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(57) Abréegée/Abstract:

A method well treatment includes establishing fluid connectivity between a wellbore and at least one target zone for treatment
within a subterranean formation, which Is intersected by a wellbore. The method includes deploying colled tubing into the wellbore
and introducing a treatment composition into the wellbore. The method includes contacting a target zone within the subterranean
formation with the treatment composition, introducing a diversion agent through the coiled tubing to an interval within a wellbore
and repeating the introduction of the treatment, the contacting of the target zone and the introduction of the diversion agent for
more than one target zone.
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(57) Abstract: A method well treatment includes
establishing fluid connectivity between a wellbore and at
least one target zone for treatment within a subterranean
formation, which is intersected by a wellbore. The method
includes deploying coiled tubing into the wellbore and
introducing a treatment composition into the wellbore.
The method includes contacting a target zone within the
subterranean formation with the treatment composition,
introducing a diversion agent through the coiled tubing to
an interval within a wellbore and repeating the introduction
of the treatment, the contacting of the target zone and the
introduction of the diversion agent for more than one target
zone.
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METHOD AND SYSTEM FOR TREATING A SUBTERRAEAN
FORMATION USING DIVERSION

BACKGROUND

[0001] This invention relates generally to a method and system for treating a subterrancan

formation using diversion.

[0002] Wellbore treatment methods often are used to increase hydrocarbon production by using
a treatment fluid to affect a subterrancan formation 1n a manner that increases oil or gas flow
from the formation to the wellbore for removal to the surface. Hydraulic fracturing and chemical
stimulation are common treatment methods used 1n a wellbore. Hydraulic fracturing involves
injecting fluids 1nto a subterrancan formation at such pressures sufficient to form fractures in the
formation, the fractures increasing flow from the formation to the wellbore. In chemical
stimulation, flow capacity 1s improved by using chemicals to alter formation properties, such as
increasing effective permeability by dissolving materials 1n or etching the subterrancan
formation. A wellbore may be an open hole or a cased hole where a metal pipe (casing) 1s
placed 1nto the drilled hole and often cemented 1n place. In an open hole, a slotted liner or
screen may be mstalled. In a cased wellbore, the casing (and cement 1f present) typically 1s
perforated in specified locations to allow hydrocarbon flow into the wellbore or to permit

treatment fluids to flow from the wellbore to the formation.

[0003] To access hydrocarbon effectively and efficiently, it 1s desirable to direct the treatment
fluid to target zones of interest in a subterrancan formation. There may be target zones of
interest within various subterrancan formations or multiple layers within a particular formation
that are preferred for treatment. In such situations, 1t 18 preferred to treat the target zones or
multiple layers without inefficiently treating zones or layers that are not of interest. In general,
treatment fluid flows along the path of least resistance. For example, 1n a large formation having

multiple zones, a treatment fluid would tend to dissipate in the portions of the formation that
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have the lowest pressure gradient or portions of the formation that require the least force to
initiate a fracture. Similarly in horizontal wells, and particularly those horizontal wells having
long laterals, the treatment fluid dissipates in the portions of the formation requiring lower forces
to 1nitiate a fracture (often near the heel of the lateral section) and less treatment fluid 1s provided
to other portions of the lateral. Also, 1t 1s desirable to avoid stimulating undesirable zones, such
as water-bearing or non-hydrocarbon bearing zones. Thus 1t 1s helpful to use methods to divert

the treatment fluid to target zones of interest or away from undesirable zones.

[0004] Diversion methods are known to facilitate treatment of a specific interval or intervals.
Ball secalers are mechanical devices that frequently are used to seal perforations in some zones
thereby diverting treatment fluids to other perforations. In theory, use of ball sealers to seal
perforations permits treatment to proceed zone by zone depending on relative breakdown
pressures or permeability. But frequently ball sealers prematurely seat on one or more of the
open perforations, resulting in two or more zones being treated simultaneously. Likewise, when
perforated zones are 1n close proximity, ball sealers have been found to be meffective. In
addition, ball sealers are useful only when the casing 1s cemented 1n place. Without cement
between the casing and the borehole wall, the treatment fluid can flow through a perforation
without a ball sealer and travel 1n the annulus behind the casing to any formation. Ball sealers
have limited use 1n horizontal wells owing to the effects of formation pressure, pump pressure,
and gravity 1n horizontal sections, as well as that possibility that laterals in horizontal wells may

not be cemented 1n place.

[0005] Changes in pumping pressures are used to detect whether ball sealer have set in
perforations; this inherently assuming that the correct number of ball sealers were deployed to
scal all the relevant perforations and that the balls are placed 1n the correct location for diverting
the treatment fluids to desired zones. Other mechanical devices known to be used for used for
diversion include bridge plugs, packers, down-hole valves, sliding sleeves, and battle/plug
combinations; and particulate placement. As a group, use of such mechanical devices for

diversion tends to be time consuming and expensive which can make them operationally



CA 02659715 2008-12-11
WO 2008/001310 PCT/IB2007/052478

unattractive, particularly in situations where there are many target zones of interest. Chemically
formulated fluid systems are known for use 1n diversion methods and include viscous fluids,
ocls, foams, or other fluids. Many of the known chemically formulated diversion agents are
permanent (not reversible) 1n nature and some may damage the formation. In addition, some
chemical methods may lack the physical structure and durability to effectively divert fluids
pumped at high pressure or they may undesirably affect formation properties. The term diversion
agent herein refers to mechanical devices, chemical fluid systems, combinations thercof, and

methods of use for blocking flow into or out of a particular zone or a given set of perforations.

[0006] In operation, 1t 18 preferred that the treatment fluid enters the subterrancan formation only
at the target zones of interest. It 1s more preferred that the treatment fluid treatment enters the
subterrancan formation on a stage-by-stage basis. But known disadvantages to existing
diversion methods do not permit a level of confidence or certainty as to where the diversion
agent 18 placed, whether single treatment stages are being accomplished, whether target zones of
interest are treated, as well as the order of treatment of the target zones.

