VELLHEAD TREE PRESSURE COMPENSATI NG DEVI CE BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention [0001] The present invention relates in general to a
nmet hod and apparatus to mitigate trapped pressure in a wellhead and in
particular to a conpressible pressure limting device for limting pressure
froma void typically |ocated between two crown plugs in a wellhead tree
system 2. Brief Description of Related Art [0002] A horizontal subsea tree
has a production outlet extending generally horizontally, in relation to

the wel | bore, aWgELLHEAPR TREE PRESSURE GORIPENSATIMG IDEVIEEM! | bore. A
tubi ng hanger lands in the horizontal tree and supports a string of tubing
extending into the well bore. The tubing hanger has a vertical passage and a
| at eral passage extending fromthe vertical passage and registering with

t he production outlet of the tree. In sone installations an internal tree
cap lands in the tree above the tubing hanger, the tree cap normally having
a vertical passage that aligns with the vertical passage in the tubing

hanger. As a dual saf ety Wéé@UND’?‘ ﬁEiIIQ%EﬁLﬁﬁ Wed crown plug is

installed in the verti caf\ passage opwt-l:e tubing ?anger and anot her crown
plug is installed in the vertical passage of the tree cap. |In other
installations, the internal tree cap is omtted. In that case, the vertical
passage of tE@1 t ubi ng hanger is typically plugged with two crown plugs to
meet e§lRld ehEStI8VeioRavi ng dual safety barriers.

[0001] The present invention relates in general to a method and apparatus to mitigate
trapped pressure in a wellhead and in particular to a compressible pressure limiting
device for limiting pressure from a void typically located between two crown plugs in a

wellhead tree system.

2. Brief Description of Related Art

[0002] A horizontal subsea tree has a production outlet extending generally horizontally,
in relation to the wellbore, and a bore that is axially aligned with the wellbore. A tubing
hanger lands in the horizontal tree and supports a string of tubing extending into the
wellbore. The tubing hanger has a vertical passage and a lateral passage extending
from the vertical passage and registering with the production outlet of the tree. In some
installations an internal tree cap lands in the tree above the tubing hanger, the tree cap
normally having a vertical passage that aligns with the vertical passage in the tubing
hanger. As a dual safety barrier, a wireline deployed crown plug is installed in the
vertical passage of the tubing hanger and another crown piug is installed in the vertical
passage of the tree cap. In other installations, the internal tree cap is omitted. In that
case, the vertical passage of the tubing hanger is typically plugged with two crown plugs

to meet requirements of having dual safety barriers.
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[0003] Fluid, such as, for exanple, conpletion fluid, nmay be trapped in the
vertical passage between the two plugs. The fluid nmay be relatively cold
when it is trapped because the subsea tenperature is relatively cold.
During production, the well fluid flow ng through portions of the well head
is at a higher tenperature and subsequently heats the subsea wel | head. As
the fluid trapped between the crown plugs heats up and is restricted from
expanding, the trapped fluid pressure can potentially increase above the
wor ki pgnaB]eBkid, esurh ad\efoe rexamme, ugsmpletion tfluids , maprrgtrapped iimtiegvetticadf t he
crown plugs. It is thus desirable to limt the pressure in the void between

the cpausadd Befveeh fHaoto bgggasx"m fmlmeni‘agt\lli)éi réla RN doREWWBANt I Eappe@s i nto
t he environnment. SUMVARY THE | NVENTI [ 0004] A pressure conpensati ng

the RY'CF Th | _
i ui aoerree T BB b gRne (SRS NI PERRTRRoQRRENCRR REMIIAT™" he
Cy 11 nipTrE RRIERF bGfohs o P FeInea s o, RERGr FRFAFs IRt sl cfenty

cylin ocate i ngly ‘engagi ng

cylindri bore and secon ug .l ocated.in and sealinal ngagi ng. t he
oyl 1 npriahe 33bEed NauRedEORR tf 18 s oBl i Eel s SRR AR PERRTR e
first plug, and thus the cylindrical, bore, the firs Jyg, and the second
bl g Bareictad diapn Eypantingyibe HARRe it PhsshiR sPh e il indgees gbove,
mtigate the pressure increase, a pressure conpensator having a pair of

pl at edhq working pregsare oh Mt aroyur Bhigsnst dhus amrge Hieatndeprily ohithe EFRWRavi ty.
The pair of plates can define a void between them and a conpressible fluid
can belugscalt ésl thust Hesirabhe ta dimit thehpressire nothenwidbetweenthd beaven plugsd i n
the cavity increases, it can cause the plates to deflect inward, toward
each eiithent reldiHy thedluidwapsedpétweenitbe phigstinte the eavirphraeet, i nto the void,
can be limted by the second plate such that the first plate does not
plastically deformprior to being so limted by the second plate. In one
enbodi nent, the inward deflection of the second plate, into the void, is
limted by the first plate such that the second plate does not plastically
deformprior to being so limted by the first plate. A cylindrical ring can
connect the first plate and second plate and thus define an outer dianeter
of the void. One or both plates can have a concave surface in rel axed
state. Alternatively, one or both plates can have a generally flat surface
inits relaxed state. The plates can be nade of any of a variety of
materials including, for exanple, netal, polyner, or elastoner. The void
bet ween the plates can be filled with a conpressible fluid including, for
exanpl e, a gas such as air,



ni trogen, or argon. |In one enbodi nent, the void can be at negative
pressure, |ess than atnospheric pressure, when the plates are in their

rel axed state. [0006] The conpensator assenbly can be located in a franme, or
cage, that can be placed in the cavity. The frane can have a sidewall with
an aperture so that wellbore fluid can pass through the aperture, into the
frame, and thus reach the surface of the conpensator plates. Mire than one
conpensator can be located in the cavity and, indeed, nore than one

conpensat or can be | ocat egUMMARYIORITEIH MNVENTIGN nor e t han one conpensat or
I's used, a gap can exist between the plates of the two conpensators so that

vveI | bore fluid can reach the exterior surfaces of those plates. BRIEF

DES gl?{db‘ﬁum prEssUfE derpanEEhd Q80iék 2anthratiséd e ﬁﬁfﬁ‘@é thd prdlistife ilteehgat ur es,

