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CONTROL SYSTEM Field of the Invention The present
i nvention regards a nethod and device for relieving a

w@e@ssemne7 within a first cavity to a second carCT/NORW8M00192

subsea facility. Background of ;the Invention There are
several wireline and well control functions that
requi re occasional pressure testing and/or pressure
bui | d-up nmonitoring to GONFROLNSYSHEMi ers and seal s
f1d YPatd RiVeRdion" operly during installation and
kover operations. Typically this involves a test
Ilne conduit that can either supply pressurlzed fluids
t Bhe prees¢rgshiengidnoegaidsa roethafl land/dewise fentelisyingaipressure within a
r grR ¥ inPfo 4 bddoda chofty ieakusiRhesdiiign. However,
operati ons associated with |ight mell I ntervention
(RLW) often adopt a phil osophy of "no hydrocarbons to
sBa¢kgreund|of the Ravendignis, the conduit between the test
| ocation and the pressure/ nonitor source is no |onger

tﬁﬁe&r apee Vlélrc'zﬁ v9 Irelﬁrﬂ:e r{?lo&éll thﬂr&lyfrl]lﬁgth(‘fﬂ tlhgpxre%tuftje ch?:slonal

Scarpons)
pl?f@§%}{§? isHD anefor PEeREEs RIHId He TPBLEBREIh AP | frﬁ tbf}rrfeds and seals
pare Sondiidning prdpleelyclunihig 1hstaHaqwre&EhWQrkm/|ee opafativys. Typically this

MRISHES BRdidd &%ﬂ'ﬁlt\fﬁzﬁ%ﬁh eFREL é{]p gfe‘gghl‘?ie% fl§dytd B testing

t
Ihl)rg)g(?){l)ggigb%l w;l]?]%gqgrg%/r{gf@‘@ rsg}_(’)gn @éﬁ?r I%M( |de6>f:t1f)ﬁ1 Igowever

i opdrationsi asso@atsd svitthghtawell atterveotian §BE Wigofigayiopha philosophy

WOLtH ) W(H&Eé%&?s mfa&wlnb@ﬁe? vﬁ‘&rﬁ@otﬁ'b %@hdulTB@tween the test
pr ovi des a

{ gosed 4§¥ent on/ ﬁ X fﬂm

oeRaoand the Tpatle/Taoit Pufiers b IR0 JRGP estuss o

i pessitiibty afevélibgre dlide thydfapartnmshtranallipg dkroyeh theegqndult to the
r%§élﬁéynﬁﬁﬁit0@ 8RB onNEe ¥ sheDLEpRIAIL) KO Fe8sa8d Ighe conduit is

%R?g?ﬂty an :190 me%surés anlgler}1 ggé/re\wséeq Qeﬁﬁ?carl}lroﬁsa?ggeqfulred in order

atof preperly; awdly apfl dispese ehBydigrarbens éhoﬁgﬁhqymcsﬁ@eprs&?nt All of
athiginu@irn ieréasee tdenthyoawd (cliatet peaddy)ghieich preadd otherwise make

fﬁvaQEE@&ﬁﬁo?hééom"'”e in a subsea facility.

Accor invention a fluid within the first
cavity is allowed to flow through a first line to a
t Thepfoposat mventian providéschmehns © drban ai dffpraagialipiesate and

bYdfre QQCQBB@WMO fﬂ'et\{ﬂélp ﬁr@ﬁdlﬂgaﬁfifb%fh the pressure test
accunu at r and ﬁk@tra fromthe transfer

AN 3t rev?ﬂtbn& rg‘é?:rg%s 8{}1 etsf?‘ap?ﬁls process nay

ei ther be used for building pressure within a cavity

WS R nfarly! 4HAObjE¢ts 3f ¢RY idvéntiohn a | ower pressure than
the preSsure one desire in the cavity or to rel ease a

fluid froma cavity with a fluid at a | ower pressure
t Sheipresentdnygntiprarefatehiora pethosh fos mayanga Abid frogy a fig cavity with
| VSN 28ssuse, fbAInstdnce afipheoRe] 9 stdondpavdvewithreligheepressure,

t Fo%tlhﬁgnce a flow line, in a subsea facility. According to the invention a fluid
within the first cavity 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 transferred from the transfer accumulator 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 desire in the
cavity or to release a fluid from a cavity with a fluid at a lower pressure to a fluid
with a higher pressure.



10

15

20

25

30

35

40

safety associated with the "no hydrocarbons to
surface" philosophy used el sewhere (such as the

WO eiwsitgRtdr circul ati on patent W00125593). ThePCT/NO2008/000192

i nvention makes it possible to,flush all kinds of

fluids, such as hydrocarbons, hydrate inhibitors (MEG

and seawater. It also nakes it possible to bleed off

PEkd Ber@iffitlofehsinstatiohavhagit goapsements and impiaves phessure testing

V@f&tﬁ%@?&%ﬁ%& with the ®#b !h%@r(ﬂ:raﬁ)ctﬁﬂrtg suftHEd? @i1dsBFhy used elsewhere
annut us. By uS|n? Ihﬁ I, ventlogg%@ﬂgﬁlgs pressuree can
beugh agithedubHeatpr ey Aleon pafeny df)-can be tested
may i nclude, but not restricted to, a downhol e safety
VY GrvefiliGFhaRb4 H pos @BR: forFlddheall BiRds b$ Pluids, Siichva MRFocarbons,
3%81 roggg}lon@%gk%eg the1€$essure cont r ol head ('PCH)
r%Fé 14OF A SFAVayt h t he present invention

