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The present invention relates to a pressure conpensated pl ug for use
Wi th subsea trees and particularly, but not exclusively, for use with
hori zontal subsea trees. The use df horizontal subsea trees is
rapi dly becom ng the norm for subsea conpl etions because of the cost
reduction of fered over conventional technol ogy. As subsea

conpl etions enter dﬁSﬂIﬁk’f‘é; %#F%S#ﬁwﬂss-@ﬁﬁéEQN%%# ﬁﬁécal ly,
up to 25%in sone

Inter nati onal | Mg e NEveRb el T 635t on Felarelf EERR profsiay Conpensated
hori zontal wellhlparlsy infsd hateh h@ubaééowees ah@’ phtden16aIY, cHhtnhdi0 be

utilised than conventi onal technol ogy, thereby allowng an oilfield to
be expl oi t ed dieclusivéBpereael hse withenspnzenthdnaubsehegerfs.i solating a -
horizontal well head, after i ntervention but before productlon S
carried out by sitTid iudke cofViictifénPaldsibsea trbbg UWRPapidllyl Wecmildie

t ubi ng hangar and an additi onal plug or valve in the upper cap.

A hori zont al theeencaad efior valbvsea scompslet besi because of phedicogtUni t ed

Ki ngdom Pat ent Application No. 9326062. 8. This safety val ve repl aces

t he upper cagaﬂuttxnhunﬁiered ¢wab|eunvensmonaledewhnblbgg'retmsasuh;eﬂ

wi reline plugs
completions enter deep water, the cost saving increases

dramatically, up to 25% in some cases, as reported in an
arzicle entitled "Horizontal Trees Provide Quick Wellbore
Access", Offshore International Magazine Novemher 1993. A
further advantage of horizontal wellheads is Eﬁgt they allow
for larger completions to be utilised than coﬁventional
technology, thereby allowing an oilfield to be exploited by
fewer wells. The conventional method of isolating a |
horizontal wellhead,_aftér intervehtion but before
production, is carried out by situating a wireline plug in
the upper section of the tubing hangar and an additional
plug-or valve in'the upper cap.

- A horizontal tree safety valve is described in co-
pending United Kingdom Patent Application ﬁo; 9326062.8.
This safety valve replaces the upper cap and reduces
problems associated wi:h the retrieving of wireline plugs
and allowing well a-:ess. Although this safety valve
offers substantial advantages in comparison with existing
technoloéy, it ﬁill be understood that it is cr  ‘cal that

both systems provide a seal with a high degree o. pressure



and allow ng well access. Al t hough this safety val ve of fers

subst ant ] 3| ntages in conparison wth existing t Rﬁ% it wll
be underggﬁﬁgg%ﬁat it is critical that " both systens S?EVI %ﬂém%eal
with a high degree o.. pressure WO 96/ 07812

PCT/ GB95/ 02048 > 2 integrity to
prevent the comrunication fromthe well to the exterior environnent

whi ch woul d iGaispriey ©6! yréventf thantommunBebtdbnOErBit tHeUwd 190y HHese
both well integrity and well safety. - Because well intervention
i s an infregsgdricxieneipdhment whichswealvtaugeagbkevalyedignilfadanty by
usi ng netal -to- metal seals or sealing systens which are not adversely
af fected by poddostion thut cxpeldt compryniee bothowelhinintegritydandivell
Because the integrity of these seals is critical it is normal practice
to perform ®afielgure test between the seal after either or both plugs
are set or the lower plug is - set and the safety val ve cl osed. This is
done by filling Because wgll siaterventieeon iscapl igfrequeht vebudrament,

pl ug with an inconpressible |iquid, such as.water, which is then
pressur i sed i&nd-smRak 9 Achigve el ubntegsiityt b¥nusing mepadstore

I ndi cating a | eak. .. Pressurisation is normally Eerforned usi ng an

annul us - TEt&d SeflSuR% (Bealing fevstems owhieh prbeUReF oAdpR SRV M

affected by exﬁdsufe to temperature cycles or to chemical
attack. - Becaﬁsé the integrity of these seals ié critical
it is hormal'pnaCtiCe to perform a pressure test between the
seal after'eitﬂe%'or both plugs are set or the lower plﬁg'is
set and the safety’vélvé closed. This is done by filling
the void space between the plugs or the valveﬁa;d a plug
with an incompressible liQuid, such as water, which is then
- pressurised ani monitored for any subsequent reduction in
pressure indic#ting a leak. |
Pressurisation is normally performed using an annulus
flow line which is connected to the production plaﬁform.
If the pressure test is sétisfadtory, the pressure inlﬁhe
cavity between the plugs (or valve and plug) is reduced and
an external test port is isoclated to provide a secondary
b;;fi;f_between:the well bore and the external environment.
It will be understood that because the horizontal tree is
located in the seabed the process of bleeding the cavity
only reduces the pressure to hydrostatic; therefore, this
leaves the fluid within the space betﬁeen the plugs in a
partially pressurised céndition.

After'testing the tree plugs-dr valve and plug, the



Ff the pressure test is satisfactory, the pressure in the cavi t

bet ween twe9gslorgi2 (or valve and plug) is reduced and aPCTIGRIBNM8t oSt

port is isolated to provide a secondary barri er between the well bore

and t he external environnent@_ It will be undefrstood that because the

horizontal tree is ‘located in the seabe t he process of bleeding t he
ssure static:. theref A

Coven the | MAYE oY FSctRted E3obEBAkRERY S’Yp%&w; 314S v Ve ana
pressuri sed ogflid) O o a mifLhel bESHY M ol eeﬂ%v}ggsfx%m VAhy &, 2pf

pl ug, . t he

PCT/ GB95/ 020 el | r§ﬁg to
producti on b;‘/tﬁ%p n?h thestl:ﬁ%evaﬁu\;eogﬁdthroug}ﬁ the 5gg'vor a % Ju"?éeéjo oi |

and gas flowg{y %&kﬁ é"egl’oducahgr 2ugEs! B! ﬁ%‘?:a’%'&ﬁ e:# s Sﬁ%ﬁhaﬁé‘fnval ve.

