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Title

Fracture Growth Monitoring Using EM Sensing

Background

FHydraulic fractuning 12 a tecnnoiogy ithat has evoived inio a mature,

complex tavel, The use of hydraulic fracturing 18 enbical o the econormical

production of hydrocarbons, and s a significant portion ¢f he well-
deveiopment cost, Despile the progress, s stilt not fully undersiond, and
can pe inderprated poorty. Although the physical laws governing fraciurng
are known, the constant emergence of new mechanisms ndicates inat ihe
pasic physics ingorporaled nio models 1as not peen sufiicient 1 modst a

fracture fully,

The reasons for e uncertainly surrounding the fractunng process ars
ciear. Tne arth 8 a complax, giscontinuous medium, and historically there
nas peen lmiled technoiogy 1or observing or inferring fraciunng resulls.
Mothing can be done about the complexity of typical reservoirs in the karth,
and one can expect et diticullies wilh complaxily will INCreass as more
marginal  reservoirs  are  expigited. On  ihe oiner hand, disgnostic
capapiities conlinue o improve ang echnalogy s reaching the poinl whers
fraciure giagnoslios can De appiied Dy he average progucer m probiem

situations, i new fislds, or tor validation of new fracturing lecnnigues.

Furinenmors, as gperaiors conhinue 0 work in difficult, compiex hsingies,
it becomeas clear that stimuialion problems ¢annot pe solved withou! some
diagnosiic data frorm which udicious decisions can be made. Liagnosticos
cost monay, put inal-and-errer approaches often oost mors money and ¢an
resull  In iost wells, Decisions on well spacing, field layoul, sand

concentrations and voiumes, number of zones thal can be stiimuiaisd in
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one treglmenti, optimum perforalion scheduls, ang many other operglionst
parameiers can e made correctly i the proper disgnostic information 1s

avatiable in a tmely mannar,

Recent developments in the use of glecromagnelic sensing W maonitar
water fronis during water injection of conveantional oif formations ofter ihe
DpOSSiDHY of appiving slecromagneatic sensing o monior fraciureg growih
QUrng nydralic racturing operalions.  The concept would e 1 depioy a
distributed or multi-point elgctromagnelic sansing system o a hydraulic
fraciuring wellpore before nydraulic fractunng beging. And then o possitly
Use fracturing fluids with gifferent resigtivily properties as wall as the use of
paricles  that have gesirable properiies (8.4, coated alsciromagneiic
particies). The change it clectromagnetic fisld ang/or regervair properties
could then polentiglly be used o monior fractunng operations in real tims

[ makimze rasarvoir production perfarmancs.

There 8 a nesd hen o develop ihese naw capabiilias for monionng of ihe

prograss of nydrawic fracturing operations.

.
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Brief Description of the Drawings

Figure 1 Illustrates a representative cross-section of a horizontal wellbore
showing one possible technique for deploying a distributed electromagnetic

sensing system.

Figure 2 illustrates a hydraulic fracturing wellbore in the early stages of

perforation.

Figure 3 Illustrates a hydraulic fracturing wellbore with more extensive

perforations in one region.

Figure 4 lllustrates a hydraulic fracturing wellbore with fracturing in one

region.

Figure 5 illustrates a hydraulic fracturing wellbore with fracturing beginning

IN a new region.

Figure © illustrates a hydraulic fracturing wellbore more extensive fracturing

In the new region.

Figure 7 lllustrates a hydraulic fracturing wellbore much more extensive

fracturing in both regions.
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different resistivity, and can also be mixed with particles that have desirable
properties like e.g. coated electro-magnetic particles. The change in EM
fleld and/or reservoir properties can then be used to model fracture growth,
size and shape. This information can be used to enhance models and

fracture treatments Iin real-time to maximize reservoir contact.

By having multiple sources and receivers, conclusions can be drawn by
looking at deviations from base-line, and/or by measuring resistivity before,
during and after a fracture. Different fluid path changes and the area that is
covered will give different measurement signals between various sensors.
The resistive path from Source 1 (S1) to Receiver 2 (R2) changes as
fracture fluid enters the reservoir and fractures the rock in the path from S1

to R2. Additional change occurs as the fracturing progresses.

Consider Figure 2. Figure 2 illustrates a hydraulic fracturing wellbore that
has been perforated in 2 different locations with 4 perforations each. Figure
2 and the remaining figures are a downward |look into a formation in which
a horizontal wellbore with a series of sources (S1, S2, S3. etc) and
receivers (R1, R2, R3, etc.) are shown deployed along the wellbore. The
Sources may be envisioned as the perforations in the well bore through
which hydraulic fluids may flow and the Receivers may be thought of as
locations where electromagnetic sensors lie. In this idealized case there
are exactly alternating Sources and Recelvers, but the concept is not

limited to the idealized case. The eight “spikes” shown are initial fractures
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early in the process from the Initial perforations. Figure 3 then might
represent a later period in which the fracturing process has started and the
perforations grow as the pressure increases, fluid enters and expands the

perforations on the right hand region along the wellbore.

