore display 274, the coiled tubing 36
may be positioned below the deepest perforation 30. DTS data collection is then started,
without pumping any slurry downhole. As described above with reference to FIG. 2, this is a
warmback procedure performed to determine a current state of the fracture planes prior to
beginning the slurry treatment. In the illustrated embodiment, the temperature map 270
identifies two fractures 286 located at the upper two perforations 30 of the wellbore 12 using
the warmback analysis.

Once these fracture planes are known, the slurry having the diverter material may be
pumped into the annulus of the wellbore 12 surrounding the coiled tubing 36. As time goes
on, the temperature map 270 changes based on the collected DTS data to illustrate changes in
the fracture planes 287 of the formation. The temperature contrast between the cool fluids
injected into the well 288 and the warm stagnate fluids 290 not moving within the well verify
that the diverter material 282 being added has forced treatment fluid to flow further along the
wellbore, where fluid had been previously stagnate.

The process of pumping a slurry with the diverter material while performing real-time
fiber optic analysis may be repeated until the desired resulting fracture planes are created. As
mentioned above, based on feedback from the collected DTS data indicative of the location
of new fracture planes, adjustments may be made to the restimulation treatment as needed to
reach the desired configuration of fractures in the wellbore.

FIG. S illustrates how DAS data captured in real-time via a fiber optic cable 40A in
11
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the coiled tubing 36 may be used to monitor the restimulation operation. In some
embodiments, the DAS information may be displayed in the illustrated format to an operator
via a display 200 coupled to the control system of FIG. 1, for example. The DAS data may
be provided by a fiber optic cable 40A in the coiled tubing 36 designed to detect variations in
a velocity of treatment fluid along the perforated section of the wellbore 12. The velocity
may be used to determine a quantity and direction of fluid moving through the wellbore and
out into the formation.

The velocity may be determined based on the difference in the volume of fluid being
pumped downhole and the distributed acoustics detected via the fiber optic cable 40A. In
some embodiments, the velocity may be determined based on detection of a tracer fluid that
is intermittently pumped downhole during the restimulation operation, as described above
with reference to FIG. 2. The tracer fluid may have different rheological properties than the
contiguous fluid being injected such that variations in the DAS signal may be detected to
determine the location of the tracer fluid. This is because fluids with different rheological
properties (or having different amounts or types of particulates disposed therein) may
produce a different noise profile in the DAS data.

The illustrated embodiment shows a map 210 of DAS data detected by the fiber optic
cable 40A and a wellbore display 214 showing the approximate location of the perforations
(or other entry points) 30 along the length of the wellbore 12 adjacent the coiled tubing 36.
The acoustic map 210 (e.g., acoustic injectivity profile) is plotted with respect to time on the
x-axis 216. Although FIG. 5 does not show a pumping chart, in other displays the acoustic
map 210 may be sequenced with a pumping chart with respect to time (similar to FIG. 4
above). The acoustic map 210 is plotted with respect to wellbore depth on the y-axis 218 and
is sequenced with the wellbore display 214 with respect to depth. The “depth” may refer to
the distance along the axial flowbore of the perforated section of the wellbore 12, regardless
of whether that section of the wellbore is vertically oriented or horizontally oriented.

As tracked by the acoustic map 210 and the wellbore display 214, the data shown in
FIG. 1 illustrates the following process. First, the horizontal wellbore 12 is cleaned out to a.
total depth via the coiled tubing 36 being lowered through the perforated section of the
wellbore 12. This may be performed prior to collection of DAS data via the fiber optic cable
40A. As illustrated in the wellbore display 214, the coiled tubing 36 may be positioned
below the deepest perforation 30.

DAS data collection is then started, without pumping any slurry downhole. Since the
12
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DAS is an acoustic measure, the baseline or starting point of the DAS collection would
generally yield background noise present in the signal. In some embodiments, a tracer fluid
may be pumped downhole such that the DAS data collected can be used to determine a
current state of fracture planes prior to beginning the slurry treatment.

Once the initial fracture planes are known, the slurry having the diverter material may
be pumped into the annulus of the wellbore 12 surrounding the coiled tubing 36. As time
goes on, the acoustic map 210 may change based on the collected DAS data to illustrate
changes in the fracture planes of the formation. The differential phase information combined
with detected rheological properties of different fluids pumped may provide insight into the
distribution of the fluid. The velocity of fluids within the well may verify that the diverter
material being added has forced treatment fluid to flow further along the wellbore, where
fluid had been previously stagnate.

