Office de la Proprieté Canadian CA 2660219 C 2012/08/28
Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 660 21 9
gr grga”isge ] ’la‘rc‘j age”‘éy of ; 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de dép6t/Filing Date: 2009/03/26 (51) CLInt./Int.Cl. E21B 43/12(2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2009/10/10 E21B 33/12(2006.01), E218 34/06 (2006.01)
(45) Date de délivrance/lssue Date: 2012/08/28 (72) Inventeur/Inventor:

BOLDING, JEFFREY L., US

(73) Proprietaire/Owner:
BAKER HUGHES INCORPORATED, US

(74) Agent: BERESKIN & PARR LLP/S.E.N.C.R.L.,S.R.L.

(30) Prionte/Priority: 2008/04/10 (US61/043840)

54) Titre : SYSTEME ET METHODE D' APPROFONDISSEMENT DE TUBAGE DEBOUCHANT POUR L'ASCENSION
PAR POUSSEE DE GAZ

54) Title: SYSTEM AND METHOD FOR THRU TUBING DEEPENING OF GAS LIFT

/’40

12

-t
N

o % 6 % WRE R R R R Y R LR
iy,

N:

~
oh

TATTIMATIT LR LR AT AR R T LR R Rl W

N

l!‘ J-

RS RRAR T A S RO T T TS L T T  E T T T T T AE T T T TH T T T IMNHINNATIE T A LTI AMAHLTLTLRALAE (AR LA RLRRY AW
H

e A
ml\:m

\ X

A AT T R T T T T T T T T T T T T T T T LI T E T LR ST RN R R RS R RA LR AR AR

44

i

=)\

46

AN Y ) \ (% [\ .

(57) Abrégée/Abstract:

The present disclosure Is directed to a gas lift system adapted to provide a gas Injection point to a deeper location In a wellbore. A
turn-over suspension mandrel can be landed inside a side pocket mandrel and connected to a gas lift valve on one end and a coill
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(57) Abrege(suite)/Abstract(continued):

on the other end. A length of production tubing can extend from the side pocket mandrel. The production tubing can include a
production packer to seal the annulus between the tubing and the well casing. The turn-over suspension mandrel can be
constructed such that gas entering the gas lift valve Is directed down through the coll and into the wellbore beneath the production
packer. A plug can be placed at the bottom of the coll in order to prevent blowouts during installation of the gas Ilift system. An
alternative embodiment of the present disclosure provides a coll and plug hung from a gas lift valve of a pack-off assembly.
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ABSTRACT

The present disclosure is directed to a gas lift system adapted to provide a
gas injection point to a deeper location in a wellbore. A turn-over suspension
mandrel can be landed inside a side pocket mandrel and connected to a gas lift
valve on one end and a coil on the other end. A length of production tubing can
extend from the side pocket mandrel. The production tubing can include a
production packer to seal the annulus between the tubing and the well casing.
The turn-over suspension mandrel can be constructed such that gas entering the
gas lift valve is directed down through the coil and into the wellbore beneath the
production packer. A plug can be placed at the bottom of the coil in order to
prevent blowouts during installation of the gas Iift system. An alternative
embodiment of the present disclosure provides a coil and plug hung from a gas

lift valve of a pack-off assembly.

-13-
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TITLE: SYSTEM AND METHOD FOR THRU TUBING DEEPENING OF GAS
LIFT

Inventor: Jeffrey L. Bolding

BACKGROUND

FIELD OF THE DISCLOSURE

The present disclosure relates, in general, to gas lift systems and,
In particular, to a gas lift system adapted to introduce gas to a deeper location in

the wellbore.

DESCRIPTION OF THE RELATED ART

Gas lift systems are typically designed and installed as part of a
downhole completion in an oil well. The purpose of a gas lift system is to
Introduce gas below the fluid column in order to increase the velocity of the fluid,
thereby lifting the fluid to the surface. Gas lift systems typically have several
locations or injection points, from top to bottom, for the release of gas within the
wellbore. Due to the nature of packers and sand screens used in wells today,
the gas injection points are located above the packer and/or screen. The most
important of these injection points is generally the lowest injection point in the

well.

