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ABSTRACT

A method of hydraulically fracturing a formation comprises controlling a pump
5 rate during hydraulic fracturing of the first section of the horizontal well bore
during a first period to break down the formation while reducing pick up of sand
positioned in the well bore; during a subsequent second period to pick up the
sand positioned in the well bore generally at a rate at which the formation will
accept the sand; and, during a subsequent third period to fracture the formation.
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TITLE: METHOD OF HYDRAULICALLY FRACTURING A FORMATION

INVENTORS: MACK, Lance William;
SCHLOSSER, Daniel James;
SCHULTZ, Darcy Allan

FIELD

This invention relates to the hydraulic fracturing of a generally
horizontal section of a well wherein the rate of fluid flow is controlled to control
the sand re-entrainment of residual sand in the horizontal section of the well,
from previous operations such as abrasive perforating or previous hydraulic
fracture treatments, to ensure the sand does not impede the progression of

further hydraulic fracturing treatments in future intervals of the well.

INTRODUCTION

Hydraulic fracturing consists of pumping fluid and proppant at high
pressures and rates to create a fracture in a downhole formation. The high
pressure results in the formation fracturing. Continued pumping at high pressure
and rates results in the fractures extending further into the formation. A proppant
is placed within the fractures that are created in the formation. This results in the
fracture remaining propped open after the pressure is withdrawn. The fractures
provide access to an increased reservoir area and allow increased flow into the
well due to the decreased pressure drop in the fracture compared to the well
bore.

Hydraulic fracturing can be completed numerous ways with
different completion techniques. One completion technique that is utilized is to
extend a generally vertical well bore horizontally (e.g., 1000 — 2000 meters) and
cement the casing string. The casing may extend from the distal end of the
horizontal section of the well bore to the surface. The casing and cement create

a solid barrier member lining the formation. As used herein, the term “barrier
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member” is used to refer to such a casing and cement construct as well as other
such constructs that may be used, including only a casing or multiple layers of
casing and/or cement or the like. To hydraulically fracture the well, coil tubing
may be used to abrasively perforate sections of the well. For example, the

horizontal section of the well may be sequentially subjected to fracturing.

If the casing has been placed in the horizontal section and
cemented, then abrasive perforating may be utilized to perforate the casing to
establish a connection to the reservoir prior to the hydraulic fracturing operation.
Abrasive perforating consists of pumping sand laden fluid through the coil tubing,
and then through an outlet known as an abrasive perforator tool that is provided
at the end of the coil tubing. The abrasive perforating cuts holes through the
casing and the cement to establish the connection to the reservoir. As a result of
this operation, residual sand may be left on the lower side of the casing (i.e.
between the coil tubing and the casing). After the holes have been cut through
the casing and the cement, the formation may then be hydraulically fractured.
The initial process is to break down the formation. This process may take only
seconds. However, in some cases it may take up to hours. Once breakdown
occurs, a hydraulic fracturing fluid is pumped downhole via the annulus between
the casing and the coil tubing thereby extending the fractures further into the

formation.

The horizontal section may be fractured in zones. After a first zone
is treated, that zone may be isolated from the next section to be fractured, such
as by sanding off the perforations (plugging) or by mechanical isolation such as a
packer. The coil tubing may be moved further uphole (towards the surface) and
the process repeated. During these processes, sand will tend to build up
between the coil tubing and the bottom of the casing in the horizontal portion. In
order to remove the sand, fluid may be pumped down the coil tubing and a return

flow directed up the annulus between the coil tubing and the casing. Due to
limitations of flow rate down the coil and velocities in the annulus and the

-9 .
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volumes pumped down the coil, sometimes the sand may tend to be deposited in
the horizontal section of the well bore or at the bend between the horizontal and
vertical sections of the well. This residual sand may impede the treatment of the

next zone of the horizontal section of the well bore.