The process of pumping a slurry with the diverter material while performing real-time
fiber optic analysis may be repeated until the desired resulting fracture planes are created. As
mentioned above, based on feedback from the collected DAS data indicative of the location
of new fracture planes, adjustments may be made to the restimulation treatment as needed to
reach the desired configuration of fractures in the wellbore.

The disclosed techniques described above with reference to FIGS. 1-5 utilize coiled
tubing 36 with one or more fiber optic cables 40 for two purposes during a restimulation
operation. First, the coiled tubing 36 is used to remove particulates (e.g., sand dunes) from
the wellbore 12 during a restimulation treatment. Second, the coiled tubing provides fiber
optic distributed sensing to collect DAS and/or DTS data, which is then analyzed to quantify
leakoff points and evaluate the redirection of fluid via diverter materials during the
restimulation treatment.

The disclosed techniques overcome limiting factors in current restimulation
technology using particulate diverters. Specifically, the disclosed techniques enable the
removal of sand dunes formed in horizontal pipe during a restimulation treatment as well as
the evaluation of diverter material performance in real-time using fiber optic distributed
sensing. As a result, the disclosed systems and methods facilitate smarter and more effective
stimulation of horizontal wellbores using particulate diverters. The process described above
may require additional time and services compared to traditional restimulation operations.
However, the enhanced application of diverters will ultimately increase the productivity of

the restimulation treatment, thereby reducing the cost per unit production in restimulated
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horizontal wells.

Embodiments disclosed herein include:

A. A method including positioning coiled tubing in a wellbore proximate a
plurality of entry points formed between the wellbore and a subterranean formation. The
method also includes pumping a slurry including diverter material into an annulus of the
wellbore surrounding the coiled tubing. The method further includes collecting distributed
acoustic sensing (DAS) data along a fiber optic cable disposed in the coiled tubing while
pumping the slurry, and analyzing the DAS data to evaluate changes in fracture planes in the
subterranean formation due to interaction of the diverter material with the plurality of entry
points.

B. A system including a coiled tubing member including a distributed acoustic
sensing (DAS) fiber optic cable for collecting DAS data along a length of the coiled tubing
member. The system also includes a processing component communicatively coupled to the
DAS fiber optic cable. The system further includes a memory component containing a set of
instructions that, when executed by the processing component, cause the processing
component to: receive DAS data collected by the DAS fiber optic cable when the coiled
tubing member is disposed in a wellbore and a slurry containing diverter material is being
pumped through the wellbore and into a subterranean formation via entry points, and
determine a change in fracture planes in the subterranean formation based on the collected
DAS data.

Each of the embodiments A and B may have one or more of the following additional
elements in combination: Element 1: further including removing residual particulates from
the wellbore proximate the plurality of entry points via the coiled tubing. Element 2: further
including raising the coiled tubing to a location above the plurality of entry points prior to
pumping a treatment fluid into the wellbore. Element 3: further including lowering the coiled
tubing from the location above the plurality of entry points to a position proximate the
plurality of entry points to collect DAS data multiple times during breaks in pumping the
treatment fluid. Element 4: further including pumping the treatment fluid into the wellbore
when the coiled tubing is disposed at least partially in the wellbore. Element 5: further
including pumping the treatment fluid into the wellbore when the coiled tubing is entirely
removed to a surface of the wellbore. Element 6: further including collecting distributed
temperature sensing (DTS) data along a second fiber optic cable disposed in the coiled tubing

while pumping the slurry; and analyzing the DTS data with the DAS data to evaluate changes
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in fracture planes in the subterranean formation. Element 7: further including pumping a
thermal tracer into the wellbore with the slurry and collecting the DTS data to detect a flow
of the thermal tracer. Element 8: further including shutting in the wellbore and performing a
baseline DAS data survey of the wellbore proximate the plurality of entry points via the fiber
optic cable prior to pumping the slurry. Element 9: further including blocking one or more
entry points of the plurality of entry points via the diverter material in the slurry, and
redirecting fluids from the wellbore into different entry points. Element 10: further including
collecting the DAS data along a length of the wellbore spanning all of the plurality of entry
points. Element 11: wherein analyzing the DAS data includes determining a velocity of fluid
moving through the annulus based on the DAS data and determining a quantity and direction
of fluid moving through the annulus based on the velocity. Element 12: further including
pumping a tracer fluid with the slurry and collecting the DAS data to detect a flow of the
tracer fluid. Element 13: further including displaying an injectivity profile indicative of the
changes in fracture planes in the subterranean formation. Element 14: further including
adjusting an amount of diverter material in the slurry based on the changes in fracture planes
in the subterranean formation.

