BIMETALLIC DIAPHRAGM FOR TRAPPED FLUID EXPANSION CROSS-REFERENCE TO
RELATED APPLICATION: This application claims priority to provisional application

61/183,699, filed June 3, 2009. FIELD OF THE INVENTION This invention relates in general
to subsea well production trees, and in particular to a bimetallic diaphragm located in an area

containing a trapped POMREASLGAPEABIER AN AR siBA BREILE ShH BYBX RIMY S ™mperature
changes. BACKGROUND OF THE INVENTION One type of subsea wellhead assembly has a
production tréROSSHREBHHR ENGE TesRiBIVERTY AP 4@ PEDENd of the well. In one type of
production tree, referred to as a horizontal tree, a tubing hanger lands in the production tree.

The tubing hapgerSYPRANES A S RE Q4RI RG.INLAAS ARlEXBhRAERLES 3l Ea9aES, Bipdlow

of well fluid. The axial passage has a lateral outlet between upper and lower ends of the axial

passage. Th Lﬂﬁ% ?ﬂ'ﬁiﬁ[ﬁ ith a lateral outlet in the production tree. At least one
plug is secur%i]gﬁﬁélgama E

passage above the lateral outlet to cause the well fluid to flow out
the lateral outlet. The plug is retrievable and normally installed and retrieved with a wireline.
For safety red8#nivattieasiofiiespreseutialbiorsabscary s darsticHIn draese pdptievartiawan Hum

from flowing Bﬁ%fﬂﬁh&ii&iﬁi%rﬂ%&&édm%ﬁi@EPW%@%%&?&%QQ@%@' tRiBa Rt to

wireline plug. In some installations, a tree cap is installed in the bore of the production tree
above the tuSTRG KL Eo0HAE A 'S SXBRYHES SRR i rrier. In other installations, a
second wireline plug is installed in the tubing hanger passage above the first plug. The
second or upPACKIRIE RIS TIRINEENEEIDE the second pressure barrier. The axial
passage in the tubing hanger contains a liquid before the upper plug is lowered in place above

the lower plugnbleypealy stiteee indimaiudtislseasingio therspaspintoe prasadelbeiwagmihe
e R ASE PR e e e s e
horizontal tree, a tubing hanger lands in the production tree. The tubing hanger supports
a string of tubing and has an axial passage that receives the flow of well fluid. The axial
passage has a lateral outlet between upper and lower ends of the axial passage. The
lateral outlet registers with a lateral outlet in the production tree. At least one plug is
secured in the axial passage above the lateral outlet to cause the well fluid to flow out the

lateral outlet. The plug is retrievable and normally installed and retrieved with a wireline.

For safety reasons, at least two pressure barriers are located in the tree to prevent well
fluid from flowing above the tubing hanger. The first pressure barrier is considered to be
the wireline plug. In some installations, a tree cap is installed in the bore of the
production tree above the tubing hanger to serve as the second pressure barrier. In other
installations, a second wireline plug is installed in the tubing hanger passage above the
first plug. The second or upper wireline plug is considered to be the second pressure

barrier.

The axial passage in the tubing hanger contains a liquid before the upper plug is lowered
in place above the lower plug. Normally, there is no outlet leading to the space in the
passage between the plugs, thus the liquid will be trapped. During production, the well

fluid flowing up the tubing can be at elevated temperatures because of the temperature of



the producing formation. The elevated temperature can cause the liquid in the trapped fluid
space to expand. The expansion would cause the pressure within the trapped fluid space to
rise and could result in leakage across the seals of one or both of the wireline plugs. When
the well is shut in, the temperature will drop because of the cool temperature of the sea water

at the sea flodhe Predigng farwrsionpJds AlRSISERIARKS s RS SgHdib e Frpped
reduction in prR%SUFARAYIdxpaKEEe SR WpaLilN R EikbvisRatRssrtbaseaisal the tipiped pllid.

The cycling of temperature ¢can damage the seals, reducing the effectiveness of the plugs as
being pressur%"f?ﬁrff’ef’sg.eﬁ/ﬁﬂ‘g Wﬁglélﬁ%i%%%&ﬁ%(gﬁ s%er?iﬁl‘;[rhoélg é’rt§8§1a°rfr%§m lregrﬁ\lflvffth
a passage coplagingWihehatid seclbnd phugsin] hbeplagpctefine sydkateg ttxpped fhfidispacel
between ther thatrls'c fille M\a”trs] \l’lv%lelg at’%h%as‘é'%bsof?%% 1@%@1@%&'&%&%9@‘ cBshrinks.