ages and objects of the invention, as well as others which wll

beconﬁeﬁ@mr 8BLur %Enaﬁd@'tﬁég BNtherRAINP R %P ?rlﬁté’o&dflﬂe J?ac@a 3h! ondror €

particul ar description of the i1 nvention ly summari ze bove may be had

by reéﬁlrbga(ﬁ?erﬁoth& ére%ga%d{; néeﬁ&r {EOIEJFX\@HOH é %ellh%é'&ta @ér‘ﬁglyl {ﬂa& rW’:étsaao|Oended

dr aw ngs Whi'ch a par I'S Speci |ca
not ed

t the qs_ i) lustrate onl pr r enbodi ment of
not e R e e BRSPS LSOR Sl B ﬁﬁdb 8388 Lo ope
as the invention may .admt to ot her c‘]ual Iey effectjve odi nent

second plug located in and sealingly engaging the cylindrical bore he second plug
can be spaced axially apart from the first plug, and thus the cylindrical bore, the first
plug, and the second plug define a cavity. Trapped fluid can be retained in the cavity.
To mitigate the pressure increase, a pressure compensator having a pair of plates (a
first plate and a second plate) can be located within the cavity. The pair of plates can
define a void between them and a compressible fluid can be located within the void.

When the volume of the wellbore fluid in the cavity increases, it can cause the plates to

deflect inward, toward each other.

[0005] The inward deflection of the first plate, into the void, can be limited by the second
plate such that the first plate does not plastically deform prior to being so limited by the
second plate. In one embodiment, the inward deflection of the second plate, into the
void, is limited by the first plate such that the second plate does not plastically deform
prior to being so limited by the first plate. A cylindrical ring can connect the first plate
and second plate and thus define an outer diameter of the void. One or both plates can
have a concave surface in relaxed state. Alternatively, one or both plates can have a
generally flat surface in its relaxed state. The plates can be made of any of a variety of
materials including, for example, metal, polymer, or elastomer. The void between the

plates can be filled with a compressible fluid including, for example, a gas such as air,
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[0008] Figure 1 is a sectional view of a subsea horizontal tree having an
exenpl ary enbodi nent of a pressure conpensating device. [0009] Figure 2 is
a sectional view of an enbodi nent of the pressure conpensating device of
Figure 1, showing the plates of the pressure conpensating device in a

rel axed state. [0010]Figure 3 is a sectional view of an enbodi nent of the
pressure conpensating device of Figure 1, show ng the plates of the
pressure conpensating device in a conpressed state. [0011]Figure 4 is a
sect i afrdgev| emajonarntonerermibddicient the ebidt deh ps at aegativeqrpsnsal lesg temyvi ce of
Figure 1, show ng concave plates of the pressure conpensating device in a

r el ax@emsdpHeric prés¥utd] wirkrtHeep|atelssard irf B1lin reRdkd 6tatw, of the pressure
conpensati ng device of Figure 1, show ng an enbodi ment having a frane and a

plurality of pressure conpensating devices.
[0006] The compensator assembly can be located in a frame, or cage, that can be
placed in the cavity. The frame can have a sidewall with an aperture so that wellbore
fluid can pass through the aperture, into the frame, and thus reach the surface of the
compensator plates. More than one compensator can be located in the cavity and,
indeed, more than one compensator can be located in a single frame. If more than one

compensator is used, a gap can exist between the plates of the two compensators so

that wellbore fluid can reach the exterior surfaces of those plates.



[0013] Figure 6 is a sectional view of another enbodi nent of the pressure
conpensati ng device of Figure 1, show ng an enbodi nent having a franme and a
plurality of pressure conpensating devices. [0014]Figure 7 is a parti al
sectional view of another enbodi nent of the pressure conpensating device of
Figure 1. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENT [ 0015] The
present invention will now be described nore fully hereinafter with
reference to the acconpanyi ng drawi ngs which illustrate enbodi nents of the

invention. This invergREF PESCRICMYRIOF reirepkadvpdssn many different forns
and shoul d not be construed as limted to the illustrated enbodi ments set

forth herein. Rather, these enbodinents are provided so that this

di scl aroo7esYl {nat ket MANAEE N aRFichOfHe! &RureBNthdbahlagey! hid Canjuay bhenscope
of the invention to those skilled in the art. Like nunbers refer to |like

i _ skil' art.” ke nunber to
ol emonvanfol Y AR e Hae e SR WL Beb e rratpa oS AR GRS ogh e &

Chris ree.10Q i t k i.zontal, tre 1 h tree
o1 ock iRty it e Bt MBR SPPuER St of cnbi Tveckbpr Bhiefl
through it.. A ,set of gropves 4 is |located, ,on the exteri.or near .the upper
bnd T Siminrized gy o BE Rad By FTelnoR B i s Ao AL Bl Bhid Foar b
cover 106 fits over the upper end of tree 100. Tree 100 has a,l ateral

pr od u@t’ﬁ‘(ﬁﬁeﬁé% &'bﬁgépﬂwe@ ?W&&Seﬁﬁ'éc"g@ﬁé’l‘%ﬂq f;?”ﬁo”r Parb _f Hhis 9%?'3‘?@“9& dt 102
and is controlled by a valve 110. Tree 100 will be |anded on top of a

wel | hisda bsonetedghowevers thaiuthe digviogs diupliatet @nly ashratereed embpaigentod the wel | .

invention and is therefore not to be considered limiting of its scope as the invention may

admit to other equally effective embodiments.

[0008] Figure 1 is a sectional view of a subsea horizontal tree having an exemplary

embodiment of a pressure compensating device.

[0009] Figure 2 is a sectional view of an embodiment of the pressure compensating
device of Figure 1, showing the plates of the pressure compensating device in a relaxed

state.

[0010]Figure 3 is a sectional view of an embodiment of the pressure compensating
device of Figure 1, showing the plates of the pressure compensating device in a

compressed state.

[0011]Figure 4 is a sectional view of another embodiment of the pressure
compensating device of Figure 1, showing concave plates of the pressure

compensating device in a relaxed state.



