WO 2008/147217 PCT/NO2008/0001792 CONTROL SYSTEM Field of the Invention The present
invention regards a method and device for relieving a pressure within a 5 first cavity to a second
cavity in a subsea facility. location and the pressure/ monitor source is no longer there because of
the possibility of wellbore fluids (hydrocarbons) travelling through the conduit to the pressure/monitor
source on th&Yé8&&]4r*proximity to personnel. If the conduit is present, m8f& sutetysmeasures and hi
gher vessel certification are required in order 20to properly handle and dispose of hydrocarbons
should they become present. All of this in turn increases the day rate (charges per day) which would
otherwise make RLWI less economical. The propesgd inyentippprovides a means to create a
differential presgure an ggggg&t& ﬁ%grocarbons back into the well; providing for both the pressure test
mission and prévé“n(fing ydrocarbons from escaping. Summary of the invention 30The present
invention relates to a method for moving a fluid from a first cavity with a lower pressure, for instance an
annulus, to a secohl e&vity With ‘& Riger prassite MforiAstarice aflon e in asubseataeility.
Accordingto thétirventionia flaid-withimthe first eavity: is:allowed to flow through a first line to a transfer
accumulator which fluid then is pressurized by a piston arrangement within the transfer accumulator
and then transferzed fronh thestignsier aagrymulator into the second cavity. This process may either be
used for building pressure within a cavity with a fluid from a cavity with a lower pressure than the
pressure one dasire.in the cavify or 1o felease,a,fuid from,a covity with 2 fluid at 2 lowsr pressure to a
fluid with a higher pressure. # ccoyd!ng"'to%e first aspect of the present vention. thete is provided a
method for pres&tira fesing By atliing & preSife Withil 4 st cavity dSs0tiatéd With'a‘sibisea
wellhead structtife By:#Hevifg fifc front Saierfirst eavity having & first presstre rto aisecohd bavity
having a second:préssure;where thedsecond presstre isthigher thanithe firstdsressure; wiherein it
comprises the stepsief actintingia piston in:adransfer accommdlator te-gdrawdhuig-fromthedirst cavity
through a first lipgs-then pressutizing.the fluid withingthe, tansferaceumuaton ssing saisRisien, and
discharging the fluig from. saidifransfer aecumulatorinto the segond,cavity, According fo the second
aspect of the present invention, there is %r(())r\}/iiggq;oal?ﬁaﬁpgaraﬁus for %?tian a sea igf subsea wellhead
structure, the seal beln rllocgf’e%;édjacer_y a cavity associated \%ﬁt &' Subséa Welihéad structure,
whereby the tedti5§ FE EarPied IR By rEdGeiHy BB TYEs5a e Y s SIS C EVRy &R hRF SRt s pFatus
comprises a traPiSEstEC BTt er eEhractBe Viass fivsefitidmine comiptsing d Srecwsvialve with said
cavity, and conpected. visve: setond fhitklineaconpasing @ secondone ey vadeewithia flcivtine, where
the transfer acaunpulaterncompiisesdad aetuatethpistonarsangamentior peessurizirgshe fuidwithin the

transfer accumulladqr independentofthepressutasindhecavity andhe Jowlingerwise make

RI.WI less econonucal.

The proposed ipvention provides a means o create a differential pressure and
Z5 redirect hyvdrocarbons back into the well; providing for both the pressure test

mission and preventing hydrocarbons from escaping.
Summary of the invention

20 The present invention reiates to a method for moving a fluid from a first cavity with
a lower pressure, for instance an annulus, 10 8 second cavity with a higher pressure,
for instance 2 flow Ime. 1n a subsea facility. According to the invention a fluid
within the first cavity 1s allowed to flow through = first line to 2 transfer
accumutator which flmid then ts pressurized by 2 piston arrangement within the

transfer accurnpulator and then transferred from the transfer accumulator into the

Lad
i

second cavity. This process may either be used for building pressure within a caviry
with a fluid from a cavivy with a lower pressure than the pressure one desire in the
cavity or to release 2 fluid from a cavity with a fiuid at a lower pressure to a fluid
with a higher pressure.

40



WO 2008/147217PCT/NO2008/000192 2 The benefit of the invention is that it complements and
improves pressure testing safety associated with the "no hydrocarbons to surface" philosophy used
elsewhere (such as the lubricator circulation patent W00125593). 5The invention makes it possible to
flush all kinds of fluids, such as hydrocarbons, hydrate inhibitors (MEG) and seawater. It also makes it
possible to bleed off parts of the system having pressure lower than the well pressure or flowline
pressure, such as the annulus. By using the inventipn, annulus pressure can be bled to the flowline.
The items that can be tested may include, but not restricted to, a downhole safety valve, crown plug,
rams in the LRP, isolation valves and production valves, the pressure control head (PCH) and grease
injection unftc®Witls fleethr dsshiimgentidnbic wiktdetpossibietotheduce the Prelssureba location in the

subsea sysiemuFhe-ahilith o keduse the RIGSSUIRS AChISVES WA, RYTROSES: Qe ong hand it wil
enable a testiﬂ of.the inte r'g of sealsffo t it can he ascertained, they are working properly. On the
ik ar b ét ¢ g '