Element 15: further including a slurry pump coupled to the wellbore to pump the
shurry through the wellbore and into the subterranean formation. Element 16: wherein a
section of the wellbore having the entry points is horizontally oriented. Element 17: wherein
the coiled tubing member further includes a distributed temperature sensing (DTS) fiber optic
cable for collecting DTS data along the length of the coiled tubing member, wherein the DTS
fiber optic cable is coupled to the processing component. Element 18: further including a
display coupled to the processing component to display an injectivity profile indicative of the
change in fracture planes.

Although the present disclosure and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the disclosure as defined by the following

claims.
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WHAT IS CLAIMED IS:

1. A method, comprising:

positioning coiled tubing in a wellbore proximate a plurality of entry points formed
between the wellbore and a subterranean formation;

pumping a slurry comprising diverter material into an annulus of the wellbore
surrounding the coiled tubing;

collecting distributed acoustic sensing (DAS) data along a fiber optic cable disposed
in the coiled tubing while pumping the shurry; and

analyzing the DAS data to evaluate changes in fracture planes in the subterrancan
formation due to interaction of the diverter material with the plurality of entry points, wherein
analyzing the DAS data comprises determining a velocity of fluid moving through the
annulus based on the DAS data and determining a quantity and direction of fluid moving
through the annulus based on the velocity.
2. The method of claim 1, further comprising removing residual particulates from the
wellbore proximate the plurality of entry points via the coiled tubing.
3. The method of claim 1, further comprising raising the coiled tubing to a location
above the plurality of entry points prior to pumping a treatment fluid into the wellbore.
4. The method of claim 3, further comprising lowering the coiled tubing from the
location above the plurality of entry points to a position proximate the plurality of entry
points to collect DAS data multiple times during breaks in pumping the treatment fluid.
5. The method of claim 3, further comprising pumping the treatment fluid into the
wellbore when the coiled tubing is disposed at least partially in the wellbore.
6. The method of claim 3, further comprising pumping the treatment fluid into the
wellbore when the coiled tubing is entirely removed to a surface of the wellbore.
7. The method of any one of claims 1 to 6, further comprising:

collecting distributed temperature sensing (DTS) data along a second fiber optic cable
disposed in the coiled tubing while pumping the slurry; and

analyzing the DTS data with the DAS data to evaluate changes in fracture planes in
the subterranean formation.
8. The method of claim 7, further comprising pumping a thermal tracer into the wellbore
with the slurry and collecting the DTS data to detect a flow of the thermal tracer.

9. The method of any one of claims 1 to 6, further comprising shutting in the wellbore
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and performing a baseline DAS data survey of the wellbore proximate the plurality of entry
points via the fiber optic cable prior to pumping the slurry.
10. The method of any one of claims 1 to 6, further comprising blocking one or more
entry points of the plurality of entry points via the diverter material in the slurry, and
redirecting fluids from the wellbore into different entry points.
11. The method of any one of claims 1 to 6, further comprising collecting the DAS data
along a length of the wellbore spanning all of the plurality of entry points.
12.  The method of any one of claims 1 to 6, further comprising pumping a tracer fluid
with the slurry and collecting the DAS data to detect a flow of the tracer fluid.
13. The method of any one of claims 1 to 6, further comprising displaying an injectivity
profile indicative of the changes in fracture planes in the subterrancan formation.
14. The method of any one of claims 1 to 6, further comprising adjusting an amount of
diverter material in the slurry based on the changes in fracture planes in the subterrancan
formation.
15. A system, comprising:
a coiled tubing member comprising a distributed acoustic sensing (DAS) fiber optic
cable for collecting DAS data along a length of the coiled tubing member;
a control system comprising a processing component communicatively coupled to the