[0017] The tree 100 has an inner well head assenbly 111 housed within the
axi al bore 102 of the tree 100. A tubing hanger 112 |ands sealingly in bore
102. Tubi ng hanger 112 is secured to tree 100 by a | ock down nechani sm 114.
A string of production tubing 116 extends through the casing hangers (not
shown) into the well for the flow of production fluid. Production tubing
116 is secured to tubing hanger 112 and communicates with a verti cal
passage 122 that extends through tubing hanger 112. A | ateral passage 124

ext engeo12] FIure ™ isCalsepBsisa 08k 27 the brasdgescompansiating deicer ol Figagsage 108.
[0018)A lower wireline retrievable plug 126, or crown plug, will lock in

verti gRbwi@s aR%MBSENRAPRMIRY 8" AhmRABRALE ph#dlityS SR btaiSutd @oHipRPsafigl Of

vertical passage 122. Seals can forma seal between plug 126 and tubi ng

hangeyJild. and dogs, or other types of |ocking devices, may be used to

| ock pFug ?26 in place. In this exanple, a tree cap 128 inserts sealingly

into tree bore 102 above tubing hanger 112. Tree cap 128 has a downward

dependg i t hon, slLe : i ial it ithin a
fOdAS) FRRES! 6O S %&g@%@pge@v 3¢ difpfdralemdiRuat 10 she ! predd

recep formed on er end ubi ng hanger T rior

reo SaBPEOsAUL OaYIoh-as st s Hutorn ATRRRERG! heViEha fhRer Suf et or
as tubhgg,hagger ﬁass%ge 1%%. 0019] An upper wireline retrievabl e crown
pl ug PWEAlty b Presshig cPiiipensaling dg¥iCe3ge 144. Various seal s can provi de
seal i ng between conponents within tree 100 including, for exanple, netal

| 148 I 146, whi f [ 144.
Dogs, B ABFiGEe 14 os SpTIEbSaCHE He bRt DL AEO M-S HBOREEN (& T6e RIaASHE  cr own
plug 146 in place. Upper crown plug 146 is a redundant plug for further
seal i AgMpassatig device effdgpiei trary seal being forned by | ower plug 126. Upper
crown plug 146 and | ower plug 126, thus, formdual safety barriers against

gas or liquids that may pass up through vertical passage 122. Any type of
upper and | ower plug can be used to formsuch safety barriers.



[0020] Cavity 150 is a space within tree 100 having a circunference defined
by passage 144 and ends defined by |lower plug 126 and seal 148 of crown
plug 146. Cavity 150 may al so include the volunme associated with bores or
recesses on the top of lower plug 126 or the bottom of crown plug 146.
Conpl etion fluids can be trapped in cavity 150 when upper crown plug 146 is
sealed in place, which is after tree 100 is installed subsea. Once upper
crown plug 146 is installed, the fluid pressure of cavity 150 will not
necessarily rppwANED DHECRIENOM OF THER PRERERRED EM8CIHMENEr surroundi ng
tree 100. [0021] The trapped wel |l bore fluids can thermally expand wthin
cavity 150, causing an increase in pressure. Conpensator 152 can be | ocated
Wi t hi By Thy plednt hvghtibOAIENSW e MERFIBEE thorBFURARERINaTiee Yvith@fdrensde
exanple of a well head assenbly. Conpensator 152 can be used in any type of
wel | h Vi i ' Kihal j 2]rhi
Referﬁfﬂagﬁgﬁgﬁgﬁpgﬂé,ngﬁﬁgﬁggﬁ%}wggggkgﬁgareIl?hgh%%?%%ﬁﬁgéggﬁé{g“s
asse 4. In [ too - a bl e
vt a8 R 3, Shitboid  Ind3 Skl ibn Bnd ot L 66T

menber, _ such as | ower plate
dof or FABHTBIecAR e 16 the GHEERBD AERI oD 5o ST/ STl SOl . BBSh e

upper plate 156, can act as a sup$ort menber Eaﬁh pl ate 156, 8 can be
made MbgAMets 2rg prowded &p that Es disslasies will ket PES’r“ggxadH%P%’,np ¢afnd
plastic, or polyner. Perinmeter 160 can separate plate 156 from plate 158,

t hus wikfully agnvey thessope of sheinveson tosthosa gkiediimtheart 1lgbe eaimhess fefee of a
unitary material or can be individual pieces that are connected to one

anot hter likeCelepmmstroouditcuitcand e pomet matetiend ik used, tindicatesi similanelesapder al | y
seal ed and, thus, does not permt ingress or egress of gas or |iquids.

[ 0023jh Alrektivelerabodigentsai n a conpressible fluid. The fluid can be, for
exanpl e, a gas such as air, argon, or nitrogen. Alternatively, the fluid
can be a liquid. In one enbodinment, the liquid has a high boiling point so

that [0o18pREfenig RXPiYOfE $1 CRlidthRaNted 100 @ohg afrcknoit 8¢ aaidrizehtal teel d 164
can contain a mxture of different types of fluids including, for exanple,

mul ti pl9,085kSe HiokOTB! NAtH ANFerBibands xR tideABb 10D SAShARG EIMRGIEIRENT |
void 164 can be evacuated such that the initial pressure is bel ow anbi ent

pr essyr L.ate , C HCl Yar ki A SH,-d t rally

mai nt{?iﬁirﬁugttﬁéti rA %ﬁ%gﬁ %é@ﬁesvgpéqgéieé%be@g%%te&é iT%a{}\%levgﬁ%%rgS@gnfa e used
to evacuate fluids.fromvaoid 164 and introduce fl uids into Vel [ 0024]
bl at edotgitin ¢ seilriarfass et Sl A el RS Gartonth ERovd B flsupbthe | one
enbodi nent, plates 156 and 158 can renmain nerally fl at arallel to
each Hﬁﬂﬁirefﬁog“ﬂer £00.cLregr ?119;9 hﬁﬁe%é%}?@'\ﬂrg‘ﬁ'ﬂ'o@a‘&%@ﬁ?g%tﬁé}%ﬁ @&‘3 e, the
initial pressure in cavity 150, prior to thermal expansian, naﬁ%)ub_e

i nsufgensray heazantalyy fremebarpald2 and | eerdeolieddyan yaivesl 1Qidget IBUWH Bich
initial pressure is greater than atnospheric pressure. The pressure of the
f 1 ui danded ondop ®4 aoweltheadrhiaisitig (nobEhewa), ehidls uppeitsi sssingextending bt e to
the plates remaining generally flat up to a certain external pressure. In

one esredli nent, the first external pressure can be the hydrostatic pressure
of the seawater at the tree 100.

