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Due to this, so-called artificial lift is used to supplement the formation pressure to
25 lift the hydrocarbons from the formation to the surface of the well. The basic idea
for all artificial lifting systems is to extract more hydrocarbons out of the reservoir.

For instance, an oil and/or gas well may be arranged with a sucker rod lifting sys-
tem, where such a system normally comprises a drive mechanism arranged on a sur-
face of the well, a sucker rod string and one or more downhole positive displace-

30 ment pumps. Hydrocarbons can then be brought up to the surface of the wellbore,
by pumping action-of the' downhole: pump(s):

An alternative artificial lift system is a so-called gas lift system, where high pres-

sure water or gas is injected either into the geological formation itself or into a pro-

duction tubing of the well. The gas lift system may be a tubing retrievable gas lift
35 system or a wire line retrievable gas lift system.

In the gas lift system, the high pressure gas from the surface can for instance be
supplied to a space (annulus) between the production tubing and-a casing of the.
well. The gas. enters the production tubing from: the annulus side,; through:a plurality
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i n independent clainms. The present invention regards a device used to
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Another object of the present invention.is.to provide a valve system that allows re-
20 placement of well tools and/or downhole equipment, without shutting down the
well.

Still one object of the present invention is to provide a valve system where the well
tools and/or downhole equipment can be replaced independently of each other.

These objectives are achieved with a side pocket mandrel according to the present
25 invention as defined in the enclosed independent claims, where embodiments of the
invention are given in independent claims.

The present invention regards a device used to perform different operations in oil
and/or gas wells, for instance an artificial lift operation. More particularly, the pre-
sent invention relates to a valve system for use in a wellbore, where the valve sys-

30: tem comprises a side pocket.mandrel having an elongated-bodysection; the elon-
gated main body being provided with a substantially fully open main bore for
alignment with a well tubing and a laterally offset side pocket provided with a bore,
the substantially fully open main bore and the laterally offset side pocket bore being
divided by an internal wall. At least one through opening is provided in the side

35 pocket mandrel, leading into the laterally offset side pocket bore, and at least one
through opening is provided in the internal wall, leading into the substantially fully
opén main bore. Theat least two through.openings.are in-fluid communication.
through: the laterally- offset side pocket bore, where this arrangement williallow a
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As indicated above, a “fluid barrier” can be any element that has the capacity to
prevent a fluid medium from flowing through the element. Such elements can for
instance be a gas lift valve, one-way valve, orifice or choke valve, bellows valve,
nitrogen charged dome valve, pilot valve, differential valve etc.

30 The valves that are accommedated in the laterally offset side pocket can, for in-
stance, be gas lift valves or chemical medium injection valves, one-way valves etc.,
where these are used to enhance the production in the oil and/or gas well.

The side pocket mandrel is also provided with connection means at both of its ends,
in order to connect the side pocket mandrel to the well tubing, for instance the pro-
35 duction tubing. The connection means that are provided at each end of the ends may
in a preferred embodiment of the present invention be threads. However, it should
be understood that clamps, bolts etc. could also be used in. order to connect the side.



30The val ves.that are accommpdated iii the laterally offset side pocket
can, for. in- stance, be gas |lift valves or chem cal nediuminjection
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wher eby undesi r abl £, deg! ent s can be pL& ent ed, .
open. ot close af the same pressuré, but they,can also be arranged to operate at. dif-
20 ferent pressures. The latter arrangement will, for instance, result in that the valve
system according to the present invention can be adapted to each wellbore’ specific

parameters, whereby undesirable incidents can be prevented.

The side pocket mandrel of the valve system according to the present invention may
preferably comprise other downhole tools, measuring equipment and/or devices,

25 where this will depend on which operation(s) is/are to be performed, as well as the
specific characteristics of the oil and/or gas well.

The internal wall between the laterally offset side pocket bore and the substantially
fully open main bore of the elongated body section may be provided with several
through openings (injection orifices, outlets), where the number of openings will
30. - - depend on the characteristics of the well, which: medium is to be injected into the
well tubing etc. Furthermore, the openings may also be arranged to be bevelled or
angled relative to a longitudinal axis of the side pocket mandrel, or formed to give
the injection medium a rotation before entering the production tubing, in order to
optimize the stimulation of the production fluids. Furthermore, at least one replace-
35 able sleeve may also be arranged on the outside or inside of the main bore or the
offset side pocket of the elongated body, where the at least one sleeve through the
adjustment can control the “opening” of the openings. The at least one sleeve may. ... .



