WELLHEAD TREE PRESSURE LIMITING DEVICE BACKGROUND OF THE INVENTION 1. Field of
the Invention WWI The present invention relates in general to a method and apparatus to relieve
trapped pressure in a wellhead and in particular to a pressure relief device for relieving pressure from
a void located between two crown plugs in a wellhead. 2. Brief Description of Related Art 100021 A
horizontal subsea tree has 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 ' i fubi nger has a vertical
passage and a lateral pass &ﬂ- !Z?g% EE %ﬁﬁ?ggrﬁﬁbg@iﬁ%mggermg with the production
outlet of the tree. In some installations an internal tree cap lands in the tree above the tubing harmer,
the tree qaRARERAYRRYIHE FNEMTIGOEIGERaLE 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 plug 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 gluggsd witih&vavioywn plugs to meet requirements of having dual safety barriers.

[0001] The present invention relates in general to a method and apparatus to relieve
trapped pressure in a wellhead and in particular to a pressure relief device for relieving

pressure from a void located between two crown plugs in a wellhead.

2. Brief Description of Related Art

[0002] A horizontal subsea tree has 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 plug 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.

[0003] Fluid, such as, for example, wellbore fluid, may be trapped in the vertical

passage between the two plugs. The fluid may be relatively cold when it is trapped



100031 Fluid, such as, for example, wellbore fluid, may be trapped in the vertical because the subsea
temperature is relatively cold. During well production, the fluid flowing from the depths of the earth is
relatively warm and subsequently heats the subsea wellhead. As the fluid trapped between the crown
plugs expands. it may cause damage to the integrity of the crown plugs, It is thus desirable to relieve
the pressure from the void between the crown plugs. without releasing the well fluid into the sea.
SUMMARY OF THE INVENTION [00041 A pressure relief device may be used to relieve the pressure
that can occur, for example, in the void created between two crown plugs in a subsea tree. A passage
through tiheeausehéherowhssiademeiecinresiabitifialyd coldmubicingmisdtwestuttonpitharftitie
pressure relief device. In one embodiment, the pressure relief device includes a restriction valve. The
restrict orflQ¥NA rfraynh e depiésanipibe aeaidbpiedrplativatiieveppattisigbsaa tenityahsaicdheealing
surface and a shoulder, wherein the plug can be in a first position wherein it is fully opened to allow
fluid to flobRREAYNAIEEEA- tHs AR dIUiF 43eRef dpiwrihthaeruRIOsrexRandss AN apasstveen
an orifice of the fluid passage and the shoulder. The shoulder thus restricts the flow to be less than or
equal to £pRREIIRe Rt of theCHINR BUESscliifdRsraesitPladD ey i Brestdin the
fluid pasz;?: e, thus s_toEping flow through the passage. In some embodiments, an expansion vessel

may be | dhaoRILheRsRINe FOBRRLSS Vil Yonicasingdhe netiflyid imanheigedieased

through the pressure relief device.



100051 In another embodiment, the passage is in fluid communication with a vacuum puller. The
vacuum puller may include a body having an interior cavity and a plunger occupying a portion of space
within the cavity. After the crown plugs are set, a remotely operated vehicle can retract the plunger
within the cavity. The cavity is sealed, so that when the plunger is retracted, it creates additional
volume greater or equal to the expected expansion of the fluid between the crown plugs. The negative
pressure in the cavity allows the fluid to occupy the additional volume. Negative pressure is pressure

that is lower t ?ﬂg Eﬁiﬁ&ﬁ] cavity. In the event that fluid between the crown plugs
Vﬁjmﬂﬂ\?#&? IS a(i)ll\(le\:vo low t

expands, the excess rough the passage and into the vacuum puller cavity. As a
result of the negative pressure, the additional volume in the vacuum puller can thus be filled by the

excess f!‘fiﬁhfifgm\ hRYSIFLRINGaILICAHEY JOQRRH b elianoty srabasienand: te widepseen the

plugs is in fluid communication with a passage through one of the plugs. The passage can terminate

between s M Te-WiacHRIEBAKING SE b TBRIVIE FIS§LAN A IsRiadres aniriasesgirface

of the crown plug, such that the rupture disc prevents fluid from flowing into the passage. In the event
that wellbpre dighdtie thec aviti e spARE HIthEi iDsIRaSe ¢ SERSRIN € Gausah ienfodivre sisy derrupiure arid

thus allow fluid to Dow through the passage, between the seals of the bi-directional packing set, and
into the welldosad BiviEfrd3bi€ RERE1 @Svide. THIE BliRAVINGfment, the pressure relief device
includes a restriction valve. The restriction valve may have, for example, a stepped
plug. The stepped plug can have a conical sealing surface and a shoulder, wherein the
plug can be in a first position wherein it is fully opened to allow fluid to flow freely
through the valve. In a second position, the shoulder creates a small gap between an
orifice of the fluid passage and the shoulder. The shoulder thus restricts the flow to be
less than or equal to a predetermined rate. In a third position, a sealing surface on the
plug engages a seat in the fluid passage, thus stopping flow through the passage. In
some embodiments, an expansion vessel may be located downstream from. the

pressure relief device, thus collecting fluid that is released through the pressure relief

device.