[0017] The tree 100 has an inner wellhead assembly 111 housed within the axial bore
102 of the tree 100. A tubing hanger 112 lands sealingly in bore 102. Tubing hanger
112 is secured to tree 100 by a lock down mechanism 114. A string of production tubing
116 extends through the casing hangers (not shown) into the well for the flow of

production fluid. Production tubing 116 is secured to tubing hanger 112 and



[ 0025] Referring Figure 3, when the external pressure reaches a second
pressure, plates 166 and 168 can nove toward each ot her, thereby
conpressing the fluid in void 169. In the enbodi mrent shown in Figure 3, a
portion of upper plate 166 has noved toward | ower plate 168. A portion of
| ower plate 168 has al so noved toward upper plate 166. The travel distance
170 of upper plate 166 is limted by contacting the interior surface 172
of |ower plate 168. Lower plate 168 can stop the novenment of upper plate
166 bejoniraunippes witlnhevetidal pagsage abP thatosxteedsrtineagh yubinghanger 1Thus, the
deformati on of upper plate 166, through travel distance 170, is limted to
el ast i|gtefiaf Sg¥REEOMR4 lekleRits SRomavétfEdll Passabel PaErandl aighs1@fth Ciage MEXsralt ovar d
upper plate 166. Upper plate 166 can limt the novenent of |ower plate 168
to el?ﬁkgg%?qbgynation. Fluid in void 164 can be conpressed when plates
166, 168 lect inward toward each other. The pressure of the conpressed
fluid in void 164 can limt the deformation of plates 166 and 168, thereby
al | owi I [ 0 f [ ' ; ' ne
061 8N %m?é@ngféhﬁe%{r%ﬁﬁi% [ﬁlg% g rb@, %rGJ:roW?l ﬁﬁg,n\ggl Ibéx lltﬁal%afgﬁg@

enbodi'nent” o ensat or plate 176 | ower plate an have

2o e ROBRBAESARRE 2. AN TR BHAA S FrertialiotiatoE. Seare . e
) ot oy o BCH o R bl 52010 o330 AR kbl
conpressing any fluid |located in void 180. A cylindrical ring (not shown)
can bdotkiRERYCeRMBERe Ypad & lopie!um 424 BPlage; Yo this.examRle, adfesER A 28 of d
180. As with other enbodinents, the novenent of plates 176 and 178 can be
li mit dosarts sealingly infefteremborerd 02| abayee tubith diangak 118utléee daante&hasga can
increase as plates 176 and 178 are conpressed. A franme, such as franme 186
(Fi gudewswand dapendingr isiationt slecwé 13V that i5CoqdRIgHieevE) 18anNfitsi withint &e

radi al expansi on of outer dianeter 182, thus limting the novenent of

pl at esedefflaclodi 3R7BrmeAh theRappsr emd) of eubling haagsr 1¢R2nPhasatedor efskeebéy 184
can include frane 186 and one or nore conpensators 188. Frane 186 can be an

appar gascdnhirliniegledswith) 8n GixidPa8s &8 RS 3Rdt e AdESthréligH Red 38p CRB. P&ial f OF
exanpl e, a cylinder having annul ar retainer rings 190 for retaining

conpensal ;e 1438, COPPRRRRARISthE88arR8nkE SRARS 88albing hanger passage

122.

[0019] An upper wireline retrievable crown plug 146 inserts into tree cap passage 144.
Various seals can provide sealing between components within tree 100 including, for
example, metal seal 148 on crown plug 146, which can engage a surface in passage
144. Dogs, or other types of locking mechanisms, can be used to lock upper crown
plug 146 in place. Upper crown plug 146 is a redundant plug for further sealing
passage 144, the primary seal being formed by lower plug 126. Upper crown plug 146
and lower plug 126, thus, form dual safety barriers against gas or liquids that may pass
up through vertical passage 122. Any type of upper and lower plug can be used to form

such safety barriers.



W thin conpensator assenbly 184, thereby creating gaps 192 between
conpensators 188. Gaps 192 can allow wellbore fluid to fl ow between
conpensators 188 and, thus, the wellbore fluid can act on the outer
surfaces 194 of each conpensator 188. A variety of techniques can be used
to establish gaps 192. For exanple, spacer ring 196 can be an annular ring
| ocat ed bet ween each conpensator 188. In one enbodi nent (not shown),
spacers can be connected to or forned into the inner dianeter of frame 186.

Aper t paozp] £8%ity 850 & 4 epavehithiprted 100 Haling ResiruhiteRngarRRiihed byﬁﬁ@%éé%@ es 192
can be, for exanple, vent holes, slots, or |arge openings through the

Si devalhy arnurgﬁjal(?&.rféfd by ﬁiWergpﬁ@g 16807 séégfﬁrsrémom sillguus. 6calify P56

enbodi nment me 200 can | nclude a cage retai ni ng conpensators 202. In

this O‘ﬂégﬁ%ﬁﬂiebtrh? Lﬁﬁ? aggtlf)]% Qt%d bé’%sﬁ?t@é s%%g%ﬁﬂ@%?%? %ér%ﬁ@%?po”

conpens tor tO pass 1n
[ 0029

r|n back to Fi , AN era f .on
conpehé oSBT B oftR &D??qwa H"§?§ LeReL T Vol89 et er
ring 160. V0| d 164 c evacuafed. to subat erl C re thr h
val veW1'68, UQRerv‘EfPW“cnggr it SP?fqdelfl‘ R,Iatcﬁ é(‘f é{tﬁﬁé’%ﬁ ?6@ '5r'@§@ﬁ‘?‘g Voi d
164 can be filled with a conpressible n;jpensator 154 can be pl aced
di r ecS¥Eaat@neaYPRST A9N(RiNG (fe lqmstaﬂedoﬁh@ i ﬁfﬁSéU@)ﬂfp@rvstaﬂéPéNlﬂmtcan be
placed in frame 186 (Figure 5), and then the assenbly 184 (Figure 5) can be
pl acedecessariyaremajn abihe IBdlceatatic plessunecef thesgawater puganndiog itieeaty on t he
sea floor, the pressure inside cavity 150 can be greater than atnospheric
pressure. Cavity 150 is exposed to hydrostatic pressure while crown plug
146 i [0a2d] e itrapped lvezllbord fluidsecasnthednatiynexpard withini cavily HhQyleausimgearsur e
inside cavity 150 is not sufficient to cause significant deflection of