5 SUMMARY

In accordance to the invention, a method is provided for treating a

formation wherein the residual sand in the horizontal well bore does not prevent

the fracturing of the formation. In accordance to this process, a flow regime is
utilized such that the hydraulic fracturing may proceed without being impeded by

10 re-entrainment of sand. Further, the process may be conducted so as to re-
entrain sand in the horizontal well bore and utilize that sand as part of a
fracturing operation. An advantage of this process is that a horizontal well bore

may be reliably fractured with numerous treatments from the toe of the well to the

heel, without an Iintermediate zone being sanded off which can resuilt In

15 termination of the stimulation treatment. Further, the method can result in re-
entrainment of sand which Is present in the horizontal section of the well thereby
reducing the likelihood that additional fracturing operations may be impeded by

the sand in the well bore.

Therefore, in accordance with a first aspect of this invention there is
20 provided a method of hydraulically fracturing a formation comprising:

(a) abrasively perforating a barrier member positioned in a first section of
horizontally extending well bore;
(b) controlling a pump rate during hydraulic fracturing of the first section of
the well bore
25 (1) during a first period to break down the formation while reducing
pick up of sand positioned in the well bore;
(n) during a subsequent second period to pick up the sand

positioned in the well bore generally at a rate at which the
formation will accept the sand; and,

-3 .
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(1i1) during a subsequent third period to fracture the formation.
In one embodiment, the method further comprises:
(a) hydraulically fracturing a distal section of a the well bore positioned
closer to a heel of the well bore then the first section: and,
(b) isolating the distal section from a first section of the well bore prior to
abrasively perforating the barrier member positioned in the first section
In another embodiment, the method further comprises abrasively
perforating a barrier member positioned in the distal section of the well bore prior
to hydraulically fracturing the distal section.

In another embodiment, the pump rate varies during each of the
first period and the second period.

In another embodiment, straight fluid 1s used during the first period
and/or second periods. Preferably, fluid that includes a proppant is used during
the third period.

In another embodiment, during the second period, the pump rate is
increased from time to time and the pumping monitored to determine if the sand

has been picked up from the well bore prior to commencing the third period.

In another embodiment, in the first period, the pump rate is less

than 1 m>/min.

In another embodiment, in the second period, the pump rate is
greater than 0.3 m®/min.

In another embodiment, the method further comprises monitoring
the well head pressure and reducing the flow rate of a hydraulic fracturing fluid
during the first and second periods when a pressure increase indicates that sand

off of the formation has occurred.

In accordance with another aspect of this invention there is

provided a method of hydraulically fracturing a formation comprising:
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(a) providing a well bore in the formation having a first vertical portion and
a second portion extending at an angle to the vertical portion and having
coll tubing extending in the second portion wherein sand is positioned In
the well bore;

(b) subjecting a section of the second portion of the well bore to hydraulic
fracturing wherein the pump rate of the fracturing fluid is controlled
according to a pump rate regime during a first period to initially break the
formation while reducing sanding off and during a second period to re-
entrain residual sand left in the second portion while reducing sanding off

and subsequently during a third period at a higher rate to fracture the
formation.

In one embodiment, the method further comprises hydraulically
fracturing a first section of the well bore and subsequently conducting step (b) on
an upstream section of the well bore.

In one embodiment, the method further comprises isolating the first

section of the well bore prior to conducting step (b) on the upstream section of
the well bore.

In one embodiment, the first section of the well bore Is isolated by
sanding off.

In one embodiment, the first section of the well bore is isolated by
mechanical isolation.

In one embodiment, a barrier member is positioned in the well bore
and the method further comprises abrasively perforating the barrier member prior

in the upstream section of the well bore prior to hydraulically fracturing the
upstream section of the well bore.

In one embodiment, the method further comprises monitoring the

well head pressure and reducing the flow rate of a hydraulic fracturing fluid
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during the first period when a pressure increase indicates that sanding off of the

formation has occurred.

In one embodiment, the second period is subsequent to formation

break down.

5 In one embodiment, in the first period, the pump rate is less than 1
m>/min.
In one embodiment, in the second period, the pump rate Is greater

than 0.3 m>/min.