The side pocket mandrel of the valve system according to the present

I nvention may preferably conprise other downhol e tools, neasuring equi pnent
and/ or dewpces/102B82here this will depend on whi ch oper aPComepli@ieEse to be
perforned, as well as the specific characgeristics of the oil and/or gas
well. The internal wall between the laterally offset side pocket bore and
the substantially fully open nain bore of the el ongated body section may be
provi ded wi the sreargedito tétateugbundthe bugs of toplédd inomlomgithidines directidreofthe wher e
the nunber gf,openings will 30, depend on the characteristics of the well,
which nmediumis to be injected nto the well tubing etc. Furthernore, the
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e
ters may vary

uring the stimu Qt?on of the well production. Typical parameters that
will vary during this operation may be pressure, temperature, gas/oil-ratio, water cut
etc. By carrying out these measurements, one can influence the injection of me-
dium, thereby obtaining an optimal condition for injection of medium into the pro-

30 duction tubing. Further measuring equipment may measure leakage, composition of
hydrocarbens. etc:

As the side pocket mandrel of the valve system according to the present invention is
intended to accommodate a number of valves and/or other downhole equipment, it
is suitable to manufacture the side pocket mandrel from several sections. Each sec-
35 tion can then be shaped to accommodate the specific “tool”, which will result in that
the side pocket mandrel can be adapted individually to each well. The sections may
be provided with threads, quick connections etc..in-order to be connected with each

© other.



In one preferred enbodi ment of the present invention the side pocket
mandrel of the 25valve systemis provided wth neasurenent equi pnment, as

t he prodwwOizon/parane- ters may vary during the stinmul aPcomazbitdeeossel |
production. Typical paraneters that will wary during this operation nay be
pressure, tenperature, gas/oil-ratio, water cut etc. By carrying out these
measur enents, one can influence the injection of nedium thereby obtaining
an optimal cowmdig theninbatlation ef theodifietemwdlvemandtoo doahplecequidenttindhe
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20 Referring now to figure 1, an embodiment of the present invention is shown, where
a floating structure 1 or a sea- or land-based structure (not shown) is connected to
an oil and/or gas well 2 by a production tubing 3. The floating structure 1 and the
sea- or land-based structure can be production and/or storing facilities. In this em-
bodiment the valve system according to the present invention is used as an artificial

25 lift system.

In order to enhance the production of the oil and/or gas well 2, a pressurized fluid
medium is injected into the annular space (annulus) 4 between a casing 5 of the oil
and/or gas well 2 and the production tubing 3. Along the production tubing 3 is/are
30 ©  arranged a plurality of side pocket mandrels 6, where the side pocket mandrels 6 are’
connected to tubular elements of the production tubing 3 in appropriate ways.

Figure 2 shows the valve system according to the present invention, where the valve
system comprises a side pocket mandrel 6, in which at least two valves 100, 101 in
35 form of gas lift valves (see also figure 3) are arranged. Each and one of the valves
100, 101 forms a “fluid barrier” in the side pocket mandrel 6. The valves 100, 101
~ are.designed to open at a given differential pressure between two fluids or-two. posi-. -
tions in the well, for instance across. the valve 100, 101 or:in twotdifferent positions.



20Referring now to figure 1, an enbodi nent of the present invention is
shown, where a floating structure 1 or a sea- or |and-based structure (not
shown) i swoannewe®sd to an oil and/or gas well 2 by a pr@edumO2nv/aonssng 3.
The floating structure 1 and the sea- or kand-based structure can be
production and/or storing facilities. In this enbodi nent the val ve system
according to the present invention is used as an artificial 25lift system
In order to aeringed eclatireelp aboieedchrotbér inttbe ovell, avhdtothigdeferential presgure
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t ubul ar sel em@tiftotthe phcduetiod uehingrs.t ubing 3 in appropriate ways. Figure 2
shows the valve system according to the present invention, where the valve
system conprises a side pocket mandrel 6, in whi Ieast t WO ves 100,
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productlon tu atures
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connecti ng meandseldd jsscomnected to the production tubing 3 the main bore 9 w1ll be aligned
25 with a bore of the production tubing 3.

The tubular body section 7 will then have two flowing paths, as the substantially
fully open main bore 9 is separated from a laterally offset side pocket bore 10 by an
internal wall 11 (see also figure 3).