it will be possible to reduce the pressure at a
lt lg%ﬂo' ARkdst pb&isiE ks Bﬁtteab"ff pidts dheheaRhlent Navlifg paduge lower than

e pressure achi eves two pur i .
PR 3 HoRHEE nrf SR SBET B5 e hni e, B sl e ihvention.
t 4ratulys pressur eamBe bleddp ibei flomdipear e wor ki ng properly.
On the other hand it will enable hydrates accumnul at ed
! f%&?it m§ Wl hn B2 tgsqed R%gliﬁglud&fl;ut nbf ?esftt%tggtd,oarh&{'nhole safety
hydratesS I's very dependent upgon, the_ pressure_ and
t etperaewndlug rReReR thegLRP: ’(SHlélt‘loé‘rfﬁé\‘eétqﬂ'ﬁé’,ro‘é‘é“‘fo&rvalves= the
| piebane eontieinhdadPCEBrandpseaserivjectibwuasnt act with the
cool er surrounding sea water will |ead to hydrate

formati on at a set pres e. L ring, th ressure .
aMffbheiRtes oL TIRRTORY YEHBoPATIRIE ' FRINGF THEPIE) PR ALa location in
t thersabseaasydtenoRherabilitadk redudeythie peesshrsrachisyes The purposes. On the

f O REA LR WAl Rysieat t%&irgga?!f HeQfitegfity ofiséadysd thafit canWeREcertained

and, at a r.enote seabge ocati.on. .l here

I e T e —
pintig a caviteto Hesbeilgsticdh Wie fommatipranf g@érames VAUedfpeadent upon
WHel pro@trdsndRsipertaet. W Idwerieasfathe eethperatige, as for instance when
aﬁf(%ngaméhg orgler: b %Qn%’é@? hfthithd 'co&lek ?uﬁgﬁjﬁﬁﬁg BeL6aRP will lead to
[ Ve ron systemon a subsea wel [, Fig. 'S .a .
dhydsrtemfosmatipmat & sqtinretsusilonaring: the Presyere anditipgrrasing the
FieghpeBatufe #ll@k elicchydshewio eedt aet @inveafbaak $e@bpdmcarbon gas. The

gﬁg&%iﬁﬁ Q)tfrllxjgﬁratt&emhﬂﬁmki difa cgflﬂy off alpSparfli, a0 h 3h6fe Rabed

m.cal i ect 1 on It accgo to the .1 nventiqgn,
apgatipghers Ganpedioas ey % A TEHORS 1 FHGv R FRan e plus.
nodes of operation. Description of the preferred
Eﬁ?&?'d@éﬁ%ﬂﬂ 9f the DFawfhgdxenpl ary schematic draw ng
sho

Wi ng a system where the invention mght find
use. This is only an exanple and it shoul d be obvi qus .
t he inveationweHtrioonberidegeribed rvdthisefergne taathy agepygpanying drawing
SwskgM Where such functions are desirable.Fig. 1 shows

gﬂsgg ﬁg% g célO%tn%rlte%t/e%?%)nfs?'gteﬁpoﬁ Qtsﬁf)é/e%rufélﬁn system
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,
Fig. 4 is a diagram of a chemical injection unit according to the invention, and
Figs. 5 — 8 are diagrams showing the different modes of operation.

Description of the preferred Embodiments
Fig. 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.
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subsea well 5 equipped with a Christnmas tree 4 and a
flowine/unbilical 6 extending to a process facility

W@ p@B/1$20"Wn) . A subsea | ubricator stack incl udeGI/a02008/000192

pressure control device such as a Lower Riser Package
(LRP) 11, a lubricator (pipe) 12 and the pressure
control head (PCH) 13. The system has a control unit
15 for the control of the various processes during the

g?fgg g}qs('ggﬁ's a%u%@@acl'u@hcbt% Sfa¥R 1 é?ﬁm%l‘bbﬁth&ﬁéysl&n AR to a

1
SRR et PUPPREET R ChiaR Beh Y eris e ineqyibileal 6 extending
i tvepracess acdidy émttsémmnatwubse@d lieater stagkyinshestes gspressure

SySitRNdevice Rutin@s BE oS RiYerPagRade @RP)POM&INubricator (pipe) 12 and
) (pipe)
ﬁ}%ﬁﬁrés%ﬁfen qgtrboq:hlggd ?F(EHPBB “gfié‘g@élﬁ &QE ?q:ldﬁ{rkﬁﬂmt 15 for 1he control
U9 the 15 rioBs AraueRs<s ShFingIthe AperaBan. #ﬁeeqlﬁw@tqgew umbilical 17
ciak bealttachdd wahe aoairor witipl $ aad esiegdilgsoandnive cantrélcstation (not

I f

A Pl e AT SROGh o 80 O Bl
AT, WEBIaS NoRessATH SIAB] PnBOVET APICRABHPIHE Tk DY using the
aptodudtien pmbdéral. Fingkdytd lime 23 Extepdefremathieycobtrohauni¢ 1§30 a PCH
pétgsr%trecﬁ unithal . e{%@tlfrfél 23”1'?1'a§f rc%%y eRcuiig ahBlo? ro)ﬁﬁ@&l' sQQnals and hydraulic