other hand Nwill Shabl& fydrateS adlam 0TS HEaofy t B Hbifed 9518 Forihation of

es accamu
hydrates iss¢épdiepéidentiporetine pressure. aridite peratadenisiowerindebéthetetnpérature, as for

instance whenrdiyeracarbpns cemedpiarontastowithihencopiel sHipy Rdingseawatanwill lead to
hydrate forglatloHuaig aset pressure. LOV\{%gn th%gsé ssure and/or increasing (ﬁh,e temperature allow
a

the hydrates 16 malt an: BRI RYYFO EabBn Fad  FhE SutBiARE SN SHHg dte gy block off

nd convert
a cavity or Hpiper atrduaTdetematascabbdiveatiend tdexdagmbetioorsideraibty diffituttiestin removing
this hydrateluguRrigfisleserptiometthePrawings 30The invention will now be described with
reference to the accompanying drawing where

According to the second aspect of the present invention, there is provided an apparatus
for testing a seal in a subsea wellhead structure, the seal being located adjacent a cavity
associated with the subsea wellhead structure, whereby the testing is carried out by
reducing the pressure in said cavity, wherein the apparatus comprises a transfer
accumulator connected via a first fluid line, comprising a one-way valve with said cavity,
and connected via a second fluid line comprising a second one-way valve with a flowline,
where the transfer accumutator comprises an actuated piston arrangement for pressurizing
the fluid within the transfer accumulator independent of the pressures in the cavity and
the flowline.



. Fig. 1 is a sketch of an intervention system on a subsea well, Fig. 2 is a diagram showing a first
embodiment of the invention, Fig. 3 is a sketch showing a detail of a second embodiment of the
invention, 35Fig. 4 is a diagram of a chemical injection unit according to the invention, and Figs. 5 -8

are diagramsyghowing,the, different modes of operation. Description of the preferred Embodiments
40Fig. 1 is an exemplary schematic drawing showing a RLWI system where the invention might find

use. This is only an example and it should be obvious that the invention might find use with any
subsea system where such functions are desirable. WO 2008/147217PCT/NO2008/000192 3 Fig. 1
shows a subseaTbbricatiistétkeforvantintery&mion sysiémuattachetitoracsubseaswel Bggquipped with
a Christmas treesdfanch esflowidelarh bilical 6 iepdending e & RReasS fadiliiyo(ot shavwewhsubsea
lubricator stack ingluides @Pressure perpialidgvice suoh as adsower Riser Package (LRP) 11, a
lubricator (pipe) 12 and the pressure control head (PC1-1) 13. The system has a control unit 15 for the

control of the varipus processes during the ratio A% ecial i 1;t{erventio umbilical 17 may be
attached (6 the Co MRS e B O L 1A AL S Bt Salion 0k EhBu rsiber, e

invention also cOREHSIRBLHES HRIEEIFHUISABAIGUS 10system, with the necessary signal and power
requirements being met by using the production umbilical. Finally, a line 23 extends from the control
unit 15 to a PCHicontrolaimit 2Lpddseblineo28ashypitamyteidclric sl den/or opticalesigmals end thydraulic
lines for fluid comunritationhetucaihiacontohunidancdevicas iniheBR G nk3ihkShhenkubiicator is
used to ingert togls,inta the.well asiswallknpwn indheat. The

The items that can be tested may include, but not restricted to, a downhole safety
valve, crown plug, rams in the LRP, isclation valves and production valves, the
pressure control head (PCH) and grease injection umt.

15
With the present invention it will be possible to reduce the pressure at a location in
the subsea system. The ability to reduce the pressure achieves two purposes. On the
one hand it will enable a testing of the integrity of seals so that it can be ascertained
they are working properly. On the other hand it will enable hydrates accumulated

20 into a cavity to be “boiled” off. The formation of hydrates is very dependent upon
the pressure and temperature. A lowering of the temperature, as for instance when
hydrocarbons come into contact with the cooler surrounding sea water will lead to
hydrate formation at a set pressure. Lowering the pressure and/or increasing the
temperature allow the hydrates to melt and convert back to hydrocarbon gas. The

25 formation of hydrates may block off a cavity or a pipe and, at a remote seabed
location, there can be considerably difficulties in removing this hydrate plug.

Brief description of the Drawings

30 The invention will now be described with reference to the accompanying drawing
where
Fig. 1 is a sketch of an intervention system on a subsea well,
Fig. 2 is a diagram showing a first embodiment of the invention,
Fig. 3 is a sketch showing a detail of a second embodiment of the invention,

35 Fig. 4 is a diagram of a chemical injection unit according to the invention, and
Figs. 5 — § are diagrams showing the different modes of operation.