[0007] What 1s needed 1s a reliable method of selectively and efficiently treating target zones 1n

a subterrancan formation using a diversion agent and monitoring during the treatment.
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SUMMARY

[0008] In an embodiment of the invention, a method well treatment includes establishing fluid
connectivity between a wellbore and at Ieast one target zone for treatment within a subterrancan
formation, which 1s intersected by a wellbore. The method includes deploying coiled tubing and
introducing a treatment composition into the wellbore. The method further includes contacting a
target zone within the subterrancan formation with the treatment composition, introducing a
diversion agent through the coiled tubing to an interval within the wellbore and repeating the
introduction of the treatment, the contacting of the target zone with the treatment composition

and the introduction of the diversion agent for more than one target zone.

[0009] In another embodiment of the invention, a method of treating more than one target zone
of interest 1n a subterrancan formation includes pumping a treatment composition to contact at
lcast one target zone of interest with the treatment composition; monitoring the pumping of the
treatment composition; and measuring a parameter indicative of the treatment. The method
includes pumping a diversion agent to a desired diversion interval in the wellbore. The pumping
of the diversion agent 1s monitored, and a parameter that 1s indicative of diversion 1s measured.
The method includes pumping a treatment composition to contact at least one other target zone
of the well. At least one of the pumping of the treatment composition and the pumping of the

diversion agent 1s modified based on at least one of the measured parameters.

[0010] In yet another embodiment of the invention, a technique usable with a well includes
introducing a fluid into an interval of the well. The fluid contains a fluid loss control agent. The

technique also includes, 1n the presence of the fluid, jetting the interval with an abrasive slurry.

[0011] Advantages and other features of the invention will become apparent from the following

drawing, description and claims.
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BRIEF DESCRIPTION OF THE DRAWING

[0012] Figs. 1, 5 and 6 are schematic diagrams of wells according to embodiments of the

1nvention.

[0013] Figs. 2, 3, 4A and 4B are flow diagrams depicting techniques to treat more than one

target zone of interest according to different embodiments of the invention.

[0014] Fig. 7 1s a flow diagram depicting a combined stimulation and jetting technique

according to an embodiment of the mvention.

DETAILED DESCRIPTION

[0015] The present invention will be described 1n connection with its various embodiments.
However, to the extent that the following description 1s specific to a particular embodiment or a
particular use of the invention, this 1s intended to be 1llustrative only, and 1s not to be construed
as limiting the scope of the invention. On the contrary, it 1s intended to cover all alternatives,
modifications, and equivalents that are included within the spirit and scope of the invention, as

defined by the appended claims.

[0016] Referring to Fig. 1, an embodiment of a well 10 1n accordance with the invention
includes a system that allows treatment of more than one target zone of interest using the
introduction of a diversion agent to direct treatment fluid to the target zones. In general, the well
10 includes a wellbore 12, which intersects one or more subterrancan formations and establishes,
in general, several target zones of interest, such as exemplary zones 40 that are depicted in Fig.
1. As depicted in Fig. 1, the wellbore 12 may be cased by a casing string 14, although the
systems and techniques that are disclosed herein may be used with uncased wellbores in

accordance with other embodiments of the invention.

[0017] As depicted 1in Fig. 1, in accordance with some embodiments of the invention, a coiled
tubing string 20 extends downhole form the surface of the well 10 into the wellbore 12. At 1ts
lower end, the coiled tubing string 20 includes a bottom hole assembly (BHA) 30. In other



CA 02659715 2008-12-11
WO 2008/001310 PCT/IB2007/052478

embodiments of the invention, the coiled tubing string 20 may be replaced by another string,
such as, by nonlimiting example, a jointed tubing string, or any structure, ready known to those
of skill 1in the art, which capable or serving as a suitable means for transferring fluids between

the surface and one or more treatment zones 1n the wellbore.

[0018] Fig. 1 depicts a state of the well 10 1n which fluid connectivity between the wellbore 12
and the zones 40 has been established, as depicted by perforations 42, which penetrate the casing
string 14 and generally extend 1nto the surrounding formation(s) to bypass any near wellbore
damage. It 1S noted that the perforation of the zones 40 may be performed by, for example,
jetting subs, as well as other conventional perforation devices, such as tubing or wireline-

conveyed shaped charge-based perforating guns, sliding sleeves, or TAP valves, for example.

[0019] For embodiments of the invention, in which jetting 1s used, the well 10 may include a
cutting fluid source 65 (cutting fluid reservoirs, control valves, etc.), which 1s located at the
surface of the well. The cutting fluid source 63, at the appropriate time, supplics an abrasive
cutting fluid, or slurry, to the central passageway of the coiled tubing string 20 so that the slurry
1s radially directed by a jetting sub (contained in the BHA 30 of the coiled tubing string 20) to

penctrate the casing string 14 (if the well 10 18 cased) and any surrounding formations.

[0020] For purposes of introducing treatment fluid into the well 10, the well 10 may include a
treatment fluid source 60 (a source that contains a treatment fluid reservoir, a pump, control
valves, etc.) that 1s located at the surface of the well 10 and 1s, 1n general, 1n communication with

an annulus 16 of the well 10.

[0021] The well 10 may also have a diversion fluid source 62 that 1s located at the surface of the
well 10. During a diversion stage (discussed below), a diversion fluid, or agent, 18
communicated downhole through the central passageway of the coiled tubing string 20 and exits
the string 20 near 1ts lower end 1nto a region of the well 10 to be 1solated from further treatment.
The diversion fluid source 62 represents, for example, a diversion fluid reservoir, pump and the
appropriate control valves for purposes of delivering the diversion fluid to the central

passageway of the coiled tubing string 20.
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[0022] Among the other features of the well 10, as shown 1n Fig. 1, in accordance with some
embodiments of the invention, the well 10 may include a surface treatment monitoring system
64, which 1s in communication with a downhole treatment monitoring system for purposes of
monitoring on¢ or more parameters of the well 1n connection with the communication of the
diversion agent or the communication of the treatment fluid downhole so that the delivery of the

treatment fluid/diversion agent may be regulated based on the monitored parameter(s), as further

described below.