pl at emcildfseaindprdssure] 003AIpehsaton 152ucarl#6 16€atgdneitHin caaity H&0ploanitiyate tree
100 (Figure 1), thereby trapping fluid in cavity 150. As the tenperature of

the fhydl dresqip¥i intrdd@si NCTRRSEDO idiorld Wxdngd bhel WRéiineaBX Bagembiher eby
increasing its volunme and increasing the pr essure within cavity 150. The

eXpanébﬁ{abeﬂgattopq bldihthe ﬁglgqfnhfna)fgfgﬁetge angag 5d§§§ﬁ1% ﬁa\h R &Rty WehictF an

cause el astic de ornmati1 o fiTst poSition to a
SecongEFS'héb The second position can put upper plate 156 axially nearer
tolo % As upper plate 156 is deflected, it can conpress the
conpressi bl e f|UId Iocated in void 164. The space previously occupied by

”pper[o%'zﬁi ﬁef%zmng gure c(%)%:;%J nsa orb¥5£ hl'?‘gﬂpew’lf ¢8R nﬁcﬁgdg\%llgtgogs%etnb
154. In one embodiment, plate assembly 154 can have a deformable member, such as
upper plate 156, and a support member, such as lower plate 158. In one embodiment,
the support member, such as lower plate 158, can be deformable. Similarly, in one
embodiment, the deformable member, such as upper plate 156, can act as a support
member. Each plate 156, 158 can be made of any of a variety of materials including,
for example, metal, plastic, or polymer. Perimeter 160 can separate plate 156 from
plate 158, thus defining void 164. Plates 156, 158 and perimeter 160 can be made of a
unitary material or can be individual pieces that are connected to one another.
Compensator 152 can be constructed such that void 164 is generally sealed and, thus,

does not permit ingress or egress of gas or liquids.
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[0031]Simlarly, the |lower plate 158 can elastically deform toward upper
pl ate 156, thereby conpressing the fluid in void 164 and allow ng the

now expanded wel | bore fluid to occupy space previously occupied by |ower
pl ate 158. Because the deformation of either or both plates 156, 158 is

el astic, the plates can return to their original, relaxed state when the
wel | bore fluid cools and contracts. Thus, the pressure within cavity 150
does not drop to a pressure significantly lower than its initial pressure.
[ 003211[05323]3\76@ ne4toankiatidia a’cornpreasibldfiidemedfiuie wan beg ipreseahsle, 2 HAscan
include shell 212 and bell 214. Shell 212 can be a deformabl e nenber, and

bel | Zldnhcas de é‘rg%HPRﬁrﬁltrEiE@ﬁ)erAltgﬁﬁlttl/eI?l@h&aﬂwd‘Q:\éﬂ Bebgl liquidapm ioRel t's
rel axed state, wherein one end is closed and general |y rounded, and the

ggggr %WHQ}% qﬁ%gaﬁgtﬁagg{é tﬁg}?@hgrﬁm sébte{}t% grltfdg%ss'ﬁ?:‘éag% Mtﬁiﬁm&ﬁ]tlgi m | ar
to th"vrrr?ec}PES edO”Alic{}ﬁainﬂil e\h% ﬁgc{%cgorﬁémsé‘%&tuge}éf gﬁ%'réntzt}ﬁ%é?%f‘fl %s

coaxi ally nésted wthin's I'ne gap etween 216
o b TRUTIE e o RS ST

fluird fromport 220 to gap 216. Pl ug 4 can be| serted . into port 220 to
seal FEPROIMEN: VoI i’@‘bpgn%S Haled %‘Wg‘ tBﬁft@Pl'B'lt'anPreéﬁwﬁéﬁ QY apmient| n one
enbodi ment, plug 224 can be a check valve that can be used to introduce the
conpr dyesyire. fPlates 19@.01etsan ite sptionsyly sigid thatithey genseally maintaianthsis
joined by any of a variety of techniques. In one enbodinent, joint 226 can
be a ahlage wiresr edid 16deiblevateatadd Hilkvalve 1650an beuded ta egmu%e flulsffoorm a
seal. In other enbodi nents (not shown), joint 226 can include, for exanple,

adhesiveid $&4bAd inttudeeddllidsdntoecdid 464, and el astoneric seals. In the wel ded
enbodi nent, port 220 can renain unseal ed during the wel ding process to
all ow funes fromgap 216 to escape. [0034] Conpensator 210 can be

i nt r oqooR4y Pistes 156/ahy 1580 chifribgugendmlipYiadryndt paranelgieeeadin otiner. efrbodenent ,
conpensator 210 can be lowered on a wireline or a running tool. In another

enbodidildimeAlTRAAIESHBE ahbl1 3BEarb Ferfi iR RHePAly! flt &R [SHraIléﬂQo fé@@%trm,rtags 126,
146 (Figure 1) and run into cavity 150 when the crown plug 126, 146 is used

to seg AR o ?(ﬂgnglfp NN &I"ﬁﬁecﬁvﬂg 11;?@:rrpbreexéﬂg%aqﬁe %@aléﬁ@s?@re iR ? on an

i nner di aneter sur ace o nd can bé ¢onnected to threads (not

t:xb) CHBPE Rt Pl ioh b e tIarnn R B EShAEe st Plud £5% AEO eoer
compori2h SenTIOUER BEN WIEPIFRSP of ngBali ag Simosphené présdlfe! Y Fhe
pressure of the fluid in void 164 or the rigidity of plates 156 and 158 can contribute to
the plates remaining generally flat up to a certain external pressure. In one

embodiment, the first external pressure can be the hydrostatic pressure of the seawater

at the tree 100.