B B 0 ERT U GO0 eBP e SRTIFD! BG and UK hyhe PCH 13,
dlagran1of the principle for reducing the pressure of
aTH@WHr%atoTh? u§éﬂ’ﬂot MséFRYo REintd the@e PRk i SvERknbvEin thekrt. The

exa r}g\ 1{1}1%{13%)111@?111;&1@3%‘)1& e rlng%et erl]se aLrB F>f 81 CO\II’I?I%I lqut lggor the

t herGnWIU@@tQm @uaa@wéﬁOab%provrﬁeé etswose@n@m Mumloaﬁf&d in the
3vicidity éf thersdll.enbodi ment of the invention the piston

is via arod 25 connected to an electric nptor 24 such

that the notgr can nopve the piston in the accunul ator

3bie. rsbown ardiagram qf wﬁyr@elr&ﬁ&f reduging thepresegiong @yiy- The
wedvéty mhy be i len@bristdtishes, forfexasipld ¢romoh opreeity,an the LRP or
W ddh fhife fPSﬁLW a{? B8nSePYcduniifard? 30'%09&)?1%@)( Yﬁbl’{ 82 4Rat@i¢ides the

an act ate ve 43 are I n rat
RSPEYI 05 Y8 1O SOABEFTSA LMo & b?%%‘iﬁ gt Biginvention
t ﬂwgastan uis eiata ws3fi cenmectedite auhzimcbm n@@om% suchstbgbihg motor can
f indive tl%)ﬁl@%t 1'nQHe \Abéd?mﬁaﬁﬁ\aot Yhé Ch&béd 1emaP beAdpefi€o the

acC ve L.NCOrPor a
S % Rty S ShEbE’ s LRy G cbBE R hfthe
efibwiinesrhy lne 3 heA avevuay viivoft2 and apjastugted yplyed3 are incorporated

t (a6 $ihe 3 8aTEerdUb alsera sefsdd 41Storptising arprdskirE mitprengrsatare
nﬁgabhﬁeplston 112 that divides the cylinder into two

ghDers 114 and 115. A second cylinder 120 |ikew se
conprises a novable piston 122 that divides the
cYhé ohehbérBohdswDsecbadiirid cdivection wittba c#vityod0 b 8ine 39. A one-

CRAPSARR 45hd WPaRlSbANAW dd W EAbAbARA RAidd1SY. { hey

fove i N tand he cha second
cylinder is via line 126 connected to a
In fig. 3 there is shown an alternate embodiment of the actuation of the piston in the

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 connected to a
control valve 130. The other chamber 125 is likewise via line 127 connected to the
control valve 130. On the other side of the control valve a line 128 connects to the
outlet of a pump 132. The pump inlet is via line 136 connected to an accumulator
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control valve 130. The other chanmber 125 is |ikew se
via line 127 connected to the control valve 130. On

WO bewsother side of the control valve a |ine 12BCT/N0O2008/000192

connects to the outlet of a pu 132. The punp inl et

is via line 136 connected to an accunul at or 134.

Anot her line 129 is connected between the contro

v 1334/ ArdBerdint H19 Baohyedted bheveradberndmradrval @413 0T directly to the
h‘hﬁeﬁopfl I%h I'THe ﬂi%%t161§ o?hﬁ@tIQQ s b 'r&ﬁrﬁ"ﬁhé Rhile rlﬁ‘nell%% s the

|s t e supp 1 ne. th the control valve 130 in th

pHPLY Heshomn in Flg 3, starting the punp will punp

hydraulic fluid into chanber 124, forcing piston 122

t VifiPie DAWBNAIde 1361tk hdbicHRERRIn ilrzﬁlge Bp§thﬁi=hg\/tlha pump will

lines. 1 n ccumul at o 4

PenD et s by 176, BESHU 0P o gl A s

i Fliid irc orainbrsdli26iepntiesyia Haey 12D and 329 b@clsv @gtap @egprgylator 134
MRS nfveCpibloRdon pRhrdyiherdatrol ¥8lva is bwitehetytol itketond pesition.
area of pistons 122 and 112 may be dlfferent For

exanple, it may be advantageous to make t re

pC§he¢1er1112@ aaeic regandgd gf aimasser %@d%@&he arlrio pslave cylinder.
cherbesa ofhstohd 1Zhand t1Demaydteadiffehait. Birandasrpie, 38mamde

1&&aﬁ§%&89§&eﬁgﬁgth‘@ 4rBa BF gs B Irﬁf 1 thﬁertta HhinfBze (ROt 4U” volume

as I's a conpr e nediumit is
(ﬂW?h%ﬁhq't -use a punp to operate directly in a gas
environment for pressurizing or evacuation. The

aftrsﬂﬂgﬁrf?enﬁot% kiat cﬁﬁnﬁ&@tﬁdarﬂbpl\ﬁeare %bﬁﬁed’f@ckﬁnt'htplpes or voids that
OSS| erent are

PR sPRtin R o inreomp 5o s e R iCls Aty ©Us8 a pump 1o
dopdreteatitectlyrin argas gneisenmentgfor gir¢sseriang ofgyaguation; bhe .
R@xfr%g’e'nﬁﬂlt dBi & itelfiaBove dlSemhle atpoRBibed tot e dieffeeat areas of

V\%e§1§mopf bﬁga?ea?ur{c enableV%h LIIPllt ? go ef?s"%llf a%fg{%:\ﬂgg dﬂf?@@h@s

sure In
veilreumsf2negis| ¢ gpdléfﬁéwt gap lﬁia@tl%s be drawn up from't he
flowine 6. Wen the novenment of the piston 32 is

rﬁgferrﬁ Q n%am% lgig 11 @I %ﬁg@tlér{]gfhﬂl Qﬁ%fggewﬂlnnd\b 'BE d8&ribed. When

f PistaT ?ﬂ?elsemoweumﬁ@ sdlys vl reclues 5 G Pessbighrgagjiy 40 One-way
nmoalivad2iwilloprevers fBAd tar be dpaved op ficen thecfledling 6n#then the movement