In one embodiment, straight fluid is used during the first period

10 and/or second.

In one embodiment, fluid that includes a proppant is used during
the third period.

In one embodiment, during the second period, the pump rate Is
increased from time to time and the pumping monitored to determine if the sand

15 has been picked up from the well bore prior to commencing the third period.

DRAWINGS
These and other advantages of the instant invention will be more

fully and completely understood in conjunction with the following description of

20 the preferred embodiments of the invention:

Figure 1 is a schematic drawing of a cross-section through a well
having a first zone or interval that has been abrasively perforated and
hydraulically fractured with a sand plug placed to provide zonal isolation, a
second zone that has been perforated and with residual sand on the bottom of

25 the casing;

Figure 2 is a schematic drawing of the well of Figure 1 showing a
second zone in the well closer to the heal of the well that has been abrasively

-6 -
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perforated and hydraulically fractured and the abrasive perforator positioned
even closer to the heal of the well;

Figure 3 Is a cross-section of the well of Figure 1 showing a sand

plug placed in the second zone to provide zonal isolation;

Figure 4 iIs a graph exemplifying a standard hydraulic fracturing
treatment operation;

Figure 5 is a graph exemplifying a hydraulic fracture treatment with

sand issues: and,

Figure 6 is a graph exemplifying a hydraulic fracturing operation in
accordance with this invention.

DESCRIPTION OF VARIOUS EMBODIMENTS

Various apparatus or methods will be described below to provide
an example of the claimed invention. No example described below limits any
claimed Invention and any claimed invention may cover processes or
apparatuses that are not described below. The claimed inventions are not limited
to apparatus or processes having all the features of any one apparatus or
process described below or to features, common to multiple or all of the
apparatuses described below. it is possible that an invention or process

described below is not an embodiment of any claimed invention.

Figures 1 — 3 depict a generic well 10 having a vertical bore 12 and
a horizontal bore 14. The vertical bore may be at any particular angle and may
be drilled and prepared using any particular means known in the art. Horizontal
bore 14 extends away from vertical bore 12. Horizontal bore 14 may be also be
drilled and prepared using any technique known in the art. The horizontal bore
may be at any particular depth, such as 1000 — 3000 meters total true vertical
depth (TVD). The horizontal bore may be of any particular length, such as 1000 -
2000 meters. It will be appreciated that the horizontal bore may not be exactly

_7 -
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horizontal. For example, the horizontal bore may extend at an angle, upwardly or
downwardly, for example, of from 75 to 100° measured from true vertical.

As exemplified in Figure 1, well 10 has a casing 16 provided therein
and cement 18, which is positioned between the casing and the formation 24.
Accordingly, if formation 24 is to be hydraulically fractured, casing 16 and cement
18 must be perforated.

In order to perforate the barrier member, in this embodiment casing
16 and cement 18, abrasive perforation may be utilized. Accordingly, as
exemplified in Figure 1, coil tubing 20 with an abrasive perforator 22 at the end
thereof may be inserted inside casing 16. Various designs for coil tubing 20 and
abrasive perforator 22 are known in the art and any such design may be utilized.
Further, abrasive perforator 22 may be operated in any manner known In the art.

Typically, an abrasive peroration fluid is pumped through the coil
tubing 20 and ejected at high speed out of abrasive perforator 22 so as to
perforate through the casing 16 and cement 18. The pump rate for the abrasive
perforation may be from 0.1 to 1 m*min, more preferably from 0.3 to 0.85 and,
most preferably from 0.45 to 0.6, although this dependent on the design and
setup of the abrasive perforator tool. The abrasive perforation fluid may be any
fluid known in the art. For example, the fluid may be water together with common
industry additives such as a guar. In addition, an abrasive is entrained in the
fluid. The abrasive is preferably a sand. The perforation of casing 16 and cement
18 may be evidenced, which is typically a rare occurrence, by a decrease In
pressure in the coil tubing monitored at surface on the annulus 26.