There are drawbacks to the current gas lift systems. On occasion,
depletion of the well causes the gas lift to become less effective. In order to
improve the efficiency of the gas lift system, the lowest injection point must be
placed at a deeper location. To accomplish this, a workover is required.
However, even after the workover is completed, the deepest depth of the lowest

gas injection point will be only slightly above the production packer, limiting the
- 1-
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effectiveness of the gas lift. In light of the foregoing, there is a need in the art for
a gas lift system which introduces a gas injection point to a deeper location,

thereby addressing the above deficiencies of the prior art.

The present disclosure is directed to overcoming, or at least

reducing the effects of, one or more of the issues set forth above.

SUMMARY

The present disclosure is directed to a gas lift system adapted to
provide a gas injection point to a deeper location in a wellbore. A turn-over
suspension mandrel can be landed inside a side pocket mandrel and connected
to a gas lift valve on one end and a coil on the other end. A length of production
tubing can extend from the side pocket mandrel. The production tubing can
include a production packer to seal the annulus between the tubing and the well
casing. The turn-over suspension mandrel can be constructed such that gas
entering the gas lift valve is directed down through the coil and into the wellbore
to a deeper location beneath the production packer. A plug can be placed at the
bottom of the coil in order to prevent blowouts during installation of the gas lift
system. An alternative embodiment of the present disclosure provides a coil and
plug hung from a gas lift valve of a pack-off assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a gas lift system according to the prior art;

FIG. 2 illustrates a gas lift system according to an exemplary
embodiment of the present disclosure;

FIG. 3 illustrates a turn-over suspension mandrel according to an
exemplary embodiment of the present disclosure; and

_9.
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FIG. 4 illustrétes a gas lift system according to an alternative
exemplary embodiment of the present disclosure.

While the disclosure is susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and will be described in detaill herein. However, it should be
understood that the disclosure is not intended to be limited to the particular forms
disclosed. Rather, the intention is to cover all modifications, equivalents and
alternatives falling within the spirit and scope of the invention as defined by the
appended claims.

DETAILED DESCRIPTION

ustrative embodiments of the disclosure are described below as
they might be employed in the construction and use of a gas lift system and
method according to the present disclosure. In the interest of clarity, not all
features of an actual impiementation are described in this specification. It will of
course be appreciated that in the development of any such actual embodiment,
numerous implementation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with system-related and
business-related constraints, which will vary from one implementation to another.
Moreover, it will be appreciated that such a development effort might be complex

and time-consuming, but would nevertheless be a routine undertaking for those
of ordinary skill in the art having the b‘eneﬁt of this disclosure.

Further aspects and advantages of the various embodiments and
methods of the present disclosure will become apparent from consideration of
the following description and drawings.

FIG. 1 illustrates a gas lift system 10 according to the prior art. A
production tubing 12 is run inside casing 14 as understood in the art. A series of

- 3-
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side pocket mandrels 16 are connected, one atop the other, beneath the tubing
12. Side pocket mandrels are known in the art. A gas lift valve 22 is located
within the lower end of the side pocket of each side pocket mandrel 16. Gas lift
valves 22 operate to equalize the fluid pressure within tubing 12 and annuius 20.
As such, gas lift valves 22 regulate the amount of gas injected from the annulus
into the tubing 12, which is used to lift the production fluids to the surface. The

operation of gas lift valves is known in the art.

Tubing 12 is connected beneath the lowermost side pocket mandrel
16 and extends below a production packer 18 which seals the annulus 20
created between side pocket mandrels 16 and casing 14. Production packers
are known in the art. Tubing 12 and side pocket mandrels 16 can be connected
by any means known in the art. The lowest side pocket mandrel 16 and its
associated gas lift valve 22 represent the lowermost injection point of gas lift
system 10. As such, the lowermost injection point is located above packer 18. A
perforations interval 24 is located below production packer 18 for retrieving

production fluids.

