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Method and Apparatus for Wellbore Fluid Treatment

Field of the Invention

The invention relates to a method and apparatus for wellbore fluid treatment and, in

particular, to a method and apparatus for selective communication to a wellbore for

fluid treatment.

Background of the Invention

An oil or gas well relies on inflow of petroleum products. When drilling an oil or gas

well, an operator may decide to leave productive intervals uncased (open hole) to

expose porosity and permit unrestricted wellbore inflow of petroleum products.

Altemately, the hole may be cased with a liner, which is then perforated to permit

inflow through the openings created by perforating.

When natural inflow from the well is not economical, the well may require wellbore

treatment termed stimulation. This is accomplished by pumping stimulation fluids

such as fracturing fluids, acid, cleaning chemicals and/or proppant laden fluids to

improve wellbore inflow.

In one previous method, the well is isolated in segments and each segment is

individually treated so that concentrated and controlled fluid treatment can be

provided along the wellbore. Often, in this method a tubing string is used with

inflatable element packers thereabout which provide for segment isolation. The

packers, which are inflated with pressure using a bladder, are used to isolate segments

of the well and the tubing is used to convey treatment fluids to the isolated segment.

Such inflatable packers may be limited with respect to pressure capabilities as well as

durability under high pressure conditions. Generally, the packers are run for a

wellbore treatment, but must be moved after each treatment if it is desired to isolate

other segments of the well for treatment. This process can be expensive and time

consuming. Furthermore, it may require stimulation pumping equipment to be at the

well site for long periods of time or for multiple visits. This method can be very time

consuming and costly.
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Other procedures for stimulation treatments use foam diverters, gelled diverters

and/or limited entry procedures through tubulars to distribute fluids. Each of these

may or may not be effective in distributing fluids to the desired segments in the

wellbore.

The tubing string, which conveys the treatment fluid, can include ports or openings

for the fluid to pass therethrough into the borehole. Where more concentrated fluid

treatment is desired in one position along the wellbore, a small number of larger ports

are used. In another method, where it is desired to distribute treatment fluids over a

greater area, a perforated tubing string is used having a plurality of spaced apart

perforations through its wall. The perforations can be distributed along the length of

the tube or only at selected segments. The open area of each perforation can be pre-

selected to control the volume of fluid passing from the tube during use. When fluids

are pumped into the liner, a pressure drop is created across the sized ports. The

pressure drop causes approximate equal volumes of fluid to exit each port in order to

distribute stimulation fluids to desired segments of the well. Where there are

significant numbers of perforations, the fluid must be pumped at high rates to achieve

a consistent distribution of treatment fluids along the wellbore.

In many previous systems, it is necessary to run the tubing string into the bore hole

with the ports or perforations already opened. This is especially true where a

distributed application of treatment fluid is desired such that a plurality of ports or

perforations must be open at the same time for passage therethrough of fluid. This

need to run in a tube already including open perforations can hinder the running

operation and limit usefulness of the tubing string.

Summary of the Invention

A method and apparatus has been invented which provides for selective

communication to a wellbore for fluid treatment. In one aspect of the invention the

method and apparatus provide for staged injection of treatment fluids wherein fluid is

injected into selected intervals of the wellbore, while other intervals are closed. In

another aspect, the method and apparatus provide for the running in of a fluid

treatment string, the fluid treatment string having ports substantially closed against the

passage of fluid therethrough, but which are openable when desired to permit fluid
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flow into the wellbore. The apparatus and methods of the present invention can be

used in various borehole conditions including open holes, cased holes, vertical holes,

horizontal holes, straight holes or deviated holes.

In one embodiment, there is provided an apparatus for fluid treatment of a borehole,

the apparatus comprising a tubing string having a long axis, a first port opened

through the wall of the tubing string, a second port opened through the wall of the

tubing string, the second port offset from the first port along the long axis of the

tubing string, a first packer operable to seal about the tubing string and mounted on

the tubing string to act in a position offset from the first port along the long axis of the

tubing string, a second packer operable to seal about the tubing string and mounted on

the tubing string to act in a position between the first port and the second port along

the long axis of the tubing string; a third packer operable to seal about the tubing

string and mounted on the tubing string to act in a position offset from the second port

along the long axis of the tubing string and on a side of the second port opposite the

second packer; a first sleeve positioned relative to the first port, the first slccvc being

moveable relative to the first port between a closed port position and a position

permitting fluid flow through the first port from the tubing string inner bore and a

second sleeve being moveable relative to the second port between a closed port

position and a position permitting fluid flow through the second port from the tubing

string inner bore; and a sleeve shifting means for moving the second sleeve from the

closed port position to the position permitting fluid flow, the means for moving the

second sleeve selected to create a seal in the tubing string against fluid flow past the

second sleeve through the tubing string inner bore.

In one embodiment, the second sleeve has formed thereon a seat and the means for

moving the second sleeve includes a sealing device selected to seal against the seat,

such that fluid pressure can be applied to move the second sleeve and the sealing

device can seal against fluid passage past the second sleeve. The sealing device can

be, for example, a plug or a ball, which can be deployed without connection to

surface. Thereby avoiding the need for tripping in a string or wire line for

manipulation.

The means for moving the second sleeve can be selected to move the second sleeve

without also moving the first sleeve. In one such embodiment, the first sleeve has
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formed thereon a first seat and the means for moving the first sleeve includes a first

sealing device selected to seal against the first seat, such that once the first sealing

device is seated against the first seat fluid pressure can be applied to move the first

sleeve and the first sealing device can seal against fluid passage past the first sleeve

and the second sleeve has formed thereon a second seat and the means for moving the

second sleeve includes a second sealing device selected to seal against the second

seat, such that when the second sealing device is seated against the second seat

pressure can be applied to move the second sleeve and the second sealing device can

seal against fluid passage past the second sleeve, the first seat having a larger

diameter than the second seat, such that the second sealing device can move past the

first seat without sealing thereagainst to reach and seal against the second seat.

In the closed port position, the first sleeve can be positioned over the first port to close

the first port against fluid flow therethrough. In another embodiment, the first port

has mounted thereon a cap extending into the tubing string inner bore and in the

position permitting fluid flow, the first sleeve has engaged against and opened the

cap. The cap can be opened, for example, by action of the first sleeve shearing the

cap from its position over the port. In another embodiment, the apparatus further

comprises a third port having mounted thereon a cap extending into the tubing string

inner bore and in the position permitting fluid flow, the first sleeve also engages

against the cap of the third port to open it.

In another embodiment, the first port has mounted thereover a sliding sleeve and in

the position permitting fluidiflow, the first sleeve has engaged and moved the sliding

sleeve away from the first port. The sliding sleeve can include, for example, a groove

and the first sleeve includes a locking dog biased outwardly therefrom and selected to

lock into the groove on the sleeve. In another embodiment, there is a third port with a

sliding sleeve mounted thereover and the first sleeve is selected to engage and move

the third port sliding sleeve after it has moved the sliding sleeve of the first port.

The packers can be of any desired type to seal between the wellbore and the tubing

string. In one embodiment, at least one of the first, second and third packer is a solid

body packer including multiple packing elements. In such a packer, it is desirable that

the multiple packing elements are spaced apart.
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