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(54) Method and apparatus for perforating a well liner and for fracturing a surrounding formation

(57) Aliner 1 at the bottom of an oil or gas well is perforated and the surrounding formation is subsequently fractured by

inserting into the liner a perforating and fracturing apparatus comprising a pair of packers 7, 8 that can be positioned around

fragile spots of the liner, and subsequently injecting a fluid or fluids at an elevated pressure into the area between the
packers 7, 8 in order to perforate the liner at the locations of the fragile spots and to create fractures in the formation

surrounding these spots.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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METHOD AND APPARATUS FOR PERFORATING A WELL LINER AND
FOR FRACTURING A SURROUNDING FORMATION

The invention relates to a method and apparatus for -
perforating a liner of an oil or gas production well and for
subsequently fracturing an underground formation surrounding the

liner.

In many well completion operations it is not possible to
install a slotted liner at the well intake.

In those situation it is common practice to install an
unslotted liner in the well, which liner is subsequently perforated
by a perforation gun. Such a gun contains a mass of explosives
which shoot perforations through fragile spots of the liner. After
retrieval of the gun from the well the formation surrounding the
perforation may be fractured by pumping a fluid at an elevated
pressure through the perforations into the formation.

The conventional perforating and fracturing procedures are
time consuming and involve the risk that during or after the
shooting of perforations well fluids enter the reservoir formation
thereby causing formation impairment.

It is an object of the present invention to provide a method
and apparatus for perforating a well liner and subsequently
fracturing an underground formation surrounding this liner which
remedy the drawbacks of the conventional perforation and fracturing
procedures.

The method according to the invention comprises:

- inserting into a well a liner having along at least a selected
interval of its length a series of fragile spots;
- lowering through the liner a perforating and fracturing tool

comprising a pipe string which carries at its outer surface a

pair of packers and which has at least ome port in the area

between the packers, the pipe being equipped near its lower
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end with a bottom valve for closing off the pipe interior at a

location below the packers;

- positioning the tool in the liner such that the packers span
at least one of said spots;

- closing the bottom valve;

- spotting a fluid via the pipe and the ports into an annular
space around the pipe and between the packers, thereby
perforating each fragile spot of the liner around said annular
space;

- injecting fluid at an elevated pressure into the pipe, thereby
actuating the packers to form fluid tight seals adjacent said
annular space and creating fractures in the formation
surrounding each perforated spot; and

- reducing the fluid pressure in the pipe, annular space and
fractures;

The apparatus according to the invention comprises:

- a pipe string which can be lowered through the well liner;

- a pair of packers being mounted at a selected mutual distance
on the outer surface of the pipe;

- at least one port formed in the pipe wall in the area between
the packers; and

- a bottom valve being arranged near a lower end of the pipe for
closing off the pipe interior below the packers.

The invention will be described in more detail with reference
to the accompanying drawings, in which:

Figure 1 is a longitudinal view of a well in which an
apparatus according to the invention is located, and

Figure 2 shows in larger detail a section of the well and of
the tool shown in Figure 1.

Referring now to Figure 1 there is shown a well with a
horizontal lower section in which a well liner 1 is arranged. The
well extends from the earth surface into an oil and/or gas
containing reservoir formation which surrounds the liner 1.

A perforating and fracturing tool 2 has been lowered into the

well through a blow out preventer at the well head 3. The tool 2
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comprises an elongate pipe 4 which is equipped with bell nipple 5
for a production safety valve, two packers 7, 8 and a bottom valve
9, and a latching sub 10 which carries a hydraulically actuated
packing plug 11.

As shown in Figure 2 the pipe 4 contains ports 20 in the area
between the packers 7 and 8. The ports 20 create fluid
communication between the pipe interior 21 and an annular space 22
between the pipe 4 and the liner 1 in the area between the packers
7 and 8. The packers 7 and 8 are secured to the pipe by clamp rings
24 in which openings 25 are arranged via which the pressure within
the annular space 22 may enter the inner surface of the elastomeric
sliding or fixed packers 7 and 8 so as to inflate the packers to
form fluid tight seals in response to pressurizing the pipe
interior 21.