Because the ol | S produCTi ng zones are | ocat ubt err anean

reservoirs sq«@é&véb@ysaédei—sﬁt theligyntiheecseabrdow t3e Whbed, tifeyUsfe,
at a substantially higher tenperature than the anbi ent tenperature of

the horizont ads téweh, at’'satfebsehhtisally highes tefperatiixedwHdrwnthd he
tenperature of the surf ace equi pment i ncreases by heat transfer from

the produced ambieit | temperathtei 6fWeEhe koddzontal ithree. i qUisl tlte heslkdis

and its volume is restrained, the pressure of the liquid i ncreases

rapidly. Thi beinglusedrie pooductiord, whe temperature of the surface
equipment increases by heat trapéfer from the produced
effluent. It is well known that if a liquid is heated and
its volume is restrained, the pressure of the liquid
increases rapidly..' This is also true for liquid when it is
trapped between the tree plugs or a plug and Y?&ve. It
will be understood that the increase of pressﬁre of the
liquid is a function of the témperature_and is not
controllable. This increase in pressure could possibly
exceed the méximnm design pressure of the caps or the tree
itself which is an undesirable situation. It will also be
understood that the effect of the problem could manifest
itself in several undesirable events, such as the inability
to retrieve the plugs or failure of the plugs and, indeed,
- failure of the .body of the tree itself.

On oﬁject of the present invention is to provide a
pressure compensated plug for use with subsea trees which
obviates or mitigates at least one of the abovementioned
disadvantages.

A further object of the invention is to avoid the

possibility of damage to a subsea tree by providing a.



trapped between the tree plugs or a plug and val ve. It wll be
under st Qg of/pi2 t P i ncrease of pressure of the |'i qui pictygpesdzodact i on of
t he tenperature and i s not - controll abl e. This increase in pressure
coul d possibly exceed the maxi mum desi gn pressure of the caps or the
tree itself which is an undesirabl e situation. It will also be
understood that the effect. of the problem could manifest itself in
sever al undessezvbidrecofntompresisibd et fduidalkin ia ycavity owitthin ebvlret he pl ugs
or failure of the plugs and, indeed, failure of the body of the tree
itsel f. horlzomaabbp&se whiche woudsk gl Liow, éemperature induced wolume
pressure conpensated g for use with subsea trees which obvi ates or
ntigates a¥haR@8tteN eoﬁbﬁﬁé' gBoP¥nEhe Geawressihley flankdgekthout A
further object of the,invention is tq avoid the possi bility of damage
to a subseaFtFReLiPIpiByFagRiLdcant: 1mex§gp@7gggpressure, thereby
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This is EK*H§B§¥EEWsp{RVtﬂé”8a§iE&?SEHEea§BEBSE§%tH@%prlslng-a hou51ng
with a floatingﬁpistbn'in a chamber. The lower face of the
chamber is exposed to compressible fluid in the form of an
inert gas, such as nitrogen, which is pre-charged at the'
surface to the approximate hydrostatic pressure of the
seabed. The volume of gas trapped bétween'thg;lower piston
‘face and the lower face of the cylinder forms the gas
reservoir. .

The compehSation cylinder can be attached to the upper
section of the lower plug and run and retrieved at the same
time as the plug, therefore reducing the number of

-intervention runs. When the lower plug is set and the
cavityfisolated, any volume change in the liquid due to
temperature increase, when the well is producing, is
compensated by movement of the piston and subsequeht
expansion and.cdmpreSSipn of the inert gas, thus maintaining
the cavity pressure at approximately hydrostatic pressure.
Therefore, pressure increase is limited or obviated and any
preésure within the tree is within the design pressure of
the cap or tree itself minimising the likelihood of any

damage to the plugs or the tree.



apparatus in the cavity, the apparatus conprising a housing with a

fl oati ng wiodgmmsizn a chanber. The | ower face of the ch®CBGBISH28R posed.
to conpressible fluid in the formof an i nert gas, such as nitrogen,
which is pre-charged at the - surface to the approxi mate hydrostatic
pressure of the seabed.. . The vol unme of gfis trapped between the | ower

pi st on face and the_|ower face,of the cylinder forns the gas ,
reservoir. AcqprdingpbRsat EbﬁsEyPFRGSF Okn the m%ﬁﬁ’q%%'per

SEoLon O+ b UL LS RS PR LEfBd e U e 1 oA

il U2 | S R, b W T2 MR A ana
corensat o0 1y RNEPCRl: GuL0S, FhShRe BRI RO e O Bt spe.
approxi mat el y hydré’sﬁﬁgég% rS&égESd to EQ%&P&&%&%‘E%Sﬁrlgxquﬁt?gﬁfhée Soore

Iinjted or obviated a ressure wt “the tree l _
design pressye é’ijhd t*@@, C8Ri8" hbh8¢nk! ARFL nThy i e dHdnfd 41006k 4
any damage to the plugs or the tree: WO™96/ 07812

T 08 02048t having 8 ovisble piscen locatad thereioiCQeEans
and the housing defining an inert gas reservoir space,

the housing having communication means such that there
is communication between one side of the piston and the
cavity or space between the plugs or valve and plug, the
inert gas reservoir space receiving the inert gas charged at
surface to the approximate hydrostatic pressu{é of the.water
at the seabed, such that in the event of the fluid in the
space between the plugs being.heaﬁed and increasing in
temperature and pressure, the piston moves within the
housing chamber to compress the inert gas reservoir thereby
relieving pressure between the plugs.

Conveniently, the inert gas is nitrogen.

Al;efnatively, any other suitable inert gas, guch as krypton
or'a;gon, can be used or a mixture of inert gas and air such
that the overail gas is substantially inert.