Figure 4 now lllustrates that the region around S6 has now undergone the
first hydraulic fracturing, represented by the spreading fracture cracks. The

zone around S1/52 is still only perforated.
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By having multiple sources and receivers, conclusions can be drawn by
looking at deviations from base-line, and/or by measuring resistivity before,
during and after a fracture. Different fluid path changes and the area that is
covered will give different measurement signals between various sensors.
The resistive path from Source 1 (S1) to Receiver 2 (R2) changes as
fracturing fluids enters the reservoir and fractures the rock in the path from

o1 to R2. Additional change occurs as the fracturing progresses.

As the fracturing proceeds with source 1 active in Figure 6 the signal
reaches receiver 2 and Receiver 3 during the fracturing. Progressively

Receiver R2 and then R3 will experience a changing resistivity.

Finally in advanced stages (see Figure 7) of the hydraulic fracturing with

the source 1 active signals eventually reach R2, R3 R6, and RY.

The information gathered during this controlled operation can be combined
with Distributed Acoustic Sensing (DAS), Distributed Temperature Sensing
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(DTS) and pressure measurements to provide near well bore
measurements in addition to micro-seismic and tilt measurements used for

reservoir diagnostics.

The combinations of all of this information will enhance the ability to predict
and optimize reservoir contact and provide significant advantages in well

completion.

Although certain embodiments and their advantages have been described
herein in detall, it should be understood that various changes, substitutions
and alterations could be made without departing from the coverage as
defined by the appended claims. Moreover, the potential applications of the
disclosed techniques Is not intended to be limited to the particular
embodiments of the processes, machines, manufactures, means, methods
and steps described herein. As a person of ordinary skill in the art will
readily appreciate from this disclosure, other processes, machines,
manufactures, means, methods, or steps, presently existing or later to be
developed that perform substantially the same function or achieve
substantially the same result as the corresponding embodiments described
herein may be utilized. Accordingly, the appended claims are intended to
Include within their scope such processes, machines, manufactures,

means, methods or steps.
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Claims

1. A method for monitoring the progress of a hydraulic fracturing
operation in a subterranean earth formation, the method comprising:

a. Installing a distributed series of electromagnetic sensors
along a well before hydraulic fracturing, each sensor
comprising an optical waveguide and a material,

b. Installing an electromagnetic field generating system for
generating an electromagnetic field in the region of the
horizontal wellbore;

c. using the electromagnetic field generating system to generate
an electromagnetic field in the region of the horizontal
wellbore;

d. creating perforations along the wellbore spaced apart from
the distributed series of electromagnetic sensors;

e. selectively applying hydraulic fracturing fluid through chosen
perforations;

f. measuring changes In the electromagnetic field of the
formation from nearby electromagnetic sensors to monitor the

progress of the hydraulic fracturing.

2. The method for monitoring the progress of a hydraulic fracturing
operation In a subterranean earth formation of claim 1 wherein the
material In each sensor changes shape In response to exposure
to an electromagnetic field induced in the formation and strain Is
iInduced In the optical waveguide In response to the material

changing shape.

- 10 -
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3. The method of clam 1 wherein the material comprises a

magnetorestrictive material.

4. The method of clam 1 wherein the material comprises a

electrorestrictive material.

5. The method of claim 1 wherein the material is bonded directly to or

coated on the optical waveguide.

6. The method of claim 1 further comprising installing the distributed

series of electromagnetic sensors within a wellbore.

/. The method of claim 1 further comprising installing the distributed
series of electromagnetic sensors in cement between a casing and a

wellbore.

8. The method of claim 1 wherein the hydraulic fracturing fluids used

comprise coated electromagnetic particles.

9. A hydraulic fracturing well monitoring system comprising:

a. a horizontal wellbore with a series of perforations along the
length of the wellbore;

b. an electromagnetic field generating system for generating an
electromagnetic field in the region of the horizontal wellbore

c. a distributed series of electromagnetic sensors installed along
the wellbore Dbefore hydraulic fracturing, each sensor
comprising an optical waveguide and a material that changes

shape In response to exposure to an electromagnetic field.

-11 -
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10. The hydraulic fracturing well monitoring system of claim 9 wherein
the electromagnetic field generating system comprises one or more

electromagnetic generators installed in the wellbore.

11. The hydraulic fracturing well monitoring system of claim 9 wherein
the electromagnetic field generating system comprises colils external

to the casing of the well.

12. The hydraulic fracturing well monitoring system of claim 9 wherein
the electromagnetic field generating system is positioned in a nearby

wellbore.

13. The hydraulic fracturing well monitoring system of claim 9 wherein
the electromagnetic field generating system Is positioned at the

earth’'s surface.

14.The hydraulic fracturing well monitoring system of claim 9 wherein
the material is bonded directly to or coated on the optical

waveguide.

15. The hydraulic fracturing well monitoring system of claim 9 wherein
the distributed series of electromagnetic sensors Iin permanently

Installed in a wellbore.

16. The hydraulic fracturing well monitoring system of claim 9 wherein
the distributed series of electromagnetic sensors is positioned In

cement between a casing and a wellbore.

- 17 -
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17. The hydraulic fracturing well monitoring system of claim 9 wherein

the distributed series of electromagnetic sensors detect changes In

the resistivity of the formation.

- 13 -
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