The operation of prior art gas lift system 10 will now be described.
Once gas lift system 10 is completed downhole, gas is injected from the surface
down through annulus 20. Packer 18 traps the gas within annulus 20, thereby
creating a supercharged annulus 20 having pressurized gas within. As the
pressure increases, the pressure within annulus 20 becomes sufficiently greater
than the pressure inside side pocket mandrels 16 and/or tubing 12, thereby
forcing gas lift valves 22 to open and the pressurized gas to flow into side pocket
mandrels 16 where it assists in lifting the production fluids. The pressure

threshold of valves 22 can be varied as desired.

FIG. 2 illustrates a gas lift system 40 according to an exemplary
embodiment of the present disclosure. Here, tubing 12 again extends down
inside casing 14 where a series of side pocket mandrels 16, attached one above

- 4.
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the other, are connected beneath the tubing 12. Gas lift system 40 is illustrated
as having three side pocket mandrels 16, however, those skilled in the art having
the benefit of this disclosure realize any number of side pocket mandrels 16 may
be utilized as desired. A packer 18 is landed beneath the lowermost side pocket

mandrel 16 in order to seal the annulus 20 as previously discussed.

Referring to the exemplary embodiments of FIGS. 2 and 3, a turn-
over suspension mandrel 42 is connected to the gas lift valve 22 of the
lowermost side pocket mandrel 16 via a compression fitting, roll-on connector or
other suitable connector 41. However, please note that those skilled in the art
having the benefit of this disclosure realized turn-over suspension mandrel 42
may be connected to other side pocket mandrels 16 instead of the lowermost
side pocket mandrel 16. Gas lift valve 22 has packing devices 47 and port 49
which operate to regulate the entrance of the pressurized gas from annulus 20 as
known in the art. Gas lift valves are known in the art and those skilled in the art
having the benefit of this disclosure realize a variety of gas lift valves can be

utilized with the present disclosure.

Further referring to the exemplary embodiment of FIG. 3, turn-over
suspension mandrel 42 is constructed such that it turns over 180 degrees to
connect to coil 44 via a compression fitting, roll-on connector or other suitable
connector 45. Coil 44 can be, for example, a 3/4 or 1 inch diameter coll,
however, those skilled in the art having the benefit of this disclosure realize a
variety of coil diameters may be utilized. A fishing neck 43 is located atop turn-
over suspension mandrel 42 to provide a means by which turn-over suspension

mandrel 42 may be landed and retrieved if desired.

Further referring to the exemplary embodiment of FIG. 2, the coil 44
extends from the turn-over suspension mandrel 42 down through the tubing 12
and into the perforated interval 24 below the packer 18. A plug 46 is connected

to the bottom of coil 44 in order to seal coil during installation of the turn-over
- 5.
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suspension mandrel 42 and prevent pressurized fluid from traveling back uphole
via the coil 44. Once the turn-over suspension mandrel 42 has been landed
inside the lowermost side pocket mandrel 16, the coil 44 may be pressurized in
order to remove plug 46, thereby enabling the pressurized gas to be
communicated downhole. In the most preferred embodiment, plug 46 may be,
for example, an aluminum pump-out plug. Other types of plugs may be used
such as, for example, frangible disks.

The operation of the before-mentioned exemplary embodiment of
the present disclosure will now be described in relation to FIGS. 2 and 3. After
gas lift system 40 has been connected downhole, fluid production may begin.
Although side pocket mandreis 16 have been connected, each currently has a
"dummy valve” as known in the art. "Dummy valves," which act as plugs, may be
utilized in place of gas lift valves 22 until gas lift valves 22 are needed. Also, in
the most preferred embodiment, when fluid production first begins, turn-over
suspension mandrel 42 has not been landed inside lowermost side pocket
mandrel 16 because the pressure created by the wellbore itself is generally
sufficient to produce the fluids uphole.