mounted to tht(ear?r[r)gtaplllﬁ%osea ina%y over the cavity and in 3&% communication with the ?lquid in

the trapped flaid $haoeesTire Beavier EBhif oodisiioe e atetyro santserritaseanistter fodravins
in response tQ eMPEatdLG mﬁgﬁ?pah91{@)em@%@mée&w&%@@fa&awresnoéatmgg@aﬁri&ysaﬂq

increases a volume of the trapped fluid space to prevent excessive pressure occurring due to
a temperaturdisgdhe sHeciyiaes SlithsPInet a5 Le LI SINH R G tfe cavity and decreases

the volume of the trapped liquid space to avoid a vacuum occurring. Preferably, the barrier is
immovable in§E3pMiAdgeY0 an increase in hydrostatic pressure while the first plug is lowered
from a surface vessel into wellhead assembly. In the preferred embodiment, the barrier

comprising a Qgtalic dianhead RRHBRIRALINENLAUIRI BT IGE AN Pa0s0N caniling st tace.
More particularly, the barrier has at least two metallic layers, with one of the metallic layers
having a diffe?@‘?ﬁ“&@ﬂﬁﬁe%ﬁi\’@ﬁﬁﬁ ‘8%’&%}8 tﬁ%gﬂeﬂwé%iﬂséﬁcfﬁg tcgvae\?ﬂ)}[f%%tlﬁaé fﬁlgeg%ith
a compressiblafiuididnidna eavitgdinfemicthia davilysipfilledAvithrdecompressible fhediat atng
elevated pressure prior to the first plug being lowered subsea fr, [ é -
DESCRIPT ORI M e SR RRRA IR The RLIasE ME el BT
having a bimetaitic didgHraior instaliellinrersatrdiariatweith thisTiave 9Rée, positions in response

to temperature changes. The inner position reduces a volume of the cavity and increases

a volume of the trapped fluid space to prevent excessive pressure occurring due to a

temperature increase. The outer position increases the volume of the cavity and

decreases the volume of the trapped liquid space to avoid a vacuum occurring.

Preferably, the barrier is immovable in response to an increase in hydrostatic pressure
while the first plug is lowered from a surface vessel into wellhead assembly. In the
preferred embodiment, the barrier comprising a metallic diaphragm having a convex
outer surface and a concave inner surface. More particularly, the barrier has at least two
metallic layers, with one of the metallic layers having a different coefficient of thermal

expansion than the other.

The cavity may be filled with a compressible fluid. In one embodiment, the cavity is
filled with a compressible fluid at an elevated pressure prior to the first plug being

lowered subsea from a surface vessel.



Figure 2 is an enlarged view of a portion of the tree of Figure 1. DETAILED DESCRIPTION
OF THE INVENTION Referring to Figure I, a production tree 11 is installed at the seafloor at
the upper end of a well. Production tree 11 has a bore 13 that extends through it along the
longitudinal axis of tree 11. A production outlet 15 extends from tree bore 13 laterally outward.
A tubing han§&1ER RirsisSREPFEeM 6Ye TBER PR sWEY(ied to a string of production tubing (not
shown) for the flow of well fluid from the well. Tubing hanger 17 has an axial passage 19, and
a lateral passage?1 pdiandsdaieratly opivEif00T axdeassrdenlide LabtaretdassagmhAalm
registers with ro?%u tion outlet 15. .%e Is 18 above and below lateral passage 21 seal the
junction of tu |?1t§1 Scﬁ‘éé?‘igﬁ %‘fep‘é’t 498 E’i’%ﬂﬂnproduction outlet 15. A lockdown mechanism
20 locks tubing hanger 17 in tree bore 13. Tree 11 has various valves and other equipment for
controlling produeidnsenterdaigs Resterfingasimigurdotras Hikiswidddiment, an upper crown
plug 23 and a lower crown plug 25 are installed in tubing hanger axial passage 19 above
lateral passaD& PAILHIp EERGRIGTED NrOwWTREIGS VBN2EAe typically installed and removed
by a running tool (not shown) deployed on wireline, drill pipe or coiled tubing. Upper and lower

crown plugs R3r2Rdpay igufe UG G iR IR Y Re s RN YR BRIRR AR SBEE: RS SrRIUY

body 27 with aqﬁ:u%geal or elastomeric packing 29 located on the exterior for sealing against
bi

the sidewall & drsHgrtigsidl basadgeels hetsrediobesntnt doarethe lngifipapexis
secures to plygtRedy 2A helavcnasking:295 thesrhyreiainis 0 Raakinge29opuer®ody tdFing

