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ABSTRACT

The present invention is directed to a method of isolating

hydrajet stimulated Zones from subsequent Well operations.

(Us)

The method includes the step of drilling a Wellbore into the
subterranean formation of interest. Next, the Wellbore may
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perforated using a high pressure ?uid being ejected from a
hydrajetting tool. A ?rst Zone of the subterranean formation
is then fractured and stimulated. NeXt, the ?rst Zone is

(21) Appl. No.:

10/807,986

(22) Filed:

Mar. 24, 2004

temporarily plugged or partially sealed by installing an
isolation ?uid into the Wellbore adjacent to the one or more

fractures and/or in the openings thereof, so that subsequent
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Zones can be fractured and additional Well operations can be
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METHODS OF ISOLATING HYDRAJET
STIMULATED ZONES
FIELD OF THE INVENTION

[0001] The present invention relates generally to Well
completion operations, and more particularly methods of
stimulation and subsequent isolation of hydrajet stimulated
Zones from subsequent jetting or stimulation operations, so
as to minimize the loss of completion/stimulation ?uids

perforations by increasing the sand concentration and simul
taneously reducing pumping rates until a bridge Was formed.
The paper describes hoW increased sand plug integrity could
be obtained by performing What is commonly knoWn in the
cementing services industry as a “hesitation squeeZe” tech
nique. A draWback of this technique, hoWever, is that it
requires multiple trips to carry out the various stimulation
and isolation steps.

during the subsequent Well jetting or stimulation operations.

[0005] More recently, Halliburton Energy Services, Inc.
has introduced and proven the technology for using hydrajet
perforating, jetting While fracturing, and co-injection doWn

BACKGROUND OF THE INVENTION

the annulus. In one method, this process is generally referred

In some Wells, it is desirable to individually and

method and is described in US. Pat. No. 5,765,642, Which

to by Halliburton as the SURGIFRAC process or stimulation

[0002]

selectively create multiple fractures having adequate con
ductivity, usually a signi?cant distance apart along a Well

is incorporated herein by reference. The SURGIFRAC pro

bore, so that as much of the hydrocarbons in an oil and gas
reservoir as possible can be drained/produced into the Well
bore. When stimulating a reservoir from a Wellbore, espe

Wellbores, Where casing the hole is difficult and expensive.
By using this hydrajetting technique, it is possible to gen

cially those that are highly deviated or horiZontal, it is
dif?cult to control the creation of multi-Zone fractures along
the Wellbore Without cementing a liner to the Wellbore and

cess has been applied mostly to horiZontal or highly deviated

erate one or more independent, single plane hydraulic frac
tures; and therefore, highly deviated or horiZontal Wells can
be often completed Without having to case the Wellbore.
Furthermore, even When highly deviated or horiZontal Wells

mechanically isolating the Zone being fractured from previ

are cased, hydrajetting the perforations and fractures in such

ously fractured Zones or Zones not yet fractured.

Wells generally result in a more effective fracturing method

[0003] Traditional methods to create fractures at predeter
mined points along a highly deviated or horiZontal Wellbore
vary depending on the nature of the completion Within the

lateral (or highly deviated) section of the Wellbore. Only a
small percentage of the horiZontal completions during the

than using traditional explosive charge perforation and frac
turing techniques. Thus, prior to the SURGIFRAC tech
nique, methods available Were usually too costly to be an

economic alternative, or generally ineffective in achieving
stimulation results, or both.

past 15 or more years used a cemented liner type comple
tion; most used some type of non-cemented liner or a bare

SUMMARY OF THE INVENTION

openhole section. Furthermore, many Wells With cemented

[0006] The features and advantages of the present inven

liners in the lateral Were also completed With a signi?cant

tion Will be readily apparent to those skilled in the art upon

length of openhole section beyond the cemented liner sec
tion. The best knoWn Way to achieve desired hydraulic

Which folloWs.

fracturing isolation/results is to cement a solid liner in the
lateral section of the Wellbore, perform a conventional