[0025] Referring Figure 3, when the external pressure reaches a second pressure,
plates 166 and 168 can move toward each other, thereby compressing the fluid in void
169. In the embodiment shown in Figure 3, a portion of upper plate 166 has moved
toward lower plate 168. A portion of lower plate 168 has also moved toward upper plate

166. The travel distance 170 of upper plate 166 is limited by contacting the interior
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crown plug (not shown) or connected by anot her techni que such as bolts,

pi ns, or welding. [0035] In operation of one enbodi nent of conpensator 210,
gas can be introduced into gap 216, through plug 224, which can be a
check-val ve plug, to pressurize gap 216 to a pressure that is greater than
at nospheric pressure. The pressure can be selected to support shell 212,
such that shell 212 does not deformdue to the hydrostatic pressure in
cavity 150, but still allow shell 212 to elastically deform when the

Pressypaak ! e MU A5Gl Nafe TBEEESH SI0Y MEInbRUBENERUDPYIHESt at i ¢
T 4G5 Iner bt 1 3

Ezgssgre. sat or can then be connected to upper crown plug
vVianst.hr r I nst_r | t ower ed
into e§9§@;°er%§§w%%?>as$é%ﬁ)ﬁ%@%%&3&6@%@%@%#&50@%6 P e AR oraoh o™ e

i ncreased tenperatures wthin | I.head 1 cause.the c etiqn fluid
press@?é’ﬁpﬁr mﬁ{eeagé %*Efﬁag 0 ‘Y%tq'ﬁﬁnfz?u%'cﬁn "@ﬁﬁggtos%g%k'gﬂe%of%a%n'
elastically deforminward, toward bell 214. Shell 212 ca ef] ect be
near el-iKe¥{ise, 21 portiop flewenhBiate 16rcan: mave dewaig W‘Q)Q?réﬁﬂtei Muy@pﬁﬁ p(ifj? al
deflection, a radial deflection, or both an axial and a radjal deflection,
dependBhdganrinihthesmapement ehlewer piate 18Rdo felagtig deforgaiions & lbigninyeIt dGhr essed
when shell 212 deforms inward. Bell 214 provides support to shell 212,

t her elogn| baricoimpgesdesi whan eplattiss 1 66.c 463 rmteflectimvardnipwsrdseaah aéesr nkbeon of

shell 212. [0037] Wile the invention has been shown or described in only

sone @fedsuse bPthasconpresserifivid e veidptdecdn lirit theodefoskiatioredf platéshtb@iandt hat
it is not so limted, but is susceptible to various changes w t hout

depar 5B gthefdy AlltviRg BRIG eMstichRfbivaivhi on.
[0026] Referring to Figure 4, in one embodiment of compensator 174, upper plate 176
and lower plate 178 can have a generally concave shape in their relaxed state. As with
other embodiments, void 180 can be located between plates 176 and 178, and can be
filled with a fluid. External pressure within cavity 150 (Figure 1) on plates 176 and 178
can cause either or both plates to deflect inward, compressing any fluid located in void
180. A cyﬁndrical ring (not shown) can be located between plates 176 and 178 to
increase the volume of void 180. As with other embodiments, the movement of plates
176 and 178 can be limited to elastic deformation. In one embodiment, outer diameter
182 can increase as plates 176 and 178 are compressed. A frame, such as frame 186
(Figure 5) or an inner diameter of cavity 150 (Figure 1) can limit the radial expansion of

outer diameter 182, thus limiting the movement of plates 176 and 178.

[0027] Referring to Figure 5, compensator assembly 184 can include frame 186 and one
or more compensators 188. Frame 186 can be an apparatus that holds one or more
compensators 188. Frame 186 can be, for example, a cylinder having annular retainer

rings 190 for retaining compensators 188. Compensators 188 can be spaced apart
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What is clainmed is: 1. In a well head assenbly having a cylindrical bore, a
first plug |located in and sealingly engaging the cylindrical bore, a second
plug located in and sealingly engaging the cylindrical bore, the second
pl ug being spaced axially apart fromthe first plug, wherein the
cylindrical bore, the first plug, and the second plug define a cavity, the
cavity being adapted to retain a trapped fluid between the first and second
pl ugs, an apparatus for mtigating pressure in the cavity in response to

t enpengtHih @oRfpRASEDr Assémelyt 18P Padrddyutrdatis® GRpS Sio2dbetvedfcunimdtsatdrgmber
and a support nenber |located within the cavity, the defornmable nenber and

the S%@Qréggﬂ@grcaﬂ%w mjl%@g@é&ﬁge@éggbngﬁﬁgn&n@%&sbqszparrﬁﬁ%M)A e

fluid locat within the vold; eing 1 nwardly

def | egﬁ??)ﬁﬁbéﬁvﬁ{ggcw%c?b'ﬁﬂ%réutg? Pods AU GhihchsBISHAT % Ladgase 1n

t he cav e apparatus according to claim1l erern the i nwar

e e S0 L ALED) BBk APt o Bl "
an annular ring located between each compensator 188. In one embodiment (not
shown), spacers can be connected to or formed into the inner diameter of frame 186.
Apertures 198 can allow wellbore fluid to pass into gaps 192. Apertures 192 can be, for

example, vent holes, slots, or large openings through the sidewall rings 190 of frame

186.

[0028] Referring to Figure 6, in one embodiment, frame 200 can include a cage for
retaining compensators 202. In this embodiment, frame 200 can be wire or metal rods
configured to support compensators 202 but still allow wellbore fluid to pass into gaps

204.

[0029] Referring back to Figure 2, in operation of one embodiment, compensator 154 is
assembled by connecting plates 156 and 158 to perimeter ring 160. Void 164 can be
evacuated to subatmospheric pressure through valve 165, or void can remain filled with
air at atmospheric pressure. Void 164 can be filled with a compressible gas.
Compensator 154 can be placed directly into cavity 150 (Figure 1), or one or more
compensators 154 can be placed in frame 186 (Figure 5), and then the assembly 184
(Figure 5) can be placed into cavity 150. Because the tree (Figure 1) can be located on
the sea floor, the pressure inside cavity 150 can be greater than atmospheric pressure.