Seal ring 30 has a depending lip that forms a metal-to-metal seal with.a shoulder in axia
passage 19. RER" c*%ovf?fl Tu%’; ,%%%%& a?fBglb?nseeﬁ%% ,tgu%ﬁ%lg% %pl‘i)tr ?lnugc tborndgugénﬁ{nm
which is moveawaifitytiou floardfirvel efigidgfeonetitewittila Prbiile Bangetulsimgshmngealapasdage

passage 19, bagtioluf. gt Falion 1 axmlondBunl fisnerat sulace el paes yiidpos

31. When movéd downward, a orces dogs 31 radially outward'in lle 33. In this

example, a ragshegerdéneisisiaay vathpiodustian ulty by Sedlekfernywpiddrel aolatrsml erstesret
member 37. Eﬁ@@afa&g‘gfn@%@l%?rtﬁ%rfgoﬁaﬁ SehRaPlatdager Withnieetarndis sirrensndghat

face inward. Actuator 35 has circumferential grooves on its exterior, and the teeth of ratchet

member 37 dPSHSieNBdMRRDAR RoRinockidubiBgnesT AL HtiEadons MovEsabivpararious

ratchet membgreSantéehelegaipinehiiier dsatvEmehedrvioiootheRapes of the teeth and
grooves resist actuator 35 from moving upward, retaining actuator 35 in the lower, locked

position. An %ii%gé{n 1619900l B ARSI IR Y SRS éSEPQ HRheXIgRdS YA fo a
central cavity withinactuator 35. Actuator 35 Is aX|aﬁy n{) vable re g\’tlve to body 27 and bolt
39. Bolt 39 hely@A eraigeallsddn twhingchanssaptishpassmaithabody el natsagnih aHaper

retrieval. LOvygq GEQUUP dpiheh B85 7N SRHORBI NP SRENA I Al FEhRR P IO WL ARARIERBERA tO
metal seal ring 30. Plate 40 protects lower crown plug 25 from wear due to rapidly flowing well

fluid flowing SpPshipRIc¥ed am wissine Aritiates Sassted BhIErMRPHIZEY LIVO5LOHRIMESS a
variety of difizzens laekipg anashnisaistandtaops. Aliahe ppangiodHowe ekdviiasiugsg?BoBb
are set, a trapped fluid space, 43 will be located in axial passage 19 between them. Space 43
i oy Otk R 61 YR DA o A SF LG0T8 B R
plugs 23, 25 tivesalsetlviiiolbimaydngonelifiupdssagyder Iinthii s mtbdime atyttereca nog/80it
for space 43 h i within, if | Ipiiall ' lutid,i
space 43 wil Be e LR L 1 SR UARRH 20 by RIS RAIE SRR R M.
packing 29. Reabrnga0(het sHenenisslin hetifummiednainl-teaedliscaksitorshogldpoireatiping
hanger 17, E’P’&sg id youlehLeraindigiwenn 1he seal Qi Hes: CaRRIC PR AoV BB 23,
WO

and that fluid would be at the hydrostatic pressure based on the depth of the water where
production tr&&igh ismeved iediayuberdritie tRegemprdvitha ridiada inshwung denesrawiz!
plugs 23, 25ueialebakso initially be at the hydrostatic pressure of the sea water surrounding
tree 11.



During production of the well, the well fluid flowing out lateral passage 21 may be elevated in
temperature, possibly up to 275 degrees F or more. This heat will transfer and increase the
temperature of the trapped fluid in space 43, causing it to expand. The expansion could result
in a substantial increase in the pressure of the fluid in space 43, creating a high differential

pressure acrosacheig 28 3pdaonpsBitgr dirfdhehtmepid suidreccbehnaimute dand baVheror

result in leakagg,ef HARRKG Mtk iR 3P AGE4 AN Haga e bissshd tifoaRd e dls, the this
temperature of the trapped Huid in space 43 could dc{og o(i%e mbéent ter&peratur(? %f the.éea
water. This drSi BBl AcEHE! ABFPRESPACE AP UHEMHDRetS RS SRR SRYIRS HaRETHC
space 43. If sambedhibabltidin Speiceadddiadehten 3k pethpdists ring Hee felgvatedht &rvparatise
phase, there would be lessfluid in space 4 itC initial vo ~JhiIs.co
result in a lower| [e)ﬁeeggul rﬁg tvg?t%el r%nt‘Fvgf)Hpedﬁ ?fb‘?‘é%%qc%gi 1t%1§5&r??&&ﬂ§la%&sta%cég :gggg %ﬁgg’oé\ﬁeg
upper plug 23htf wafhiciémighevresmibesotl disrbiteed ipaead aRaHEt et EBERaYse fIGFRIARSRERT 35
across seals 29,andi30.intadranerd fiidispase A Renaaiadieyges el exneling fvid diugeg