[0007]

explosive perforating step, and then perform fracturing

completing a Well using a hydraj etting tool and subsequently

stages along the Wellbore using some technique for
mechanically isolating the individual fractures. The second

plugging or partially sealing the fractures in each Zone With
an isolation ?uid. In accordance With the present invention,

most successful method involves cementing a liner and

the hydrajetting tool can perform one or more steps, includ

signi?cantly limiting the number of perforations, often using

ing but not limited to, the perforating step, the perforating
and fracture steps, and the perforating, fracture and isolation
steps.

tightly grouped sets of perforations, With the number of total
perforations intended to create a How restriction giving a
back-pressure of about 100 psi or more, due to ?uid ?oW

restriction based on the Wellbore injection rate during stimu
lation, With some cases approaching 1000 psi ?oW resis
tance. This technology is generally referred to as “limited

entry” perforating technology.
[0004]

In one conventional method, after the ?rst Zone is

a reading of the description of the exemplary embodiments,
The present invention is directed to a method of

[0008] More speci?cally, the present invention is directed
to a method of completing a Well in a subterranean forma

tion, comprising the folloWing steps. First, a Wellbore is
drilled in the subterranean formation. Next, depending upon
the nature of the formation, the Wellbore is lined With a
casing string or slotted liner. Next, a ?rst Zone in the

perforated and fractured, a sand plug is installed in the
Wellbore at some point above the fracture, e.g., toWard the
heel. The sand plug restricts any meaningful How to the ?rst

subterranean formation is perforated by injecting a pressur
iZed ?uid through a hydrajetting tool into the subterranean

Zone fracture and thereby limits the loss of ?uid into the
formation, While a second upper Zone is perforated and
fracture stimulated. One such sand plug method is described
in SPE 50608. More speci?cally, SPE 50608 describes the

This ?uid may or may not contain solid abrasives. FolloWing

use of coiled tubing to deploy explosive perforating guns to
perforate the next treatment interval While maintaining Well

control and sand plug integrity. The coiled tubing and

formation, so as to form one or more perforation tunnels.

the perforation step, the formation is fractured in the ?rst
Zone by injecting a fracturing ?uid into the one or more
perforation tunnels, so as to create at least one fracture along
each of the one or more perforation tunnels. Next, the one or
more fractures in the ?rst Zone are plugged or partially

perforating guns Were removed from the Well and then the

sealed by installing an isolation ?uid into the Wellbore
adjacent to the fractures and/or inside the openings of the

next fracturing stage Was performed. Each fracturing stage

fractures. In at least one embodiment, the isolation ?uid has

Was ended by developing a sand plug across the treatment

a greater viscosity than the fracturing ?uid. Next, a second
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Zone of the subterranean formation is perforated and frac
tured. If it is desired to fracture additional Zones of the
subterranean formation, then the fractures in the second Zone

[0017] FIG. 4C is a schematic diagram illustrating
another embodiment according to the present invention
Wherein the isolation ?uid plugs the inside of the fractures

are plugged or partially sealed by the same method, namely,
installing an isolation ?uid into the Wellbore adjacent to the
fractures and/or inside the openings of the fractures. The

rather than the Wellbore alone.

perforating, fracturing and sealing steps are then repeated for
the additional Zones. The isolation ?uid can be removed

from fractures in the subterranean formation by circulating
the ?uid out of the fractures, or in the case of higher

viscosity ?uids, breaking or reducing the ?uid chemically or
hydraj etting it out of the Wellbore. Other exemplary methods

[0018] FIG. 4D is a schematic diagram illustrating
another embodiment according to the present invention
Wherein the isolation ?uid plugs the inside of the fractures
and at least part of the Wellbore.

[0019] FIG. 5 is a schematic diagram illustrating another
embodiment according to the present invention Wherein the
isolation ?uid is delivered into the Wellbore through the

in accordance With the present invention are described
beloW.

hydrajetting tool.