Cavity 150 is exposed to hydrostatic pressure while crown plug 146 is being installed.
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3 The apparatus according to claim1, wherein the support nmenber inwardly
deflects toward the defornable nenber in response to the pressure increase
in the cavity and the inward defl ection of the support nenber is limted by
contact with the deformable nenber. 4. The apparatus according to claim1,
wherein the deformabl e nenber has a bell shape. 5. The apparatus according
to claim1, wherein the deformable nenber has a concave surface when in a
rel axed state. 6. The apparatus according to claim1l1, wherein the

el o e R, SER YHbrrtbie o TSRO e sk

appar at us accor rern ef or r

SUPPOLL, BE TRRncE PR o QFBtefo@bng8e0f Metal, polymer, and el astomer .

[0030]Crown plug 146 (Figure 1) can be placed in tree 100 (Figure 1), thereby trapping
fluid in cavity 150. As the temperature of the fluid in cavity 150 increases, the fluid can
thermally expand, thereby increasing its volume and increasing the pressure within
cavity 150. The expansion of the fluid, and the corresponding increase in pressure, can
cause elastic deformation of plates 156 and 158 from a first position to a second
position. The second position can put upper plate 156 axially nearer to lower plate 158.
As upper plate 156 is deflected, it can compress the compressible fluid located in void
164. The space previously occupied by upper plate 156 can now be occupied by the

now-expanded weilbore fluid.

[0031] Similarly, the lower plate 158 can elastically deform, toward upper plate 156,
thereby compressing the fluid in void 164 and allowing the now-expanded wellbore fluid
to occupy space previously occupied by lower plate 158. Because the deformation of
either or both plates 156, 158 is elastic, the plates can return to their original, relaxed
state when the wellbore fluid cools and contracts. Thus, the pressure within cavity 150

does not drop to a pressure significantly lower than its initial pressure.

[0032] Referring to Figure 7, in another embodiment, compensator 210 can include shell
212 and bell 214. Shell 212 can be a deformable member, and bell 214 can be a
support member. Shell 212 can have a bell shape in its relaxed state, wherein one end
is closed and generally rounded, and the body gradually becomes larger toward the

other end. Bell 214 can be generally solid and have a contour on its exterior surface
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8. The apparatus according to claim1l, wherein the conpressible fluid
conprises a gas. 9. The apparatus according to claim1l1, wherein the

def ormabl e nmenber and the support nenber are |located within a frane, the
frame having a sidewall with at | east one seal able aperture in the
sidewal | . 10. The apparatus according to claim9, further conprising a
second pair of plates located within the frane. 11. The apparatus according
to claim1, wherein the apparatus is connected to the first plug. 12. A

gg;ggicig%tggs: Sidilagab 1tRE FINSHUGE the iRteRUP$BAakE Idf et ZEND el DI gamt bed
coaxially nested within shell 212 to define gap 216 between them. Gap 216 can be
filled with a compressible fluid. Port 220 can be used to introduce fluid into gap 216. In
one embodiment, passage 222 can communicate the fluid from port 220 to gap 216.
Plug 224 can be inserted into port 220 to seal port 220 from fluid located on the exterior

of compensator 210. In one embodiment, plug 224 can be a check valve that can be

used to introduce the compressible fluid into gap 216.

[0033] Shell 212 and bell 214 can be joined by any of a variety of techniques. In one
embodiment, joint 226 can be a weld, wherein shell 212 and bell 214 are welded
together to form a seal. In other embodiments (not shown), joint 226 can include, for
example, adhesive seals, threaded connections, and elastomeric seals. In the welded
embodiment, port 220 can remain unsealed during the welding process to allow fumes

from gap 216 to escape.

[0034] Compensator 210 can be introduced into cavity 150 (Figure 1) by any technique.
In one embodiment, compensator 210 can be lowered on a wireline or a running tool. In
another embodiment, compensator 210 can be connected to one of the crown plugs
126, 146 (Figure 1) and run into cavity 150 when the crown plug 126, 146 is used to
seal an end of cavity 150. For example, threads 228 can be located on an inner
diameter surface of shell 212 and can be connected to threads (not shown) on upper
crown plug 146 (Figure 1). Set screw 230, or grub screw, can be used to prevent
compensator 210 from rotating relative to the member to which it is attached, such as

crown plug 126 or 146. Alternatively, compensator 210 can be integrally formed with a
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(a) connecting a deformable nmenber to a support nmenber to define a seal ed
voi d between them (b) filling the void with a conpressible fluid; (c)

pl aci ng the deformabl e nenber and the support menber in a confined space in
the wel | head nmenber; (d) allowing a second fluid to enter the confined
space; (e) sealing the confined space fromseawater on the exterior of the
wel | head nenber with at | east one plug; (9 thermally expanding the second
fluid in the confined space; and

crown plug (not shown) or connected by another technique such as bolts, pins, or

welding.

[0035] In operation of one embodiment of compensator 210, gas can be introduced into
gap 216, through plug 224, which can be a check-valve plug, to pressurize gap 216 to a
pressure that is greater than atmospheric pressure. The pressure can be selected to
support shell 212, such that shell 212 does not deform due to the hydrostatic pressure
in cavity 150, but still allow shell 212 to elastically deform when the pressure in cavity

150 increases to a predetermined level above hydrostatic pressure.

[0036] Compensator 210 can then be connected to upper crown plug 146 via threads
228, secured against rotation by set screw 230, and lowered into cavity 150 (Figure 1)
when upper crown plug 146 is set into place. As increased temperatures within
wellhead 100 cause the completion fluid pressure to increase, the completion fluid can
cause shell 212 to elastically deform inward, toward bell 214. Shell 212 can deflect to
be nearer bell 214. In one embodiment, the deflection can include an axial deflection, a
radial deflection, or both an axial and a radial deflection, depending on the shape of
shell 212. The fluid in gap 216 can be compressed when shell 212 deforms inward.
Bell 214 provides support to shell 212, thereby limiting its travel distance and preventing

plastic deformation of shell 212.