UbPRR ﬁoﬂ%@eﬁ?Weﬁze?&?;ﬁﬁ%e&Qth%%s%§ﬁ iANARSIY, eherbby moving
e bRl AR U TG) B o Fie BRE S LfIAg will stop flid

emavingsingy iss 3P eThopistonr E@Ucl@d asanany| wmes a$ peasissarkate reach the

t H&léﬂtﬁrgﬁhr@frﬁ&i’ﬁgﬂo Tie peetshird debéiod | RidofddIth8 PYéskare reached in
ssure can be reduced is the "dead vol une" in

;
tﬁggﬁi lator. If the cavity 40 is behind a seal to

be tested for integrity the pressure is reduced to a

| Q’MBJ arméﬂlehh@la‘blﬁﬁﬁaiﬁréﬂt& berednced aca ssertlbecl skal the ambient

Breﬁalfrg Jl'ﬁlé gr?lyqﬂgﬂgﬁlor{ for'tiow fa)f dtonv%t prtegsqlré 82 bl HAUGEE® RSthe “dead

volume” m the accumulator.

If the cavity 40 is 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
pressure 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
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If the cavity 40 for sonme reason has been cl ogged up

with a hydrate plug, reducing pressure will enable the
woydsasr1to "boil" off, thereby renoving the pPCNOTIVE/000192

pressure is continuously recorded. Wien the pressure

has reached a | evel where the hydrate plug starts to

disintegrate the pressure will stay at the sane |evel

wihicteestiibae Istdrates ar thelvysiteat. @hat is Ueheusyastlgrirat€ate”itarns into gas

bg 3@;{%@( Qﬁ%gﬁ{&i FiflttRe Vbffne InWhBIal ity 20 9%heh ith¥Vpldss @ RBASHT again
S{éé%i{jlp e vol une the.cayi

n .t 0., Wen the
I TS SH G 1t g I drge g B beeny gqrapletely
i dissolsedyn that the hydrate plug has been conpletely
dLssoI ved. As shown in Fig. 1 the control unit 15 with
the unit. e,connect ed al.l..parts of
iﬁféﬁ\’/‘gﬂt‘%#'gy@f’ §ﬂ{“r8‘f}é%t zif; V%‘h’eth Hnrd %’é‘s’é t‘@rgré%ecﬁe,d fo @il parts of
LR interesmtionisystema suctsas the Glistmas trep s thenfalbP dd og) yia line 23 the
ﬁPCdHSIt pfrﬂlish@na?oy&steﬂnpar@s i_?_ﬂhb egéteh torbe tabted onadlierrdtively, hydrate
rate [ V | ]

eF ip el T ARG Cd IR e G, B R 3L Rleted 0.2
véewehole safghy yalug, crewadlug rams 1 fre LREBojsqtation ‘(i’i‘f‘i?é'é‘d
apiddpesiucilives) thapressure tchatrpl ke (PE H)amidr gykadeaabc(iPCihit.
and grease injection unit. In an alternative
enbodi ment the pressure reducer is conbi ned w,th _a .
c e an aHemative crbefmsRtBePIose Y e dedinrp sctofingd Wih ¢ phemical
4infdreiom siysteshimten azothpagt anit. dh fig. Gtberedalshowp ectiagramaeics
BehLhfda)l TedtidAdd BSHRI Pes@ORRIAIBUUY Qcédifingteané idRntion.
As previously described the unit is operatively
connected to all parts of the subsea intervention
sis peeriowsly dastirtbiedthe unit firopwsatiedy iconnacsed teall paiks phihe subsea
Fi_rﬁ&@gl?ti(t’;‘rﬁy}{sﬁéfn."ﬂi a}ddliteodtw t}he Resncttivanatnd fooins&cindancavity 40,

ne 0 the captr
oligpehas bl o2t Fng BASEIN wel el feg P and
| prear mote extarmpblingssor epiipmerts representedby nesstl apd 72, as
ChidReéeth g ¥hThéwe dreduhsecusi wighahe moidele wsieg @0 intheface 70 that is
[ ' f j i §k:
CDURATSTER My P Y i ad oty s e
s Bukisdrom ap eI BuTHeo M HEMRIDTPTE e Uoilicy {7 %o B2 introduced
i frito otugattm rie ¢dnmestyert el indhedesdines dor signall ad electrical power
' ﬂ'ﬁJtlé @\%ﬁljh'ﬂl%% Aftiv! R lofaRds Rk &R (AdtaAbr ) AYKbrs) R@Ye connections
shown) . o\g r&l]tél ve%ﬁakts g)f t he )éstem.g(]\gﬁtu tor.s, b
i bragronalBOwen febi5 R Shp §n Rl i e KB R il il lhis may be
nbydrahlbenr blettrical pewer, Kinoownnentionreomitted fromdgherdiagiam for clarity.
hydraulic or electrical power, the connections omtted

ERE R PR A UL ROV AR tertce 70 o
i theanfeaof atguihpump0j dijen byf argelesigicimoton Ag- 2be gpmpdp preferably
by high @lpacity, 690Bur@lecde diihen pitcilation pumbeThdpymp shoghi have a
capachl Yo 3669r93 /g%p@é)lﬁa?t—rtjoﬁoeqye;rf‘ffeﬁ dd fngtﬂge?ﬁl ﬁgsiglg. e pump 20 is
The 5u?4‘g, shoul ave a capacl of 3. ) Ohar. -