[0005] In another embodiment, the passage is in fluid communication with a vacuum
puller. The vacuum puller may include a body having an interior cavity and a plunger
occupying a portion of space within the cavity. After the crown plugs are set, a remotely
operated vehicle can retract the plunger within the cavity. The cavity is sealed, so that
when the plunger is retracted, it creates additional volume greater or equal to the
expected expansion of the fluid between the crown plugs. The negative pressure in the
cavity allows the fluid to occupy the additional volume. Negative pressure is pressure

that is lower than the pressure outside the cavity. In the event that fluid between the

3-



[0007] So that the manner in which the features, advantages and objects of the invention, as well as
others which will become apparent,are attained and can be understood in more detail, more particular
description of the invention briefly summarized above may be had by reference to the embodiment
thereof which is illustrated in the appended drawings, which drawings form a part of this specification.
It is to be rioted, however, that the drawings illustrate only a preferred embodiment of the 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 two
exemplargremn clige sxpend prixs exseeidiuid i @bjedodliowiguieuphsthes pessageview oita tbstriction
valve embodiment of a pressure relief device, the restriction valve being in an open position. [001 [
Figure 3 i%as'$atiBRESH RANIBE tis rasefitlbafvlin G eadtiyaiRiessbfFitin @ ddiisnairpwaedstifition
valve in a restricted position. [00111 Figure 4 is a is a sectional view of the restriction valve
embodim¥REWIBi g CahHim e El seidhsrevarasiAuddiadhsorridbgbras) thgrbigsis a

sectional view of a vacuum puller embodiment of a pressure relief device.

[0006] In yet another embodiment, the void between the plugs is in fluid communication
with a passage through one of the plugs. The passage can terminate between the
seals of a bi-directional packing set. A rupture disc can be located on an interior
surface of the crown plug, such that the rupture disc prevents fluid from flowing into the
passage. In the event that wellbore fluid in the cavity expands, the increased pressure
causes the rupture disc to rupture and thus allow fluid to flow through the passage,

between the seals of the bi-directional packing set, and into the wellbore.



[awl Figure 6 is a sectional view of a rupture disc embodiment of a pressure relief device. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT 100141 The present invention will now be
described more fully hereinafter with reference to the accompanying drawings which illustrate
embodiments of the invention. This invention may, however, be embodied in many different forms and
should not be construed as limited to the illustrated embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will fully convey

the scop fg]:e I ' (&o i}ﬂgﬁ%% rt..Like numbers refer to like elements throughout,
and the ;%1%4 néﬁ%&ﬁﬁﬁé , é%l i llﬂé?hents in alternative embodiments. 100151
Referring to Figure 1, Christmas tree 100 is of a type known as a horizontal tree. It has a tree block

101 with gygfical of axiah kemanke L4 Gitiingcomplelaly tiosgadod éﬁ&%grgg%e%fl%s

located on the exterior near the upper end for connection to a drilling riSer (not shown). A removable

corrosioncovef H6US AUPTINGHRRET ARSIt niEespidNdins ariatstalinseddriRaagsage 108
that extends generally horizontally from bore 102 and is controlled by a valve 110. Tree 100 will be
landed onyteR RtbWelheatbhouaingi(nohheWphiitirdr SHBBEHSteASIRG eeNThOgHaEm a MrRdty
summarized above may be had by reference to the embodiment thereof which is
illustrated in the appended drawings, which drawings form a part of this specification. It
is to be noted, however, that the drawings illustrate only a preferred embodiment of the

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 two exemplary

embodiments of a pressure relief device.

[0009] Figure 2 is a sectional view of a restriction valve embodiment of a pressure relief

device, the restriction valve being in an open position.

[0010] Figure 3 is a sectional view of the restriction valve embodiment of Figure 2,

showing the restriction valve in a restricted position.

[0011] Figure 4 is a is a sectional view of the restriction valve embodiment of Figure 2,

showing the restriction valve in a closed position.

[0012] Figure 5 is a sectional view of a vacuum puller embodiment of a pressure relief

device.



[0016] The tree 100 has an inner wellhead assembly 111 housed within the axial bore 102 of the tree
100. A tubing hanger 112 lands sea ingly 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 communicates with a vertical passage 122 that extends through tubing hanger 112. A lateral
passage 124 extends from vertical passage 122 and aligns with tree lateral passage 108. [0017] A
lower wireline retrievable plug 126, or crown plug, will lock in vertical passage 122 above lateral
passage 1001 33dzneete ispperestidrall waeticalfpagsadgerd 2is Seatbodinfenad sephdsstuweere(ibifig 126
and tubing hanger 112, and dogs, or other types of locking devices, may be used to lock plug 126 in
place. [00dB]if8 this example, a tree cap 128 inserts sealingly into tree bore 102 above tubing hanger
112. Tree cap 128 has a downward depending isolation sleeve 130 that is coaxial. Sleeve 130 fits
within a receptacle 132 formed on the upper end of tubing hanger 112. A passage 138 within tubing
hanger 112 communicates with a vent port 140 located at the interface between sleeve 130 and
receptacle 132. Seals 142 located on sleeve 130 seal to receptacle 132 above vent port 140. The
interior of sleeve 130 communicates with an axial passage 144 that extends through tree cap 128.
Axial passage 144 has approximately the same inner diameter as tubing hanger passage 122. A radial
port 150 in tubing hanger 112 communicates the exterior of tubing hanger 112 with passage 138,
which extends upward through tubing hanger 112. Passage 152 can be in communication with radial
port 150, and, thus, passage 152 can be in communication with passage 138. [0019] An upper wireline
retrievable crown plug 146 inserts into tree cap passage 44.