[0037] While the invention has been shown or described in only some 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.
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(g) elastically displacing the defornmable nenber froma first position to a
second position, the second position being nearer the support nenber than
the first position, the second fluid occupying the space previously
occupi ed by the support nenber. 13. The method according to claim 12,
wherein the second fluid is at a first pressure prior to thermal expansion,
the first pressure being greater than atnospheric pressure, and the second
fluid is at a second pressure after thermal expansion, the second pressure
bei ng WhagkNaitBanst he first pressure, and wherein the first pressure does
not cause di spl acenent of the defornmable nmenber and mherein t he second
pressure does cause di spl acenent of the defornmable er. 14, The met hod

accor di ng tlo @Iawslihead agfenthiv, havng Recindderd b@5%|qﬁlr§hplugr\%cad@¢ srand e

menber contacts the support menber and the support menber limts further

di spl acement gfalingly engagingelbe &ylirdrival bores a serendptugdacated én and gealindy ai m
12, wherein the defornmable nenber has a bell shape defining a first contour
on an i nteri oengagiigthe afiddtidad betey ploe secmmtbaug thaihges seedaiatly @padrfran an
exterior surface, the second contour being simlar to the first contour..
16. The met hoglediestqrlay, ehdreincthaicyliddtical bivreh éve firstipluy samg)tHehsecohd plud
contracting the second fluid, wherein the defornable nenber returns to the
first positiofefine a cavity, the cavity being adapted to retain a trapped fluid between the

first and second plugs, an apparatus for mitigating pressure in the cavity in

response to temperature changes of the trapped fluid, comprising:

a deformable member and a support member located within the cavity, the
deformable member and the support member defining a sealed void between

them;
a compressible fluid located within the void; and

the deformable member being inwardly deflectable toward the support

member in response to a pressure increase in the cavity.

2. The apparatus according to claim 1, wherein the inward deflection of the
deformable member is limited by the support member such that the deflection

of the deformable member remains elastic.

3. The apparatus according to claim 1, wherein the support member inwardly
deflects toward the deformable member in response to the pressure increase
in the cavity and the inward deflection of the support member is limited by

contact with the deformable member.
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17. The method according to claim 12, further conprising the step of

pl aci ng the deformabl e nenber and the support nenber in a frane and step
(c) conprises placing the frane in the well head nmenber. 18. An appar at us
for mtigating pressure changes in a trapped liquid cavity of a subsea
wel | head nmenber conprising: a cylindrical housing; a first pair of plates
and a second pair of plates within the cylindrical housing, each pair of
pl ates conprising a first plate and a second plate, the pair of plates

bei ng spacqd fpagh Jréﬁ%‘a%%‘éhju% ﬁﬁéuamﬁiefwné% ﬁnev@éfgrrﬁﬁﬁl%@é}nbéﬁﬁéégd bei ng

defl ectabl e tovvar other;” a conpressib urd I ocated wthin the
voi d; and bell shape.

5. The apparatus according to claim 1, wherein the deformable member has a

concave surface when in a relaxed state.

6. The apparatus according to claim 1, wherein the deformable member is

generally flat when in a relaxed state.

7. The apparatus according to claim 1, wherein the deformable member and the
support member are each comprised of one of metal, polymer, and

elastomer.

8. The apparatus according to claim 1, wherein the compressible fluid comprises

a gas.

9. The apparatus according to claim 1, wherein the deformable member and the
support member are located within a frame, the frame having a sidewall with

at least one sealable aperture in the sidewall.

10. The apparatus according to claim 9, further comprising a second pair of

plates located within the frame.

11.The apparatus according to claim 1, wherein the apparatus is connected to

the first plug.
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wherein inward deflection of the plates in response to an increase in
pressure in the cavity is limted by contact of the plates with each ot her,
such that the deflection renmains elastic. 19. The apparatus according to
claim 18, wherein the pair of plates conprises a cylindrical ring
connecting the first plate and second plate and defining an outer dianeter
of the void. 20. The apparatus according to claim 18, wherein the first
plate has a flat surface in relaxed state.

12. A method for mitigating pressure in a subsea wellhead member, the method

comprising:

(a) connecting a deformable member to a support member to define a sealed

void between them;
(b) filling the void with a compressible fluid;

(c) placing the deformable member and the support member in a confined space

in the wellhead member;
(d) allowing a second fluid to enter the confined space;

(e) sealing the confined space from seawater on the exterior of the wellhead

member with at least one plug;
(f) thermally expanding the second fluid in the confined space; and

(9) elastically displacing the deformable member from a first position to a second
position, the second position being nearer the support member than the first
position, the second fluid occupying the space previously occupied by the

support member.

13. The method according to claim 12, wherein the second fluid is at a first
pressure prior to thermal expansion, the first pressure being greater than
atmospheric pressure, and the second fluid is at a second pressure after
thermal expansion, the second pressure being greater than the first pressure,
and wherein the first pressure does not cause displacement of the deformable
member and wherein the second pressure does cause displacement of the

deformable member.
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14. The method according to claim 12, wherein in the second position, the
deformable member contacts the support member and the support member

limits further displacement of the deformable member.

15. The method according to claim 12, wherein the deformable member has a
bell shape defining a first contour on an interior surface and the support
member has a second contour on an exterior surface, the second contour

being similar to the first contour..

16. The method according to claim 12, further comprising the step of contracting

the second fluid, wherein the deformable member returns to the first position.

17.The method according to claim 12, further comprising the step of placing the
deformable member and the support member in a frame and step (c)

comprises placing the frame in the wellhead member.
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18. An apparatus for mitigating pressure changes in a trapped liquid cavity of a

subsea wellhead member comprising:
a cylindrical housing;

a first pair of plates and a second pair of plates within the cylindrical housing,
each pair of plates comprising a first plate and a second plate, the pair of
plates being spaced apart from each other, defining a void between them and

being deflectable toward each other,;
a compressible fluid located within the void; and

wherein inward deflection of the plates in response to an increase in pressure
in the cavity is limited by contact of the plates with each other, such that the

deflection remains elastic.

19. The apparatus according to claim 18, wherein the pair of plates comprises a
cylindrical ring connecting the first plate and second plate and defining an

outer diameter of the void.

20. The apparatus according to claim 18, wherein the first plate has a flat surface

in relaxed state.
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