{ Breerablsr dEeted diTeREY ALIPVELY B HOPSHRVESiARE e rive (VSD)
pf(ﬁ*_fs@écl’:lbb()’ntﬁ(ﬂm’mGGBeldV aintkelitdlcopdattoshoypidalt I 0k W epailabde electric
v ' \/s d trol via 3.3
k@ﬁﬁzgﬁisﬁpélg%?&rg&o%hvﬁngyé 1$0or speed control via

conductors (typical 10OkW avail abl e
el ectric
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
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
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power) supplied through unbilical 10. A line 28
ext ends between the punp 20 outlet and the first

web@ahenr13 1 of transfer accunul ator 30. A oneP@EN02008/000192

val ve 34 and an operated valveg6 is included in line
28. The transfer piston accunulator is capable of 690
bar delta pressure in both directions for bleed down

of downstream pressure. As explained with reference to

FiQine2sA B&eﬁd@ﬁ@ﬁrthg%t@ffa&é"'% td 8ol wttiGHEWhALPOliné $9. Line 52

con t ed to St )
fnts Ft an; oII])FJéa:Ie \é%le Ve 83t %Lflbrsh%rég? EW tﬁh c?)ﬁnec%s Fn% s q’gith the output
39de pf pemp By hanaidte snchdes paeavadvalde ¢é apd OPATQ¢¢<¥ gtﬂve 66. The
Cind&tSidd GpdiAp 685 efitlsnd 231€ormeciwid!th 1ineel 40Ut picbnd iceless dine 56

co%e?t%dl iﬁewﬁé é n%%qfiugeaﬁqo(t{t'%éqg%ex ?ﬂ e/6ne éfggleve 34aand valve 36.

O era
e Sanebideean eperaied Yalee 64 Finalkadhiad grassding; Sgecoggects line 23

C@Hﬁ&ﬁieSS d. iAnpresurairéduckt 62 a2® aatoparaped valvod 68 weprovideel in line 58.
one way val ve 34 and val ve 36. Line 56 includes an

cBiauf cax Prgonnecisd Wbt wa. conisp) bedkiie (WAR)dr injaction of
adﬂbnanals prtoghe svelladrveelb ity eptiow syltemivia ling § 75Bat i¥leennected to
Ufphd 5@ ap 1&@u&é§@&%€r§f’%1v% 3o A e b4 9@511%5 ebmp&@é@@ﬁh line 52.

( for Injectio C

TSy Bk GV SR 185 otk apist et using an
| ROY . Fhis tmahlm¢hmesalanmeowomhm@am of gh¢ wgH sgatepsthat is not
a}eggh&pgmg@tseﬁdykd BoddedfloR2. Line 64 termnates in an
ROV hot stab for connecting a junper to the unit,
using an ROV. This enables chem cal injecfion i nto
o/c\rferrst (pdadds gankehaviffen voliyrg ahfariagtancs 4Bt ispaa anedaqs, 70
t fmnetddaniseadnhetel proferred dnblimbhetthdadnk Brkseparare tdirievable

4 |

SHER B b SRy el AEE g ot
t gHkaing adiydegie pnfihitoregue é‘\?é‘b‘?tgaftﬂw Gt hat, when

enpty, it can be exchanged for a new full tank The

tﬁ%‘éc&ﬂf TRdddér %Hltt?'d&?méll?)éﬂ'l%ﬁ%ﬁtﬂaﬁhh@ﬁm Iblsdeh téhfk 2. for
net hano

G A
CRIaRES VO ofr B~ by MddBter g Oponpestod L dline 23 before
vihelinket 06 pump 68t Thisghladdervark contems atker vhemisah dpidsthapmay be

fllléé'd@d |d'uﬁﬁg2§e bpdrafien 1118 endigks %enﬁ@mn@%tloiﬂdﬂuﬁmg the period

A gtH: 1rG ﬁ § hns Q8 eervcﬁuteo 8l el Tl %mg}hﬁfcéﬁw be more
‘éﬁ% dTGUPT Y eHEBI3EF A5 BN ﬁlnlsenalesc \
|tapbs:wn<brﬂ1tiﬂ9rqmmh@meab nidscasydeemet meceisa iTheremay for example be
Spriolvidkdi Bk o€ ¢etainersibat asitbe IWatked@ywidl At altmative is

nt%rf?avte%Q Ifesas%herkngdlfeﬁ' ?4nq<nltoc§t|38 %lﬁﬂ h tﬁép%g?agasgo%‘%gpﬁﬁ 5-8.

neces
of cont ai ners that can be svvltched at will. Another
aThcebh’ndﬁéNﬁnk ontthe MRPewdt alveys tbetfiledsuppfrbar the amik on lubricator

Heldmd té‘\”hi ep sf)&‘?ﬁy Fvity®t HRAYER1 ARd ’ﬁl&gﬁanﬁ & acIH@to a lubricator
B8 g A

wg ways be fil ed up from
et%\‘iﬂie A QVGBPF For tube due to higher specific
gravity of chemcal and the tank adjacent to a

| HR'R G@tHYt-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. (}2” - %) 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
sufficient to circulate the lubricator volume.
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tube | ocated above the LRP. An ROV hot-stab 19 is
provi ded for topping up the bladder tank 3. The supply

WOorespsh€72vi a separate hose fromthe surface (thrCuyn2008/000192

unbi lical 10) or froman additional retrievable

bl adder tank | ocated subsea anc?ooperat ed by the ROV.