Metal seal 148 on crown plug 146 engages 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 [0020] Void 149 is a cavity having a circumference defined by passage 144 and

oot A ol oB P LB DT i R ity EXESP VB o o crown plug 146, void

149 is in fluid communication with vent port 140 and thus passage 138. [0021] Referring to Figure 2, in

one embeglingniyRASAYRLAZARAGH TAMMARrbLRRLEIBER MR anEreiaRdOReBRIIIRA Tree

port 154 is an orifice on an exterior surface of tree 100, which thus forms an outlet for passage 152.

Tree portid Shanahiavpis, Mg*uramngs erHigmaiastae adihsoatians; obirasel HVJREERSSAGTom

the surface of tree 100 is sealing surface 158. In one embodiment, sealing surface 158 is a conical

annular spakRaYHNdrk§l0RBH SHEFAASOBRMEHRIPOTE, At oMifs dmvatiAs IhHaNSHNS fustheeinto the
recess, away from the exterior surface of tree 100. In one embodiment, tree port 154 is machined

directly intoriSteuerdy of iireiectiOt |thanithar-est edibedimeat Psst ¥oAHMAYiem atRwiRed, tensee 100,
either permanently or detachably, such that tree port 154 is in fluid communication with passage 152.
embodiments are provided so that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those skilled in the art. Like numbers refer

to like elements throughout, and the prime notation, if used, indicates similar elements

in alternative embodiments.

[0015] Referring to Figure 1, Christmas tree 100 is of a type known as a horizontal tree.
It has a tree block 101 with a vertical or axial tree bore 102 extending completely
through it. A set of grooves 104 is located on the exterior near the upper end for
connection to a drilling riser (not shown). A removable corrosion cover 106 fits over the
upper end of tree 100. Tree 100 has a lateral production passage 108 that extends
generally horizontally from bore 102 and is controlled by a valve 110. Tree 100 will be
landed on top of a wellhead housing (not shown), which supports casing extending into

a well.

[0016] 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



[0022] Restriction valve 160 is a pressure relief mechanism that may be connected to restriction valve
160 and tree port 154 are integraHy formed as a single unit for connecting to tree 100. Referring to
Figure 2, restriction valve 160 includes valve body 162, stepped plug 164, and handle 166. Valve body
162 can have an inlet port 168 and an outlet port 170. As will be described, below, outlet port 170 may
be connected to tubing for containing and removing the fluid. Inlet port 168 is an orifice that generally
aligns with tree port 154 when restriction valve 160 is connected to tree 100. Inlet port 168 may be an
annular orifice having an outer diameter the same as or greater than inner diameter 156 of tree port
154. Threzueo arifieées 781ty yerdsahpasghageslizadbalferdrdsdbyoLer. tnkomg bamtgsdirhbht A
threaded orifice 172 is on the opposite side of body 162 from pod 154 and is axially aligned with port
154. [0023teBte ppesasia glLa4 extargsinteidavetitehBangea e ohidalaishimtigrarisice 1ree. Sdarrlg
surface 176 has a taper that generally matches the taper of sealing surface 158. Stepped plug 164
also has BR&&RES 168, Shoulder 178 has an outer diameter greater than the largest outer diameter of
seat surface 164. Shoulder 178 may be axially spaced apart from sealing surface 176, and thus
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166 s roﬁ%@ﬁng devices, may be used to lock plug 126 in place.

[0018] In this example, a tree cap 128 inserts sealingly into tree bore 102 above tubing
hanger 112. Tree cap 128 has a downward depending isolation sleeve 130 that is
coaxial. Sleeve 130 fits within a receptacle 132 formed on the upper end of tubing
hanger 112. A passage 138 within tubing hanger 112 communicates with a vent port
140 located at the interface between sleeve 130 and receptacle 132. Seals 142 located
on sleeve 130 seal to receptacle 132 above vent port 140. The interior of sleeve 130
communicates with an axial passage 144 that extends through tree cap 128. Axial
passage 144 has approximately the same inner diameter as tubing hanger passage
122. A radial port 150 in tubing hanger 112 communicates the exterior of tubing hanger
112 with passage 138, which extends upward through tubing hanger 112. Passage 152
can be in communication with radial port 150, and, thus, passage 152 can be in

communication with passage 138.

[0019] An upper wireline retrievable crown plug 146 inserts into tree cap passage 144.
Metal seal 148 on crown plug 146 engages a surface in passage 144. Dogs, or other

types of locking mechanisms, can be used to lock upper crown plug 146 in place.