The laterally offset side pocket bore 10 is shaped to accommodate at least two

30 “fluid barrier” elements, for instance in form of gas lift valves 100, 101, and/or
other equipment or tools (not shown). The expression “fluid barrier” should be un-
derstood as an element that will prevent a fluid medium from flowing over the ele-
ment in at leastone direction: This will provide'a double’barrier inside the side -
pocket mandrel 6. If for instance one of the valves 100, 101 in the laterally offset

35 side pocket bore 10 due to different reasons has to be maintained, replaced or ad-
justed, a kick over tool may be run down the production tubing 3 in order to retrieve
the valve 100,101. At least one installation opening (not shown) is then arranged in
the internal wall 11 of the side pocket mandrel 6. When the valve 100, 101 is re-
moved by the kick over tool, the other remaining valve 100,101 in the side pocket

40  mandrel 6 will préﬁéﬁfiﬁféaﬁétidn fluid within the productionstubing:3 from flowing



20 threaded portion on the inside (or outside) of the tubular body section
7, such that the tubular body section 7 can be connected to a well tubing,
such as awprodueeizen tubing 3'. The tubul ar body secti oRCT/NGROpr@oIsded

with-a through substantially fully open in bore 9 and a laterally offset
si de pocket bore 10. Wen the side pocket mandrel 6 is connected to the
production tubing 3 the main bore 9 will be aligned 25with a bore of the
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25 substantially fully open main bore 9 and the laterally offset side pocket bore 10.

This will provide a communication between the outside and the inside of the side

pocket mandrel 6.

In the figure the at least one opening 12 is arranged in a vicinity of an inlet (not
shown) of the valve 100 in the laterally offset side pocket bore 10, such that when a
30 fluid from the annulus enters the laterally offset side pocket bore 10, the fluid me-
dium will be guided into an inlet of the first valve 100. This. first valve 100 will
then be considered to be the primary fluid barriér in the sidé pocket mandrel 6.
When the fluid reaches a limit valve (set by the pressure settings of the valve), the
valve 100 will open and allow the fluid medium to flow through the valve 100. The
35 fluid medium will then reach the second valve 101 arranged in the laterally offset
side pocket bore 10, where this valve 101 is considered to be the secondary fluid
barrier in the side pocket mandrel 6. This second valve 101 may have the same
pressure settings as the first valve 100, but preferably the second valve 101 will
have.a.lower: pressure limit value. The: valve: 101 ‘will therefore open:and allow the:



15an operation in which special tools (not shown) are | owered through the
interior of the production tubing 3. The special tools are attached to a
fine steavocatl®2mse to a wire |ine. The special tools negTNO20iv®b@EICcCe be
kick over tools or the |ike. Furthernore,;4he side pocket mandrel 6 is

provided with at | east one through opening (inlet) 12 (just indicated),

where the at | east one through opening 12 is provided 20-in.the-laterally
of f Set si de fhrid ke flokotheough the oraiviel Hlcandhinte tet substabtially fuldeopemmairt boresghd
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This second
val ve 101 epregﬁ%t IB}’%nstlsol?r%s lées[%jl r?gg&zl;@% fnﬁg‘?inr%%lgva? ve 100, but
preferq?ly the second valve 101 will havea, | ower;pressure limt value. The
val ve ;7104 will thereforeopeniand allow the WD
2011/ 102732PCT/ NO2011/ 000055 10 fluid to flow through the valve 101 and
into the substantially fully open main bore 9 of the tubular body section
7, through the at | east one opening (outlet) 13 of the laterally offset
si de pocket bore 10. Furthernore, at |east one repl aceabl e sl eeve (not
shown) is arranged on the outside 5or inside of the main bore 9 or the
of fset side pocket bore 10, where the at |east one sl eeve through the
adj ust mrent can control the "opening" of the openings 12, 13. The at | east
one sleeve may be arranged to rotate around the bore 9, 10 or to slide in a
| ongi tudi nal direction of the bore 9, 10. Although the invention-has beerr
descrihéd in relation to its preferred enbodi nent,’
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10it will be apparent to those skilled in the art that variations may be
applied to what has been descri bed herein wthout departing fromthe
pri nci pl esoabi1ttee73eoncept, script and scope of the preseat/NOwamod@ss. Al |
such simlar substitutes and nodificationgjapparent to those skilled in the
art are deenmed to be with the spirit, scope and concept of the present
I nvention as it is set out in the followng clains 15 20 25 WO
2011/ 102732RCILANMIN011/ 000055 11 CLAIMS A val ve systemfor use in a
wel | bore, conprising a side pocket mandrel (6), where the side pocket
mandrel (6) ronpralyvesystameioongaired wetlbyres eomiponing7) side ipeclsdtomagsireld 6body
section (7) beijg @flfévdi{ijfﬂoé'l%& kha%g k8§ esthbabdsanf dlbhyatPBEdFBRRQTS, the)
for alignment Wlltfl:l a tu mgu 3) and a,l teFlaI Il% ofl.%&t, slbge é)ocket
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vl | ((]I 1 é) : C[lﬁ&)%?igéd mkd ?ok had ,Qflle bmﬁnti{augdﬁmy @peﬂta nﬁﬂ@t BoAY(9%) Al thé lat-
provided in the €.-pQC ndrel , .l eadiing, into the''side: RO _
bore (10) " and csily S8 S pobRAC i1 6P Reink AAnAdpY Bh Sl SIi(1 15 ek
internal wal | (arized ingbatiatdedshore thieuglhppening €12)95 praidedin the side peskst t wo
((328;“ ngs \(/\%.2, hhéﬂ:@r@)iila?&mg,iﬁamm&m@)@;ﬁm atieast ol themight bore
, ic | reqt . ,
arr ange1 in sefP&s g@??ﬁﬁrﬁra%gggg%@ef@Belrhﬁiba\gélrl}(iéﬁ,'ge%? &%Zlﬁl(f{lﬁ% m&@n@éggg)’
(9) and an out 3vheze Hre atleash g epenings (4, 13¢ pre inyfluidicopymupication thipyghithe; oo,
101) bei ng i ndejensbektd hore €1 0), év alblich ¢ide pogketdiord EldHtat beast twis valivea{108h