(1 -" - 3L") 10k chem cal hose with ROV hot-stab for
dPregsiireianfl eehpemture sémmors aepirogided thioeghd wdbe nnit askecessary.

Pb%l&%%&ﬁfgaqg Bi&id&ein thellindqRl oyment when needed.

Capaci t be"sufficient to circulate the
| ubricator volune.Pressure and tenperature sensors are
pThe seteadtiowaaghditt chemeicaindlectsis duyeasejarton paap 68 is in the shown

d@fdrﬂﬁl@ta%bol&r rhid %ﬁiﬁeﬁg@tohﬂnﬁdgﬁ 1hje@ﬁoﬂ6f uim@ 38€¢MN#ump
ctric driv

6‘8°rft§°6} ﬁal{l ﬁﬁogﬂg\% gé&%{[ﬁ% Y C UG5 Own F(’Je<§3I‘(9(’p()utotﬂllpcLé city.

continuous injection of up to 300 1/ h Punp control

S]PRJ]C\JI lnlﬁltér@Yiﬁanyfe ﬁ(ﬁg:ﬂdrﬁil% Vlaﬂ,bﬁzﬂpdn(ﬁgs inahesysdemmotveriby/correct

0 u ow neters may be positioned at

v‘élilei%lﬁ%l e%%t%g r|¥tr‘1)‘st he systemto verify correct

chenical injection rates. The main conponents added to

t iTe ahmcedpondtjte addednolhe thémicahbtjb@idohénivao ehable thesbarrier test

E.[L%hoﬁ{l?tb' ard: %ﬁldé@ﬁ?ﬁlg tﬁmm Céglﬁ@léﬁeﬁ%l irﬂ?@tid‘f‘lepumps for

C BRI, VRS UER PLRehBEES Vi oL B avaE o

caarefullyl selaxddeini eudionrjodats inpay lpducrt shemgigak @usgmption significantly.
chem cal consunption significantly. According to a

first aspect _.of the entlo shgqwn in it
S LR A aeatPL e By PRITSTICO By g (e B el e used for
1herhicalirduldtiamof uhm;ubr@catomhz B wil feoss ime todgime be necessary to

C bfr&ﬂb@t(ﬁlt Qftwaddr AV waDBLRTs f&hlthé lubridatdriteavbidehydrate

3%18{5 ﬁélg? a oflhl'éyd1 Xcargtt)nes tfo({{lg%{ﬁ{/l%}nﬁ%ntr fil ﬁﬂﬁx caQls a relatively

envi
ameuyt ¢ fghgmieatds Recdsr anHowi G ratarerkecdran nalsem ladder tank
t !zevarveg 8683, dy3aaMd 66 v dddseddmd viabwek6 2is ofgehed.sTid6chendeal fluid

T el e

( 88 i2Rg SHiipte Be R4l up 20) through 1ine 14, 56 and
57 into the Iubr| cator. According to another aspect of

L RR b, ﬁ%}fo' Qﬁ) \Q?edt D Dinvinfibie 51?0\b1§ upF%V l4dgEreli9provided for

cont | nuo ect nt Q b
S §RIAHOY Chepis st in @FQH# et PR O FAOUBE el system.
t Teatfhuidmaly|bei atreagomne ﬂunh ispale mhlbxtorgtpre@rseset o tha&CbEH he

Tt?Eerﬁﬁﬁms%Efeka?ol? dedvers Ay bRHayahk QrBukli@gskeroftiafdér mounts, a

bﬁa&lﬂ%\é@tﬁfqnaﬁg ﬁﬁv%bcgl @Bbd;rt%l? ’b{a esblEs‘}qut % a\gl cfeglr@? (ﬁxl}ﬁf’s case valves
c36e6% and/6% areclogl whide g7lvgo8 is operad.- \W]h%pwap & iggtarted fluid

ORENgHw MBANbIAGAS tdhk BS(oﬁB adst thel chéenndy be) intd kigawel gystem. By

bl aalglgp%at%n%n&eéaglgﬁs ?meéa& Jl’l%m(f@asi ?1&?@}&14}% MFpﬁea kS the PCH
(throug¥1 line 64), the WCP (through line 57) or the cavity 40 /through line 39 and
opening valve 53).

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
testing.

The unit will be used for main barrier and seal tests. The tests will be performed in
the flow direction and would be able to test all parts of the system. The parts that
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mani pul ating the various lines the chemcal fluid may
be supplied to the PCH (through line 64), the WP

W@ edosoeh7 | i ne 57) or the cavity 40 /through |PEENB2008/000192

and opening valve 53). The principles for chem ca
circulation (low flow rates) and chem cal injection
(high flowrates) are illustrated in Figs. 3 and 4
r espectbé veicked Aredhydinag beaeachedibycprasiing a pdmpérefrom the part to
T@%%%Bh&ﬂlbhﬁngﬂhE@M" be used for pressure testing
e unit wll be used for main barrier and seal tests.
The tests will be perfornmed in the flow direction and
wbhe pribeiphsifer tedutmgtthe prespanetfor barrtensealytsste and Phwier tests are

pﬁfu@§aﬁeh@ﬁ@"’i’é§“ﬁan@@ m‘e!@@ﬂbéh Wﬂﬁt&féré@é tBEFif e@ﬂﬁ&ﬂ)}&&f is to

n e rr to

waeated Inergsrureriiceayity i i GeBRs pieSare RGO o B gpaged. The

f rargemeng allg‘@aﬂlff@smsalmwswm tepleef bassesvalves and plugs without
| llebigihg ¥ el TIUT P&t the dBRAsBearhpreiearr ditheth sirfdee.
reference to Fig. 2 the object is to reduce the
pressure in cavity 40 to enable a pressure
dThe pympt20as stagtegdo ppahthepistpRE 2aioriklgaiee RPsiipn ofalves 53, 66 and
dé7T her @biddaThpn esspurep LOsE stoppéditud eslve aBwegened Bguhuggsbladder