Description of the preferred Embodiments
40 Fig. 1 is an exemplary schematic drawing showing a8 RLWT system where the

invention might find use. This is only an example and it should be obvious that the
invention might find use with any subsea system where such functions are desirable.



present invention will preferably be made as part of the control unit 15 for the intervention system but
may also be provided as a separate module located in the vicinity of the well. 20Fig. 2 shows a
diagram of the principle for reducing the pressure of a cavity. The cavity may be in the Christmas tree,

for example x@mpeRluG-gavity, in the LRP or even in the PCH. A transfer aeepmylataladsomprises a
piston 32 that divides the accumulator into two chambers 31 and 33. In a first embodiment of the

invention the piston is via a rod 25 connected to an electric motor 24 such that the motor can 25move
the piston in the accumulator 30. The chamber 31 may be open to the surrounding sea water while
chamber 33 has a first fluid connection with the flowline 6 by line 38. A one-way valve 42 and an
actuated valve 4Bigré ihcorpersitbstinteblinet88 stEhkfoisualsvea satisor Asteomprshtg gopressure and
temperature transmitiefv30 T beuthsr berd33 Qs ansecond 4luidi coNtedticmmnithi & gayityddpydine 39.
A one-way valveida aidan aclualesyadve 6 aredneeipriaiedii ine B dnfigs 3 theya.ls shown an
alternate embodimant of the actuation ofthe-Ristep n dne 351anster accumulator. A fisst cylipder 110
comprises 3 moygble pision 16 that dhdes e cyinder Inio dwd chiambers 114 SplATS A second
cylinder 120 likew|se comprises a movaé e piston Eiﬁa |V|8es, e Ccy |n3e,r INto {w‘ chambers 124
and 125. A rod Ptg oIS HETHEHISONS W BSKH Bthet SefiHal tes AT HbbE i tstdem. The
chamber 124 of #Y coirf bsfinadhsCoRrhaniD 6 conthetier s bt u Camislovale! BsioTh@ether
chamber 125 is Hkewise Nizvlirverl 2% coverdtted o thencontietvadver 180Gy thewottrerside of the
control valve a linesd28 conneetsdectherpuilaiohadpone1B2ulkepumnpdilgtisvia lingn3beconnected
to an accumulatgro¥uedidRABIEATZ1 TREAINQ2008/00Q18%14 34 Anethrrding:123 is Gopnected
between the contgol valyg;1 30 and digectiy,fo fhe,accumulaior 134, The function of.ing, 189 i@ return
ine while line 138, I3 the Upply ine, Y the conirol valve L0 In DEPASIoN shaun i Fig 3
starting the pump will
15 The lubricator is used to insert tools into the well as is well known in the art. The
present invention will preferably be made as part of the contrel unit 15 for the
intervention system but may also be provided as a separate module located in the

vicinity of the weli.

20 Fig. 2 shows a diagram of the principle for reducing the pressure of a cavity. The
cavity may be in the Christmas tree, for example crown plug cavity, in the LRP or
even in the PCH. A transfer accumulator 30 comprises a piston 32 that divides the
accumulator into two chambers 31 and 33. In a first embodiment of the invention
the piston 1s via a rod 25 connected to an electric motor 24 such that the motor can

25 move the piston in the accumulator 30. The chamber 31 may be open to the
surrounding sea water whiie chamber 33 has a first fluid connection with the
flowline 6 by line 38. A one-way valve 42 and an actuated valve 43 are incorporated
into line 38. There 1s also a sensor 41 comprising a pressure and temperature
transmitter.

30
The chamber 33 has a second fluid connection with a cavity 40 by line 39. A one-
way valve 45 and an actuated valve 46 are incorporated in line 39.

In fig. 3 there is shown an alternate embodiment of the actuation of the piston in the

35 transfer accumulator. A first cylinder 110 comprises a movable piston 112 that
divides the cylinder into two chambers 114 and 115. A second cylinder 120 likewise
comprises a movable piston 122 that divides the cylinder into two chambers 124 and
125. A rod 118 connects the two pistons with each other so that they will move in
tandem. The chamber 124 of the second cylinder is via line 126 connecied to a

4G control valve 130. The other chamber 125 is likewise via line 127 connected io the
control valve 130. On the other side of the conirol valve a line 128 connects to the
outlet of a2 pump 132. The pump inlet is via line 136 connected to an accumulator



pump hydraulic fluid into chamber 124, forcing piston 122 to move downwards. Fluid in chamber 125
empties via lines 127 and 129 back to the accumulator 134. To move piston 122 upwards the control
valve is switched to its second position. 10Cylinder 120 can be regarded as a master cylinder and

cylinder 110 sglawg/gylinder. The area of pistons 122 and 112 may be diffgrantheks5amople, it may
be advantageous to make the area of piston 112 smaller to minimize the "dead" volume in chamber

115. 15It should be noted that chambers 33 and 115 are connected with pipes or voids that may
contain gas. Since gas is a compressible medium it is difficult to use a pump to operate directly in a

gas environment fr preadisiizing broeVSaRaGsHATIE FraHGE PRHEWiNE §E defteaaBbvetyt Hiake it
possible to haveadifferehttardd4 of théipistonsy This fettusceanalsteb thevbirit tobéd Bhsiljhadapted to
different 20circusagtsindas;.e.g. different gas fractions. Referring again to Fig. 2 the function of the
device will now be described. When piston 32 is moved upwards this will reduce the pressure in cavity
40. One-way valye d2ill preveot fuid 49 he drawnspiom he fiewline 8, Yhen, the, movesent 250f
the piston 32 is revers%gd!{ta\{lvlly‘l %E%aig tr}?&%rt?srs%g [ UIKJ&% 385 Stp%r?%/ {§OV|Qg g;u)e fr%gr@s chamber 33
into the Bowlinepé’?rﬁi.e one-way valve 3§W| Stop Tlui movﬁ;%l 10 ifie 39, The piston is_cycled as
many times as netéssa ,%%Eaéﬁ%ﬁglafé%?rwg?é%%&%é i1k é} AG< TR HASRE Esbr 41 records
the pressure reabh&Pivt SatREy el “BOAF Hist B refRjephaat eniabTes Prediie et fedRidé@tto a lower
level than the ambient pressure. The only limitation for how far down pressure can be reduced is the
"dead voluine" g thi:dacUiuatose 35dhthiedcavity46: is behinid cxsdaliorde:te sted forintagrity-the
pressure is redutgd ie-a devalwhere the pressurg diferenceacross:ihe.seakwili-kelarge enough to