Once the well begins to deplete and/or gas lift is otherwise
necessary or desired, gas lift valves 22 may be landed inside side pocket
mandrels 16. A wireline tool, such as for example, a kickover tool as understood
in the art, is run down inside tubing 12 to side pocket mandrels 16 in order to jerk
out the dummy valves and stab in gas lift valves 22 via a fishing neck on gas lift
valves 22. Once the kickover tool is run down inside side pocket mandrels 16, it
Is actuated such that its profile changes to allow it to reach over in to the side
pocket of side pocket mandrel 16, the operation of which is known in the art.
Those skilled in the art having the benefit of this disclosure realize there are a
number of methods by which gas lift valves 22 may be landed inside side pocket

mandrels 16.
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Once gas lift vaIVe 22 is landed inside the lowermost side pocket
mandrel 16, turn-over suspension mandrel 42is also run downhole using the
wireline tool and connected to gas lift valve 22. Also, before turn-over
suspension mandrel 42 is run downhole, coil 44 has already been connected
thereto. Once turn-over suspension mandrel 42 is landed, coil 44 will become
pressurized from the annulus, thus forcing plug 46 off the end of colil 44, thereby
enabling subsequent communication. In an embodiment, plug 46 can be an
aluminum pump-out plug which will dissolve within the downhole environment.
After turn-over suspension mandrel 42 and coil 44 are installed, the wireline tool

is retrieved and gas lift system 40 is ready to begin operating.

Once the wireline tool is retrieved, gas is injected down through
annulus 20 where packer 18 creates a supercharged annulus 20 having the
pressurized gas therein. As discussed previously, gas lift valves 22 seek to
equalize the pressure between tubing 12 and annulus 20. However, unlike the
other upper gas lift valves 22 that do not have turn-over suspension mandrel 42
connected thereto, the lowermost gas lift valve 22 senses the tubing pressure via
coil 44, which extends down into the wellbore beneath packer 18. Once the
pressure in annulus 20 becomes sufficiently greater than the pressure inside coll
44, gas lift valve 22 of the lowermost side pocket mandrel 16 opens, allowing the
pressurized gas to travel into lowermost side pocket mandrel 16 via port 49.
Because the lowermost side pocket mandrel 16 has turn-over suspension

mandrel 42 connected thereto, the pressurized gas entering the lowermost side
pocket mandrel 16 is turned over 180 degrees and communicated down through

coil 44. As such, gas lift system 40 provides a gas injection point below

production packer 18.

FIG. 4 illustrates an alternative exemplary embodiment of the
present disclosure used in conjunction with a pack off assembly 60. As shown, a

production tubing 62 is located inside casing 64. Pack off assembly 60 is landed
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inside production tubing 62, as known in the art, and includes a longitudinal bore
67 there-through for production flow. A production packer 63 is located below
pack-off assembly 60 to seal the annulus between tubing 62 and casing 64.

Pack-off assembly 60 includes an upper packer element 66 and a
lower packer element 68. A perforation 75 is positioned in production tubing 62
along the tubing interval between upper packer 66 and lower packer 68. Pack-off
assembly 60 includes a gas inlet port 70 located adjacent the perforation 75 in
tubing 62. Gas inlet port 70 provides fluid communication from perforation 75
down through the body of pack-off assembly 60 via a gun drill 77 and to a gas lift
valve 72, also located along the body of pack-off assembly 60. The construction
and operation of pack-off assemblies are known in the art.

According to an alternative embodiment of the present disclosure, a
coil 74 may be connected to gas lift valve 72 via a suitable connector, such as a
compression fitting (not shown). In the most preferred embodiment, coil 74 is
connected to the distal end of gas lift valve 72. However, those skilled in the art
having the benefit of this disclosure realize there are a number of ways to
connect coil 74. Colil 74 extends down from gas lift valve 72 past production
packer 63 and down into perforations 76, as illustrated in FIG. 4. A plug 78 is
attached to the end of coil 74, as discussed previously. Accordingly, the
compressed gas flowing into the perforated tubing 62 and gas inlet port 70 of
pack-off assembly 60, can be introduced below production packer 63 in order to

provide a deepened location for gas lift.

Although various embodiments have been shown and described,
the disclosure is not so limited and will be understood to include all such
modifications and variations as would be apparent to one skilled in the art.
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CLAIMS:

1. A gas lift system, comprising:

a well casing;

a production tubing extending into the well casing so as to form an
annulus between the well casing and the production tubing;

a production packer positioned in the annulus;

a gas lift valve positioned in the production tubing above the production
packer, the gas lift valve providing fluid communication between the annulus and
the production tubing; and

a coil in fluid communication with the gas lift valve, the coil extending
down into the production tubing below the production packer; and,

a turn-over suspension mandrel that provides fluid communication

between the gas lift valve and the coill.