WahROUL 2PL&! gfjén@ grt%glfll' Vﬁhlca%gugsis at agltﬂ ?Wf f)[%é‘{ﬂre the higher

pressure Si tarted

C
pPF§ﬁS‘{fﬁén pratot) svzllfpaaﬁ ﬁge H‘%RRB%% %r%'ﬁ Yapiaes §‘% fluid in
6haattstr 31 tartke tink<e ThisTéwte isheppategh ulol the mesppeth cavity 40 has

Vﬁ'a&?ecﬁé’fngﬁﬁp@@ssﬁ’g CPMSE iPhSW @eﬂre;ﬁ@%‘ d@fér@ntﬁﬂ bR @NWell

PSS o o bl 1y s 0 G B B G§r he sst.

32 upwards and enptying the fluid in chanber 3 1 to
t TRe ERBadon ptind zoylﬁbE th&eﬂo@@ﬁﬁﬁ&dtly beivsed bep@np Fhiid €rom the

" W&stﬁﬁé‘gg@egf %dflflgacc ﬁ} ﬁ 8@5%8&%?&?{ ?lowT %r gs agscgbed with

t tedatiovptiodiie. PriReciprosating @ﬁ@rblawsro 23 S@wmlélmrﬁ@nng pump
t &5 bpgy/€bsé feensieal bleddhbadki vatud. Hachrstiokamvilhavay significant swept

Oel{lg{ A thg dhéa‘tecf:\tfdlxrglge V\Hﬁ%% 1{1&1 ?rﬁfhfgl dictitf K AMhERGore function

ream c
p?‘@@s‘d’ﬁh Za8 Fheowla siEokesdn e BiRE AG7ioh areeh stratgd ip Figs 7 and 8.
Fig. 2. ReC|procat|ng action is controlled by

S [y l's'{)‘ BE 'ﬁge é&@ﬂy@ﬁ?@f&ﬁlﬂ%ﬁg Fhedifslthe flowline 6 if
ee ve d.s i cant
R R e st GRS By 7053 WA 4#e0henca

Tﬁbemmat @liuid fuoil tank @rreéonewthermpmipnd thyeughiings 14ad6, Fha9 and 38

tﬁ@o§mgg5@ﬁnén the punping action are illustrated in
Figs 7 and 8. The system may al so be used to inject

hydrate inhibiting fluid into the flowine 6 if
nBealdestry. In this case valve 36 is closed and val ves
6§eal5§st&’ﬁﬂctiﬂcﬁls%h§ll op @ﬁ@ﬂdeﬂtﬁme@ﬁicaﬁbﬂ ol chfrectiyt matedzubsea

i B%()Se%)sl\il\éonle e‘f”hfs&hﬁ?@%}l £4 rat%g bygt%e mini ﬁﬁ)qeg’ Sontrol
modules by trappmg high pressure hydrauhc ﬂlIld or chemical and to monitor
pressure decay via subsea pressure transmitter. As above valve 36 is closed but in
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
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.
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Seal test functions shall be provided for verification
of correctly nmated subsea process connections. This

w0 eovstiean? shal | be operated by the mini subseaPCDNOR@B/000192

modul es by trapping high pressuye hydraulic fluid or
chem cal and to nonitor pressure decay via subsea
pressure transmtter. As above valve 36 is closed but
in this case valve 46 is also closed. Fluid can now be

p {vf&qg,[%hrough lines 14, 56 and 52 into cavity 40.
Arter e desired pressure has been reached the punp

20 i s stoppe 1 ' .
2 12,3 RS P 0B 2L FRRLEE SRR TILE06% iV i o
ndErstioav ity Rf0:emoviih Adawer prsasuse slier Isncsensnulls) fo a second
uegletystead) witiah higier resmyred omimstaned 4 €loat line)sSn arstibsea facility,

jficati; i gt e ot +0f10-
(R e A R st
nHoWGHTsh 4 Brst DoP ReP:aSbiat tandienpecumlaior (10, tienyrespurizing the
bfiuidowithin the tfaoisfer anvwemblatest(3¢pby & pistd arrahgamertt (32) and

' G HSEARES RBuANRMUS0) to IS 8RR cavit
&erﬁ?%st}g)fﬁr\}\ﬂfm hi gher pr elésur e, o; i%st ance aCalVly

cavi ;

f&i\;ﬂ\ﬁ% ne, in a subsea facility, where i n it

conprises the steps of allowing fluid within the first
cavity (AMefhbdtacdidayy tohd1auoh, v hidreSth tiif@sed3D; b8 d pressure