A one way valve 27 is mounted near the uppermost packer 7 for
enabling fluid to flow from the annulus 28 between the liner 1 and
the section of the pipe above the packer 7 into the annular space
22. A hydraulic conduit 29 for actuating the bottom valve 9 passes
through the annulus 28, the annular space 22 and the pipe wall
underneath the packers 7 and 8.

In the context of this specification "lower" parts of the well
and the tool are parts having a larger distance to the wellhead,
when measured along the well path than "ypper" parts of the well
and the tool. Accordingly the uppermost packer 7 is located closer
to the wellhead 3 than the lowermost packer 8.

The liner 1 consists of a steel tubular body in which a series
of fragile spots 30 are present throughout its length. In the
embodiment shown the spots 30 are created by machining cup-shaped
recesses 31 at regular intervals into the outer surface of the
body. If desired the fragile spots 30 may be formed by aluminium or
other acid soluble inserts (not shown) which can perform as shear
discs and which can be dissolved by an acid.

The normal operation of the apparatus is as follows. Before

running the apparatus into the well the liner 1 has been cleaned
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up, tagged and gauged and the well has been filled with a non-water
based liquid.

The tool is then lowered into the well until the packing plug
11 has reached the bottom of the well. The tool may then be pulled
to position the packers 7 and 8 such that they span at least one of
the fragile spots 30. Then the bottom valve 9 is closed. If the
fragile spots 30 consist of acid soluble discs they can be
dissolved by lowering a coiled tubing through the interior of the
pipe &4 via which acid is spotted into the pipe interior and the
annular space 22 between the packers 7 and 8 in order to dissolve
the discs. After spotting the acid fluid is injected at elevated
pressure into the pipe interior 21. The resulting positive pressure
difference between the annular space 22 between the packers 7 and 8
and the other annuli around the pipe 4 will cause the packers to
expand and to form fluid tight seals against the inner surface of
the liner. At the same time a positive pressure difference 1s
created between the annular space 22 and the pores of the
surrounding reservoir formation. This causes the remaining parts of
the possibly only partly dissolved discs to be sheared and
fractures to be formed in the formation around the sheared discs in
the area between the packers 7 and 8.

The fluid which is injected at elevated pressure via the pipe
jnterior 21 into the fractures may contain an acid in order to etch
channels in the formation and/or a propping agent, such as sand,
for forming a permanently permeable core inside the fractured
channels.

After this the pressure in the pipe interior 21 and annular
space 22 is reduced which causes the packers 7 and 8 to be released
from the wall of the liner 1 and at least part of the fracturing
fluid and propping agent to be produced back into the well. As the
returned fracturing fluid, which may contain formation particles,
and the returned propping agent may contaminate the well interior
they are subsequently flushed away by pumping a cleaning fluid at
an elevated pressure into the annulus 28 which causes the one way

valve 27 to open and cleaning liquid to circulate down through the
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annulus 28, one way valve 27 into the annular space 22 and
éubsequently up via the ports 20 and the pipe interior 21.

At this moment a production test can be carried out after
which a decision can be made to fracture again, to leave it as it
is, to further etch channels by acidizing or to close the created
fractures by pumping cement into the created fractures.

Then the tool 2 is pulled until the packers span other fragile
spots 30 than the already removed spots and the cycle of spotting
acid to dissolve the discs, elevating the pressure in the pipe
interior 21 and annular space 22 so as to fracture the formatiom,
reducing the pressure again, and optionally injecting propping
agent into the fractures and flushing a cleaning fluid through the
well is repeated again one or more times until the whole interval
of the liner where fragile spots are present has been perforated.

It will be appreciated that the procedure according to the
invention enables perforating a small section of the liner and
subsequently fracturing the formation surrounding this section of
the liner. This procedure of perforating the liner section by
section enables an accurate control of the fracturing process which
is particularly important of the liner has a large length, which is
usually the case in a horizontal or nearly horizontal well.

After the required number of liner perforations and formation
fractures has been made the pipe is pulled up through the well and
the temporary packing plug 1l is set at the top of the perforated
iiner by actuating the latching sub 10. Then the pipe 4 is removed
from the well.