It will be appreciated that the gas can be separated
from the fluid in the chamber by the piston only or there
may be two or more pistons may be coupled in series
separated by an intermediate or buffer fluid which is
incompressible and which acts as a fluid piston coupling

force from the piston to the inert gas.



there is provided a pressure conpensated plug for use with subsea trees’
havi ng ypber.and | ower set plugs or a valve and a | owir/GhYsodegy. said
pressure conpensated plug conpri sing: ' a housing adapted to be ;
coupled to a plug set in a bore of said tree, said housing defining
therein a chanber, said .chanber havi ng a noveabl e piston | ocated
therein, the piston and the housing defining an inert gas reservoir

space, _ IbewhdlUsb8gappreedatednthiatatihe) prture! donfaisd ted e

i s communi cation between one side of the piston and the cavity or space
bet ween t hephhggsanrbeabet dugipgughet bame timecrs gdee rlesdsy Plugpace
receiving the inert gas charged at surface to the approximte

hydr ost at i ctipeesbyrminimibséngatbe numbetr pife in¢aiyowentsorh mireg. in t he event
of the fluid in the space between the plugs being heated and increasing
in t enper at ke Whillpbesapprecintedi shat Aih&mnﬁtmwmamﬁ;o-mEﬁaiwing
chanber to conpress the inert gas reservoir thereby relieving pressure
bet ween t he8galgsare preferredntbayenayybet replased das qthey thymasm of

Al ternatively,_ any other_suitable inert gas, such as krypton or argon,
can be usePRls Weingrelartomers 8ad the dikesegnha con%‘awttw &feral I gas
I's substantially inert. L -lt.will be appreciated that the gas can be
separ at ed EIaqﬁém?¥ﬂea?¢U?ﬁtF% BRB18hanber by the piston only or there

Ry De L2 O TOLE GLELCRE, HRUnbERSOUPLRLe! Brathbene SRBHRRAL T ..
a flurd piston COURL! ASusing REFpE" 201 E08aBY S Bublel"Re Mole' nidti1-to- (
metal seal or méy be an integral part of the metal-ﬁo-ﬁetal

seal. The housing has ‘a single pbrt'for admi;ting well
fluid .and also é'port'by which pressurised inert gas can be
inserted at surface-to the desired downhole prg;sure. The
housing'is generally cylindrical in shape but may be any
other convenient shape.
Preferably, the pressure compensated plug includes
. pressure monitoring means'for monitoring the hydrostatic
pressure and for controlling movement of the pistoﬁ so as to
reference the pressure of the inert gas tb the hydrostatic
presdure and for isolating the reference gas pfessure once
.the plug is set.  The pressure cdmpensated plug preferably
also includes a preset rupture disc which is éet to burst in
response to application of a predetermined high pressure
which ie then bled off. - This is used to unreference the
cylinder and allow the pigton to cémpenSate because the
reference gas is exposed to the lower face of the piston and

" then pressure increase and decrease occurs during and dfter

pressure testing the plugs.
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6 wo deor812l be appreci ated that the pressure conpenP&XEEBIs/02048| ug

can be set during the sane tine as the |ower plug t hereby m nim sing

. the nunber of intervention runs. ' It will: be appreciated that

al t hough net al -t o- net al seals are prefefred they-may be replaced by

ot her types of seal g, using el astoners and the |ike or a caonbi natjon of

el astomers and net3FCQEFIRY to another; agpecty, of ther DxsEent Anviention,

pressure conpensat egd appar.at us housi ng nmay be _rel easably coupled to the

met al - t o- thexe 1§eB¥98£8ﬁ‘§yab@e§ﬁ°anngF&%tﬁ'&mlﬁs ﬁ?@q\;’é{’%ﬁ -¥-3het al

- seal . The houysi ng has_a_sjngle rt for adm.tti wel |. flujid and al so
a port by V\hi%’#%‘? stéﬁ??-s%gé?ﬁe?Fggéggcﬁﬁpﬁg and ﬁ%?&rt efugs ﬁﬁ‘#é&?e to the

desired downhgl S . Th . _housing is.denerally cylindrical in

shape but rrayé)%"gn}gé\'?/é H&%? ha? g%ﬁV&ﬁgeﬁ?‘r?ﬁgbe ;%e %rﬁﬁefyfx,ﬂ%lﬁﬁgéutcr%emn'

pressure connﬁgﬁ t o]y p reenoni toring neans for

nonitoring the ‘3&@%%?%?i%6ﬁ5£2%?§ SEPS éﬁgigogfdontrolling novenent of the

piston so as to iné@éﬂfﬂgeﬁ??e%ﬁiﬁgE:Sm?%nts% ig'r‘g]l?gg%%é&éﬂ‘esaid

hydrostatic pressure an I sol ati ng ere gas pressure once
the plug is sefrst aﬂ_&esééSﬁ&UéétcﬁfmggsEEeSeE'w'é%nPraefﬁ&% ¥lug ME %

i ncludes a preset rupture disc which T's set to burst in :
valve, '

providing in said pressure compensated plug an inert
gas, or substantially an inert gas, reservoir,

providing a moveable piston separating said gas
reservoir from the remainder of compensation chamber,

presetting the gas reservoir pressure toﬁﬁgbstantially
correspond to the downhole subsea hydrostatic pressure,

allowing qoﬁmuniéation between the downhole fluid, the
plugs and the remainder of the chamber on the other side of
the moveable pistén whereby as the temperature of the fluid
between the plugs increases and pressure increases, the
piston is moved to compress the inert”gas, thereby
.compensating for pressure increase in the fluid between the
plugs to maintain said pressure within ;he de;ign limits of
said tree.