[0023] Referring to Fig. 2 1in conjunction with Fig. 1, 1n accordance with embodiments of the
invention, a technique 100 may generally be performed for purposes of treating the target zones
40. Pursuant to the technique 100, a coiled tubing string 1s deployed 1n the well, pursuant to
block 104. Next, the technique 100 mnvolves a repeated loop for purposes of treating the zones
40, one at a time. This may be applicable, for example, where a zone may include one or more
clusters of perforations. This loop includes treating (block 108) the next zone 40, pursuant to
block 108. If a determination 1s made (diamond 112) that the well 10 contains another zone 40
for treatment, then the technique 100 includes introducing a diversion agent through the coiled

tubing string to an interval of the well to facilitate this treatment, pursuant to block 116.

[0024] More specifically, 1n accordance with some embodiments of the invention, the target
intervals 40 may be treated as follows. First, in accordance with embodiments of the invention,
fluid connectivity 1s established between the wellbore 12 and the target zones 40 for treatment.
A target zone for treatment within a subterrancan formation 1s intended to be broadly interpreted
as any zone, such as a permeable layer within a stratified formation, a zone within a thick
formation that 1s distinguished by pressure or pressure gradient characteristics more than by
stratigraphic or geologic characteristics or a zone that 1s distinguished by the type or relative cut

of fluid (e.g., o1l, gas, water) 1n 1ts pore spaces.

[0025] Although a vertical wellbore 12 1s depicted 1n Fig. 1, the techniques that are disclosed
herein may be employed advantageously to treat well configurations including, but not limited

to, vertical wellbores, fully cased wellbores, horizontal wellbores, open-hole wellbores,
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wellbores including multiple lateral and wellbores which share more of these characteristics. A
wellbore may have vertical, deviated, or horizontal portions or combinations thereof. The casing
string 14 may be cemented 1n the wellbore, with the method of cementing typically involving
pumping cement 1n the annulus between the casing and the drilled wall of the wellbore.
However, 1t 1s noted that 1n some embodiments of the invention, the casing string 14 may not be
cemented, such as for the case 1n which casing string 14 lines a lateral wellbore. Thus, 1t 18
appreciated that the casing string 14 may be a liner, broadly considered herein as any form of
casing that does not extend to the ground surface at the top of the well or even a specific interval

length along a horizontal wellbore.

[0026] The target zones 40 of interest for treatment may have differing stress gradients that may

inhibit effective treatment of the zones 40, without the use of a diversion agent.

[0027] The target zones 40 may be designated 1in any number of ways, which can be appreciated
by one skilled 1n the art, such as by open-hole and/or cased-hole logs. As set forth above, the
target zones 40 may be perforated using conventional perforation devices for purposes of

establishing fluid connectivity between the wellbore 12 and the surrounding formation(s).

[0028] For example, the perforations may be formed 1n all of the target zones 40 of interest for
treatment 1n a single trip using a perforating gun that is deployed on wireline through the
wellbore 12. In the event of an open-hole wellbore with natural fractures, no additional action or

activity may be required to establish fluid connectivity between the wellbore 12 and the target

zones 40 of interest.

[0029] In some embodiments of the invention, fluid connectivity may be established by the use
of pre-perforated casing, shifting a sleeve to expose openings between the wellbore and the
casing, cutting a slot or slots in the casing or any other such known method to provide an
opening between the wellbore 12 and the target zones 40 for treatment. Alternative methods
such as laser perforating or chemical dissolution are contemplated and are within the scope of

the appended claims. It is understood that the benefits of the disclosed methods and
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compositions may be realized with treatments performed below, at, or above a fracturing

pressure of a formation.

[0030] Referring to Fig. 1, after fluid connectivity has been established, the coiled tubing string
20 1s deployed 1nto the wellbore 12 at a desired depth using techniques as can be appreciated by
those skilled 1n the art. In some embodiments of the invention, the acts of establishing fluid
connectivity and deploying the coiled tubing string 20 1nto the wellbore 12 may be combined by
deploying a perforating device, such as a jetting sub (part of the BHA), through which an
abrasive cutting fluid, or slurry, 1s pumped downhole via the central passageway of the coiled
tubing string 20. It 1s noted that the jetting sub may be used for purposes of cutting through the

surrounding casing string 14 and forming perforations into the surrounding formation(s).

[0031] After the coiled tubing string 20 has been deployed in the well 10, an apparatus or system
for measuring or monitoring at least one parameter that 1s indicative of treatment may then
deployed into the wellbore 12. In this regard, the surface treatment monitoring system 64 1s
connected to the deployed apparatus or system for purposes of monitoring treatment as well as
possibly the placement of the diversion agent into the well 10. For example, when using
hydraulic fracturing for treatment, a hydraulic fracturing monitoring system, which 1s capable of
detecting and monitoring microseisms 1n the subterrancan formation that results from the

hydraulic fracturing may be deployed.

[0032] Examples of known systems and methods for hydraulic fracturing monitoring in offset
wells are discloses 1n U.S. Patent No. 5,771,170, which 1s hereby incorporated by reference in 1ts
entirety. Alternatively 1in accordance with other embodiments of the invention, the apparatus or
system for measuring or monitoring at least one parameter indicative of treatment may be
deployed 1n the wellbore 12. A system and method for hydraulic fracturing monitoring using
tiltmeters 1n a treatment well 1s disclosed, for example, in U.S. Patent No. 7,028,772, which 1s

hereby incorporated by reference 1n its entirety.

[0033] In some embodiments of the invention, the surface treatment monitoring system 64 may

be coupled to a monitoring device that 1s deployed inside the coiled tubing string 20. For
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example, as depicted in Fig. 1, a fiber optic-based sensor 50 may be deployed 1n the coiled
tubing string 20, as described mn U.S. Patent Application Serial No. 11/111,230, published as
U.S. Patent Application Publication No. 2005/0236161, which 1s hereby incorporated by

reference 1n 1ts entirety.

[0034] Other measurement or monitoring apparatuses suitable for use in the well 10 include, for
example, apparatuses known for use in determining borechole parameters such as bottom-hole
pressure gauges or bottom-hole temperature gauges. Another example of systems and methods
known for monitoring at Ieast one parameter indicative of treatment (such as temperature or
pressure) 18 disclosed in U.S. Pat. No. 7,055,604, which 1s hereby incorporated by reference 1n 1ts
entirety. As yet another example, the measurements which may be monitored include tension or
compression acting upon a downhole device (such as coiled tubing) as an indicator of fluid flow
friction. The measurements may also include downhole measurements of fluid flow rate or

velocity.