production and drawing in fluid during cooling could damage the seals 29, 30, and prevent,
them from proPdbs eyl MPRYASEETR! BYWER o SRy MNIBS WIVarh Sefiune ASHIZET Adit
pressure relieingdeyigecidpisktRmManieAIR wittnifagaed flyidapasetd Shteaaseiebodpis7
occurrence. In this example, this: device is %o atedton tt .Iow?r nrd (gf u psjra%lo\gjgl psluag{gﬁ.
The device intMIdESREIRYFE Rh FEHANEY Th B TOWei T S body S and Surfodnae
by a seal ringm3@yabkichlaiay ke bndyal drasthdidmidic. Rodvit§) dasisicenbagedirthis bramaptios
but need not re. Gayi has an outer diameter in this example
equal to the ir?rg;té% %%%i%gﬁf%ggdggg %.ni%lr{nxégﬁigcggliéphragm 45 is mounted below
cavity 41 and sealed around the perimeter of cavity 41 to define a sealed void 46. Diaphragm
45 is preferabi ¥t GredtP e dt $88AntPaene RraiesHS B9 R E@Lﬂﬂ B g’c‘iﬁr%dt(%tﬁﬁ%fg%y

27. Diaphragme8 Rasl tig gomaraatafiolageswackidng plgntieiftayewdar atd an apidly

layer 49, and they ma formed .of conventional metals with, significantly different
coefficients o 8%%%#@%‘5:@%@%‘%&?&% e e(ﬁr%%nsy%va({gi#%allspg%y epg:f:' ';E%Or?g%&glgs
shape of diap?¥adfivcaBdiiasa dnitiadhy pfsiidfifedrislodhoawecomitisidndasirle cavity 41 and
convex on its opposite side. In this embodiment, the radius of cavity 41 and the inner radius
of inner layer 47 ang3RRIRKIBYARENWE SRS MIERdNdhe iniptinsialleshpositianiadoiseed
in cross-section, as shown in Figure 2, yoid 46 between, cavit nd.inner layer 47 is .
generally ellighc&iehRestARFal VORI HIRE VSRS eWi@ﬂ%b@}i[y 2%ﬁ]ﬁ(§%la§{’§lﬁgme fluid
diaphragm 45hstsededtedtéd adhal axiekpesdahdfewpectedwmgugt 2Xp2h siere oéthelficicmay
trapped fluld 30a08 R HIEESPCRMS (RES MNP MAYTRUD SARe6IBabd S ARy Nuia
arrangement Is made So {hat Dirrietallic diaphragm 45 does not deflect toward cavity 41 in
response to tiwdthergaisetinppydrodatialiyrébs mesivae sdcths tspppddiuidoinspheg 23 iwiblehty

run. Ideally, oRgecraw a@@&ﬁé%ﬂ&e proinghangRr dhfd *eim@{gillgw@%@gg% 45 will

be spaced from cawtg1 1 about the same amount as during initial installation of diaphragm 45

to upper plug!ses, crRiarFaagaNfenitbeiasuleAad shaked /iy ieq g PatbexsMbias bange 47,

49 of bimetalligdirpraany 4Geavidhe snasiessifbenrueh sushnbappbeyrswnplugetestd that
significantly toward cavity 41 in response to the eerc‘i)ed ydrostatigﬁ]}‘elégr(]j Ogr ssure incr%ase
it

on the outer I5Y5 XPUSRG AlriR. YOS R Gord 58 QBull% G Yater where
compressibleftuilicdushras air or mstatied: g@omeqheady)itiag enppddefpridssuspasittid beieet6

initially could (l:)r%v%r%?usgshg,lczﬁ &%{H&‘ tell seolyih\llc?a{ﬂy be at the hydrostatic pressure of the sea water

surrounding tree 11.



46 could be evacuated. In an alternate arrangement, a spring could be employed to prevent
bimetallic diaphragm 45 from deflecting inward due to the increase in hydrostatic pressure as
crown plug 23 is being run. In that instance, void 46 could either be evacuated initially or left

at atmospheric pressure. In another alternate arrangement, void 46 between diaphragm 45
and cavity 418608 pesstegrion cdntirerslblehfiunels ekl aloaying: o idetad Rassasn Ak Rimoden,

under an initigkinstallation RIGaRUI BoMal, 46 Woukl Rebee ssuizsst dutiRciastaliptions Rk and
diaphragm 45 to the approximate hydrostatic pressure expected, or slightly less, Whe(P crr%wn
plug 23 is insEATERFTeEALBRTHENY LI he rreaedh buddn apue Bl Seritmdd'piePgd The
installation okgpansioplogubBbyuit pumpubsjaatinigiactbaid tardughramuirjedtibe floid havjagead3,
valve. During completion af the well, lower crown plu is first installed, h.as on a
wirelinc, then%ﬂe&%}é1 8&1)1%1%[5%%%& lf sreusps)%rgragf%%r%efa)%g%?égééig‘lé%l glr%?g}%ﬁ?gt g)f’ FoSUTe
passage 19, binldtddlizagicgshla@n onitisbl mdksdtage bitrappedsiiaiit priedfsmasei4dwien tiee

