PUMP FOR PUMPING HYDRAULIC WELL CONTROL FLUID INTO A PROSUCTION FLOWLINE
Field of the Invention  The present invention relates to pumps, in particular to pumps for pumping
hydraulic well control 5fluid into a production flowline of a well. Background of the Invention During the
operation of a subsea well, hydraulic fluid is expelled from hydraulic control actuating devices, such as
valve and choke actuators. Typically, in the past, this fluid has been exhausted 10 to the sea. The
fluid is, typicallmratbdenmelneoHyasew aidiE INoBosORDU a0 Ha NpEOAFRIOSVT T IONVRIOWIERE
legislation now prompts well operators to stop exhausting such fluids into the sea, particularly on new
installations: which presents well equipment suppliers with the problem of finding a solution to the new
requwemé:ﬁf%‘igﬁlééléﬁmmcatlon No, 0820326.7 discloses a method of disposing of hydraulic well
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possible ﬂ:‘% glﬁ g%ép&;i}%qlméhoﬁg Elsctrically powered pump, a failure of electric power would

not allow raulic to continue to be exhausted from actuators during the well shut down. The
present inventlon enables a pump that provides the necessary pressure to inject exhausted hydraulic
fluid into theckepsluatiohtiflowleatidrandles the fluid exhausted during a well shut down and does not
need e'ecﬁéﬁﬁﬂ@ Ecr% H“S‘F%@u%@g?a%&\’eﬂ‘yﬁ?éhlﬁ%%%’&ﬁgl%@fﬂfﬁ%m‘é%ﬂﬂcﬁ 9B affgasPect.
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devices, such as valve and choke actuators Typically, in the past, this fluid has been exhausted

10 to the sea. The fluid is, typically, ethylene glycol based and is now considered to be a pollutant.
Environmental legislation now prompts well operators to stop exhausting such fluids into the sea,
particularly on new installations, which presents well equipment suppliers with the problem of
finding a solution to the new requirements. GB Patent Application No. 0820326.7 discloses a
method of disposing of hydraulic well control fluid, comprising pumping the fluid into a production

15 flowline of the well. Although it is possible to effect such a method with an electrically powered
pump, a failure of electric power would not allow hydraulic fluid to continue to be exhausted from
actuators during the well shut down. The present invention enables a pump that provides the
necessary pressure to inject exhausted hydraulic fluid into the production flowline, handles the
fluid exhausted during a well shut down and does not need electric power.

20
Summary of the Invention

According to the present invention from one aspect, there is provided a pump for use in pumping
hydraulic well control fluid expelled from a control device of a well, comprising means for
accumulating such hydraulic well control fluid and means for using the pressure of hydraulic fluid
25  supplied to the well to pump accumulated hydraulic well control fluid into a production flowline of

the well.

Preferably, said accumulating means comprises a cylinder arrangement including a piston,
accumulated hydraulic well control fluid acting at one side of the piston for displacing the piston in
30 afirst direction, said means for using the pressure of hydraulic fluid supplied to the well applying

pressure at the opposite side of said piston.

According to the present invention from another aspect, there is provided a pump for pumping
hydraulic well control fluid expelled from a hydraulic control device of a well into a production

35  flowline of the well, comprising:



hydraulic well control fluid expelled from a control device of a well, comprising means for accumulating
such hydraulic well control fluid and means for using the pressure of hydraulic fluid 25supplied to the
well to pump accumulated hydraulic well control fluid into a production flowline of the well Preferably,
said accumulating means comprises a cylinder arrangement including a piston, accumulated hydraulic
well control fluid acting at one side of the piston for éﬁsplacing the piston in 30a first direction, said

means for using hEsPigsuLe AUl idsunlithiodni wall anlind Rrgss i@ ecpaosie

side of said piston. _ present invention from another aspect, there'is provided a pump
for pumpitiEhidRa e FuINEshaGRASRIERbelled from a hydraulic control device of a well into a
production flowlingisibthia wvellirstaiyipidsingradgement, expelled well control fluid being accumulated on

one side of the piston;
5 a second cylinder arrangement containing hydraulic fluid and in fluid communication with
the first cylinder arrangement on the opposite side of the piston, wherein the pressure of expelled
fluid accumulating in the first cylinder arrangement can cause said piston to be displaced in a
direction towards the second cylinder arrangement, there being means for accommodating the
displacement of hydraulic fluid in the second cylinder arrangement; and
10 a further inlet to the first cylinder arrangement on the opposite side of said piston for
receiving hydraulic fluid supplied to the well, there being an outlet from the first cylinder
arrangement on said first side of the piston for communicating with a production flowline of the
well, the pump being such that if said piston has been displaced toward said second cylinder
arrangement and if hydraulic fluid is applied to said further inlet at a pressure greater than the
15 pressure of accumulated well control fiuid in the first cylinder arrangement, said piston is
displaced in a direction away from the second cylinder arrangement to displace accumulated well

control fluid out of the first cylinder arrangement via said outlet.