As a result of, e.g., the abrasive perforation, abrasive, such as
sand, may accumulate on the lower side of the césing (I.e. In the annular gap 26
between coil tubing 20 and the lower wall 32 of casing 16). At this stage, a clean
out operation may be conducted. Pursuant to the clean out operation, fluid is

pumped through coil tubing and return fluid may flow up annular gap 26.
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However, due to limitations of flow rate down the coll 20, velocities in annular gap
26, as well as the volumes of fluid that may be able to be pumped down the coll
20, an amount of particulate matter or sand 30 in annular gap 26 may not be
cleaned out and deposited at the bend between vertical and horizontal well bores
12, 14. In such a case, if hydraulic fracturing is conducted in a normal manner,
then sand 30 may be picked up and may block the formation, or the perforations,
which have been created, thereby preventing the hydraulic fracture from
occurring. This phenomenon is called sanding off of the formation. An example of

such a sanding off is exemplified in Example 2.

Subsequently, such as following the abrasive perforation operation
or the clean out operation, the hydraulic fracturing operation may be conducted.
Pursuant to the hydraulic fracturing operation, a fluid may be pumped in annular
space 26 (i.e. between coil tubing 20 and casing 16) to apply pressure to the
formation adjacent the abrasively perforated casing 16 and cement 18. It will be
appreciated that the abrasive perforation may have resulted in a channel being

formed into formation 24 (generally represented by perforation 28 in Figure 1).

As exemplified in Example 3, the hydraulic fracturing is conducted
whereby the pump rate of the fracturing fluid is controlled according to a pump
rate regime to initially break the formation while reducing a sufficient amount of
residual sand 30 from annular gap 26 such that when full pump rates are
achieved for hydraulic fracturing, sanding off of the formation may not occur.

Accordingly, the fracturing operation may be conducted in three notional periods.

During the first period, fluid is pumped down annular gap 26 to
break down the formation. The fluid is pumped at a rate sufficient to build up
pressure in annular gap 26 and break the formation while reducing the pick-up of
sand 30 deposited in annular gap 26 such that sanding off of the formation is
reduced or does not occur. During this period of time, the fluid may be pumped at
a rate of 0.3 m®/min to 2 m®min and preferably from 0.3 to 1 m*/min. Preferably,
the pressure is increased slowly (e.g. at a rate of an increase of pump rate of 0.1

- 9.
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m°/min/min). If the pressure increases beyond the desired level in the well 10,
then this Is indicative of too much sand 30 being entrained in the fluid flowing
through annular gap 26 and the formation being sanded off. Accordingly, the
pressure IS reduced and the flow continued at a lower rate to break the formation.

Once the formation has been broken, then additional fluid is
pumped through annular gap 26 to continue the fracturing operation. During this
second period, the initial breaks or cracks in formation 24 are propagated. During
this period fluid which has a reduced amount and, preferably, essentially no
abrasive (such as sand) is pumped through annular gap 26. The flow rate is
controlled so as to pick up sand 30 located at annular gap 26. This sand is
entrained in the hydraulic fracturing fluid and is utilized as a proppant in the
hydraulic fracturing operation. Preferably, the flow rate may be from 0.1 m*/min
to 3 m°/min and, more preferably from 0.3 to 1.5 m*/min.

During this second period, the pump rate is preferably slowly
increased. If the pressure suddenly increases, then this would indicate that too
much sand 30 was entrained and that the formation has been sanded off. In such
a case, the flow rate in annular gap 26 may be reduced so as to allow sand to fall
out of perforations 28 whereby the pressure in the well 10 may be reduced. The
pump rate may then be increased again. The pump rate may continue to be
increased until sufficient sand 30 has been entrained so as to permit a regular
hydraulic fracturing pumping regime to be utilized. The hydraulic fracturing may
then continue during a third period according to any desired hydraulic fracturing
regime. For example, during this time, the pump rate may be from 1 m°/min to 4
m°/min, and, preferably from 2.0 to 4.0 m°/min. This results in a hydraulically
fractured formation generally indicated in the Figures by reference numeral 34.