[0009] An advantage of the present invention is that the
tubing string can be inside the Wellbore during the entire
treatment. This reduces the cycle time of the operation.
Under certain conditions the tubing string With the hydra
jetting tool or the Wellbore annulus, Whichever is not being

creation of fractures in a second Zone of the subterranean

used for the fracturing operation, can also be used as a

real-time BHP (Bottom Hole Pressure) acquisition tool by
functioning as a dead ?uid column during the fracturing
treatment. Another advantage of the invention is the tubing
string provides a means of cleaning the Wellbore out at

anytime during the treatment, including before, during, after,
and in betWeen stages. Tubulars can consist of continuous

coiled tubing, jointed tubing, or combinations of coiled and

jointed tubing.
BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 6 is a schematic diagram illustrating the

formation by the hydrajetting tool after the ?rst Zone has

been plugged.
[0021] FIG. 7 is a schematic diagram illustrating one
exemplary method of removing the isolation ?uid from the

Wellbore in the subterranean formation by alloWing the
isolation ?uid to ?oW out of the Well With production.

[0022] FIGS. 8A and 8B are schematic diagrams illus
trating tWo other exemplary methods of removing the iso
lation ?uid from the fractures in the subterranean formation.

[0023] FIGS. 9A-9D illustrate another exemplary method
of fracturing multiple Zones in a subterranean formation and
plugging or partially sealing those Zones in accordance With
the present invention.

[0024] FIGS. 10A-C illustrate yet another exemplary
[0010] A more complete understanding of the present
disclosure and advantages thereof may be acquired by
referring to the folloWing description taken in conjunction
With the accompanying draWings, Which:
[0011]

FIG. 1A is a schematic diagram illustrating a

hydrajetting tool creating perforation tunnels through an

method of fracturing multiple Zones in a subterranean for
mation and plugging or partially sealing those Zones in
accordance With the present invention.

[0025] FIGS. 11A and 11B illustrate operation of a hydra
jetting tool for use in carrying out the methods according to
the present invention.

uncased horiZontal Wellbore in a ?rst Zone of a subterranean

formation.

[0012]

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1B is a schematic diagram illustrating a

hydrajetting tool creating perforation tunnels through a

[0026]

cased horiZontal Wellbore in a ?rst Zone of a subterranean

invention Will noW be described With reference to the

formation.

accompanying draWings. First, a Wellbore 10 is drilled into
the subterranean formation of interest 12 using conventional

[0013] FIG. 2 is a schematic diagram illustrating a cross
sectional vieW of the hydrajetting tool shoWn in FIG. 1

forming four equally spaced perforation tunnels in the ?rst
Zone of the subterranean formation.

[0014] FIG. 3 is a schematic diagram illustrating the
creation of fractures in the ?rst Zone by the hydrajetting tool

Wherein the plane of the fracture(s) is perpendicular to the
Wellbore axis.

[0015] FIG. 4A is a schematic diagram illustrating one
embodiment according to the present invention Wherein the
fractures in the ?rst Zone are plugged or partially sealed With
an isolation ?uid delivered through the Wellbore annulus

The details of the method according to the present

(or future) drilling techniques. Next, depending upon the
nature of the formation, the Wellbore 10 is either left open
hole, as shoWn in FIG. 1A, or lined With a casing string or
slotted liner, as shoWn in FIG. 1B. The Wellbore 10 may be
left as an uncased open hole if, for example, the subterranean
formation is highly consolidated or in the case Where the
Well is a highly deviated or horiZontal Well, Which are often
dif?cult to line With casing. In cases Where the Wellbore 10
is lined With a casing string, the casing string may or may not
be cemented to the formation. The casing in FIG. 1B is
shoWn cemented to the subterranean formation. Further
more, When uncemented, the casing liner may be either a

after the hydrajetting tool has moved up hole.

slotted or preperforated liner or a solid liner. Those of

[0016] FIG. 4B is a schematic diagram illustrating another
embodiment according to the present invention Wherein the

When the Wellbore 10 should or should not be cased, Whether
such casing should or should not be cemented, and Whether

fractures in the ?rst Zone are plugged or partially sealed With
an isolation ?uid delivered through the Wellbore annulus

the casing string should be slotted, preperforated or solid.
Indeed, the present invention does not lie in the performance

before the hydrajetting tool has moved up hole.

of the steps of drilling the Wellbore 10 or Whether or not to

ordinary skill in the art Will appreciate the circumstances