DAS fiber optic cable and a memory component containing a set of instructions that, when
executed by the processing component, cause the processing component to:

receive DAS data collected by the DAS fiber optic cable when the coiled
tubing member is disposed in a wellbore and a slurry containing diverter material is being
pumped through an annulus of the wellbore surrounding the coiled tubing member and into a
subterranean formation via a plurality of entry points;

analyze the DAS data to evaluate changes in fracture planes in the
subterranean formation due to interaction of the diverter material with the plurality of entry
points, wherein analyzing the DAS data comprises determining a velocity of fluid moving
through the annulus based on the DAS data and determining a quantity and direction of fluid
moving through the annulus based on the velocity; and

determine a change in fracture planes in the subterranean formation based on
the collected DAS data.
16.  The system of claim 15, further comprising a slurry pump coupled to the wellbore to

pump the slurry through the wellbore and into the subterranean formation.
17
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17.  The system of claim 15, wherein a section of the wellbore having the entry points is
horizontally oriented.
18.  The system of claim 15, wherein the coiled tubing member further comprises a
distributed temperature sensing (DTS) fiber optic cable for collecting DTS data along the
Iength of the coiled tubing member, wherein the DTS fiber optic cable is coupled to the
processing component.
19.  The system of claim 15, further comprising a display coupled to the processing
component to display an injectivity profile indicative of the change in fracture planes.
20. A method, comprising:

positioning coiled tubing in a wellbore proximate a plurality of entry points formed
between the wellbore and a subterranean formation;

pumping a slurry comprising diverter material into an annulus of the wellbore
surrounding the coiled tubing;

collecting distributed acoustic sensing (DAS) data along a first fiber optic cable
disposed in the coiled tubing while pumping the slurry;

analyzing the DAS data to evaluate changes in fracture planes in the subterranean
formation due to interaction of the diverter material with the plurality of entry points;

collecting distributed temperature sensing (DTS) data along a second fiber optic cable
disposed in the coiled tubing while pumping the slurry;

analyzing the DTS data with the DAS data to evaluate changes in fracture planes in
the subterrancan formation; and

pumping a thermal tracer into the wellbore with the slurry and collecting the DTS data
to detect a flow of the thermal tracer.
21.  The method of claim 20, further comprising removing residual particulates from the
wellbore proximate the plurality of entry points via the coiled tubing.
22.  The method of claim 20, further comprising raising the coiled tubing to a location
above the plurality of entry points prior to pumping a treatment fluid into the wellbore.
23. The method of claim 22, further comprising lowering the coiled tubing from the
location above the plurality of entry points to a position proximate the plurality of entry
points to collect DAS data multiple times during breaks in pumping the treatment fluid.
24. The method of claim 22, further comprising pumping the treatment fluid into the
wellbore when the coiled tubing is disposed at least partially in the wellbore.

25.  The method of claim 22, further comprising pumping the treatment fluid into the
18
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wellbore when the coiled tubing is entirely removed to a surface of the wellbore.

26.  The method of any one of claims 20 to 25, further comprising shutting in the wellbore
and performing a baseline DAS data survey of the wellbore proximate the plurality of entry
points via the first fiber optic cable prior to pumping the shury.

27. The method of any one of claims 20 to 25, further comprising blocking one or more
entry points of the plurality of entry points via the diverter material in the slurry, and
redirecting fluids from the wellbore into different entry points.

28.  The method of any one of claims 20 to 25, further comprising collecting the DAS data
along a length of the wellbore spanning all of the plurality of entry points.

29.  The method of any one of claims 20 to 25, wherein analyzing the DAS data comprises
determining a velocity of fluid moving through the annulus based on the DAS data and
determining a quantity and direction of fluid moving through the annulus based on the
velocity.

30.  The method of any one of claims 20 to 25, further comprising pumping a tracer fluid
with the slurry and collecting the DAS data to detect a flow of the tracer fluid.

31. The method of any one of claims 20 to 25, further comprising displaying an
injectivity profile indicative of the changes in fracture planes in the subterranean formation.
32.  The method of any one of claims 20 to 25, further comprising adjusting an amount of
diverter material in the slurry based on the changes in fracture planes in the subterrancan

formation.

19
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