[0035] After the system or apparatus for measuring or monitoring at least one parameter
indicative of treatment and possibly diversion placement 1s deployed 1n the well 10, treatment of
a target zone 40 of interest begins. In particular, 1n accordance with some embodiments of the
invention, treatment of a target zone 40 of interest begins by pumping treatment fluid (via the
source 60) into the annulus 16 between the coiled tubing string 20 and the casing string 14 (in
the case of a cased well) or between the coiled tubing string 20 and the wellbore wall (1n the case
of an open hole well). Alternatively, the treatment fluid may also be pumped into the wellbore
through the coiled tubing. The treatment of a target zone 40 by pumping treatment fluid 1s

referred to herein as a treatment stage.

[0036] A treatment fluid may be any suitable treatment fluid known 1n the art, including, but not
limited to, sttmulation fluids, water, treated water, aqueous-based fluids, nitrogen, carbon
dioxide, any acid (such as hydrochloric, hydrofluoric, acetic acid systems, etc), diesel, or oil-
based fluids, gelled o1l and water systems, solvents, surfactant systems, and fluids transporting

solids for placement adjacent to or into a target zone, for example. A treatment fluid may
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include components such as scale inhibitors 1n addition to or separately from a stimulation fluid.
In some embodiments of the invention, the treatment fluid may include proppant, such as sand,
for placement 1nto hydraulic fractures in the target zone by pumping the treatment fluid at high
cnough pressures to initiate fractures. Equipment (tanks, pumps, blenders, etc.) and other details

for performing treatment stages are known 1n the art and are not described for simplicity.

[0037] A treatment model appropriate for matrix and/or fracture pressure simulation may be
performed to model a planned well treatment 1n conjunction with the disclosed method. Such
models are well known 1n the art with many models being useful for predicting treatment
bottom-hole pressures. The data generated from such a model may be compared to bottom hole
treating pressures (BHTP) during previously described well treatment phase of the disclosed

method.

[0038] During the treatment, at least one parameter of the well, which 1s indicative of the
treatment 1S monitored. Examples of methods for monitoring a parameter indicative of
stimulation are disclosed 1n U.S. Patent Application No. 11/135,314, published as U.S Patent
Application Publication No. 2005/0263281, which 1s hereby incorporated by reference 1n its
entirety. Microseisms generated by hydraulic fracturing and other types of treatment may be

monitored using hydraulic fracture monitoring (HFM), for example.

[0039] The treatment operation may be modified based on the monitored parameter(s) in
accordance with some embodiments of the invention. For example, a parameter, such as
microseismic activity may be monitored during hydraulic fracturing to determine or confirm the
location and geometric characteristics (€.g. azimuth, height, length, asymmetry) of fractures in
the target zone of interest in the subterrancan formation; and the pumping schedule may be
modified based on the monitored parameter. In some embodiments, the microseismic activity
may be used to determine fracture space within the fractured zone and correlated to a simulated
volume of stimulated fracture space within the fractured zone. This simulated volume may be
compared to the volume of treatment fluid pumped into target zone of interest, and the

comparison repeated over time as the treatment proceeds. If the simulated volume of void space
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ceases to increase at a rate analogous to the input volume of treatment fluid, this indicates a
decrease 1n the effectiveness of the treatment. The microseismic activity could also be used to
determine when the treatment propagates out of zone or into a water producing zone indicating
that continued treatment 1s not beneficial. Based on this monitored parameter and possible
comparisons of the monitored parameter with other information, the pumping rate of the
treatment fluid may be changed, or stopped and a diversion agent 1njected. The coiled tubing

string 20 may be used for precise placement of the diversion agent 1n the wellbore.

[0040] As described herein, multiple zones may be controlled based on the monitored
parameter(s). The design of individual treatment stages may be optimized based on the
monitored parameter(s). For example, various treatment parameters, such as pumping schedule,
injection rate, fluid viscosity or proppant loading, can be modified during the treatment to

provide optimal and efficient treatment of a target zone.

[0041] As a more specific example, assume that target zone 40a of Fig. 1 1s currently being
treated. At the conclusion of the treatment, the coiled tubing string 20 1s positioned so that the
BHA 30 at the end of the coiled tubing string 20 1s placed at a location desired for the pumping
of a diversion agent into an interval of the wellbore 12 desired for a diversion. In accordance
with some embodiments of the invention, the location for diversion may be the recently treated

zone of interest, which 1 this example 1s target zone 40a.

[0042] The diversion of fluid from the wellbore 12 to a subterrancan formation or the diversion
of a fluid from a subterranean formation to the wellbore 1s referred to herein as a diversion stage.
In some embodiments, the diversion agent may be pumped 1n the perforations of the casing
string 14 to seal the perforations. In some embodiments, the diversion agent may be pumped
through the perforations and into the stimulated zone in the subterrancan formation. In
embodiments performed 1n open-hole wellbore, the diversion agent may be pumped directly
from the coiled tubing through the BHA and 1nto the target zone 1n the subterranean formation.
Alternatively, the diverting agent could also introduced into the annulus formed between the

wellbore wall and coiled tubing. The diversion agent 1s preferable suitable for acting as a

12
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diversion agent in the formation or 1n the perforations. In some embodiments, the diversion agent

may be a fluid that contains fiber.

[0043] Known methods for including fibers in treatment fluids and suitable fibers are disclosed
in U.S. Pat. No. 5,501,275, which 1s hereby incorporated by reference 1n 1ts entirety. In some
embodiments, the diversion agent may comprise degradable material. Known compositions and
methods for using slurry comprising a degradable material for diversion are disclosed in U.S.
Patent Application No. 11/294,983, published as U.S. Patent Application Publication No.
2006/0113077, which 1s hereby incorporated by reference 1n 1ts entirety.

[0044] One or more parameters may be monitored 1n the well 10 to determine or confirm
placement of the diversion agent. As permeable arcas of the target interval (pore throats, natural
and created fractures and vugs, etc.) are plugged by diversion agent, pressure typically increases.
So, for example, while pumping the diversion agent, the surface or bottom hole treating pressure
may be monitored (via sensors of the BHA 30, for example) for any pressure changes as the
diversion agent contacts the formation, as a pressure change may be indicative of placement of
the diversion agent. The dissolving capacity of a degradable diversion agent, when used,
preferentially 1s calibrated to the sequencing of treatment stages to provide diversion from the

interval into which 1s has been placed throughout all the treatment stages.