[0025] With stepped plug 164 in its open position, as shown in Figure 2, a gap is formed between
stepped plug 164 and both sealing surface 158 and tree port outer diameter 156. Flow from passage
152, thus, is able to pass through valve body 162 to outlet port 170. 100261 Referring to Figure 3, with
stepped plug 164 in its restricted position, shoulder 178 is located near inner diameter 156. The outer
diameter of shoulder 178 is slightly smaller than inner diameter 156 of tree port 154, thus forming a
predetermined gap 182 between shoulder 178 and inner diameter 156. Sealing surface 176 is spaced

iall t f li f 158. Flowy f 52 th termined
152, bt 1T AT S e RNPr e UG SERCS BRTG ( e BB
ition i hl than the fl t t d.plug 164 is, in.it iti
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64 in its closed position, Ing sur In sealing contact wi ace uid from

passage 153 s ot 30le (g aaadbravappee Aoi ik (00a8] Brfesinabackiodiauied, A

embodiment, odtlet port 17 estriction valve 154 is in fluid communication with expansion vessel

188. Expasiqgvessel 188 may be a container having, for example, a cylindrical shape. The volume of
expansion vessel 188 may be any volume. In one embodiment, the volume of expansion vessel 188 is
a fixed volume. In another embodiment, the volume of expansion vessel 188 can expand and contract

in respongsnol arcRitensRlPEcsINIE. Having endiedimienénide defined by passage 144 and ends
defined by lower plug 126 and seal 148 of crown plug 146. Void 149 may also include
the volume associated with bores or recesses on the top of lower plug 126 or the
bottom of crown plug 146. Void 149 is in fluid communication with vent port 140 and

thus passage 138.

[0021] Referring to Figure 2, in one embodiment, passage 152 leads from port 150
(Figure 1) through tree 100 to tree port 154. Tree port 154 is an orifice on an exterior
surface of tree 100, which thus forms an outlet for passage 152. Tree port 154 may
have its maximum inner diameter 156 at the surface of tree 100. Recessed from the
surface of tree 100 is sealing surface 158. In one embodiment, sealing surface 158 is a
conical annular seat having a sloped surface, or counterbore, that tapers inward as it
transitions further into the recess, away from the exterior surface of tree 100. In one
embodiment, tree port 154 is machined directly into the body of tree 100. In another
embodiment, tree port 154 may be attached to tree 100, either permanently or

detachably, such that tree port 154 is in fluid communication with passage 152.

[0022] Restriction valve 160 is a pressure relief mechanism that may be connected to

tree port 154. The connection may be detachable or permanent. In one embodiment,



volume of expansion vessel 188 equals the volume of void 149. Alternatively, the volume of expansion
vessel 188 may be determined by the thermal expansion volume ("TEV") associated with void 149 and
the bulk modulus of the fluids filling 188. TEV = V2 --- V1, where V1 equals the volume of a given fluid
in void 149 at a first temperature. V2 equals the volume of the given fluid when the temperature
changes to a second temperature. TEV, thus, is the amount of excess fluid that must be removed from
void 149 after the temperature changes from the first temperature to the second temperature. Still
referring to Figure 1, expansion vessel 188 may be connected, via tube 190, to needle valve 192,
which camestrigttonwattienibbeanic rakvepdibetdid \atoeiniearalyufarmeny be corsiegtedunihdostab
194. In one embodiment, needle valve 192 can be actuated by an ROV. Hot stab 194 can be a
conventicidIngsinectiviiger CdhnEatayingubdigwsiidctartiirlirntyplya dGOTiRElHdgSivalNatibado6 may
cover a substantial portion of tree 100. Various components, including expansion vessel 188 and
restrictior] QNEerR el Hd Cbvaredepdireitibl iNaliysiepdy @ 2rernmibay askjsielshmtviG antBs may
be a liquid or a gas. In some embodiments, the fluid may include compressible solids. [0029] In
operatior@RteppeldRaitiy! 164 disedikpAeztvbaboeiay heytiehedba PosrvbiPerdagestedviten
crown plug 146 is placed.in tree 100. Likewise, needle valve 192 may also be open, and a tube (not
shown) nid'Be SreRIURIAIRY RAGTLE YNGR Britun IpIGG RS 1O8dE AR QiR MRy 9285fRVes

downward, it applies pressure to fluid in and above void 149; the excess fluid will pass through

passage T4 WA L5 PRsh 1 2ARER ERRHIIP PR IRV df ECTEE Clag 4 di6R VE%s I8 PR

dle valyg 192 to _hot stab 194. T fluid can be. through the tube (not
Connecteith RDGEH 56 KHICH 161 AR Hch GRS, PR e o2t AR 1030

164 10 1 RBIEEIRSLSR SRR HOBOFE a! AR SRt RO TS L40 SIS LA s
h ' f luid wil fluid h h.gap.
Shoutder 1P ek G e APt ik Hared St RS oA B oS e i

1 ' ' : fluid b d via h
vesse %é}ggﬂ%)émﬁgm%g@@%ea&%@ %ﬁ@ﬁo%ﬁﬂ \%geﬁ $§ggss uid may be removed via hot

stab 194, 1 igure 1,1 ernati mbodiment, the pressure relief
mechanism may be vacuum puller 200, which may be located on an exterior surface of tree 100 and in

fluid compomisatiepyath yoigl 149. iYagwymBrtar RrPasengestediianeaalivg Riasstee passage
202 to passages 152 and 138, as shown in Figure 1, or it may be connected by other passages (not

shown). I8demrey \Getatd nateha9Bmaydretatajed iy hesecrad e 10Pcprovideslitidasfuisk

communication with void 149.
158. Stepped plug 164 also has shoulder 178. Shoulder 178 has an outer diameter
greater than the largest outer diameter of seat surface 164. Shoulder 178 may be
axially spaced apart from sealing surface 176, and thus separated by a portion of
stepped plug 164 having a constant outer diameter. Alternatively, shoulder 178 may be
adjacent to sealing surface 176. Handle 166 is connected to stepped plug 164. In one
embodiment, handle 166 may be rotated by a remotely operated vehicle ("ROV") (not

shown). In another embodiment, handle 166 may be rotated by a motor (not shown) or

a tool (not shown).