verify that the segf. functions, normallysf he.cavine 49 forsome;Leason as hegn clpaged ypwith a
hydrate plug, regrygwaglrbgprﬁ%sure will enable the hydrate to "boil" off, thereby removing the plug. The

pressure is continuously recorded. When the pressure has reached a level where the hydrate plug

starts to disintegrate the pressure will stay at the same level while WO
2008/1473 7Pt Aoy 0 3/oots1ighat chambers 33 and 115 are connected with pipes or voids that

may contain gas. Since gas is a compressible medium it 1s difficult to use 2 pump to
operate directly in a gas environment for pressurizing or evacuation. The
arrangement will, as stated above, also make it possibie to have different areas of
the pistons. This feature enables the unit to be easily adapted to different

20 eircumstances, e.g. different gas fractions.

Referring again 1o Fig. 2 the function of the device will now be described. When
piston 32 is moved upwards this will reduce the pressure in cavity 40. One-way
valve 42 will prevent fluid to be drawn up from the flowline 6. When the movement
25 of the piston 32 is reversed it will increase the pressure in line 38, thereby moving
the fluid in chamber 33 into the flowhine 6. The one-way valve 45 will stop fluid
moving into line 39, The piston is cycled as many times as necessary, to reach the
desired pressure in cavity 40. The pressure sensor 4] records the pressure reached in

cach cycle.

30
This arrangement enables pressure to be reduced o a lower level than the ambient
pressure. The only limitation for how far down pressure can be reduced is the “dead
volume” in the accumulator.

35 if the cavity 40 1s behind a seal to be tested for integrity the pressure is reduced to a

level where the pressure difference across the seal will be large enough to verify
that the seal functions normally.

If the cavity 40 for some reason has been clogged up with a hydrate plug, reducing
40 pressure will enable the hydrate to “beil” off, thereby removing the plug. The

pressure is continuously recorded. When the pressure has reached a level where the

hydrate plug starts to disintegrate the pressure will stay at the same level while



- there still are hydrates in the system. That is because as hydrate "ice" turns into gas it will expand and
fill the volume in the cavity 40. When the pressure sensor again records a falling pressure, thisisa
sign that the hydrate plug has been completely dissolved. As shown in Fig. 1 the control unit 15 with
the unit may W epsnaeted to all parts of the intervention system, such as the/Ghyiginas {see 4, the
LRP Il or, via line 23 the PCH 13. This enables all parts. of the system to be tested or, alternatively,
hydrate plugs removed. The items that can be tested may include, but not restricted to, a 10downhole
safety valve, crown plug, rams in the LRP, isolation valves and production valves, the pressure control
head (PCH) and yreas ettt s usmative dnfssairent IHEpesdars readaidgabmbined
with a chemical it wilhjsgtion systéh tiro el sompadtunitiin fig. Witserdisshewre adisgragiof a
15Chemical InjegtiondandiBare Eest-biniti(GiB Tk hnabeordmpyidrtheihyehiiohe Ascprayiousy
described the unifis,pperatively connected to all parts of the subsea intervention system. In addition to
the connegtion to the flowline 6 and a cavity 40, the unit has a separate connection Iine 57 to the well

control package P) and to 20qne or mo e ex rnal li es or ent re res b I|n 71 and
72, as |nd|cated%‘n F%O "rhes }I;o a?g%%%%%f (30 LE hetmoéiu]lle 1?90 3&% a‘%fx‘ %%gched to
T e o R e a1 eched

example from the(dinbilicdrs znedise ﬁ%‘trﬁ?di?c@%ih%i’tﬁ@r%ﬁgtéﬁwﬁ?é Ebrﬂf\@éﬂéﬁ"ﬂé@ yéridres lines for
signal and electpbatpewer28(HvE stonnihal teropeteative pants ofl thile. Systerrt (astieiest o naotors) have

connections to aisouied0fqiowerthal isavat shawn:hutiis tve L kivowso litithe aiitvcEhisdnay be hydraulic

or electrical powggthecenngetionsoppitied fromthe diag@nionelariv. Jheuaitaomprises a first fluid
line 14 extending between the MQC interface 70 and 30 the inlet of a liquid pump 20 driven by an

electric motor 22I The a&)tlé{,n%}s éf) ae_légm% ﬁ%{ﬁtg%\gc{g&%%t%ggge%bg%}Iue%tn I’IV C|rculat|oln pump. The

pump should have A capacity ar - to be vertfi rng tal esi he pump 20
is preferably corlRECHY GYEET) ROt SRAoRRTTo @ lopbide vaHsble S pauH i éa?@@b?%ﬁr speed control
via 3.3 kV umbilfchfesid deiers ¢t prcaPeuoRW @y iR IE-efettricessproWr fs tispliBe Bistgh umbilical