[0045] To summarize, referring to Fig. 3, in accordance with embodiments of the invention
described herein, a technique 150 may be used to treat multiple target zones of interest. Pursuant
to the technique 150, fluid connectivity 1s established between a wellbore and the target zones
for treatment, pursuant to block 154. Next, a coiled tubing string 1s deployed (block 158) into
the wellbore; and subsequently, a downhole treatment monitoring system 1s deployed into the

wellbore 10, pursuant to block 162.

[0046] Pursuant to the technique 150, a sequence then begins to treat the zones one at a time.
Pursuant to this sequence, the treatment of the next target zone begins, pursuant to block 166.
The treatment 1s monitored and modified based on one or more monitored downhole parameters,

pursuant to block 170. The monitoring and modification of treatment continues until 1t 1s
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determined (diamond 174) that the treatment of the current target zone has been completed.
Upon this occurrence, a determination 1s made (diamond 178) whether another target zone of
interest 1S to be treated. If so, then a diversion agent 1s introduced into a particular interval of the
well, pursuant to block 182. For example, in accordance with some embodiments of the
invention, the diversion agent may be introduced 1nto the recently treated zone. Once 1t 1s
determined (diamond 186) that the placement of the diversion agent 1s complete, then control

proceeds to block 166 to being the treatment of the next target zone.

[0047] Other embodiments are possible and are within the scope of the appended claims. For
example, 1n accordance with other embodiments of the invention, the treatment and perforation
may occur without the use of a coiled tubing string. In this regard, another treatment technique
in accordance with embodiments of the invention includes establishing fluid connectivity
between a wellbore and target zones for treatment, where the wellbore intersects one or more

subterrancan formations 1n which there exists more than one target zone for treatment.

[0048] In another embodiment, this technique could be used to stimulate a previously stimulated
well. In this case, the treatment may start by first re-stimulating the existing zones, or by first

diverting from the existing zones and then perforating new zones for stimulation.

[0049] The apparatus or system for measuring or monitoring 18 then deployed mto the well, as
described above. In this regard, hydraulic fracture monitoring 1n an offset well may be used or
alternatively, an apparatus or system for measuring or monitoring at least one parameter that 1s
indicative of treatment may be deployed in the wellbore. For example, the measurement or
monitoring device may be deployed with the wellbore, such as the one described in U.S. Patent
No. 6,758,271, and U.S. Patent No. 6,751,556, cach of which 1s hereby incorporated by reference
in 1ts entirety. Other measurement or monitoring apparatuses suitable for use 1n embodiments of
the invention include those known for use 1n determining borehole parameters such as bottom-

hole pressure gauges or bottom-hole temperature gauges.

[0050] Next, the treatment of a target zone 1n the subterrancan formation begins by pumping

treatment fluid into the wellbore. During this treatment, at least one parameter that 1s indicative

14
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of trcatment 18 monitored and the treatment operation 18 modified based on the monitored

parameter(s).

[0051] After the treatment of the particular target zone, a diversion agent 1s pumped into the
wellbore and placed at a location desired for diversion. In some embodiments of the invention,
the location for diversion 1s preferentially the treated target zone of interest. The diversion of
fluid from the wellbore to a subterrancan formation or the diversion of a fluid from a
subterrancan formation to the wellbore 1s referred to herein as a diversion stage. In some
embodiments, the diversion agent may be pumped 1n the perforations 1n casing to seal the
perforations. In some embodiments, the diversion agent may be pumped through the
perforations and into the stimulated zone in the subterrancan formation. In some other
embodiments, the diversion agent may be placed 1n the directly into the wellbore. The diversion
agent 1s preferable suitable for acting as a diversion agent 1n the formation or in the perforations.
In some embodiments, the diversion agent may be a fluid comprising fiber. In some

embodiments of the invention, the diversion agent may include degradable material.

[0052] The operation to place the diversion agent may then be monitored via the one or more

measured parameters to determine or confirm placement of the agent.

[0053] In some embodiments of the invention, the measured parameter or parameters may be
monitored for one or more of the treated target zones or diversion stage throughout the treatment.
Such monitoring 1s useful in the event that a diversion stage loses performance as 1t would signal
the need for an additional diversion stage or re-injection of additional diverting agent 1n an

existing diversion stage.

[0054] In some embodiments of the invention, pumping of treatment fluid 1s repeated for more
than one target zone. In further embodiments of the invention, pumping of a diversion agent 1s
repeated, with the pumping of treatment fluid and the pumping of diversion agent being staged to
permit treatment of a target zone followed by subsequent pumping of the diversion agent into the
target zone or the perforations adjacent to the target zone to preclude further flow of treatment

fluid into the stimulated target zone. For example, 1n a lateral in a horizontal well, the farthest
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target zone near the toe of the lateral may be stimulated. Monitoring of a treatment parameter
indicative of treatment 18 used to determine when the treatment stage 1n the farthest target zone 18

complete and then a diversion agent placed in that target zone.

[0055] A treatment stage may be considered to be when the job design has been completed,
when additional fracture development 1s no longer occurring, when the concentration of
proppant 1n a particular interval 1s becoming greater than desired, or any other indication that
additional treatment of that target zone 18 no longer desired, efficient, or considered to provide
additional benefits. A treatment stage may then be pumped nto the next-farthest target zone
with the placed diversion agent diverting the treatment fluid away from the farthest target zone
and toward the next-farthest target zone. Monitoring of the treatment parameter indicative of
treatment 18 then used to determine when the treatment stage 1n the next-farthest target zone 18
completed. A diversion agent 1s then placed in that next-farthest target zone, thereby diverting
the pumped treatment fluid to the next target zone. In this manner, treatment stages may be
directed 1nto target zones 1n a desired sequence, thereby improving the efficiency of the overall

treatment by directing the treatment fluid and associated pumping energy 1nto desired intervals.