These and oﬁher aspects of the invention will become
apparent from the following description when taken in |
combination with the accompanying drawings in which:-

Fig. 1 is a longitudinal and part-sectional view
through a horizon:al subsea tree in which a lower plug with

a pressure compensated plug has been installed in accordance



response to application of a predeterm ned high pressure which is then

bled off. This is used to unreference the cylinder and all ow the piston
t o conpeWOA6BT82cause t he reference gas is exposed t oPEHEBPURAS  ace of ;
t he piston and ‘then pressure increase and decrease occurs during and
after pressure testing the plugs. ) WD 96/ 07812
PCT/ GB95/ 02048 According to

7
anot her' aspgeinObnl BGLBAGHEN: g VHd Pesent ihéhd foir hged a method of

t
controlling pressure i n SUbsea tree arter o Ing” upper and | ower

plugs and as ~ pdgungolig Ghllhiakddd Wit (Y W dlibudu 58 LGhplhoduch! N
sai d method conprising the steps of, installing a preé%ure
conpensat edpphyIsheineel $agd 1 but Wit heS KR DI WS P& P&éé@%%a
first plug and™a val ve, _ providing I'n said pressurépconpens ted
plug an ineattop pldag. Or substantially an inert gas, reservoir,

provi di ng a noveabl e piston separating said gas reservoir fromthe

remai nder of conpefiegéhee gbafiest made to Rikeseal Tdﬁ@:ﬁéﬂ:ﬂa’kﬁiﬁ%é%ﬂﬂéﬁ _
pressure to substantially @ correspond to the downhol e subsea hydrostatic

pressure; depicts al howirgntalmsubseaa wreest wasierdld yamiid£cdd Wy, the
plugs and the remai nder of the chanber on the other side of

reference numeral 10. As disclosed in applicant’s co-
pending United Kingdom Patent Application No. 9326062.8, tﬁe |
horizontal treei10'receiVe$ a safety valve operator (nmot
shown in the interests of'clarity) which is remcvable
engaged with the tree 10'whereby the Safety valve contained
in the hofizohtél tree cap 12 can be opened and(closed in
accordance withghydraulid'control signals from. the surface.
The horizontal subsea tree cap consists of an outer housing
14 which has, at its top, an internal locking profile 16.
It will be understood that the locking profile 16 is
generally unique to a particular manufacturer and will vary
from manufacturer-to-manufacturer dépending on the type of
horizontal-trée'lo. It will aléo be understood that the

' inté;hal'tree"cap will be varied accordingly to fit in with
thé particular iocking profiles of particular manufacturers.
The part indicated in hatch lines ié generally known as the
lower or first valve portion 16 and within portion 16 an
apertured ball valve 18 has flat faces 20 into which a slot
is machined (not shown in the interests of clarity) for
recei?ing spigots 22 which allow the valve to be moved
axially as well to rotate'about axis 24 between and open and

a closed positién. The valve is shown in the closed



t he noveabl e piston whereby as the tenperature of the fluid bet ween t he
pl ugs i ncweessmysnd pressure increases, the pi ston is MEKEBISH2MMEnpr ess
the inert gas, thereby ~conpensating for pressure increase in the fluid
bet ween t he plugs to maintain said pressure wthin the design limts of
said tree. These and-ot her aspect§ of the:invention will becone
appar ent fron1the.fo|Lomgp%hgescription when taken in conbi nation with
t he accompanyPRg PR YEHEr vini ch: - Fig. 1is a longitudinal and
part-sectional vi hr qugh i zontal subsea tree in which.a | ower
plug with  a p&g?sa’lael &ﬁé’rfé‘}@pﬁ 325 ARREF n8R I#'Bﬂeirnvﬁa‘&?rdance
WD 96/ 07812 . . PCT/ (CB95/ 0204 :

8 with Eﬁaéﬁbgéi'r?eentreﬁp‘%%”perle\é&?ri"er’é?X’r‘b%,‘/‘%d"a?"e fs. ghey s
an enl arged yj f e %ﬁﬁ#r ' Lg. but
with the topggg'yfﬂ\?a \I?e ergt(r;:'p ace%cg@@%%géf%a]& u%ggaé?ﬁ&nmaggg é?eﬁée S

first mde tguiih ababadie viiaiage Wieh vavdopist scarhgetzoang) gubsea

tree, generally 1 ndicate erence nunera I scl osed I'n

applicant's gfamber BSNAiHd¥H aG KHigkuada ebdi g%i-sﬁéi 88 Which urges

9326062f8, t he horizontal tree 10 receives a safety valve operator “(not
shown in theghat ¢adves sefatC|o¥ idghindt hd AEIOVEVE 18. engheedppeln the

tree 10 whereby the safety val ve contai ned
ball valve seat 26 is part of an upper latching ring
generally indicated by reference numeral 40 which is coupled
to the ball cage 30. This combination is sealed to a
structural latch cap 42 which is, in turn, secured by a
threaded fastener 43 to an outer valve housing 34.

Latch housing 40, ball cage 30, ball elemgét 18 and
lower valve seat carrier 34 are movably axially relative to
spigots_zz and operating mandrel 32 and as the ball valve is
moved down axially it simultaneously rotates from the closed
position shown in Fig. 1 to an open position where the bore
46 moves through 90° to be continuous with the bore 48 of
upper tree cap 12 and bore 50 of tubing hangar 52.
| “The tree 10 has an tubing hangar 52-whicp mates with
thg-;ower part of tree'cap 10 and which carries tubing 54 at
its lower end. A production bore 60 is located at right
angles to tubing bore 50 and passes through the tree 10 to a
valve 62 which is actuatable to allow well fluid to flow up
through the tubing 50 and out through the bore 60 at 90° to
the bore 52 when it is desired to flow the well. |