There could be displacement means (such as a spool) received by said first cylinder arrangement
20  between said piston and said further inlet, there being urging means (such as spring means in

said second cylinder arrangement) for urging said displacement means in a direction towards the

second cylinder arrangement, hydraulic fluid at said further inlet acting on said displacement

means so that, if the pressure of hydraulic fluid at said further inlet is greater than pressure of

accumulated well control fluid, said displacement means is displaced against the action of said
25  urging means to displace said piston.

Each of said first inlet and said outlet is preferably provided with a one-way valve for permitting

flow into and our of said first cylinder arrangement respectively.

30  Said second cylinder arrangement could comprise a first cylinder in fluid communication with said
first cylinder arrangement and a second cylinder in fluid communication with said first cylinder,
there being a further piston in said second cylinder, said accommodating means being in fluid

communication with the side of said further piston remote from said first cylinder.

35  Said accommodating means could comprise an expandable container.



a first cylinder arrangement, for accumulating such hydraulic well control fluid via a first inlet to the first
cylinder arrangement; a piston in the first cylinder arrangement, xpelled well control fluid being
accumulated on one side of the piston; 5a second cylinder arrangement containing hydraulic fluid and
in fluid communication with the first cylinder arrangegent on the opposite side of the piston, wherein
the pressure of expelled fluid accumulating in the first cylinder arrangement can cause said piston to
be displaced in a direction towards the second cylinder arrangement, there being means for
accommagdating the displacement of hydraulic fluid in the secon linder arrangement; and 10
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step increase, typically to 345 bar, of the hydraulic pressure fed to the well, to provide power to

operate the pump, such that neither electric power nor a separate hydraulic power source is
required. The pump also incorporates a storage system, adequate to contain the expelled fluid
during a well shut down, which could result from electrical and /or hydraulic power failure, which is
emptied on restoration of hydraulic power. Furthermore no hydraulic fluid is exhausted from the
hydraulic operating mechanism of the pump, as the fluid is recycled.

Brief Description of the Drawings

Fig. 1 shows a pump according to an embodiment of the invention in a quiescent state;

Fig. 2 shows the pump having accumulated expelled hydraulic control fluid;

Fig. 3 shows the pump having pumped accumulated hydraulic control fluid into a production
flowline of the well; and

Fig. 4 shows an alternative pump construction in the condition of having accumulated

expelled hydraulic control fluid.

Detailed description of the Invention

Referring first to Fig. 1, which is a diagrammatic sectioned view of a pump in its quiescent position,
i.e. ready to accept exhausted or expelled hydraulic fluid, an inlet port 1 is connected to the
combined exhaust hydraulic control fluid outlets from hydraulic devices on a subsea well, such
valve and choke actuators. When one or more hydraulic devices exhausts fluid, it passes via a
non-return valve 2 into a void 3 within a cylinder 4 to be accumulated therein and push a free



first cylinder arrangement and a second cylinder in fluid communication with said first cylinder, there
being a further piston in said second cylinder, said accommodating means being in fluid
communication with the side of said further piston remote from said first cylinder. 3 The pump could
include means for sensing pressure of accumulated expelled hydraulic weD control fluid to produce an
indication for use in increasing the pressure of hydréullc f|UId at said further inlet in response to the
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the force applled by the well hydraulic power source. Thus, the spool 10 remains in position to the

right in the figure, the spring compression being just enough to retain the spool 10 over the
tolerance range of the normal operating pressure of the well hydraulic power source.

The void 3 is thus a storage or accumulation space for expelled hydraulic fluid from the operation of
well control hydraulic devices, resulting in the piston 5 eventually moving as far to the right in the
figure as it can, being stopped by the left-hand face in the figure of the spool 10, and fluid in the
cylinder 8 being displaced into the bladder 9. This state is illustrated in Fig. 2. Further expelling or
exhausting of hydraulic fluid into the inlet port 1 results in a rise in this inlet pressure, which is
sensed by a pressure switch 16. Such a pressure switch 16 normally exists already on well
hydraulic fluid exhaust systems and is connected electrically, via the well umbilical, to the well
control centre at the surface, or on land, where the well hydraulic power source is also located. On
receipt of a signal from the pressure switch, the control system step increases the hydraulic
pressure at inlet port 14 from the source, i.e. typically, for example, from 280 bar to 345 bar.