[0056] The techniques that are described herein may be used to control the desired sequence of
individual treatment stages. For example, while typically treatment stages would be performed
from the bottom of the well toward the surface, it may be desirable 1n some situations to treat
from top to bottom, or to treat from the top to the bottom within a particular one or ones of the
subterrancan formations. Alternatively it may also be desirable to treat the zones 1n order from

the lowest stress intervals to the highest stress intervals.

[0057] Once the treatment stages are completed, 1t may be desired to remove or eliminate the
diversion agent in one or more of the diversion stages. The diversion agent may be removed by
such methods of cleanout, such as 1njecting a fluid (e.g. nitrogen, water, reactive chemaical) into
the coiled tubing and jetting the fluid through the BHA 30 to erode or loosen the diversion agent
from 1ts diverting position 1n an interval. The fluid, in particular a gas, may be pumped down the

coiled tubing 20 at a pressure sufficient to offset the formation pressure on the diversion stage,
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thereby permitting the diversion agent to move from the interval. In some instances, a slowing
activating chemical may be placed 1n the diversion agent to degrade the diversion agent after an
estimated period of time. A breaker, an encapsulated breaker, or a slow release chemical may be

useful 1n this regard.

[0058] Alternatively a chemical treatment may be injected into the diversion agent to react with
the agent to dissolve, erode, weaken or loosen the diversion agent from its positions. A
degradable diversion agent may, by 1ts own degrading nature, cease to divert with time. It 18
preferable that the diversion agent 1s effectively removable or eliminable from the interval
without leaving residue or residual that may hinder the production of hydrocarbons from the

target zone.

[0059] In some instances, 1t may be desirable to leave a diversion stage 1in place. For example,
when a diversion stage 18 placed 1n a water-bearing zone, 1t may be desired to leave that
particular diversion stage in place after stimulation 1s completed while removing diversion stages
located 1n hydrocarbon bearing zone. An advantage of the techniques described herein 1s that
monitoring of a parameter indicative of treatment may provide information as to zones, such as
water-bearing zones, for which treatment 18 not desired. By monitoring the parameter during
treatment, the job site operations may be modified to avoid or minimize treatment of undesired

ZONCS.

[0060] Embodiments of the invention may include establishing fluid connectivity in a cased
wellbore by perforating the casing and 1f present, the cement 1in the annulus between the casing
and the wellbore wall, using a perforating gun deployed on wireline. In this regard, a coiled
tubing string that has a BHA with a jetting head may be injected using known equipment and
methods to a desired depth 1n the wellbore. As an alternative to using a perforating gun
deployed on wireline, the casing may be perforated as the coiled tubing is run into the wellbore
by pumping fluids at pressure through the coiled tubing and out the jetting head to cut openings

in the casing and cement.
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[0061] A system for hydraulic fracture monitoring (HFM) may then deployed and engaged for
monitoring. One such commercially available system, SttmMAP (a mark of Schlumberger)
provides methods for monitoring acoustic signals in an offset well or in the same well resulting
from microseisms generated 1n a treatment well by hydraulic fracturing activity. Hydraulic
fracturing fluid that contains proppant may then pumped at pressure into the wellbore and a
target zone of interest 1s fractured. The HFM system 1s used to monitor the degree and
characteristics of the hydraulic fracturing 1n the target zone of interest 1n the treatment well.
When 1t 1s determined using the output of the HFM system that stimulation of the target zone of
interest 18 complete, the hydraulic fracturing operation 1s modified by stopping or reducing the

level of the pressure pumping.

[0062] A diversion fluid that contains degradable fibers, or a diversion fluid comprising
degradable fibers and particulates, may then pumped down the coiled tubing to the stimulated
target zone of interest. Degradable fibers are used 1n a concentration estimated to provide
sufficient structure to permit diversion during hydraulic fracturing activities. The composition of
the fibers used provides sufficient longevity of the diversion stages to complete hydraulic
fracturing fluid while assuring that in a reasonable time period after fracturing, the diversion
stages will self-climinate through degradation of the structure-providing fiber. The diversion

fluid plugs the fractures created 1n the target zone of interest.

[0063] The bottom hole treating pressure within the wellbore 1s monitored to confirm placement
of the diversion agent in the target zone of interest. Hydraulic fracturing fluid may then again
pumped at pressure to fracture another target zone of interest, the fluid being diverted away from
the already stimulated target zone of interest by the diversion agent. The sequence 1s repeated
for multiple treatment and diversion stages in the wellbore. In this manner, multiple
hydrocarbon bearing zones of interest may be stimulated efficiently and production of
hydrocarbons may begin from the target zones of interest after stimulation without further

intervention to effect stimulated production.
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[0064] Thus, referring to Figs. 4A and 4B, a technique 200 may be used 1in accordance with
some embodiments of the invention. Pursuant to the technique 200, a casing of a well 1s
perforated, pursuant to block 204. Next, a coiled tubing string that has a jetting head 1s run
downhole, pursuant to block 208; and a downhole hydraulic fracture monitoring (HFM) system
1s deployed, pursuant to block 212. The treatment of the target zones then begins by pumping
(block 216) hydraulic fracturing fluid containing proppant into the well to fracture the next target
zone of interest. Based on the HFM system a determination 1s made (diamond 220) whether

fracturing 1s complete. If not, the pumping continues, pursuant to block 216.

[0065] Next, diversion fluid 1s pumped (block 224 of Fig. 4B) into the target zone of interest,
which was just treated. If a determination 1s made, pursuant to diamond 228, that the bottom
hole pressure indicates completion of the placement of the diversion fluid, then control returns to
block 216 for purposes of treating another zone. Otherwise, pumping of the diversion fluid to

the recently treated zone of interest continues, pursuant to block 224.

[0066] Stimulation treatment 1n openhole wells presents challenges 1n that the uniform removal
of damages across the whole section 1s extremely difficult, if not impossible. Damage 1n the
openhole formation normally occurs in the near wellbore region, due to the drilling of the
wellbore. Therefore, the total damaged area to be removed typically 1s more critical than the

depth of the penetration by the stimulation fluid.