The tubing hangar 52 contains threads 66 for receiving

a lower well plug 70 (as best seen in Fig. 2) for allowing



in the horizontal tree cap 12 can be opened and cl osed in accordance

with hy L c..control signals fromthe surface. The JceibRus Subsea
tree cagagﬁﬁ@ﬁggs of an outer housing 14 whi ch has, a?e?ts top, an

i nternal |ocking profile 16. It will be understood that the | ocking
profile 16 is generally unique to a papticular manufacturer and wl|
vary f rom manuf act urer -t o- manuf act urer dependi ng on the type of

hori zontal pressiite lHestiing WHhe horbzohoall slibses Neest tirBkergal tree
cap will be varied accordingly to fit in with the particul ar | ocking
profil es of deactiibeldaaboe.fact urers. The part. indicated in hatch |lines
I's generally known as the | ower or first valve portion 16 and within
portion 16 an = Itapddfluded gednl imlRdg 181 helsat | the f orsz8Atabt oreki hlasa

sl ot i's_machined (not shown in the interests of clarity) for

recei vi ng spRr§ernai? camdyrits (7w and 12 which ¢an dbeecoupledxtal ap as wel |
to rotate about axis_24 between and open and . a closed position. The
val ve i s shBRpRulis: fdow déae (not \ghayguomhich is connected to

PCT/ GB95/ 02048 . - | 9 position in Fig. 1.
The bal | el EFBAPMERt: OF &dEs sWhfacemd IPhBach e the arpulusgliges a

respectivel or carryin he val ve 18. The ~spigots, 22 extend froma
fixed ball %ﬁiygtﬁﬁg7ﬁaﬁgré99§§ed'tQMﬁlﬂP%kﬂ??ﬁﬁﬁré%é#??+ﬁ9toweVPQSFve

seat Carr'eéo§§§it QI provides connection between the annulus flow line

“and the space 76 between the upper valve or plug and the
lower plug 70 ih the horizontal subsea tree and the lower
conduit 72 provides connection between the annulus flow line
and the bore 50 of the ;ubing. | | '

The lower plug 70 has a préssure'cOmpénsaping unit
generally indicated by reference numeral 80 coupled thereto
for_providing pressure compensation when the preSSure and
temperature of the fluid in the space betﬁeen the plugs
rises when hydrocarbon fluid is flowing through thé well to
compensate for pressuré'and temperature increases and the.
operation of this will be described later.

“Reference is now made to Fig. 2 of the drawings which
depicts part of the horizontal subsea tree shown in Fig. 1,
with the lower plug and pressure compensating unit coupled
‘thereto shown in'ﬁore detail and with the ball valve
replaced by a top plug 77. The top plug'77 has an upper

- fishing neck 78 to facilitate withdrawal of the plug 77 by a
fishing tool if required. '

It will be%seeﬁ that the lower plug 70 is set in the

"bore 50 and thefseal betwéen the lower‘piug 70 and the ‘bore



‘thanmber 36 in which is disposed a coil spfihg 38 which urges t he val ve

seat 28 agp@gsmysizhe ball valve 18.. The upper = ball valPI/GRISO2HE | s
part of an upper latching ring general ly indicated by reference nuneral
40 which is coupled to the ball cage 30, Thi s conbination is seal ed
to a structural latch cap 42 which is, i% turn, secured by a

t hreaded fastener _43 to ap outer valve housing 34, . .Latch hbusing
40, bal cage1§o?f%5FFe gﬁéﬁtmﬂ§ 7§°'meq§%M§eéiﬂRR3Eﬁgﬁlé%f??ﬁ? 34 are

novabl y axi al |

tlhe bgll val VBT EEE gg’ie\%&tégi&&ﬂs‘%&%g f%?z‘?z%ﬁgj%ﬁ?o%%& y d%%’égf?ﬁg% the
T - oot exre ¢ art

26 moves ¢ hr oigWPSBERREHS, SE B9, canm S, 4 edert Y GrLinGr iRt
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whi ch carries Lhg 54 ' I rbq{%.fl Qiihi e; 6050 s

| ocat ed at righgpégg'ang@se_ tt_gplt tl?%l r‘fg‘\@ﬁ& e g:né? passeié%%g%gﬁﬁt?ﬁe tree
10 to a Vfﬂéﬁiﬁ% WRIckD 835 WA A LED i deh i d W 8| dedk UT ! £8 &1 PMWwUBRe
through the tubing 50 and out ‘through the bore 60 at 90 to the bore 52
when it is degbmpenkatringWuhie 89 land lower pldf 10/idbdafDshe@? contains
threads 66 for receiving a lower well plug (as best seen in Fig. 2)

for allow ng Dispo¥€d98h0tHBe2chamber 84 is a moveable piston 86 which is
PCT/ GB95/ 02048 10 )

sealably connected to the walls of the housing.

Communication ports 88 are located through the wall of the

~ housing to provide communication between fluid in the space
76 between the plugs, and the space is generally indicated

- by reference numeral 90, and the space betweeggthe top
surface 92 of the piston and the housing cap. On the other
side of the piston is disposed an inert gas reservoir 94
which is pressurised at surface to substantially the
hydrostatic pressure of the fluid in the space under normal
conditions. The inert'gas ig inserted or charged.into the
space 94 by means of a charging port 96 disposed in the base
of the housing. The piston has elastomeric seals 98 .
disposed on its periphery to provide a seal between the
_pistén 86 and the wall of the housing 82 so as to prevent
any leakage of liquid or gas past the piston 86. = When the
pressure compensating unit is charged at the surface, the
pressure of the ihert gas, such as nitrogen, in the space
forces the piston to the position shown and in normal
hydrostatic operation the piston will remain in this

position when in a subsea tree.



pressure testing of the horizontal subsea test tree as descri bed above.