[0024] The body of stepped plug 164 may have threads 180 for threadingly engaging
threads 172 of valve body 162. Threads 180 cause stepped plug 164 to move toward

or away from tree 100 when handle 166 is rotated.

-10-



100321 Referring to Figures 5, vacuum puller 200 may be used with conventional "between the plugs”
("BPT") valve (not shown) or with stepped valve 160. Vacuum puller 200 includes vacuum body 204
and plunger 206. Vacuum body 204 has an interior cavity 208 defined by walls 209 of body 204.
Sealing surface 210 is formed at one end of vacuum puller 200 for sealing against an exterior surface
212 of tree 100. In one embodiment, the base of vacuum body 206 is open near sealing surface 212.
When vacuum body 204 is attached to tree 100, exterior surface 212 of tree 100 defines vacuum body

204 completely encloses cayity 208, [0033] Port 214 of tree 100 is an aperture through syrface 212
and is i WG IERRIGH B, (284008 S8R A TR AR PEIoH S AoRTet R FEFY port
214 isi icati it ity 208 li f 10 th d t 214. 100341

Thveadech DL B0 B ML ek RIS TRl By Z0b S Al oS8 BRE s SR ARE be
located onthe ner diameter of threaded gpenin 0. Threaded,openi nter
pore 224 1560 K0 NP or B S04 oL S B o Mg Lok gt Ry Byict B

suitable f rming a seal. [0035] Plunger 206 is a cylindrical shaft. A port n of the outer diameter of

plunger 206 has threads 230 for engaging the threads of threaded opening 220. One end of plunger
206 may have plug 232. Plug 232which may be an integral portion of plunger 206, has an outer

diameter fh@idf migleiriandaqutendigmetsepptie siugit@plHnesrefficrrd jburividenthandhe

inner diameter of threaded opening 220. The outer diameter of plug 232 is less than the inner diameter
of valve bprly i304datthisearipdisnenintitg 438 carhbaygtér tapenetksoifapoRldériTg eindighayter

diameter of plug 232 becomes smaller when moving toward the threaded portion of plunger 206.
Tapered suvdiee 23 maghdivena tapebGidhitasd @ tre 16p ¢ thuisclauntieg o fgatteanthtilgapaysform a

seal against counter bore 224. Handle 236 may be located on the opposite end of plunger 206 from
plug 232 Hdtweka 2B udsr b 8 erdbienby dinrRES (hS6 shoealnqusdrédeetrid f e apamdaovatly, or any
other actuation technique.
apart from sealing surface 158. Flow from passage 152 may pass through
predetermined gap 182, but the flow rate is restricted. Indeed, the flow rate when
stepped plug 164 is in its restricted position is much lower than the flow rate when
stepped plug 164 is in its open position. In some embodiments, gap 182 is sized to

maintain a restricted flow rate that is less than a predetermined value for a given fluid

type, viscosity, and temperature.

[0027] Referring to Figure 4, with stepped plug 164 in its closed position, sealing surface
176 is in sealing contact with sealing surface 158. Fluid from passage 152 is not able to

pass through tree port 154.

[0028] Referring back to Figure 1, in one embodiment, outlet port 170 of restriction valve
154 is in fluid communication with expansion vessel 188. Expansion vessel 188 may be
a container having, for example, a cylindrical shape. The volume of expansion vessel
188 may be any volume. In one embodiment, the volume of expansion vessel 188 is a

fixed volume. In another embodiment, the volume of expansion vessel 188 can expand

-11-



[0036] Plunger 206 is installed in body 204 such that a substantial portion of plunger 206 is located
within cavity 208 when advanced forward, as shown by the dashed line 206 in Figure 5. Vacuum puller
200 is then sealingly attached to tree 100 such that cavity 208 is in communication with port 214. All or
a portion of vacuum puller 200 may be covered by insulation 196. 100371 During wellhead completion,
crown plug 146 is set and sealed in tree cap 128, thus creating void 149. A vent valve such as, for
example, a conventional back pressure transducer ("BPT") valve or stepped valve 160 may be opened
to allow excess fluid to move out of void 149 when crown plug 146 is set. After setting and sealing
crown plugnd4conttast tapeEp@naaytocimtetiabsinedennal mcassurevithlvoihd 49mstveditosat]. iiter
sealing crown plug 146 and closing vent valves or stepped valve 160, an ROV may rotate handle 236
to retract yHer Poexpansiy 268seliutifercznglsrdatesolugmived pieidsiras Aliemativeltidhy
withdrawn from cavity 208. Seal 222 forms a seal against the shaft of plunger 206 to prevent sea water