10. A line 28 extends between the pump 20 outlet and the first chamber 31 of transfer accumulator 30.
A one-way valver34anthari ppesatéctd ave:38 is ineludedin dne28ed he dthpsfar fistensiecamulator is

capable of 690 baedelta prassws nPabiAedirections fashisad dowmetdpwasiam prassure. As

ﬁﬁﬂfﬁ;g% é]v'th "RfETENERA0 FigpZihe Chamheh 37 ok the, TRDSIEN AcEUBUAILS: qenpesiadst the well

one or more exiernal lines or eguipment, represented by lines 71 and 72, as
indicated in fig 4. These are connected with the module using an interface 70 that is
attached to the unit by way of a multiple guick connector (MQC). This enables
fluids from an external source. for exampie from the umbilical 17, to be introduced
into the system. The connection aiso includes lines for signal and electrical power
25 {not shown). The operative parts of the system (actuators, motors) have connections
10 a source of power that is not shown but ts well known in the art. This may be
hydraulic or elecirical power, the connections omitted from the diagram for clarity.

The unit comprises a first fluid line 14 extending between the MQC interface 70 and
30 the inlet of a liguid pump 20 driven by an electric motor 22. The pump is preferably

a high capacity, 690 bar electric driven circulation pump. The pump should have a

capacity of 3.6m>/h at 500bar — to be verified during detail design. The pump 20 is

preferably connected directly (not shown) to a topside variable speed drive (VSD)

for speed control via 3.3 kV umbilical conductors (typical 100kW available electric
35 power) supplied through umbilical 10.

A line 28 extends between the pump 20 outlet and the first chamber 31 of transfer
accumulator 30. A one-way valve 34 and an operated valve 36 is included in line
28. The transfer piston accumulator is capable of 690 bar delta pressure in both

40 directions for bleed down of downstream pressure. As explained with reference to
Fig. 2 the chamber 33 of the transfer accumulator is connected to the well fluid
system



WO 2008/147217PCT/NO2008/000192 6 A line 52 extends from the interface 70 to connect with the
cavity line 39. Line 52 includes an operated valve 53. A first cross line 54 connects line 52 with the
output side of pump 68. Line 54 includes one-way valve 65 and operated valve 66. The 5inlet side of

pump 68 is Vigdingg3:¢pnnected to line 14. A second cross line 56 connegts liRg ngWithdine 28 at a
point between the one-way valve 34 and valve 36. Line 56 includes an operated valve 67. Finally a

third cross line 58 connects line 23 with line 56. A pressure reducer 62 and an operated valve 63 is
provided in line 58. 10The unit can be connected with the well control package (WCP) for injection of
chemicals into the well or well intervention system via line 57 that is connected to line 52. It includes a
one-way valve 58.1n4irté 64w ddsocco ettt fnith/ine §2nhine B4itehmiraies imafROM:Hol stab for
connecting a juripecdesthe amitausingian ROX. Thiscenabilas chemicatinjpetion wwichathespants of the
well system thatsigfnet raghed yitbe stapdard eproestians, Adirshbladderdanki?e with-awolume of for

instance 4m3 Isme@;séfa@w&g@@n@ﬁg% I e.ddhdndas piefered eabpdimentingJagk s a
separate retrlevable unit e}n e%t)gx a|t %gn e e)é%“%%e“ o‘{{aa new Lg ng Vap tagk
normally 20conta lns a at |tor su me G séond Sladg tank% normally
smaller than the A Bl L“i’d?é&n gtﬁ%& i é“@g%%glgfifﬁﬁs |§I§ﬁ§$n‘f8%%%s7}©“802hhected to
fluid line 23 befd‘?’étmé“ﬁﬁt-ﬁ o‘f,ﬁﬁ?ﬁfj}ﬁ%ﬁfeﬁﬁi‘s&b@d@@% RROEBHESNE MG} EnBIReard iR thaPmay be
25needed during the operation. This enables chemical injection during the period when the wireline
tool string @s retrigvedsio surfaceclherednayhaheoutie:berabre danks Withrdifterapt chemical fluids as

deemed necessaiymifigsadna forexampleibe provigre ayhankyafigantainersithalean:be switched at

will. Another a't?{l@é@%%ﬁﬁ%iﬁ%@aﬁ&&% 9a§vr93d¢%6}m%'@ﬁ%@ﬂé@!'ﬁﬂﬁ%&%ﬂ%tﬂ%ﬁ@%” on Figs
5-8. 30 The bla der t&% on.the LRP w %?S e }lor 1 u{pn rom the.tank on I%hbrlcator tube due to

higher specific maigg ‘Bhd e an cf'acent 0a u rﬁ:at]orn%agr y ocate Hlébugvegtﬁ LRP.
359An RCF))Y hot %‘%‘g\é}yéo %?? W&%lﬂ’éeﬁﬁ‘fﬂé%?a%@ﬁ BIRR 85 T SRip i iRy S VidYeparate
hose fromthe sﬁ%@@%@ﬁéﬁ@ﬁt%Hﬁ}cﬁPWWﬁ%m an additional retrievable bladder tank located
subsea and operated by the ROY. (1/4" - %I") 10k chemical hose with ROY hot-stab for direct injection
or for topping upithieshladeteictank) rovidied eolseparaferrastincceplojmenimbhienageded. Capacity
shall be connected to line 14. In the preferred embodiment the tank is a separate retrievable
unit so that, when empty, it can be exchanged for a new full tank. The tank normally
20 contains a hydrate inhibitor such as methano! or MEG.