During the first period of the operation, the fluid that is utilized is
preferably a straight fluid (i.e., the fluild may comprise water and common
industry additives such as guar but without any abrasive or essentially any
abrasive). For example, the treatment fluid may include less than 200 kg of

- 10 -
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proppant(abrasive) per m® of fluid , preferably, less than 100 kg of proppant per
m° of fluid.

Alternately, or in addition, during the second period the treatment
fluid is preferably a straight fluid, which may be the same as or different to the
fluid utilized during the first period.

During the third period, a hydraulic fracturing fluid is utilized which
includes a proppant, which is preferably sand (proppant). It will be appreciated
that any known hydraulic fracturing fluid may be utilized.

Subsequent to a section or zone of horizontal bore 14 being
fractured, a second subsequent zone, which is closer to the heel of the well 10,
may be hydraulically fractured. In order to hydraulically fracture this second
section, the first zone is preferably isolated. A zone closer to the toe of the
horizontal bore 14 may be isolated by sanding off the first zone (e.g., pumping a
sand plug, positioning sufficient sand in the first zone so as to prevent fluid
pumped into well 10 during the hydraulic fracturing of a subsequent zone from
traveling into the hydraulically fractured formation in the first zone). Accordingly,
a sand plug 36 may be deposited in the first zone. Alternately, a mechanical
isolation member as is known in the art may be utilized. Prior to or during this
operation, coil tubing 20 and abrasive perforator 22 may be withdrawn towards
the heel of the well 10 and positioned so as to conduct a hydraulic fracturing
operation in a second zone. The second zone is preferably the zone next closest
to the heel of well 10. This is the position of abrasive perforator 22 that is shown
in Figure 1. The procedure may then be repeated. Accordingly, perforations 28
may be formed in the second zone (which is shown in Figure 1). Subsequently,
the hydraulic fracturing operation may be conducted in the second zone and a
second hydraulically fractured formation 34 produced at the second zone (see
Figure 2). This procedure may then be repeated again. For example, as shown in

Figure 3, the coil tubing 20 has been withdrawn to a further section closer to the

-11 -
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heel of well 10 and a further sand plug 38 has been positioned in the second
zone to thereby isolate the second zone from the third zone to be treated.

EXAMPLES
Example 1

A standard hydraulic fracturing treatment operation is exemplified
by Figure 4. This operation was conducted subsequent to the abrasive
perforation of the casing and cement. The initial process is to break down the
formation. As exemplified in Figure 4, the combined rate of fluid that is pumped
into a well bore increases to 0.4 cubic meters per minute at five minutes of
elapsed time. This increases the well head pressure to about 48 MPa. The pump
rate is held constant until the thirty minute elapsed time mark at which time it is
increased to 0.5 cubic meters per minute. The pressure gradually increases
during this time until, at about fifty minutes, the pressure starts to reduce. This is
considered to be the time at which the break down of the formation occurs.

The pump rate is kept constant with the pressure decreasing. This
is considered to represent a further break down of the formation (i.e. the width
and/or height and/or length of the fractures in the formation are growing during
this stage). At about ninety minutes, the pump rate is increased in steps. This
results in increases in pressure initially. However, the increased pressure further
breaks down the formation and results in a drop in pressure in the well. Once a
pump rate is increased to 1.5 cubic meters per minute (at about one hundred and
twenty five minutes of elapsed time), the pump rate is held constant and
hydraulic fracturing fluid is pumped into the well.

Example 2

12 -
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Figure 5 exemplifies a hydraulic fracture treatment where sand
present in the horizontal section of the well impedes the fracturing operation. This
operation was conducted subsequent to the abrasive perforation and hydraulic
fracturing of a first zone and the abrasive perforation of the casing and cement of
a second zone. As shown in Figure 5, the pump rate is increased to about 1.8
m°/min in about 10 minutes. The well head pressure initially increases sharply
from 45 MPa to 40 MPa. The pressure then decreases to about 38 at about 8
minutes of elapsed time whereupon the pressure suddenly spikes to about 67
MPa. At this time, the pump rate drops to about 0. This is indicative of a sand off.