[0067] In accordance with embodiments of the invention disclosed herein, a stimulation
treatment 18 used that combines a mechanical technique for stimulation and a chemical material
for zonal coverage. The treatment involves first, the injection of a treatment fluid, such as a
"filling fluid" that contains a gel having a suspended fluid loss control agent. The filling fluid
may be communicated through a jetting tool at a relatively low rate (as compared to the rate used
in connection with jetting) to fill up an entire openhole section. Next, a solid material, such as
an abrasive cutting fluid slurry, which contains sand or marble (as examples) 1s 1injected 1nto the
well by the jetting sub to cut several inches 1nto the formation to bypass the near wellbore

damage. The fluid leak off into the formation as a result of the cutting 1s controlled by the fluid
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loss control agent of the filling fluid. In general, the filling fluid does not damage to the

formation.

[0068] As a more specific example, Fig. 5 depicts a well 300 1n accordance with some
embodiments of the invention. The well 300 includes a wellbore 316 that intersects an
exemplary interval 320. For purposes of treating and jetting the interval 320, a coiled tubing
string 312 1s deployed 1n the wellbore 316. The coiled tubing string 312 includes a bottom hole
assembly (BHA), which includes a jetting sub 314. It 1s noted that the jetting sub 314 may be

deployed on a jointed tubing string, in accordance with other embodiments of the invention.

[0069] As depicted 1n Fig. 5, the jetting sub 314 may be associated with a reversible check
valve, which 1s activated by deploying a ball 317 through the central passageway of the coiled
tubing string 312. In this regard, the ball 317 lodges 1n a lower port of the coiled tubing string
312 for purposes of directing fluid through radial ports 315 of the jetting tool 314.

[0070] Pursuant to the combined stimulation of jetting technique, first, a wellbore filling tfluid
source 310 communicates the filling fluid (as depicted by flow 340) through the central
passageway of the coiled tubing string 312 and via the radial ports 315 into the wellbore interval
320. It 1s noted that the filling fluid may be made from a gel, made from polymers or VES.
Solids or fibrous materials may also be added to the filling material to provide additional leak off

control during the subsequent jetting operation.

[0071] Thus, during the stage depicted 1in Fig. 5, the filling fluid 1s communicated into the

wellbore 1nterval 320 prior to the second stage, which 1s depicted in Fig. 6.

[0072] Referring to Fig. 6, for this stage of the well 300, the interval 320 1s filled by the filling
fluid, as depicted at reference numeral 350. With the filling fluid in place inside the interval 320,
a cutting fluid source 304 at the surface of the well 300 communicates an abrasive cutting fluid
flow, or slurry (as depicted by flow 360), down the central passageway of the coiled tubing

string 312 and through the radial ports 315. It 1s noted that the communication of the abrasive
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slurry occurs at a much higher pressure than the communication of the fill fluid, for purposes of

forming the radial jets to penctrate the surrounding formation past any near wellbore damage.

[0073] Depending on the particular formation, the abrasive slurry may be neutral or acidic and

may contain a low concentration of sand, proppant or other solid materials.

[0074] In accordance with some embodiments of the invention, the filling fluid may be easily
removed after the jetting operation or may, alternatively, be self-destructive after the jetting

opceration, to prevent potential damage to the formation.

[0075] To summarize, Fig. 7 depicts a combined treatment and jetting technique 400 that may be
used 1n accordance with some embodiments of the invention. Pursuant to the technique 400, a
oel suspended with a fluid loss control agent 1s injected (block 404) to fill up a wellbore interval.
Next, pursuant to block 408, an abrasive slurry 1s jetted under high pressure to bypass near

wellbore damage.

[0076] The invention may be applied to any type of well, for example cased or open hole; drilled
with an o1l-based mud or a water-based mud; vertical, deviated or horizontal; with or without
sand control, such as with a sand control screen. Although the techniques and systems disclosed
herein have been described primarily 1in terms of stimulation of hydrocarbon producing wells, it
1s to be understood that the invention may be applied to wells for the production of other
materials such as water, helium and carbon dioxide and that the invention may also be applied to

stimulation of other types of wells such as injection wells, disposal wells, and storage wells.

[0077] While the present invention has been described with respect to a limited number of
embodiments, those skilled 1n the art, having the benefit of this disclosure, will appreciate
numerous modifications and variations therefrom. It 1s intended that the appended claims cover
all such modifications and variations as fall within the true spirit and scope of this present

1nvention.
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What 1s claimed 1s:

1. A method of well treatment, comprising:

a) establishing fluid connectivity between a wellbore and at Ieast one target zone for
treatment within a subterrancan formation intersected by the wellbore;

b) deploying coiled tubing into the wellbore;

¢) mntroducing a treatment composition into the wellbore;

d) contacting a target zone within the subterrancan formation with the treatment
composition;

¢) 1ntroducing a diversion agent through the coiled tubing to an interval within the
wellbore; and

repeating steps ¢) through d) for more than one target zone.

2. The method of 1, wherein the wellbore 1s cased and further comprising the act of

perforating the casing.

3. The method of claim 1, wherein the treatment composition comprises a

stimulation fluid.

4. The method of claim 3, wherein the act of introducing the treatment composition

comprises pumping the composition under pressure.

5. The method of claim 1, wherem at least a portion of the wellbore comprises a

generally horizontal section.

0. The method of claim 1, wherein the diversion agent comprises fiber.
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7. The method of claim 1, wherein the diversion agent comprises degradable
material.
8. The method of claim 1, wherem after contacting the target subterrancan formation

with the treatment composition, the diversion agent 1s mtroduced into the formation.

9. The method of claim 1, wherein a portion of the wellbore 1s deviated or
horizontal.

10.  The method of claim 1, further comprising repeating act ¢).

11.  The method of claim 1, further comprising repeating act a) and b) prior to

repeating acts ¢) through d).

12.  The method of claim 1, wherein the diversion agent consists of non-degradable
material.
13.  The method of claim 10, wherein the diversion agent 1s stored 1n the coiled tubing

between acts of introducing the diversion agent to an interval.

14. A method of treating more than one target zone of interest in a subterrancan
formation, the method comprising:

a) pumping a treatment composition to contact at Ieast one target zone of interest with
the treatment composition;

b) monitoring the pumping of the treatment composition and measuring a parameter
indicative of treatment;

¢) pumping a diversion agent to a desired diversion interval in the wellbore;

d) monitoring the pumping of the diversion agent and measuring a parameter indicative

of diversion;
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¢) pumping a treatment composition to contact at least one other target zone of interest;

f) modifying at least one of acts a) and c¢) based on at least one of the measured

parameters.