A second bladder tank 3, normally smaller than the first bladder tank 2, for
instance with a volume of 1m’, is via interface 70 connected to fluid line 23 before
the inlet of pump 68. This bladder tank contains other chemical fluids that may be
25 needed during the operation. This enables chemical injection during the period
when the wireline tool string is retneved to surface. There may of course be more
tanks with different chemical fluids as deemed necessary. There may for example be
provided a “bank” of containers that can be switched at will. Another alternative is
to have at least the smaller tank located within the unit, as shown on Figs 5-8.
30
The bladder tank on the LRP will always be filled up from the tank on lubricator
tube due to higher specific gravity of chemical and the tank adjacent to a lubricator
tube located above the LRP.

35 An ROV hot-stab 19 is provided for topping up the bladder tank 3. The supply may
be via separate hose from the surface (through umbilical 10) or from an additional
retrievable bladder tank located subsea and operated by the ROV, {47 - %) 10k
chemical hose with ROV hot-stab for direct injection or for topping up the bladder
tank, provided on separate reel for deployment when needed. Capacity shall be

40 sufficient to circulate the lubricator volume,



40sufficient to circulate the lubricator volume. WQ 2008/147217PCT/N 02008/000192 7 Pressure and
temperature sensors are provided throughout the unit as necessary. One, designated 18, is provided
inthe line 14.  The second low capacity chemical electric driven injection pump 68 is in the shown

Sexample a 98 hagated pump for continuous injection of up to 300 I/h. Ppmpeamtkal.shall allow for
regulated injection rates down to 5% of full capacity. Flow meters may be positioned at various points

in the system to verify correct chemical injection rates. 10 The main components added to the
chemical Injection Unit to enable the barrier test functionality are: Topside chemical tanks and topside
chemical injectiofr pisripSier EampiFt Up St5sea BrapierdankbrorebRBhilalnbse Faproved
instrumentation éng.carefuhyeseléctednjegtidnmpdiatsnmay.reduce chemical consumption significantly.
15 According to a first aspect of the invention shown in Fig. 3 the unit may be used for chemical
circulation of theftybricaigr 12 ILyllfrom ime. 1 éi@&r%@%ﬁ%@é&i@ﬁ&wﬁ@QHE@E%@@%@E\C’/Or

well fluids rom the |ybyicatgi g r%'z%fbggﬁ%gef&mmgoag &ﬁé@@&&%@ pons %ﬁerefore .

environment. In su arge amount of chemical an Wi

drawn from blada%lF fgi fj‘fﬁ\?g Ves3 Ferorts

R 6B A H8$8T And va‘fve penéd The chemical
fluid from the bladder tank 2 is pumped (usmg high capacity pump 20) through I|ne 14, 56 and 57 into
the lubricator. 25Aeeordittgstaranbtheeaspeet of IHE MGIIBH Sh&WrsisFig .14 YHEl @HFG\‘Iided for
continuous chergisahiniéctipmtintortiieslubricator system or into the well system. The fluid may be a
treatmentiftuid, scale inhibitor or grease to the PCH. The chemical is preferably drawn from bladder

tank 3 butin Casgh@f;l@arﬁemaggﬂas% adank:2 withanetherchemical flwidinayie subslited.as
desired. In this cage valvas 3036+ 63:ANIALAE FlOsRI WIS Y RO I5aPRAEd MY BER.pYP 20 is

started fluid . . . .
topping up subsea bladder tanks via chemical hose. Improved instrumentation and
carefully selected injection points may reduce chemical consumption significantly.

According to a first aspect of the invention shown in Fig. 3 the unit may be used for
chemical circulation of the lubricator 12. It will from time to time be necessary to
circulate out of water and/or well fluids from the lubricator to avoid hydrate
formation or release of hydrocarbons to the environment. In such cases a relatively

20 large amount of chemical is needed and will therefore be drawn from bladder tank
2. Valves 36, 53, 63 and 66 are closed and valve 67 1s opened. The chemical fluid
from the bladder tank 2 i1s pumped {using high capacity pump 20) through hine 14,
56 and 57 into the lubricator.

25 According to another aspect of the invention shown in Fig. 4 there is provided for
continuous chemical injection into the hubricator system or into the well system,
The fluid may be a treatment fluid, scale mhibitor or grease to the PCH. The
chemical is preferably drawn from bladder tank 3 but in case of larger amounts, a
tank 2 with another chemical fluid may be substituted as desired. In this case valves

30 36, 63 and 67 are closed while vaive 66 1s opened. When pump 20 15 started fluid
will flow from bladder tank 3 (or 2, as the case may be) into the well system. By
manipulating the various lines the chemical fiuid may be supplied to the PCH
(through line 64), the WCP (through line 57} or the cavity 40 /through line 39 and
opening valve 53}.