from enteffgreavily 208NFIBhEessHotIM arYphegdBtorTonaY 8 éae dparielcexpremionevaiume further
prevent sea water from entering?bcavity 208. Furthermore, the seal between the base of body 204 and

sealing slirf&cé b aessrciaiect v naid e L @adviie ravdnmadelisgat 40ry Mids filins, 188 ol Yot of

entry to fill the negative s§ace created by the retraction ofﬂ_unger 206 is through ort 214, and thus
through p¥ésadd 26BSEa¥luiA YRR aE RS 58 2 ShepRithidrvitRBLT AR Qi HRSYARBPESBIYTH3E] In
the even\;hat fluid in void 149 expands, such as from thermal expansion, the and port 214 to cavity

208. The YAdifAE AR YABTGPbINREIVED dlHidr Wopndhi deperature changes to a second

temperature. TEV, thus, is the amount of excess fluid that must be removed from void
149 after the temperature changes from the first temperature to the second
temperature. Still referring to Figure 1, expansion vessel 188 may be connected, via
tube 190, to needle valve 192, which can be a conventional needle valve. Needie valve
192, in turn, may be connected to hot stab 194. In one embodiment, needle valve 192
can be actuated by an ROV. Hot stab 194 can be a conventional connection for
connecting a tube to collect fluid via tube 190. Thermal insulation 196 may cover a
substantial portion of tree 100. Various components, including expansion vessel 188
and restriction valve 160 may be covered by thermal insulation 196. The fluid in
expansion vessel 188 may be a liquid or a gas. In some embodiments, the fluid may

include compressible solids.

[0029] In operation, stepped plug 164 of restriction valve 160 may be in the open
position of Figure 2 when crown plug 146 is placed in tree 100. Likewise, needle valve
192 may also be open, and a tube (not shown) may be connected to hot stab 194 when
crown plug 146 is set. As crown plug 146 moves downward, it applies pressure to fluid
in and above void 149; the excess fluid will pass through passage 138 to passage 152,

and then through restriction valve 160, expansion vessel 188, and needle valve 192 to
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this fluid is roughly equal to the volume of plunger 206 that is withdrawn from cavity 208. [00391
Referring to Figure 6, in an alternative embodiment, the pressure relief mechanism vents excess fluid
into the wellbore. Tubing hanger 250 is located in a subsea horizontal tree (not shown). Tubing hanger
250 has an axial passage 252 that may be obstructed by lower crown plug 254, 100401 Lower crown
plug 254 is located within axial passage 252 of tubing hanger 250 to slop the upward flow of wellbore
fluid from the wellbore (not shown). Lower crown plug 254 will be located above the lateral flow
passage (not shown) of tubing hanger 250. Bidirectional packing set ("BPS") 258 is a seal that can
form a se'&?b‘éﬁ%é%nT&?t&xePaﬁﬁ%tég SRR MRS HIICD ARy hernet ahenabrInssied
passage 252. BPS 258 includes one upward facing chevron seal set 260 and one downward facing

chevron 4841%et13B7 Hp £0 54 Hhets baunetieerrE1B\Rn N §eBAVE S BIRGSSAMYer 250. In one

embodiment, upward facing seal 260 prevents fluid from moving downward between tubing hanger
250 and lug 254 Similarl d faci h | set flui '
Cward D L Bt A A R Sy e S Al e
bet ' ' - 64 iGally: ted P dit
s oxten o 10 B e e i

located apgyei-56r} 186 BASIRID Bl BILESEARAMANS PusIRA SO RAL iR weherA Re!

shown), provided that the pressurized fluid has sufficient pressure. U-seal 266 does not, however,

allow ﬂUi@vﬂP@ét‘i@é@N@Wﬁ@ﬁf‘dQé@@Hﬁ:H&W?%pﬁﬁ bRl SnBIIgsd MEraasasheregRiRe iy the
wellbore causes the downward-facing legs of u-seal 266 to expand and thus engage with greater force

bore 252 pidubiingbagen 820 Fnd e Ssdaikpmsaleroteruindlug éRfansion vessel 188 (Fig.

1). In the event needle valve 192 is open, the excess fluid may be removed via hot stab

194.

[0031] Still referring to Figure 1, in an alternative embodiment, the pressure relief
mechanism may be vacuum puller 200, which may be located on an exterior surface of
tree 100 and in fluid communication with void 149. Vacuum puller may be connected
via negative pressure passage 202 to passages 152 and 138, as shown in Figure 1, or
it may be connected by other passages (not shown). Indeed, vacuum puller 200 may

be located anywhere on tree 100, provided it has fluid communication with void 149.

[0032] Referring to Figures 5, vacuum puller 200 may be used with conventional
"between the plugs" ("BPT") valve (not shown) or with stepped valve 160. Vacuum
puller 200 includes vacuum body 204 and plunger 206. Vacuum body 204 has an
interior cavity 208 defined by walls 209 of body 204. Sealing surface 210 is formed at
one end of vacuum puller 200 for sealing against an exterior surface 212 of tree 100. In
one embodiment, the base of vacuum body 206 is open near sealing surface 212.