of the affa”%%l?@%ﬂﬂ?&“&lﬂ?@o@ﬁ?\’ﬁe%&E&ﬁﬁ?@'&yﬁ’l@ E&Bﬁ@&%ﬁéi&r‘éﬁﬁé’@%%{}i@&%ﬁﬁo

void 46 due to hydrostatic pressure. Also, the temperature within the tubing hanger axia

passage 19 Wi BRRiseideRsrtre Rinfisereauratovhethisidpm agnirasss ihs fadin Sersatdfrfhe

different thergaal expansienealiicient:ohiavess $acd9Inay iend r easisaibimaiplbe 43 had
diaphragm 45 to deflect farther away from cavity 41, inci]egasin the v%rrﬁe of v%id 46. Before
=4

any producticer THReRS IR B SRR SHRHAGHE AR PHERE SRRy ith A%y
41 by the sam® ahealintcoolndie alediniiig votiahensiiatouldsihl wel begingrtespreduitien
the well fluid flowin xial e.19.and out.lateral pa e ilk bean

temperature gﬁ%?/ee(g[ lﬁ‘fﬁﬁ’ Bfgﬁﬁ%ﬁg&}r}y&%ﬁ% ltqn%r?tsasm ge%%%%e‘%ﬁ\ﬁélp%o%’dc?rﬁea\ﬁ?ﬁr%gg n.
The heat will losgsattheuiilidentgsppeatinmhaeBlboanscclivid in frwpetasseds HendHlgnto
temperature jnereasg, GaUSRS the RuskiniRpaed it snAGEMR I QIRIGRSEEIYR kA rathRe

additional pressure caused by the increase in volume plusthe effect of heat on bimetallic
diaphragm 48pcHvidedusngcrathingicindadamans st Llpitartnonarere 405 S0mr REPPHWard
deflection degggmges the volume of void 46 and increases the volume of trapped fluid space
43. This increase in volume of trapped fluid space 43 reduces the increase in pressure of the
wapped fiuid thatypyld Qificuise. acor Rimaialls dachagmABERNIRUER O lelset doerd
as the temperature rises because of the different coetficients of thermal expansion of its
layers 47, 49inAfleir oprasinnisntioxpetie tappap dhaidi spagirid tidlipreNapihvzie ecag gt be iy this
contact or negriyif CORBHWINC RN Al otNEy RUWBCARH T I ARIRG Figem MU depdhe

pressure in trapped fluid space 43 will be substantially the same or only slightly elevated from
its initial hydrisstadies greadbré vwhishdidaerd o adeTrer s Rihpdy & AR iRy g the
volume of tragpeddluithithsRacdAmheantnelstdadhe tempsrauie daetvasashihiexditiprgiiut

coefficients of thermal expansion of bimetallic digphra 5 cause it ta deflect downward,
away from crﬂ?i?ge E?L%’ﬁoa iHBFeSa%fH&nlthg\%ﬁ & ‘(?(fp ?/‘8&? %iﬁ@é’é‘ffercﬁgﬁl?teeaﬁ%ésls[ﬁé%m {Fne

of trapped equal to the inner diameter of metal seal 30.

A bimetallic diaphragm 45 is mounted below cavity 41 and sealed around the perimeter
of cavity 41 to define a sealed void 46. Diaphragm 45 is preferably secured to metal seal
ring 30, but alternately it could be secured to plug body 27. Diaphragm 45 has two or
more metallic layers, including an inner layer 47 and an outer layer 49, and they may be
formed of conventional metals with significantly different coefficients of expansion, such
as metals used in thermostats. In this example, the natural shape of diaphragm 45 when

initially installed is concave on its side facing cavity 41 and convex on its opposite side.



fluid space 43 and tends to prevent the pressure of the fluid trapped in space 43 from
decreasing below the initial hydrostatic fluid pressure. The pressure differentials across seals
29, 30 of plugs 23, 25 remain within acceptable limits during the shut-in and production

cycles. Although shown attached to upper plug 23, bimetallic diaphraﬂ%‘r‘g 45 could alternately
be attached tdnHBItEHRPEMERS BREIEHSVRA PRIEY2S! ot inors, Bitvealiteradmreighd 45°

could be emplgyeskimaterinseasmyitivebtisea drochisib equianesitidiathavackappadcisis
spaces between seals. Bimetallic.diaphra deflects to increase the volume of trappe
T space ASTHTE R0 Th T RS S PE T e Hld oAb Dot e e

n increase’ in pressure o uid in trappe s :
increase in preliptikalocthg thiteato @dnnrart tseviriddih peratanscaVite birmeddiiiodwyiesitphi@rof

diaphragm 45,0guces that if 9@%%? Back AR [eeaIng i orginabRghie 4R8P SeRNINGhped