It will be-seen in Fig. 1 that the horizontal tree has | -
condui t WOPATI2 70 which can be coupled to an annulusP?PE% ilﬁé (not

shown) which is connected to equi pnent on the surface. On each of the '
annulus lines a valve 73,74 is locatedst o allow pressure testing.
Upper conduit 71 provides connection between the annulus flow |ine

and the space 76 hgty&e] viénUERE s¥akVoaliePbu0iandpkh@d and Over plug 70
in the horizontal subsea tree and the | ower ~conduit 72 provides

connecti on hsidwesrartion afTulds ah@vcheie gasesdndlbheuportdirag® thiae tubing.
The lower plug 70 has a pressure conpensating unit generally indicated
by ref er enceubimy andlbuwourhesudghethé oboref 60, ptherdi 1§ heatstiransfer
conpensati on when the pressure and tenperature of the fluid in the space
bet ween t he hetween thesse sf Innixis hamid oche bsubééai tiree &hdwotherhfdugidst he
well to conpensate for pressure and tenperature increases and the
oper ati on ofandhithig |dausesiaanrinerease cin temperat®eeedinnthei £ludd nade to
Fig. 2 of the draw ngs which . depicts part of the horizontal subsea tree
shown in Fi FgemRiningyiith the SRARS 76 Ubetweenrthe unpresnyaivet PrgPIMG .
coupl ed thereto shown in nore detail and with the ball valve repl aced
by a top pl @drZowerrpdugy Aagietirredabeyer as thentagparakurs to
facilitate w thdrawal of. the plug 77 q; a fishing tool if required.
increases so does the pressure of the fluid and, in extreme
cases, this can damage the components and the tree itself.
With the pressure compensating unit in place, as the
temperature of the fluid in the spacé'76 increases, its
_pressure increases and the increase in pressure forces the
piston 86 to move down within the chamber 84 in the housing
82 against the pressure of the inert gas reservoir, thereby
relieving preséuré on the COmpcnenté so that the préssure of
the fluid acting on the components is within the design
limitation of the components. As the temperature of the
fluid, and thus the subsea tree, varies the pressure exerted
on the piston 86 will vary and, consequently, the inert gas
preééure will cause the piston to move up and down within
the chamber 84 thereby:QOmpenSating for pressure changes.
it'will be appreciated that various modifications may
be made to the embodiment hereinbefore described without
departing from the scope of the invention. It will be seen
that the pressure compensating unit is shown coupled to the
lower plug. However, the pressuré compensating unit could
be integral with the lower plug so that the lower plug and

pressure compensating unit are installed at the same time or



it will be seen that the | ower plug*70 is set in the bore 50 and the

seal bet wooosé8€e2 | ower plug 70 and the bore WO 96/ 07 SRCT/GB95/02048

PCT/ GB95/ 02048 is effected by a netal -to-netal seal to provide nore
ef fective sealing during pressure testing. The ‘pressure conpensati ng
unit 80 consists of a generally cylindricali3 housing 82 with a

et v b e TR, Soeoers E LR ot eoblS Felimas liacaclar e
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general ly i &%“'Qr‘%‘g& S, C‘ﬁ?/r?e'f%%lgngéé\r,\\ﬁgn%trzé? ngﬁgnget geg;;%éleﬁo%e ween t he
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side of the piston 1s disposed an"Inert gas reservolr

pressurised YaHWIGEad ocRe'bsisEbhatbyptBoide exbydl 3ebaliat e buted

the fluid in the space under ‘nor nal conditions. The inert gas is
i nserted or amy dateitigas h8nd the SRPpELo84rBYynNEARS d0hina thidaledat@ por t1t96
- di sposed in the base of the housing. The piston has el astoneric

seal s 98 widils sl 9@ appreeiapsdryhae phevitdert gasl, adtieryh he
specified as nitrogen, may be any other suitable inert gas,
such és argon on krypton or a mixture of these gases or even
a mixture of nitrogen and air such that the overall gas is
substantially inert.

Although the pressure compensating unit %; shown
coupled to the lower plug, it will be appreciated that ‘where
two plugs are used the pressure compensating unit could be
coupled to either the lower or the upper plug as long as it
extends into the void space between the plugs.

It will also be understood that pressure'monitoring.
means may be coupled to the pressure compensating unit for
automatically referencing the inert gas pressure to the
actual hydrostatic pressure within the well bore and for
iéolating the reference gas pressure when the plug is set.
The advanéage of this arrangement would be that the effect
of the pressure test on the pressure compensating system
would be eliminated. This may be achieved by providing a
pressure rupture disc which is burst by the application of a
higher pressure and then the higher pressure bled off to

expose the reference gas in the lower face of the piston so



pi ston 86 and the wall of the housing 82 so as to prevent any | eakage

of liquid or gas past the piston 86. When t he pressure conpensati ng
unit is Wﬁa?ﬁ'g&izat the surface, the _pressure of the PRBGBIHWD48 5 ch as
nitrogen, in the space. forces the piston to the position shown and in °
nor mal hydrostati c operation the pis%ﬁg Wll remain inthis

position when in a subsea tree. WO 96/07812

PCT/ GB95/ 02 ¢ ‘e metrrrad Fhe . I.n use, when
t he side va%?%lo??seo%%ﬁ%dhgﬁdoccurﬁﬁar gcl;lgr on Ii_lu%ied%né:rﬁ?atsr?eﬂn ases fl ow
up through tdecreasd WabDd a8c@it akh t ke 1,60 j t
transfer bet ween theg%_flﬁ?ﬁsagnge?ﬁglsaggggf?P%epgﬁgﬁgﬁﬁéiégﬁ;h S
and this calmsm gpetrferneésconntherpesgsyre in the fluid  remaining in
the space 76 between the upper valve.or plug ~and | ower plug. As
nenti oned above, EE;wi&&thﬁwhppiéwfated-EﬁﬁteﬁﬁésﬁiﬁnéﬁﬁﬁltQﬁyﬂ&EQQ#HQﬁ?f
the fluid and, in extrene . cases, .this can danmage the conponents and the
tree itsel f the inNentidre is csat cthonpffeoti 6 temperatirecand@prididure
tenperature of the fluid in the space 76 increases, its pressure
i ncreases ardiareasenciredtluid hetween ctherptugshand/orptepowradvet arid e
down within the chanber 84.in the housing." . 82 against the pressure of
the inert gd®wexrs@lug ris tdampansated rthexebygmpnimisirgoshehefemtorsnt s
so that the pressure of . o : s

any pressure 1increase on the components of the subsea test

assembly or on the tree itself so that the components and

tree are able to operate within their'deSign specifications.