35
The principles for chemical circulation (low flow rates) and chemical injection
{(high flow rates) are illustrated in Figs. 3 and 4 respectively.
According to a third aspect of the invention the unit will be used for pressure
40 testing.

The unit will be used for main barrier and seal fests. The tests will be performed in
the flow direction and would be able to test all parts of the system. The parts that



will flow from bladder tank 3 (or 2, as the case may be) into the well system. By manipulating the
various lines the chemical fluid may be supplied to the PCH (through line 64), the WCP (through line
57) or the cavity 40 /through line 39 and opening valve 53). 35 The principles for chemical circulation

(low flow rateg)pdsehespical injection (high flow rates) are illustrated in Fig&M%é{[&ﬁ%ﬂctively.
According to a third aspect of the invention the unit will be used for pressure 40testing. The unit will be

used for main barrier and seal tests. The tests will be pérformed in the flow direction and would be
able to test all parts of the system. The parts that WO 2008/147217PCT/NO2008/000192 8 cannot be
reached directly ¥aeiychéaeartind Birqsidyiing ke jtrepded frorand Pag adthweofmectivppaitidine 64.
The principles fahretiuging tijevptdSsuré4or barrier seal tests and barrier tests are 5illustrated in Figs. 7
and 8. As described with reference to Fig. 2 the object is to reduce the pressure in cavity 40 to enable
a pressure differeptialigdpe createds the, aanoement-aliows; differential Rressureesiof harrier valves
and plugs withoup,bleeqind off el s 3t Ihe. downstaam BiessuIe Sis 19 sirigee, 101he pump 20
is started to pusﬁ '@gﬁgl ton 3270 its lower p§smon. alves 53. 66 and 67 are chs'e’g. en the pump

20 is stopped ari b d SR THEHE I SAE AT BT-HEAY SRS A BTRY RS Sard lef cally 40 is at
a (higher) well pPESELEEMAR AHET DrEssmairessaty 4ol fasHIhEapTeforr S 2 liswardBosid emptying
the fluid in chamblee&nge thevednfuRd sThisheydhovies Fegganredsamt skde pressiizedin cavity 40 has

15reached ambient pressure. There is now a pressure differential between well pressure and the
ambient preSSUreHB Hieneavitys dikis-enables the tastingsof the sraleT BeirsHlation RuUMpe2opmay

therefore indirectly e uped fompump, fyighfross the dopmstream cavity gnd.injest thefuid o a

pressurized tIOWéIaQ&, ?%s%?%?nrbbiggt%‘tegsure and cavity 40 is at a (higher) well pressure the higher

pressure in cavity 40 will push the piston 32 upwards and emptying the fluid in

chamber 31 to the tank 2. This cycle is repeated until the pressure in cavity 40 has
15 reached ambient pressure. There is now a pressure differential between well

pressure and the ambient pressure in the cavity. This enables the testing of the seal.

The circulation pump 20 may therefore indirectly be used to pump fluid from the
downstream cavity and inject the fluid to a pressurized flowline, as described with
20 relation to Fig. 2. Reciprocating action is controlied by sequentially running pump
and open/close chemical bleed back valve. Each stroke will have a significant swept
volume and the “dead volume” will be minimal. The circuit will therefore function
even with gas. The two strokes in the pumping action are illustrated in Figs 7 and 8.

25 The system may also be used to inject hydrate inhibiting fiuid into the flowline 6 if
necessary. In this case vaive 36 1s closed and valves 67, 53 and 46 are opened.
Chemical fluid from tank 2 may now be pumped through lines 14, 56, 52, 39 and 38
into the flowline.

30 Sea} test
Seal test functions shall be provided for verification of correctly mated subsea
process connections. This function shall be operated by the mini subsea control
modules by trapping high pressure hydraulic fluid or chemical and to monitor
pressure decay via subsea pressure transmitter. As above valve 36 is closed but in

35 this case valve 46 is also closed. Fluid can now be pumped through lines 14, 56 and
52 into cavity 40. After the desired pressure has been reached the pump 20 is
stopped and the pressure decay monitored.

The present invention has now been explained with non-limiting embodiments and a
40 skilled person will understand that there may be made alterations and modifications
to these embodiments within the scope of the invention as defined in the claims.



20 relation to Fig. 2. Reciprocating action is controlled by sequentially running pump and open/close
chemical bleed back valve. Each stroke will have a significant swept volume and the "dead volume™
will be minimal. The circuit will therefore function even with gas. The two strokes in the pumping action
are illustrated in Figs 7 and 8. 25The system may also be used to inject hydrate inhibiting fluid into the
flowiine 6 if necessary. In this case valve 36 is closed and valves 67, 53 and 46 are opened. Chemical
fluid from tank 2 may now be pumped through lineg 14, 56, 52, 39 and 38 into the flowline. 30Seal test
Seal test functions shall be provided for verification of correctly mated subsea process connections.
This function shall be operated by the mini subs&4*¢8Hirol modules by trapping high pressure hydraulic
fluid or chemical avidttedionitorspressuriegdevaydicsubses pressitentansmitienyAssabavel valve 36 is