The sand off prevented further effective fracturing of that section of
the formation. The volume of fluid that was pumped prior to the drop in the
combined pump rate was equivalent to the volume between the abrasive
perforations and the 45/90° deviation in the well. This indicates that the flushing

of the well by pumping fluid down the coil and back up the annulus did not clean
out the abrasive perforating sand from the well. Sand remained in the horizontal
section of the well and was re-entrained by the hydraulic fracturing fluid and

resulted in sanding off of the fracturing operation.

Example 3.

This example exemplifies a hydraulic fracturing treatment using
controlled flow rate fracturing according to this invention (see Figure 6 and Table
1). This operation was conducted subsequent to the abrasive perforation of the
casing and cement.

A fluid (water and a guar additive) was initially pumped into the well
at about 0.4 m°/min.The formation was broken at about 10 minutes elapsed time
when the pressure climbed to 42 MPa. The break is indicated by the roll over or
drop in pressure. The pump rate was slowly increased in steps to entrain sand
from the well 14 in the fluid stream. At 45 minutes, the pump rate was increased

to 1.4 m°/min and the pressure spiked to 50 MPa. This increase in pressure

-13 -
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indicated that the formation was sanding off. Accordingly, the pump rate was
immediately reduced to about 1.15 m*/min and the pressure decreased. The
pump rate was then slowly increased in stages and small pressure spikes were
detected. The pressure spikes indicated that sand was almost being entrained at
a rate faster than it could be accepted by the formation. Since the pressure
spikes were lower than the maximum pressure of the equipment/casing (65 MPa)

the job was continued.

This process was continued until the pump rate was increased to 2
m>/min. This occurred at 95 minutes of elapsed time. At this point, the pump rate
was typical of that used for hydraulic fracture treatments. This indicated that all of
the sand that could be re-entrained had already been re-entrained and pumped
into the formation. At this time, a fracturing fluid was pumped into the well bore

and the fracture treatment continued in the normal course.

The fracturing fluid that was utilized was water with a polymer,
namely CMHPG (carboxymethylhydroxypropyl) guar with 50/140 sized proppant.
It will be appreciated that any sized proppant e.g. 40/70, 30/50, 20/ 40, 12/20 and
16/30 could be used as well as any type of sand (e.g. natural or ceramic or resin
coated). It will also be appreciated that a polymer based fluid could be utilized as
well. These fracturing fluids could be pumped with numerous additional treatment

chemicals such as a cross-linker or clay stabilizers etc. and other liquids or gases
such as COz and Na.

It will be appreciated that an appliance or an electricity conducting
cord may utilize one or more of the features disclosed herein. Further, what has
been described above has been intended to be illustrative of the invention and
not limiting and it will be understood by a person skilled in the art that other
variants and modifications may be made without departing from the scope of the
invention as defined in the claims appended hereto.
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CLAIMS:

1. A method of hydraulically fracturing a formation comprising:
(a) abrasively perforating a barrier member positioned in a first section of
horizontally extending well bore;
(b) controlling a pump rate during hydraulic fracturing of the first section of the
well bore
(1) during a first period to break down the formation while reducing pick
up of sand positioned in the well bore;
(11) during a subsequent second period to pick up the sand positioned
In the well bore generally at a rate at which the formation will accept
the sand; and,

()  during a subsequent third period to fracture the formation.

2. The method of claim 1 further comprising
(a) hydraulically fracturing a distal section of a the well bore positioned closer
to a heel of the well bore then the first section; and,
(b) isolating the distal section from an first section of the well bore prior to

abrasively perforating the barrier member positioned in a first section.
3. The method of claim 2 further comprising abrasively perforating a barrier

member positioned in the distal section of the well bore prior to hydraulically

fracturing the distal section.