tree, varles t he pre on the piston 86 will vary and,
tonsequently, the inek M pressure Waqld cause the piston to nove up
and down within t he chanber ‘84 t her eby "Conpensating for pressure
changes. ﬁ}%ﬁ%?t wi Il be appreciated that various nodifications may

be made to t odi nent herei nbef ore descri bed w t hout departing from

the scope of jthe izvenddfere céﬁp&heetéé pees for hQétw&Qﬁ BuPEEH ®rees

conpensating unit is shown coupled to the | ower plug. However, the

pressure COMMRRAFHG nspp@.r& ta@Ul Swer s€€ pIUGAT 8 ¥ VE1vEE ahder Wi et
that the | ower plug and pressure conpensating unit are installed at the

same time or plug, Waih/grédsure compensated plug comprising:

PCT/ GB95/ 02048 13 the pressure
conpensating unit ehdusimy i addpteddtafbercotpled tol awplupl wgt <n a bore

i nstall ed. It will also be appreciated that al though the fluid is
separ ated frof tdeidareesssaid rhdysing defitnpngt bhersine at ichamies pisaich
coul d be used and an I nt ermedi ate non-conpressible buffer fluid could
be used in chambiif thawing aeoyeablbe pispenvideabetr shesgdmat ithe (wistemn
the inert gas and the hydrocarbon fluid in the space. I t will also
be appreci at 80n& Hdie thrusing tdefiningt anughert gaspreser¥eisxs sPadegen, may

be any other suitable inert gas, such as argon on krypton or a m xture
of these gases or tEgefousing having communication means such that there

{he L e mﬁnﬁﬁfﬁﬁﬁﬁﬁ I'“Tow:ﬂ;“ e 0 PeANED, L,

is communication between one side of the piston and the
cavity or space between the plugs or valve and plug, the
inert gas reservoir space receiving the inert gas charged at
surface to the approximate hydrostatic pressure of the water
at the seabed such that in the event of the fluld in the |
space between the plugs being heated and increasing in
temperature and pressure,-the piston moves within the
housing chamber to compress the inert gas reservoir thereby
relieving pressure between the plugs.

2. A plug as claimed in claim 1 wherein the inert gas is
nitrogen.

3.-"_§.plug as claimed in claim 1 wherein any other suitable
iné%?”éés, such as krypton or argen, can be used or a
mixture of ihert gas and air such that the overall gas is
substantially inert.

4. A plug as claimed in any preceding claim wherein the
gas is separated'from the fluid in the chamber by'a single
piston. |

S. ‘A plug as claimed in any one of claims 1 to 3 wherein



a mxture of nit arr such that the overall gas is | f
subst anyigislo¥sizner T ough the pressure conpemsHosOM4sNit is
shown coupl eﬂ‘mm‘“‘m\m“m‘]g it will be appreciated that where ‘
two plugs are used pnesdur & cbnpensating unit could be coupled to
either the.lower or- the upper plug as lontfas it extends into the void
space between the plugs. It will also be understood that.pressure
moni tori ng the gasahe sepavatedufrom the: Hdwidsigurthe ahambsa iby two tof or
automatically referencing the inert gas pressure to the act ual
hydr ost at i cn@¥esBiftonst RPHPLRE & segdes and fagparated &y aanng t he
ref erence gas pressure when_the plug IS set,. . .The advant age of this
ar r angement 1REETReRRAt R PYt RuLderefiluid which ie noempresaidlemade
pressure conpensatin sgsteg& .5 would be elimnated. This ymy be achieved
by providi Wpich acts, assa, E1pdf: pietens coppldmg £he,fqras, &xem £heication
of a - hig?gr pressure,and _then the higher pressure bled off to
expose the PEFEPRNER BBE #ReFhe9RSwer face of the piston so WO |
96/ 07812 . . . _PCT/ GBQ5/.02048 . . :
Ta O that Snce RRRLASSIAHPER HReBYCRESFEATNE AT HheT iR R s
woul d occur, . syre st..h een-perforned on the
pl ugs. pﬁs%%ﬁéﬁéagggrgglﬁét gé F%gt Eg.:hgigr isr?‘g}l%pg%l“%dvgasﬁt%gee of
lower plug thereby minimising the number of intervention
runs. -
7. - A plug as claimed in any preceding claim wherein metal-. (
to-metal seals are used.
8. A plug as claimed in any preceding claim wherein the
pressure compensated housing is releasably cougied to the
metal-to-metal seal or is an integral part of the metal-to-
metal seal. |
9. A plug as claimed in any preceding claim wherein the
housing has a single port for admitting well fluid and also
a port by which pressurised inert gas can be inserted at
surface to the desired downhole pressﬁre.
10. -A plug as claimed in any preCeding claim wherein the
housing is generally cylindrical in shape. |
11. A plug as claimed in any preceding claim wherein the
. pressure compensatéd plug includes mdnitoring means for
monitoring the_hydrostatic pressure and for controlling
- movement of the piston so as to reference the pressure of
the inert gas to the hydrostatic pressure and for isolating
the reference gas pressure once the plug is set.