further enables repeated use during start up and shut down conditions, which initiate
temperature ifi¢idaBecand débedempcrgtine Hegp el maxipaeeespedtfdiike an element that
ruptures, there is no need to replace bimetallic diaphragm 45 after one elevation in
temperature dfriferdblid i teappeehituid ispasd:43. ihhilsidleaihiveditipirdyns b8 etodescoridefieiry
only a few of its forms, it should be apparent to those skilled in_the art that.it | t so limited,
bt s suscoptDIe T G eSS BBRE G A P b S TS
example, the ievatallie 3k streigareouiddsd configured mplngsifis drfalinddunibimghertad e

mounted in a'ﬁYrﬁ@ﬁH@ﬁiXﬁllﬁ’{%ﬁl SBUMISHSCERURIR SR REGRSSHT QGRS S ALG IR MPaERILY ©
fluctuations. WHAT IS CLAIMED IS: 1. A subsea wellhead assembly (I 1) haw‘?rl%a tubular
it

member (17) iititlipsialkaige cfsapheparstiarne WRGRPBILYs T2, DBPEEimiee Hrthe Padsiye,
defining a sealgetipRR@d fluid space (43) between the plugs that is filled with a liquid, the
improvement comprising : a barrier (45) sealingly mounted to the first plug, defining a sealed

void (46) between th riier. ang, the fiest. n Mgy beingl i ot
A the e L R S e Sty M ok

and outer positndéy despwisteflsee migaifzaurdyciemydscaniyirhleipdssenste Hudheg aRrasigthe
of the sealed yoich,aad MR AYRLARSTIRAINETERINRDLIG YR/uMS abihe $6alRd YRitheRttance,

void 46 could contain either a compressible fluid, such as air or an inert gas such as
nitrogen. The pressure within void 46 initially could be atmospheric. Alternatively, void

46 could be evacuated.

In an alternate arrangement, a spring could be employed to prevent bimetallic diaphragm
45 from deflecting inward due to the increase in hydrostatic pressure as crown plug 23 is
being run. In that instance, void 46 could either be evacuated initially or left at

atmospheric pressure.

In another alternate arrangement, void 46 between diaphragm 45 and cavity 41 could
contain a compressible fluid, such as air or an inert gas such as nitrogen, under an initial
installation pressure. Void 46 would be pressurized during installation of diaphragm 45
to the approximate hydrostatic pressure expected, or slightly less, when crown plug 23 is
installed in subsea tree 11. The pressurization could be performed prior to installation of

crown plug 23 by a pump injecting a fluid through an injection port having a valve.



wherein the first plug has a cavity over which the barrier is sealingly mounted, the cavity
forming a part of the sealed void. 2. The wellhead assembly according to claim 1, wherein the
barrier is movable from the inner position to the outer position in response to a decrease in
temperature. 3. The wellhead assembly according to claim 1, wherein the barrier is

immovable inYedps e beaAnrdrdbgsavillhylovset areyraRlsgre dvkilErah dmfatisdusuehi vere g
from a surfacgyqagekiioupsiingad apaemialy Adughe wellhandassanbliareasidinente stadm

1, wherein the barrier comprls?,s a.metallic diaph h vmgi%g}(é})é%vex outer surface and a

gm
concave inngPStREScE > Bmefliy dippiuieas s MBhPE ACKIUMTY AIAUHET R the DEFHEY
comprises a daemefstirpedatispiviag mbatidngdatteast wh metatic dgyérso($reved) wighidicketent
coefficients of,thermal ansion. 6. The wellhead assembly accordi o.claim .1, wherei
the sealed vosllglnlrs?kﬁﬁg %‘Fﬂ@a%?&%%%&%@%ﬁfd? o Phe \%Z %Zha%%@éégr%%fé g}c@égriéﬁ% 1%%%%
claim 1, wherzinggieassdlpabsagiel 19 fildb be cooler than the temperature when diaphragm 45 was

initially installed. The different thermal expansion coefficients of layers 47, 49 may tend
to cause bimetallic diaphragm 45 to deflect farther away from cavity 41, increasing the
volume of void 46. Before any production of the well, ideally bimetallic diaphragm 45 is
spaced from contact with cavity 41 by the same amount or more as during initial

installation.

As the well begins to produce, the well fluid flowing up axial passage 19 and out lateral
passage 21 will be an elevated temperature above the ambient sea water due to the
temperature of the producing formation. The heat will cause the fluid trapped in space 43
to increase in temperature as well. This temperature increase causes the fluid in trapped
fluid space 43 to increase in volume. The additional pressure caused by the increase in
volume plus the effect of heat on bimetallic diaphragm 45 causes bimetallic diaphragm
45 to deflect upward toward cavity 41. The upward deflection decreases the volume of
void 46 and increases the volume of trapped fluid space 43. This increase in volume of
trapped fluid space 43 reduces the increase in pressure of the trapped fluid that would
otherwise occur. Bimetallic diaphragm 45 continues to deflect upward as the temperature
rises because of the different coefficients of thermal expansion of its layers 47, 49. At the
maximum expected temperature, bimetallic diaphragm 45 will be in contact or nearly in
contact with cavity 41, the volume of void 46 will be at a minimum, and the pressure in
trapped fluid space 43 will be substantially the same or only slightly elevated from its

initial hydrostatic pressure.