Fig. 3illustrates the result of this increased pressure, via the inlet port 14, acting on the right-hand
face is the figure of the spool 10, producing a force greater than that applied by the spring 15,
resulting in the spool 10 moving to the left in the figure and closing of the valve 11, since itis moved
away from the spigot 12, and an increase of the pressure of the exhausted hydraulic fluid in the void
3 in the cylinder 4. An outlet port 17 of the pump houses a non-return valve 18 and is connected,
via a pressure release valve, to an injection nozzle in the well production fluid flowline. The
increase in pressure in the void 3 closes the inlet non-return valve 2, and when greater than the



Detailed description of the Invention Referring first to Fig. 1, which is a diagrammatic sectioned view
of a pump in its quiescent position, i.e. ready to accept exhausted or expelled hydraulic fluid, an inlet
port 1 is connected to the combined exhaust hydraulic control fluid outlets from hydraulic devices on a
subsea well, such valve and choke actuators. When.one or more hydraulic devices exhausts fluid, it
passes via a non-return valve 2 into a void 3 within a cylinder 4 to be accumulated therein and push a
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It should be noted that the cylinder 8 and its free running piston 13 are not essential components of
this pump, since it will function correctly with the output of the cylinder 7 connected directly to the
bladder 9. However, well operators prefer double isolation of a pump core from the external
environment and, since the bladder provides only a single level of isolation from the environment,
the cylinder 8 and piston 13 are included to provide a desired second level of isolation. Also,
spring 15 could be replaced, for example, by the use of hydraulic pressure for urging spool 10 in a
direction to the right in the figures.



If there is a failure of the hydraulic power supply fed to the inlet port 14, when the cylinder 4 is full of
expelled hydraulic fluid, more hydraulic fluid will be available at the inlet port 1. This is able to enter an
overflow cylinder 21, depressing a piston 22. The volume of the cylinder 21 is designed to be sufficient
to handle all expelled hydraulic fluid resulting from a well shut down. On restoration of the hydraulic
pressure at the inlet 14, the pressure switch 16 opefates at the first exhaust of hydraulic fluid via the
inlet 1, resulting in operation of the empty cycle by a step increase of pressure at the inlet 14.
Reference numerals 23 deS|gnate holes which perforate the right-hand side in the figures of spool 10
to allow fiEeVeRRADY in the cylinder 7. The maximum pressure that can be
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to suit a pesticuiah ABRKEBtAReA iRkl oher Iatiesesrthe internal diameters of the cylinders 19 and 20
will have to be substantially greater than that simply calculated, as above, since the available force is
reduced as the spring 15 compresses. It should be noted that the cylinder Band its free running piston
13 are not essential components of this pump, since it will function correctly with the output of the
cylinder 7 connected directly to the bladder 9. However, well operators prefer double isolation of a
pump core from the external environment and, since the bladder provides only a single level of
isolation from the environment, the cylinder 8 and piston 13 are included to provide a desired second
level of isolation. Also, spring 15 could be replaced, for example, by the use of hydraulic pressure for
urging spool 10 in a direction to the right in the figures. 6 Advantages of using the invention The key
advantage of the pump is that it does not require a separate source of power, and operates from a
step increase of pressure from the existing well hydraulic power source. Further advantages are a) the
hydraulic fluid used by the pump is not expelled or exhausted, but recycled back to its source when the
step increase of pressure is reduced to normal operating pressure and b) exhausted or expelled
hydraulic fluid from well actuators for example, resulting from a well electric and/or hydraulic power
failure, is accommodated by the pump and disposed of by injection into the production flowline when
hydraulic power is restored. 7 CLAIM A pump for pumping hydraulic well control fluid expelled from a
hydraulic control device of a well into a production flowline of the well comprising:



a first cylinder arrangement (4), for accumulating such hydraulic well control fluid via a first inlet (1) to
the first cylinder arrangement; a piston (5) in the firstlcylinder arrangement, expelled well control fluid
being accumulated on one side of the piston; a second cylinder arrangement (7,8) containing hydraulic
fluid and in fluid communication with the first cylinder arrangement on the opposite side of the piston,
said pistocb@imgslisplaceable in a direction towards the second cylinder arrangement due to the
pressure of expelled fluid accumulating in the first cylinder arrangement, there being means (9) for
accommaodating Aputhispiacemerit @ hinhcnalidie U miroh usd eapel eyl inclarainyaing@imentitiand a further
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fluid supplied to the well, there being an outlet (17) fr e first cylinder arrangement on said first side
of the piston for communicating with a production flowline of the well, so that if said piston has been
displaced towarcPdHR Q4EsIea yARARMERHAy R arcHRY Rt HEn M rdiaukicappllieensos Bicruidher inlet