L f 30)... th ' t he.
A ke L Pond PSSRSO iy 10
awharege apniis Tepggtingdetstepsamél pidgsirgdhrressuse ds A¢hpyadnwithin the

t ksl eaviegca0yul ator (30) into the second cavity (6;
40). 2 Method according to claim1, wherein it is used

to build a pressure within the second cavjty (.4Q) for

i Ast ance Methogdpssyding tosdpimhg, Wi r€d {i‘& fl{%%) ,lﬁuﬁé]i“’e?er?ond
ocgvityswhapeadesingl plessist épachimeid|is seldessidiee ptheskeavityi s
achieved within the second cavity (40). 3 Method

accordi ng .t laim2, wh er i nthe fl.uid within

t fie seco%e’g‘ﬁaiafflor\mtoamﬁe%fitﬁ%BreﬁFé%Lﬁl%sts ng‘?ﬁee\}bg‘e .

i movemensedthe pigom atlangemed (B 2.y 10 inMbe tvsars ter @oeuinulgtard30) is

?ﬁ&li@\ffedt Biea Qéc%%cgiﬁgn;akﬁgg&gewﬁn_@) é(;nghel:t'éﬂ tUﬁf\&)ﬂﬁBI véllve (130), a
e pi n_arrangenen , n the sfar

BEHT SR B Rop ¥ g Wi MR gl P 2 e controt vatve

af YN desatte n{oveChe sesmdqristan mrapgepent(d20)and therepydpreing the

amERchilsthe didon anafpehiéRt(82) witBi) the tiinefes acbanplang (30)
(132) and the control valve (130) is set to nove the

second pi ston arrangenent ¥120) and thereby forcing )

t he noverRgiicoforppevipe dhuid Irom a figgranity (38P) ¢ & AsPndifavity

t (GA6Y iara atsedticilityr WBO) e bn Devomprifesra manvifegadchimudator (30)

f [ Vi 405 i 6o 4Q)i

BRI A Gmp R B,

t FAAT A5 B cuith e b1t canyy KAshile apd gopichsb radah 3 sgeond fluid line

f (38;39) ¢omepr{s38g 38}canimrive dergea(43;4%46:4a).veithiehd sasond cavity
(6;40), where the transfer accumulator (30) comprises a piston arrangement (32) for
pressurizing a fluid within the transfer accumulator (30) independent of the

pressures in the two cavities (6,40).

6 Device according to claim 5, wherein the first valve device in the first
fluid line (39) comprises a control valve (46) and the second valve device in the
second fluid line (38) comprises a control valve (43).

7 Device according to claim 5 or 6, wherein the first valve device in the
first fluid line (39) comprises a one-way valve (45) allowing fluid from the first
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(46; 45;43;42), with the first cavity (40;6), and
connected through a second fluid line (38;39)

w@wpnerihg a second val ve devi ce (43;42; 46; 450CT/MORV8/000192

the second cavity (6;40), whergythe transfer

accumul ator (30) conprises a piston arrangenent (32)

for pressurizing a fluid within the transfer

acputyu4a) diro(80)he fie fra @Nttoahe tiaesfpr agswmdator (3A)hand the

t Moﬁ&‘(t‘af\)e V(C@ ifiQhe S&OQ@\ﬂlﬁ@ lﬁi@‘(@gﬁéd?ﬂpﬁ&s%l (ﬁiemzvgy vilve (42)

i I'st Ive t
[ ieingug dfage Sk el R s (D) (Hpehi deaht fine 38) o the
sspond cauity €6)device in the second fluid |ine (38)
conprises a control val ve (43) 7 Device according to
aim5 Ir val C
%‘r st fl 3%5%]”?? W& 0(@5? 12§ IPl 5fSes a'bhe ¥ g‘%‘} aerrél{éfb%%t (32) in
athedwnsgerfacgmuukaﬁctrr(ﬁph@ fannseted o @y etespe}c mRiQIUgR) fafanovement of
f {HeSgistohRerabd@hentq3he transfer accunul ator (30), and
t he second valve devi ce |n the second fluid line (38)
conpri ses one-way val ve allowng fluid fromthe
tPansf er %@‘Eﬁrﬁ:ﬂc&f neg G‘BGV“PhSr dﬁ]@ﬁr £ he tg"eE’éFﬂi‘ FrapgemsRy (32) in
t ﬂlettﬁﬁlsﬁamﬂﬁinﬁhwrt()'&ol B) condeBed it @ sacwal clilmget Ol 26)) @bnmected to a
gg PP/ﬁS B gcbr?ﬁﬂl%r U NGRATEMntéo? 2hlvel 18O T8R2H Sovement

? nected to an electric notor
(2 §eﬂ6$°HﬁV@H§ﬁPe fCfhe piston arrangement (32). 9
Devi ce according to claim5, wher e i n the piston

af hangemgilyif3Ldcokding 6 cIa'ilﬁrbc’ fv@ﬁ cfAEEH! @JﬂllﬁHane(@Q)ﬂl 187)
connected tp a, seco 20)

oESFBPT a8 Ve e PV ﬁﬁ#&? Sgnbaa‘i‘{]eé ST Ve fist fluid
(liBOY3%)dretwencihd coptreheglve é4 tbf: Sugireayity dAh@enent
(32) 10 Device according to claim6, where i n a fluid

e (52,54,. 1 C (
cohnect s 2 adrar R ti%h'g G e AR BT R o1
( sonpreingealye dryvices (03 817, 33aIcoBNYCiSd Ré}]\é Phétabilr9§t) with the first
cavid Nnd @) bedvlediatit conolcwalde (4p)tandahaifimstGavithé4®. 1 n
a fluid line (42,56, 58, 23,14) conprising val ve devices
(63,67,53) connects a ROV hot-stab(19) ) with the
first fluid Iine (39) between the control valve (46)
and the first cavity (40).