The well can now be completed with a permanent packer and
production tubing, whereupon the well may be circulated to nitrogen
to allow the temporary packer to open and to allow oil and/or gas
to flow through the perforated liner and fractures in the

surrounding formation.
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1. A method for perforating a well liner and subsequently
fracturing an underground formation surrounding the liner, the
method comprising:

- inserting into a well a liner having along at least a selected
interval of its length a series of fragile spots;

- lowering through the liner a perforating and fracturing~tool
comprising a pipe string which carries at its outer surface a
pair of packers and which has at least one port in the area
between the packers, the pipe being equipped near its lower
end with a bottom valve for closing off the pipe interior at a
location below the packers;

- positioning the tool in the liner such that the packers span
at least one of said spots;

- closing the bottom valve;

- spotting a fluid via the pipe and the ports into an annular
space around the pipe and between the packers, thereby
perforating each fragile spot of the liner around said annular
space;

- injecting fluid at an elevated pressure into the pipe, thereby
actuating the packers to form fluid tight seals adjacent said
annular space and creating fractures in the formation
surrounding each perforated spot; and

- reducing the fluid pressure in the pipe, annular space and
fractures.

2.  The method of claim 1 wherein the liner comprises a tubular

steel body and said fragile spots consist of acid soluble discs

that are inserted in openings in the wall of said tubular body, and
wherein the step of spotting said fluid comprises injecting an acid
into said annular space which dissolves said acid soluble disc or

discs around said annular space.
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3. The method of claim 1 wherein the fragile spots consist of
shear discs that are formed by machining cup-shaped recesses in the
wall of the liner and wherein the step of spotting said fluid
comprises injecting liquid at an elevated pressure into the pipe,
thereby actuating the packers to form fluid tight seals adjacent
said annular space and shearing the discs in the region of the
liner between the packers.

4, The method of claim 3 wherein the step of injecting liquid at
an elevated pressure into the pipe for shearing the discs and the
step of injecting fluid at an elevated pressure into the pipe to
create fractures in the formation are carried out in a single
operation by continuously injecting a fracturing liquid at high
pressure into the pipe string thereby successively shearing the
discs and fracturing the formation.

5. The method of any preceding claim wherein after fracturing the
formation a propping agent is injected via the pipe and annular
space into the fractures.

6. The method of claim 5 wherein a one way valve is located near
the uppermost packer, which valve allows fluid to flow from an
annulus between the liner and the section of the pipe above the
uppermost packer and the annular space between the packers, and
wherein after reducing the fluid pressure in the pipe, annular
space and the fractures a cleaning liquid is circulated down via
the annulus, one way valve and annular space, and subsequently up
through the pipe to remove any propping agent from the well
interior.

7.  The method of claim 1 wherein after the step of lowering the
tool through the liner and before removing the tool from the well
the cycle of steps of positioning the tool in the liner, closing
the bottom valve, spotting the fluid and injecting fluid at
elevated pressure and reducing the pressure is repeated, while
between subsequent cycles the tool is moved through the well such
that during each cycle the packers span other spots of the liner

than any already perforated spots.
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8. The method of claim 5, 6 and 7 wherein each cycle further

includes the steps of injecting said propping agent into the

fractures and subsequently circulating said cleaning fluid to

remove any propping agent from the well.

9. The method of any preceding claim wherein the interval of the

liner having said fragile spots is located in an at least nearly

horizontal section of an oil production well.

10. An apparatus for perforating a well liner and subsequently

fracturing an underground formation surrounding the liner,

comprising: o

- a pipe string which can be lowered through the well liner;

- a pair of packers being mounted at a selected mutual distance
on the outer surface of the pipe;

- at least one port formed in the pipe wall in the area between
the packers; and

- a bottom valve being arranged near a lower end of the pipe for
closing off the pipe interior below the packers.

11. The apparatus of claim 10 wherein the bottom valve is a

hydraulic pressure operated valve which is actuated via a hydraulic

conduit that runs parallel to the pipe.

12. The apparatus of claim 10 or 11 wherein an uppermost packer is

equipped with a one way valve, which valve allows in use fluid to

flow from an annulus between the liner and the section of the pipe

above the uppermost packer and an annulus space between the lines

and the pipe section between the packers.

13. The apparatus of claim 10, 11 or 12 wherein a hydraulically

actuated packing plug is releasable connected to the lower end of

the pipe by means of a hydraulically operated latching sub.

14. The method according to claim 1, substantially as described

with reference to the drawings.

15. The apparatus according to claim 10, substantially as

described with reference to the drawings.
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