12. A plug as claimed in claim 11 wherein the pressure



the invention is tha

in fluid Weta%easi2t he Ml ﬂl;ﬂi mﬁm va?a\r/zlt ;:13 ?Eg pressu&g?,%gﬂgﬂﬁéease

conpensat ed t her eby ect of ‘any pressure increase on
the conponents of the su assenfly oron the tree itself so
that the conponents and - tree are abl e t'0" operate within their design
speci fi cati oNSomnens 6 12ne1 de ure d

oot cpog; oposeompensdted #’%ﬁ nclpdes a preset, ruprure dise which is set

Wi th subsea tt‘iéeﬁurst :.Ha.‘ééﬂ oHBEean%gghQ%ﬁ:&%?xt JF 4 z@de%éﬁh‘é?ecf‘%@x

| oner set pl ug, said ssure conpénsated plug conpr|5|ng

housi ng adaptggessube ngehegstghgnpbggdsggfln a bore of said tree,
sai d housing defining therein a chanber, said chanber having a

noveabl e pi stp®, | ogakheEhbACHE aont&amuagogressur@ciﬂ e ipsda ¢l | At
an inert gas reservoir space, the housi ng havi ng conmuni cati on

means such t hgéttirgeupper afdclower pdugsnahd weedownholede€lnfid hiss pi st on
and the cavity or space between the plugs or valve and plug, the

i nert gas resElowingsphreughcthei tgeehéornprodpet iomr gad datmethod sur f ace
to the approxi mate hydrostatic pressure of the water at the seabed,
such that in ¢¢mpeyenngothehatépsidfbn t he space between the plugs
bei ng heated and increasing in tenperature and pressure, the piston
moves within the instadlinggacpussenreo conpenset ech ®lug hetywesn @aid o r
thereby first and second set plugs or between a first plug and a
valve, | |
providing in said pressure compensated plug an inert
gas, or substantially an inert gas, reservoir,
providing a moveable piston separating sald gas
reservoir from the remainder of compensation chamber,
presetting the gas reservoir pressure to substantially
correspond to the downhole subsea hydrostatic pressure,
allowing communication between the downhole fluid, the
plugs and the remainder of the chamber on the other side of
the moveable piston whereby as the temperature of the fluid
between the plugs ingreasés and pressure incrgases, the
piston is moved to compress the inert gas, thereby
c¢mp;ﬁsating.fdr pressure increase in the fluid between the
plugs to maintain said pressure within the design limits of

said tree.



rel i evi ng @r essure between the plugs. 2 A plug as clainmed in claim

1 wherei n W02t gas is nitrogen. 3. A plug a®BCECRIHE2048
cfaim1 wherein any other suitable i nert gas, such as krypton or
argon, can be used or a m xture of inert gas and air such that the
overall gas is substantially inert}—2 4. A plug as clained in any
precedi ng cl ai mwherein the gas isseparated fromthe fluid in the
chanber by a single pi ston. 5. A plug as clainmed in any one of
claims 1 to 3 wherein | 16 the gas is separated
fromthe fluid in the ch Tyt I : coupled in series and
separated by an intp§ apXe or: buffed _fluid wh %Ocorrpresm bl e and
whi ch acts asaflwd pi {goupl i ng fhe florq th pi ston to the
i nert gas. : Algl ug a : Lm Merein the
pressure corrpensa | , é\ower pl ug
t her eby m ni mi sif erven s.f 7 1 pl ug as cl ai ned
in any preceding,glai m wre SYAR —arpnused. 8. A plug
as clained in an%%precea .0 /| Z0™>
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Jressure conpensated housing is rel easably coupled to the _netal-to-netal
seal or WO%MMIX egral part of the netal-to- netal seal . PE/CBROIME o5 -
claimed in any preceding claimwherein the housing has a single port for
admtting well fluid and also a port by which pressurised inert gas can be
inserted at surface to the desired dewmol e pressure. 10. --A plug as
clainmed in any precedi ng cl ai mwher ei e housing is generally
cylindrical in shape. 11. A plug as clainmed in any precedi ng cl ai mwherein
the pressure conpensated plug includes nonitoring nmeans for nonitoring

t he hydrostatic pressure and for controlling novenent of the piston so as
to reference the pressure of the inert gas to the hydrostatic pressure and
for isolating the reference gas pressure once the plug is set. 12. A plug

as claimed in claim1l1l wherein the pressure WO 96/ 07812
PCT/ GB95/ 02048 co ' : reset rupture disc which
Is set to bur I X\ TlEBpgnse to applfcat10n of & pr, term ned hi gh
pressure which isyt dloff. - 1378 Alneth 7 trolling pressure
in a subsea tree |gf't i dettin ey Il | | Mgs Jand as downhol e
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installing a pressure conpensated plug bet ween said
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(57) Abstract

A pressure compensated plug for use with subsea trees is described
in which a reservoir of compressible fluid is located from a cavity within a
horizontal tree (10) whereby allowing temperature induced volume changes
to be absorbed by the compressible fiuid without resulting in significant
increase in pressure. This is achieved by providing a pressure compensation
apparatus (80) in the cavity, the tus comprising a housing (82) with a

is exposed to compressible fluid in the form of an inert gas, such as nitrogen,

of the seabed. The volunte of gas trapped between the lower piston face and
the lower face of the cylinder forms the gas reservoir (94). A compensation
cylinder can be attached to.the upper section of the lower plug (70) and run
and retrieved at the same time as the plug, thereby reducing the number of
intervention runs. When the lower plug (70) is set and the cavity isolated,
any volume change in the liquid due to increase when the
well is producing is compensated by the movement of the piston (86) and
subsequent expansion and compression of the inert gas, thus mai ir
the cavity pressure at approximately the hydrostatic pressure. This has the
result that any pressure increase is limited or obviated and pressure within
the tree is within the design pressure of the cap or tree minimising the
likelihood of any damage to the plugs or the tree. :

(59 'l"itle':/EﬁR!ZONTAL SUBSEA TREE PRESSURE COMPENSATED PLUG

floating piston (86) in a chamber (84). The lower face (96) of the chamber
which is pre-charged at the surface to the appropriate hydrostatic pressure
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