When vacuum body 204 is attached to tree 100, exterior surface 212 of tree 100 defines
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[0042] Upper crown plua 270 is also sealingly instafled in axial passage 252 of tubing hanger 250. In
one embodiment, upper crown plug 270 is installed such that it seals off axial passage 252 of tubing
hanger 250. In the example shown, there is no internal tree cap, such as tree cap 128 (Fig, 1).
However, one could be employed, in which case upper crown plug 270 would be located in the axial
passage of the internal tree cap. Like lower crown plug 254, upper crown plug 270 prevents fluid from
flowing upward through the bore of tree cap 252. Void 272 is the space between upper crown plug 270
and lower crown plug 254. The circumference of void 272 may be defined by bore 252 of tubing
hanger 250e\Vaiik Hf2cenaly 66 withidevertess BéaoRBwvetrcmvathelugrabddindeedneoishdnhran
include any space in which fluid may be trapped between upper crown plug 270 and lower crown plug
254. [0043dcViem pads26d 2800 HaighnsatpsdyroayitytB6&ody of lower crown plug 254. In one
embodiment, vent passage 280 includes a vertical portion and a lateral portion, the vertical portion
being substantially parallel to the axis of lower crown plug 254 and the lateral portion being
substanti#B3abMndElfaclo tee atiilofifoear arRfIVISuENIORIP MufrRRe280 Zemrhalesiat feid 282. In
one embodiment, port 282 is on an outer diameter of lower crown plug 254, and is axially located
between GRNHIHBFRHPBVEELPEEE280 ARd: I0WELENRrBHE I dePdois qomaeetgshigdge SMPhas an
inlet 284 Iocate%i on an interior surface of lower crown plug 254. Passage 280, thus, is in fluid
communiBRHon ith TbrRPIBURGRIGR Uikt S YreRiey S aling BISECEHE RIS SHHANBERIP Rupture
disc 288 i disc that normally prevents fluid from flowing through an orifice. In one embodiment,
rupture d ?: 88 is located on an interior surface of lower crown plug 254 and positioned to sealingly
engage inlet 284. Rupture disc 288 may be located anywhere that it can uitably block fluid from flowing

ihroush VRS BRSTAGERA0 BRI O 4R 205 Sa.LY SHBBIEVIBIRGRISEHD A0 e olet 254, as

shown in Figure 6. Alternati upture disc may cated within passage 280 or at port 282.

100451, Ryypius: s 203 PRy RRIR BT finwingvono paseade 80uiiepsdhe idaiespure on

disc 288 exceeds a predetermined value. In the event the pressure exce pre-determined

maximuny,giaighie o G Hwedéseo%ﬁﬁewwc»fke@baf}gail_{fe%@q tdRdioyy Bagy bokNecBaxi4sBre

allowable pressure may be selected based on the specifications of the wellhead members. In one

embodimepd the Ml HErRdewmag sHas SUFR e SRHRPIRYIN R RIfS§ W e &diwhich damage to or
catastrophic failure of the wellhead may occur. In one embodiment, rupture disc 288 has a pressure

rating high enough to allow pressure testing, such as, for example, factory acceptance testing or field
installatiold#&jsBlages 0, ito dadydipdzicalshdiiv Anpmrtibrio@f dptuosiar alipredate uhipladgeagiodum
allowable pressure based on design temperature input for in-service conditions. 10046] In one
embodimiaag, thweltints @ Hdith oe seagivar éherthydee aivh thrsatedpepaning 220. One end of plunger
206 may have plug 232. Plug 232, which may be an integral portion of plunger 206, has
an outer diameter that is wider than the outer diameter of the shaft of plunger 206, and
thus wider than the inner diameter of threaded opening 220. The outer diameter of plug
232 is less than the inner diameter of valve body 204 in this embodiment. Plug 232 can
have a tapered surface 234 wherein the outer diameter of plug 232 becomes smaller
when moving toward the threaded portion of plunger 206. Tapered surface 234 may
have a taper similar to the taper of counter bore 224, and thus may form a seal against
counter bore 224. Handle 236 may be located on the opposite end of plunger 206 from

plug 232. Handle 236 may be operable by an ROV (not shown), and electric motor (not

shown), or any other actuation technique.
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when it becomes trapped in void 272. The temperature of the fluid in void 272 may increase when, for
example, high temperature wellbore fluid begins flowing up through wellbore (not shown) to a tree
outlet (not shown) located below lower crown plug 254. The increased temperature may cause thermal
expansion of the fluid trapped in void 272. If the pressure within void 272 exceeds the maximum
allowable pressure for rupture disc 288, rupture disc 288 will yield and allow the fluid to move through
passage 280 to port 282. The fluid will then exit port 282 and flow past BPS 258 and u-seal 266 to the
wellbore throu?h passage 252. Rupture disc 288 may be used alone, with restriction valve 160, or
vacuum pifie ZBWHWA?’??@V@I@ﬁ@"ﬁ@éﬁti%?pﬂa%%eéH%m Br HRRABEA iRVHR sBH RIS forms,

o Sl e SIS e e B R s e

206' in Figure 5. Vacuum puller 200 is then sealingly attached to tree 100 such that
cavity 208 is in communication with port 214. All or a portion of vacuum puller 200 may

be covered by insulation 196.