When the well is shut in, the temperature will decrease and the volume of trapped fluid in
space 43 contracts. As the temperature decreases, the different coefficients of thermal
expansion of bimetallic diaphragm 45 cause it to deflect downward, away from cavity 41

and increasing the volume of void 46. This deflection reduces the volume of trapped



with a compressible fluid at an elevated pressure over atmospheric pressure prior to the first
plug being lowered subsea from a surface vessel. 8,A subsea wellhead assembly, comprising:
a tubular member having a passage; upper and lower retrievable plugs releasably mounted in

the passage, the upper plug having a lower end facing and axially spaced from an upper end
of the lower pftijd &REF& 3 oAb (£ 9B RS i e REFOVE oY e TS BFRFS of R u4§s,fr0m

defining a sealedessifly Hitohafiiienheingydovaadiuie peaiacty bEhypensmeati fadaiseracross
positions in resppnsg to temperat nges in the.passage, the.inner.position reéi cing a
volume of thesgge%lgg’v%?dog:%f%se%o%g? 5%}3%%%%@3%?5 ab\f/eo?lﬂrrrﬂteso herseale uvoll%l?ig%d
wherein the bpwiBctompusss a metallic diaphragm having a convex outer surface and a
concave inner surface. 9. The wellhead assembly according to claim 8, wherein: the metallic

driaphrf:}gm is demesharesh anachas Blisnstive metatiadaucimpitiodifiisrentiacekisiasts ot
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could be employed in other areas with subsea production equipment that have trapped

fluid spaces between seals.

Bimetallic diaphragm 45 deflects to increase the volume of trapped fluid space 43 in
response to an increase in pressure of the fluid in trapped fluid space 43, the increase in
pressure being due to an increase in temperature. The bimetallic layers 47, 49 of
diaphragm 45 insures that it deflects back and regains its original profile upon cooling.
It further enables repeated use during start up and shut down conditions, which initiate
temperature increase and decrease in the trapped fluid space 43. Unlike an element that
ruptures, there is no need to replace bimetallic diaphragm 45 after one elevation in

temperature of the fluid in trapped fluid space 43.

While the invention has been described in only a few of its forms, it should be apparent to
those skilled in the art that it is not so limited, but is susceptible to various changes
without departing from the scope of the invention. For example, the bimetallic
diaphragm could be configured as a self-contained unit that could be mounted in any

trapped volume cavity susceptible to presssure increases due to temperature fluctuations.




11. The wellhead assembly according to claim 8, wherein the sealed void is filled with a
compressible fluid at an elevated pressure over atmospheric pressure prior to the plugs being
lowered from a surface vessel into the wellhead assembly. 12. The wellhead assembly

according to CI%% v:glgvmm@w llhead assembly further comprises: a subsea production
tree having a bore, T] % e! ubular member comprises: a tubing hanger landed within
the bore of the tree. 13. The wellhead assembly according to claim 8, wherein the barrier is

immovable in rdsponsé tbisantidlisadnapsrarbitatd pheyigrewHhelahangspst g ivibwired
from a surface yesagkinto) thetabiladisemh@hlugs (23, 25) mounted in the passage, defining a

sealed trapped fluid space (43) between the plugs that is filled with a liquid, the

improvement comprising :

a barrier (45) sealingly mounted to the first plug, defining a sealed void (46) between
the barrier and the first plug, and the barrier being in fluid communication with the
liquid in the trapped fluid space, the barrier being movable repeatedly between
inner and outer positions in response to temperature changes, the inner position
reducing a volume of the sealed void and the outer position increasing the volume

of the sealed void; and
wherein the first plug has a cavity over which the barrier is sealingly mounted, the

cavity forming a part of the sealed void.

2. The wellhead assembly according to claim 1, wherein the barrier is movable

from the inner position to the outer position in response to a decrease in temperature.

3. The wellhead assembly according to claim 1, wherein the barrier is immovable
in response to an increase in hydrostatic pressure while the first plug is lowered from

a surface vessel into wellhead assembly.

4, The wellhead assembly according to claim 1, wherein the barrier comprises a

metallic diaphragm having a convex outer surface and a concave inner surface.

5. The wellhead assembly according to claim 1, wherein the barrier comprises a
dome-shaped diaphragm having at least two metallic layers (47, 49) with different

coefficients of thermal expansion.