openi ng arr ang‘i@li greﬁleg%nig@&?ﬁ B&ies¥d! thrih hldoudle fIfif Bdrfier PAKERh tRERAIEDored) -

Val ve system acco . C 1, characterlzed in that the valves 00,
101) are choseﬁg} ?‘Edﬁ‘hobtﬁﬂﬁpp?ég]ﬁgf’%lﬁtﬁ'bangfglf(pg\&ﬂ?:Bhl[efiﬁtl%wd’e‘(ﬁqlf%ss{ﬁ)gaééf)i ft
devi ceslS cheni baing infleprndontly estiiceable throuphay leastyortesimstatiobenlopeping acd ai m 1,
characterized ifhdddah thdténal %ﬁt(llwm%|sY®9%&d@9ma$@ﬂe) (6y.r anged i nsi de

t he side pocket bore (10), the valves (100, 101) either being connected
directly to Radiled heternmcberding tondainet} ¢haracterfizad o thanthe vabes (500,040 1) he

si de pocket bor,g. (Hkn fidh 4ErsYp LIS ARSI cbRtrbl ddvites, ghdBitalevRieszed i n

that one valve (100, .1Q1).1s GIpr.ow (%ed Wth at | east one constant orifice.
Val ve syst em aCbemfizhuedion dgviees & har acteri zed in that one val ve (100,

101) i sygprov4 dggl g %}Qt% abE& gl ecégiﬂi V?#}@?&?ﬁ%ﬁéc{ inCtBat %@la’( feaSt/ 46 Valves

according to clarm aract e ed | a val ves 00, 1 re '
arranged to op&h0Gr10d) awangad lngide the & Wéket\iaqfeé? gfee ][ﬁ?ﬁ‘ﬂ%)gr 31% IthEF ai m

1, charact eri zddirigncdnnatted déreotly vesaqhl@ber aOlding indisactlyrigdthid compumicn-

close at differpRtpPheSidd forket Be¥e(EopYSt em according to claim 1,
characterized in that the 'side pocket” mandrel (6) al so conprises
measur ement 40\ alvesystenvakbvadingstoartaiac ¢ peldiragetizedcinahat dne edlee A00eADIED i n
that thg side %‘P&%?Ed RQfheat 1§a?s%né§on?§t9:¥tid}ﬁﬂce‘!"ith at least two sets of
| at ching lugs or clanps (15).

5. Valve system according to claim 1, characterized in that one valve (100, 101) is

provided with at least one adjustable orifice.

6. Valve system according to claim 1, characterized in that the valves (100, 101)
are arranged to open or close at same pressure.

30 7. Valve system according to claim 1, characterized in that the valves (100, 101)
are arranged to open or close at.different pressures..
8. Valve system according to claim 1, characterized in that the side pocket mandrel

(6) also comprises measurement equipment.

9. Valve system according to claim 1, characterized in that the side pocket bore
35 (10) is provided with at least two sets of latching lugs or clamps (15).

10. Valve system according to.claim 1, characterized in that at least one sleeve is
arranged on an.outside or an inside of the side pocket mandrel (6), the rotatable.



10. Val ve system according tos claim1l1, characterized in that at |east one
sl eeve is arranged on an outside or an inside of the side pocket mandrel
(6), the wotatiatobms2 WO 2011/ 102732PCT/ NO2011/ 000055 12 psiraeze1hmiesg
arranged over the at |east one through opgning of the laterally side pocket
bore (10) or internal wall (11). 11. Valve systemaccording to claim1l or
10, characterized in that the rotatable sleeve is provided with at |east
one through reskesyge beifg horangedover the at least one through opening of the laterally side

pocket bore (10) or internal wall (11).

11. Valve system according to claim 1 or 10, characterized in that the rotatable
sleeve is provided with at least one through recess.

10

15

20

25