at a pressure grepfestting thetotassuee sfiagetardatrenest! control fluid in the first cylinder
arrangement, said piston is displaced in a direction away from the second cylinder arrangement to
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characterised by hieans d?ftor sensn)(g the pressure 0 accumulats expeﬂeofJ hy Faulic well control
fluid to produce @edHualigiatiesh doronscsineinttbadiistptrie pressure of hydraulic fluid at said further inlet in

response to the pressure of accumulated expelled hydraulic well control fluid reaching a particular
value. A pump ageQrling 1 laiinal-angercintess isslishlasemealmerns 43@)baiween said piston (5)

and said further inlet (14), there being urging means (15) for urging said displacement means in a
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said urging means to displace said piston. A pumg) according to claim 2, wherein said displacement
means comprise2ER8gREN oY RIELOEW Fesar (MidPLarredmadatioe thetisrPsenfdbafsaid piston (5)
and said further jeiddi#) fluid in the second cylinder arrangement; and

a further inlet (14) to the first cylinder arrangement on the opposite side of said piston
for receiving hydraulic fluid supplied to the well, there being an outlet (17) from the
first cylinder arrangement on said first side of the piston for communicating with a
production flowline of the well, so that if said piston has been displaced toward said
second cylinder arrangement and if hydraulic fluid is applied at said further inlet at a
pressure greater than the pressure of accumulated well control fluid in the first
cylinder arrangement, said piston is displaced in a direction away from the second
cylinder arrangement to displace accumulated well control fluid out of the first

cylinder arrangement via said outlet; and characterised by

means (16) for sensing the pressure of accumulated expelled hydraulic well control
fluid to produce an indication for use in increasing the pressure of hydraulic fluid at
said further inlet in responise to the pressure of accumulated expelled hydraulic well

control fluid reaching a particular value.

2. A pump according to claim 1, wherein there is displacement means (10) between
said piston (5) and said further inlet (14), there being urging means (15) for urging
said displacement means in a direction towards the second cylinder arrangement
(7,8), hydraulic fluid at said further inlet acting on said displacement means so that if

the pressure of hydraulic fluid at said further inlet is greater than pressure of



4. A pump according to any preceding claim, wherein said urging means comprises spring means (15)
in said second cylinder arrangement (7,8). 5. A pump according to any preceding claim, wherein each
of said first inlet (1) and said outlet (17) is provided with a one-way valve (2 or 18) for permitting flow
into and out of said first cylinder arrangement (4) respectively, A pump according to any preceding

claim, wherein said, 3aGRACHGYENEEHRS ANRE VG FQIRRERRHAHEShEYURAGS4 &3 dLlidifg aramunication

with said first cylinder arrangement (4) and a second cylinder (8) in fluid communication with said first
cylinder, there bBRIGLAFRE MR MEEsRitP Jixp'ace S Riftier, said accommodating means (9)

being in fluid communication with the side of said further piston remote from said first cylinder. A pump
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supplied to the wigthisr piep1agcumulated hydraulic well control fluid into a production flowline of the
well, the method comprising: accumulating such hydraulic we | control fluid in a first cylinder

arrangemgnt (4),0 Vi irst 10l he first cyvlinder ar t, the e well control
fuic beime acours Lt B B Ao S L e R o hawing 2
second cylinder @88 deesent (2)an catsrraghgdiadsicantaaganeent filf#)-communication with the first

cylinder arrangement on the opposite side of the piston and the pressure of expelled fluid
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of said first cylinder arrangement (4) respectively.

6. A pump according to any preceding claim, wherein said second cylinder arrangement
comprises a first cylinder (7) in fluid communication with said first cylinder
arrangement (4) and a second cylinder (8) in fluid communication with said first
cylinder, there being a further piston (13) in said second cylinder, said
accommodating means (9) being in fluid communication with the side of said further
piston remote from said first cylinder.

7. A pump according to any preceding claim, wherein said accommodating means

comprises an expandable container (9).