6. The wellhead assembly according to claim 1, wherein the sealed void is filled

with a compressible fluid.



14.A method producing well fluid from a subsea well, comprising: (a) mounting a tubing
hanger (17) in a wellhead assembly of the well, the tubing hanger having an axial passage
(19) with a laterally extending outlet (21) located between upper and lower ends of the axial

passage; (b) seguring first a %s cond plugs (23, 25) in.the passage above the oytl
defining a trappeéc'd qu?(]j}é%ggg fig Ye l\}1vefé/n %ﬁge)r%lntﬁgqs)) Q%%&éﬁ%%%?r?é? %eé‘fﬁgg \rlﬁbﬁuﬁttgged
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trapped fluid spmrgpglﬂg\m%mmgqmegxmgg dhe.tukingdnanger and out the outlet, the
nt

well fluid causing the liquid in the trapped fluid space to increase in temperature; (d) moving
the barrier inwagd to d%crebase a Yl%lu e of tpf sealed void in response to the increase in
. A subsca weilne

temperature, thereby increasing a vo uie o ec?rx?tB%Selggﬂuid cavity; and wherein step (b)

comprises lowesirighirle firsnptey irvmeazsnrfaegey epsel and theaubstip rrhgetussdgeesaditing
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plug is being lowered. 15.The method according to claim 14, further comprising: after steps (c)
and (d), ceasindTR3RWaRs st @f WRilarenpkigsadd temperature of the fluid in the trapped

fluid space to decirRaBlébiempenotiied anennoYing thasbertes ofitheaptlls, iefiaageakealed

e o e o B ERINISE 10 S RSIERSA, MRS NP P LERY d8eieaeing o
response to temperature changes in the passage, the inner position reducing a volume
of the sealed void and the outer position decreasing a volume of the sealed void; and
wherein the barrier comprises a metallic diaphragm having a convex outer surface and

a concave inner surface.

9. The wellhead assembly according to claim 8, wherein:
the metallic diaphragm is dome-shaped and has at least two metallic layers with

different coefficients of thermal expansion.

10.  The wellhead assembly according to claim 8, wherein the sealed void is filled

with a compressible fluid.

11.  The wellhead assembly according to claim 8, wherein the sealed void is filled
with a compressible fluid at an elevated pressure over atmospheric pressure prior to

the plugs being lowered from a surface vessel into the wellhead assembly.

12.  The wellhead assembly according to claim 8, wherein the wellhead assembly

further comprises:

a subsea production tree having a bore; and wherein the tubular member comprises:

a tubing hanger landed within the bore of the tree.

13.  The wellhead assembly according to claim 8, wherein the barrier is immovable
in response to an increase in hydrostatic pressure while the upper plug is lowered

from a surface vessel into the tubular member.
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16.The method according to claim 14, wherein step (b) further comprises filling the sealed
void with a compressible fluid. 17.The method according to claim 14, wherein step (b) further
comprises filling the sealed void with a compressible fluid at an elevated pressure over

atmospheric pressure, then lowering the first plug from a surface vessel.into the tubin
hangeFr) P 14, A method prodt?cing well fPuidg from a subsea well, comprising: g

(a) mounting a tubing hanger (17) in a wellhead assembly of the well, the tubing
hanger having an axial passage (19) with a laterally extending outlet (21) located

between upper and lower ends of the axial passage;

(b) securing first and second plugs (23, 25) in the passage above the outlet, defining a
trapped fluid space (43) between the plugs, a movable barrier being mounted
sealingly to the first plug, defining a sealed void, the barrier being exposed to liquid in

the trapped fluid space;

(c) flowing well fluid up through the tubing hanger and out the outlet, the well fluid

causing the liquid in the trapped fluid space to increase in temperature;

(d) moving the barrier inward to decrease a volume of the sealed void in response to
the increase in temperature, thereby increasing a volume of the trapped fluid cavity;
and wherein step (b) comprises lowering the first plug from a surface vessel into the
tubing hanger and preventing the barrier from moving inward in response to an

increase in hydrostatic pressure as the first plug is being lowered.

15.  The method according to claim 14, further comprising:
after steps (c) and (d), ceasing to flow well fluid, which causes the temperature of the

fluid in the trapped fluid space to decrease in temperature; and

moving the barrier outward to increase the volume of the sealed void in response to

the decrease in temperature, thereby decreasing a volume of the trapped fluid cavity.

16.  The method according to claim 14, wherein step (b) further comprises filling

the sealed void with a compressible fluid.

17.  The method according to claim 14, wherein step (b) further comprises filling
the sealed void with a compressible fluid at an elevated pressure over atmospheric

pressure, then lowering the first plug from a surface vessel into the tubing hanger.
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