15.  The method of claim 14, wherein at least a portion of the wellbore comprises a

generally deviated or horizontal section.

16. The method of claim 14, wherein at least one of the diversion interval and the

target zone of interest are located within said generally horizontal section.

17.  The method of claim 14, further comprising repeating acts a) through d).

18.  The method of claim 14, further comprising injecting the treatment composition

in the annulus between a coiled tubing and the wellbore.

19.  The method of claim 14, wherein diversion agent comprises a fiber.
20.  The method of claim 19, wherein fiber comprises a degradable material.
21. A method of treating a well, comprising:

a) deploying coiled tubing into a wellbore, wherein connectivity 1s established by one or
more of perforating, jetting, sliding sleeve, or opening a valve, and establishing fluid
connectivity between a wellbore and at Ieast one target zone for treatment within a subterrancan

formation intersected by the wellbore;

b) injecting a treatment composition into the wellbore to contact a hydrocarbon bearing

subterrancan formation with the treatment composition;

c) providing a diversion agent through the coiled tubing to a desired interval in the

wellbore;
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d) measuring a wellbore parameter while performing at last one of act b) or act ¢).

22.  The method of claim 21, wherein the treatment composition comprises a
fracturing fluid and the measured wellbore parameter 1s indicative of hydraulic fracturing in the

subterrancan formation.

23.  The method of claim 21, further comprising performing the act of at least one of

measuring 1n an offset well or monitoring a well.

24.  The method of claim 21, wherein the act of measuring comprises measuring

microseismic activity.

25.  The method of claim 24, further comprising determining hydraulic fracture

gecometry based at least in part on the measurement of microseismic activity.

26.  The method of claim 21, wherein the measured wellbore parameter 1s indicative

of diversion.

27.  The method of claim 21, further comprising modifying at least one of the act of
providing a diversion and the act of injecting a treatment composition based on the measured

wellbore parameter.

28. A method of treating a well, comprising:

a) measuring a wellbore parameter to establish a baseline;

b) providing a diversion agent through the coiled tubing to a desired interval 1n the
wellbore;

¢) 1njecting a treatment composition into the wellbore to contact a target zone 1n a

subterrancan formation with the treatment composition; and
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d) measuring the wellbore parameter while performing at least one of act b) and act ¢).

29.  The method of claim 28, further comprising, prior to performing act b),
establishing fluid connectivity between a wellbore and at Ieast one target zone for treatment

within a subterrancan formation intersected by the wellbore.

30.  The method of claim 28, further comprising measuring the wellbore parameter
continuously throughout the acts of providing the diversion agent and 1njecting a treatment

composition.

31.  The method of claim 28, further comprising modifying the baseline measured

wellbore parameter to the wellbore parameter measured 1n act d).

32.  The method of claim 28, further comprising modifying the method of treatment 1s

modified based on the wellbore parameter measurement of act d).

33. A method of well treatment, comprising:

a) establishing fluid connectivity between a wellbore and at Ieast one target zone for
treatment within a subterrancan formation intersected by the wellbore;

b) deploying coiled tubing mto the wellbore;

¢) iIntroducing a treatment composition into the wellbore;

d) contacting a target zonec within the subterrancan formation with the treatment
composition;

¢) introducing a diversion agent through annulus formed between the wellbore and the
coiled tubing to an interval within the wellbore; and

repeating steps ¢) through ¢) for more than one target zone.
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34. A system usable with a well, comprising:

a tubing string;

a treatment fluid source to communicate a treatment composition in the well to contact a
hydrobearing subterrancan formation with the treatment composition; and

a diversion agent source to communicate a diversion agent through the tubing string into

an interval of the well.

35. The system of claim 34, wherein the diversion agent source communicates the

diversion agent through the tubing string for additional intervals of the well.

36.  The system of claim 34, wherein diversion agent 1solates a region of the well

where the treatment composition contacted the formation.

37.  The system of claim 34, further comprising:
a monitoring subsystem located 1 the well to monitor at least one parameter associated
with the communication of the treatment composition,

wherein the treatment fluid source 1s controlled based on said at least one parameter.

38.  The system of claim 34, further comprising:
a monitoring subsystem located 1 the well to monitor at least one parameter associated
with the communication of the diversion agent,

wherein the diversion agent source 18 controlled based on said at least one parameter.

39. A method usable with a well, comprising:
introducing a fluid containing a fluid loss control agent 1n an interval of the well; and
subsequent to the introduction of the fluid and in the presence of the fluid, jetting a slurry

into a formation in the interval to bypass near wellbore damage 1n the formation.
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40.  The method of claim 39, wherein the fluid comprises a gelling agent.

41.  The method of claim 40, wherein the gelling agent comprises at least one of a

polymer and VES.

42.  The method of claim 41, wherein the VES 1s degradable.

43.  The method of claim 39, wherein the fluid comprises at least one of a solid

material and a tfibrous material.

44.  The method of claim 39, wherein the slurry comprises a solid and the solid

comprises at least one of sand and proppant.

45.  The method of claim 39, wherein the slurry comprises an acid.

46.  The method of claim 39, wherein the interval comprises an openhole interval.

47.  The method of claim 39, further comprising:

completing the interval with a slotted liner.

48.  The method of claim 39, wherein the interval comprises one of the following: a

carbonate formation and a sandstone formation, a shale formation, or a coal formation.

49. A system usable with a well, comprising:
a jetting sub deployed downhole 1n the well;
a first source to supply a fluid containing a fluid loss control agent 1n an interval of the

well; and
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a second source to, subsequent to the introduction of the fluid and 1n the presence of the
fluid, supply a slurry to cause the jetting sub to produce jets to bypass near wellbore damage 1n

the tormation.

50.  The system of claim 49, wherein the first source contains a gelling agent.
51.  The system of claim 49, wherein the slurry comprises an acid.
52.  The system of claim 49, wherein the slurry comprises a solid comprising at least

on¢ of sand and proppant.
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