2. The gas lift system of claim 1, further comprising a fishing neck

attached to the turn-over suspension mandrel.

3. The gas lift system of claim 1, wherein the well casing comprises
perforations positioned below the production packer, the coil extending down

proximate to the perforations.

4. The gas lift system of claim 1, further comprising a side pocket

mandrel, the gas lift valve being positioned in the side pocket mandrel.

S. The gas lift system of claim 4, wherein the gas lift system
comprises a plurality of side pocket mandrels, the gas lift valve being positioned

in the lowermost side pocket mandrel.
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6. The gas Iift system of claim 1, further comprising a pack off
assembly in the production tubing, the pack of assembly comprising:

a longitudinal bore for production flow, a second annulus being formed
between the longitudinal bore and the production tubing;
an upper packer element positioned in the second annulus; and

a lower packer element positioned in the second annulus below the upper

packer element.

/. The gas lift system of claim 6, wherein a production tubing
perforation is positioned between the upper packer element and the lower

packer element.

8. The gas lift system of claim 7, wherein a gas inlet port is positioned

to be in fluid communication with the perforation.

9. The gas lift system of claim 8, further comprising a gun drnill that
provides fluid communication between the perforation and the gas lift valve, the

gun drill extending through the lower packer element.

10.  The gas lift system of claim 1, further comprising a plug attached to

the end of the coll.

11. A method for providing gas lift to a well production fluid being
produced by a well, the well including a well casing, a production tubing
extending into the well casing so as to form an annulus between the well casing
and the production tubing and a production packer positioned in the annulus, the
method comprising:

positioning a gas lift valve in the production tubing above the production

packer;

-10-
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running a coll into the production tubing so as to be in fluid communication
with the gas lift valve, the coil extending down into the production tubing below
the production packer;

injecting gas into the annulus, the gas flowing from the annulus through
the coil and into the production fluid at an injection point below the production
packer; and,

running a turn-over suspension mandrel into the production tubing and
attaching it to the gas Iift valve so that it is capable of providing fluid
communication between the gas lift valve and the coil, the mandrel being
configured so that gas flowing up through the gas lift valve is then diverted

downward by the turn-over suspension mandrel into the coil.

12. The method of claim 11, wherein the coll is attached to the turn-
over suspension mandrel prior to running the turn-over suspension mandrel into

the production tubing.

13. The method of claimm 11, wherein the well casing comprises
perforations positioned below the production packer, the gas being injected

proximate to the perforations.

14. The method of clam 11, wherein the gas iIs introduced into the

production tubing via a gas inlet port positioned proximate a packoff assembly.

15. The method of claim 11, wherein a plug is attached to the end of

the coil during the running of the coll into the production tubing.

16. The method of claim 15, wherein during the injecting, the gas

flowing from the annulus causes the plug to be forced off the end of the coil.

-11-
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17. A gas lift system, comprising:

a well casing;

a production tubing extending into the well casing so as to form an
annulus between the well casing and the production tubing;

a production packer positioned in the annulus;

a gas lift valve positioned in the production tubing above the production
packer, the gas lift valve providing fluid communication between the annulus and
the production tubing; and

a coll in fluid communication with the gas lift valve, the coil extending
down into the production tubing below the production packer a pack off assembly
in the production tubing, the pack of assembly comprising:

a longitudinal bore for production flow, a second annulus being
formed between the longitudinal bore and the production tubing;

an upper packer element positioned in the second annulus; and

a lower packer element positioned in the second annulus below the
upper packer element;

wherein a production tubing perforation is positioned between the upper
packer element and the lower packer element;

wherein a gas Inlet port is positioned to be in fluid communication with the
perforation; and,

a gun drill that provides fluid communication between the perforation and

the gas lift valve, the gun drill extending through the lower packer element.

_12-
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