4. The method of claim 1 wherein the pump rate varies during each of the first
period and the second period.

5. The method of any of claims 1-4 wherein straight fluid is used during the first
period.

- 15 -
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6. The method of any of claims 1-5 wherein straight fluid is used during the

second period.

7. The method of any of claims 1-4 wherein straight fluid is used during the first

and the second periods.

8. The method of any of claims 1-7 wherein fluid that includes a proppant is

used during the third period.

9. The method of any of claims 1-8 wherein, during the second period, the pump

rate is increased from time to time and the pumping monitored to determine If
the sand has been picked up from the well bore prior to commencing the third
period.

10. The method of any of claims 1-9 wherein in the first period, the pump rate is
less than 1 m*/min.

11. The method of any of claims 1-10 wherein in the second period, the pump
rate is greater than 0.3 m®/min.

12. The method of any of claims 1-10 further comprising monitoring the well head
pressure and reducing the flow rate of a hydraulic fracturing fluid during the

first and second periods when a pressure increase indicates that sand off of

the formation has occurred.
13.A method of hydraulically fracturing a formation comprising:

(a) providing a well bore in the formation having a first vertical portion and a

second portion extending at an angle to the vertical portion and having coil

- 16 -
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tubing extending in the second portion wherein sand is positioned in the
well bore;

(b) subjecting a section of the second portion of the well bore to hydraulic
fracturing wherein the pump rate of the fracturing fluid is controlled
according to a pump rate regime during a first period to initially break the
formation while reducing sanding off and during a second period to re-
entrain residual sand left in the second portion while reducing sanding off
and subsequently during a third period at a higher rate to fracture the

formation.

14. The method of claim 13 further comprising hydraulically fracturing a first
section of the well bore and subsequently conducting step (b) on an upstream

section of the well bore.

15. The method of claim 13 further comprising isolating the first section of the well

bore prior to conducting step (b) on the upstream section of the well bore.

16. The method of claim 15 wherein the first section of the well bore is isolated by
sanding off.

17.The method of claim 15 wherein the first section of the well bore is isolated by

mechanical isolation.

18. The method of any of claims 13-17 wherein a barrier member Is positioned In
the well bore and the method further comprises abrasively perforating the
barrier member prior in the upstream section of the well bore prior to

hydraulically fracturing the upstream section of the well bore.

-17 -
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19.The method of any of claims 13-18 further comprising monitoring the well
head pressure and reducing the flow rate of a hydraulic fracturing fluid during
the first period when a pressure increase indicates that sanding off of the

formation has occurred.

20. The method of any of claims 13-19 wherein the second period Is subsequent

to formation break down.

21. The method of any of claims 13-20 wherein in the first period, the pump rate

is less than 1 m>/min.

22. The method of any of claims 13-21 wherein in the second period, the pump

rate is greater than 0.3 m°/min.

23. The method of any of claims 13-22 wherein straight fluid is used during the

first period.

24. The method of any of claims 13-22 wherein straight fluid is used during the

second period.

25. The method of any of claims 12-21 wherein straight fluid is used during the
first and the second periods.

26. The method of any of claims 12-25 wherein fluid that includes a proppant is

used during the third period.

27.The method of any of claims 12-26 wherein, during the second period, the

pump rate Is Increased from time to time and the pumping monitored to

- 18 -
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determine if the sand has been picked up from the well bore prior to

commencing the third period.

-19 -
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Figure 5
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Figure 6
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Table 1
Rate Time Calculated
Stage m3/min mins Volume (m3) Velocities
(m/sec)
1 0.29 12.4 3.596 0.840
2 0.42 11 4.620 1.216
3 0.50 7.1 3.950 1.448
4 0.64 0.6 6.144 1.853
o 1.00 2.4 2.400 2.896
6 1.11 0.5 0.555 3.214
/ 1.24 0.8 0.992 3.990
8 1.44 3.8 5472 4.170
9 1.14 12.9 14.706 3.301
10 1.30 14 9.100 3.764
11 1.52 6.4 0.728 4.401
12 1.70 7.7 13.090 4.922
13 2.00 25 50.000 5.791
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