closed but ip;gbthig,casevalue.46.is:alse ¢losaed. Flvig,can ped:through lines 14, 56 and
52 into cavitg1 40. A]iter the des'afed Er)%eEsu_re9hagvb§:2éelnﬂ ?gé%rcy#ggv tsfggi gﬁirgr?p{%%{% g‘{%%nﬁ’eé §F1S the
S

pressure d&CE Horotel O hebidsBR R Entioi Ha S oW Be 8 €% pilin 8eF tith mewiniting
embodimeritglandiaaOskified persorewithunderstandtiatsthierenmydiedmade aliesationsand

modificatio imgn ithin: the, of-the | ti defined.in.the glaims. 9
AN 1 N By e & et i SHreh onuty AhcSAled vith a
subsea Weﬁﬁ%ﬁﬂ‘gﬂﬂﬁ;{ﬁ? B Hbtﬁﬁ EEREAT ST CAIE Ea R s Tt %@éﬁ%ﬁ%ﬂﬁ second
cavity havitthe disecone prabsarefowiarerthietsecandhpressurecisshigher than the first pressure, wherein
it comprises the steps of actuating a piston in a transfer accumulator to draw fluid from the first cavity
through a f'gst line, then preszgﬂrizing t{:lae fluid within the transfer accumulator using said piston, and
discharging the flﬁ\f@tﬁ%@gﬁ‘? PESrEPHBCUMURR o ine S by ion sRrstERcatdbrding to
claim |, whéreiratiséenrovemeatoof eapistonddryangement indhe. transfer accumulator is achieved by an
electric motor. 3. Method according to one of the preceding claims, wherein the movement of the
piston arraggem%n the trangs,fer accumulator is achieved by a second piston arrangement

connected 10 a cantroCYalie s Barh AP h B RS CliHRSe HHE BRI dREMETBEBE R i alve is set
to move theiseeord pigtorcarrangémetntiatet therebyforcing thelirovementof shemisterRtasrangement

within the tians{ehaceummalels - ARRRIBIUSIRY te3ng, 2,583 Inasubase Welhead stiygture, the

seal being Ioga%ed ) )
and the control valve is set to move the second piston arrangement and thereby forcing

the movement of the piston arrangement within the transfer accumulator.

4. Apparatus for testing a seal in a subsea wellhead structure, the seal being located
adjacent a cavity associated with the subsea wellhead structure, whereby the testing is
carried out by reducing the pressure in said cavity, wherein the apparatus comprises a
transfer accumulator connected via a first fluid line, comprising a one-way valve with
said cavity, and connected via a second fluid line comprising a second one-way valve
with a flowline, where the transfer accumulator comprises an actuated piston arrangement
for pressurizing the fluid within the transfer accumulator independent of the pressures in

the cavity and the flowline.

5. Apparatus according to claim 4 wherein the first fluid line comprises a control

valve and the second fluid line comprises a control valve.

6. Apparatus according to claim 4 or 5, wherein the one-way valve in the first fluid
line allows fluid from the first cavity through the first line to the transfer accumulator,
and the one-way valve in the second fluid line allows fluid from the transfer accumualor

through the second line to the flow line.



adjacent a cavity associated with the subsea wellhead structure, whereby the testing is carried out by
reducing the pressure in said cavity, wherein the apparatus comprises a transfer accumulator
connected via a first fluid line, comprising a one-way valve with said cavity, and connected via a
second fluid line comprising a second one-way valve with a flowline, where the transfer accumulator
comprises an actuated piston arrangement for pressurizing the fluid within the transfer accumulator
independent of the pressures in the cavity and the flowline. 5. Apparatus according to claim 4 wherein
the first fluid line comprises a control valve and the second fluid line comprises a control valve. 6.
Apparatus AccordiPEPLISIAT A BB [heklh the'dreRdys aivemarenaestatidnlife Arwsuid from
the first cavityittmdaigh thevfirstiinkdo:thecransienactumidatareand theponenwaymalwedn the second
fluid line allows fluid from the transfer accumualor through the second line to the flow line. 10 7.
Apparatus according to claim 4, wherein the piston arrangement in the transfer accumulator is
connected to an eldBHEHOtEF Tt s et 6f tHeepidtdRarialgetange et gpdhsiugmdenrding to
claim 4, whersinthecpistoonaaad ement bidhs tiaksfanaecwnualouisconaected:iaaseaand cylinder
connected é%&%m&%%%ﬁ%%@&%@&ﬁ%‘é& %‘6""4&%&%&%@“ movement of the piston
arrangement. 9. Apparatus according to claim 5, wWherein a flui firie comprising valve devices,
connects a bladder tank with the first fluid line between the control valve and the first cavity. 10.
Apparatus accordigpioatlaim&rivhereirkaiffuitl iiecompriting valveaevigas cannegtsia:ROV hot-stab

with the fir%ﬂH&é&“&@&&W&%&Q%@éﬂnﬁEQ'-M%lvﬁu,ﬁ‘@‘?iﬁ%%g{&k%‘{i%'comrol valve and the first

cavity.

10. Apparatus according to claim 5, wherein a fluid line comprising valve devices
connects a ROV hot-stab with the first fluid line between the control valve and the first

cavity.