8. A method of pumping hydraulic well control fluid expelled from a control device of a
well, by accumulating such hydraulic well control fluid and using the pressure of
hydraulic fluid supplied to the well to pump accumulated hydraulic well control fluid
into a production flowline of the well, the method comprising:

accumulating such hydraulic well control fluid in a first cylinder arrangement (4) of a
pump via a first inlet (1) to the first cylinder arrangement, the expelled well control
fluid being accumulated on one side of a piston (4) in the first cylinder arrangement,
the pump having a second cylinder arrangement (7,8) containing hydraulic fluid and
in fluid communication with the first cylinder arrangement on the opposite side of the
piston and the pressure of expelled fluid accumulating in the first cylinder
arrangement causing said piston to be displaced in a direction towards the second

cylinder arrangement, the method further comprising accommodating the



receiving hydraulic fluid supplied to the well via a further inlet (14) to the first cylinder arrangement on
the opposite side of said piston, there being an outlef (17) from the first cylinder arrangement on said
first side of the piston communicating with a production Bowline of the well, the method comprising
sensing the pressure of accumulated expelled hydraulic well control fluid to produce an indication
which is used to Mmsmﬁm Fregstaigiof higdrahkicsidishatcyardiéu dhrangdetent tlBsponse to the pressure
of accumulated X raulic w II tral fluid reaching a particular value and being such that in
response thereto g%u hgcfjél%% rﬁﬁla eiss g %ﬁéad at said further inlet at a pressure greatergthan the
pressure of accumulated well control fluid in the first cylinder arrangement, to displace said piston in a

direction away friseeiMiagsyermyls/ fHigesunrtes inieavel yiaiggiateatreintidatedhdirdsutideiuid out
of the first Cylindarrar@éiﬂaﬁﬂeﬁttwéaow@sﬂétéﬁe/bﬂgmprétaﬁcm&i@%émglam&;ewherpirbwgieg means

(15) urges displac means (10) between. said said further inlet (14) in a direction
towards the sec% %{%}5 raJF?gﬁﬁé}%%?Qf%?ﬁ?é)?g{ﬁ ﬁfldpé? igFUIhE TR w“e é@ ||31|g on said
displacement meandlehdbmllmpuhselwlthmmdecomwdmBeﬁﬂim Mearggsireafinlet being
greater than the geessaiie:eh aspuR AiRAuRl TNtk ibifurAd shsmlesamaniicanansisasplaced

against the action of said urging means to dlsgace salddalston A method accordlng to claim 9,

wherein said disHREEIADRRASS RGBSR EECEYIEIIE 'Pe%te?\%bfﬁﬂ}'?élﬁ‘lﬁrté{’éﬁﬁﬂﬂ %Wéhﬁement
(4) between saldppestsme(ﬁ)‘ aoclsaithfedtbgsa et {fdiadit. vielimethinel Hoicbrelioying alaartiéutar 10,

h id -|' 7.8
12 method ac B Hn 8 8 B8 S S S e R P I et (17)

is provided with ZUBRETIRSH FhRETESBIe Greatasdrantiirmess e BABCHI bt diw e soaim deid
arrangement (4) ifegiRemiy elind@rAmaitcatoer disgdecastidddisiaims 8 dpekliowbatsimrsmdhsecond

cylinder arrangement es afirst ¢ Ilnder in fluid communication Wlk id first cylinder
arrangement (4) 0] '31% C&:I:%ﬂs r(%; il e’?é?m ug% Aer'ﬁ:emﬂ%?ga %#vﬁtwe aid" 8Ff'il i OUF Wh
first cylinder arrangement via said outlet.

9. A method according to claim 8, wherein urging means (15) urges displacement
means (10) between said piston (5) and said further inlet (14) in a direction towards
the second cylinder arrangement (7,8), hydraulic fluid at said further inlet acting on
said displacement means so that in response to the pressure of hydraulic fluid at said
further inlet being greater than the pressure of accumulated well control fluid, said
displacement means is displaced against the action of said urging means to displace

said piston.

10. A method according to claim 9, wherein said displacement means comprises a spool
(10) received by said first cylinder arrangement (4) between said piston (5) and said
further inlet (14).

11. A method according to claim 9 or 10, wherein said urging means comprises spring

means (15) in said second cylinder arrangement (7,8).

12. A method according to any of claims 8 to 11, wherein each of said first inlet (1) and
said outlet (17) is provided with a one-way valve (2 or 18) for permitting flow into and

out of said first cylinder arrangement (4) respectively.

13. A method according to any of claims 8 to 12, wherein said second cylinder
arrangement comprises a first cylinder (7) in fluid communication with said first

cylinder arrangement (4) and a second cylinder (8) in fluid communication with said



first cylinder, there being a further piston (13) in said second cylinder, said accommodating means (9)
being in fluid communication with the side of said further piston remote from said first cylinder. 14.A
method according to claim 13, wherein said accomm®dating means comprises an expandable
container (9).

first cylinder, there being a further piston (13) in said second cylinder, said

accommodating means (9) being in fluid communication with the side of said further
piston remote from said first cylinder.

14. A method according to claim 13, wherein said accommodating means comprises an
expandable container (9).