[0037] During wellhead completion, crown plug 146 is set and sealed in tree cap 128,
thus creating void 149. A vent valve such as, for example, a conventional back
pressure transducer ("BPT") valve or stepped valve 160 may be opened to allow excess
fluid to move out of void 149 when crown plug 146 is set. After setting and sealing
crown plug 146 in tree cap 128, any vent valves in communication with void 149 are
closed. After sealing crown plug 146 and closing vent valves or stepped valve 160, an
ROV may rotate handle 236 to retract plunger 206 in cavity 208. Plunger 206 creates
negative pressure as it is substantially withdrawn from cavity 208. Seal 222 forms a
seal against the shaft of plunger 206 to prevent sea water from entering cavity 208. In
one embodiment, plug 232 forms a seal against counterbore 224 to further prevent sea
water from entering cavity 208. Furthermore, the seal between the base of body 204
and sealing surface 210 of tree 100 prevents sea water from entering cavity 208. Thus,
the only point of entry to fill the negative space created by the retraction of plunger 206
is through port 214, and thus through passage 202. Vacuum puller 200 may be used

with or without restriction valve 160.

[0038] In the event that fluid in void 149 expands, such as from thermal expansion, the

excess volume of fluid may migrate through passage 138, passage 152, passage 202,
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WHAT IS CLAIMED IS: 1.In a wellhead assembly having a cylindrical bore, a first plug located in and
sealingly engaging the cyfindrical bore, a second plug located in and seali gly engaging the cylindrical
bore, the second plug being spaced axially apart from the 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 plugs, an apparatus for relieving pressure in the cavity, comprising:

a vent passage in fluid communication with the cavity, wherein the vent passage has an outlet at an
exterior of the wellhead assembly to flow at least a portion of the trapped fluid from the cavity; a
conical seatdqronedlifh theaeiny p8saliecadddéiondietiuinh caytket fladishacdder pdhte 8t arstépeim the

conical seat;
this fluid is roughly equal to the volume of plunger 206 that is withdrawn from cavity 208.

[0039] Referring to Figure 6, in an alternative embodiment, the pressure relief
mechanism vents excess fluid into the wellbore. Tubing hanger 250 is located in a
subsea horizontal tree (not shown). Tubing hanger 250 has an axial passage 252 that

may be obstructed by lower crown plug 254.

[0040] Lower crown plug 254 is located within axial passage 252 of tubing hanger 250
to stop the upward flow of wellbore fluid from the wellbore (not shown). Lower crown
plug 254 will be located above the lateral flow passage (not shown) of tubing hanger
250. Bidirectional packing set ("BPS") 258 is a seal that can form a seal between an
outer diameter of lower crown plug 254 and an inner diameter of axial passage 252.
BPS 258 includes one upward facing chevron seal set 260 and one downward facing
chevron seal set 262. BPS 258 forms a seal between crown plug 254 and tubing
hanger 250. In one embodiment, upward facing seal 260 prevents fluid from moving
downward between tubing hanger 250 and crown plug 254. Similarly, downward facing
chevron seal set 262 prevents fluid from flowing upward between tubing hanger 250

and crown plug 254.

[0041] Similarly, u-seal 266 forms a seal between lower plug 254 and tubing hanger
250. U-seal 266 is typically located below BPS 258 and its legs extend downward. In
one embodiment, u-seal 266 acts as a check valve wherein pressurized fluid located
above u-seal 266 is able to push past u-seal 266 and thus move toward the wellbore

(not shown), provided that the pressurized fluid has sufficient pressure. U-seal 266
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a valve housing mounted to the exterior of the wellhead housing over the outlet; a valve member
having a conical sealing surface that engages the seat and a valve member flat shoulder outward from
the conical sealing surface, the valve member having a longitudinal axis having a handle being
accessible from an exterior of the wellhead assembly, the valve member being secured by threads to
the valve housing; and wherein the valve member is movable axially by rotating the handle to an
open position, a restricted position wherein the valve member flat shoulder and the outlet flat shoulder
are radially spaced apart from each other by a pre-determined distance, and a closed position, the
open posiRss s e s uidl M BUIdnGR P BN B D ASéa e ROX §irdpraE] WFe‘éﬁf’c‘l’é@%@sition
permitting fluid to flow through the vent passage at a second rate, the second rate being smaller than
the first riﬁé’,egﬁd HERIS8E PFRRHiIGR ﬁé%ﬁi?’i’&%fﬂf?&eﬂcﬁﬁ.”s?? The MHW&%@%‘@%CSBPHW@ o claim

1, further comprising an expansion vessel mgunted on the exterior of the wellhead ass ly, the
expansof Foae PR LB S P GRER T GLEPIP B B e Rt LR DFSRars R
passage. 3. The wellhead assembly accqrding to claim , wherein the second rate of fluid flow is |
than a pr&%@?ﬁﬁf&@ﬁ‘ﬁ&%?%ﬂﬂfgﬁuﬁﬂg ype at a given temperature and pressure. o

[0042] Upper crown plug 270 is also sealingly installed in axial passage 252 of tubing
hanger 250. In one embodiment, upper crown plug 270 is installed such that it seals off
axial passage 252 of tubing hanger 250. In the example shown, there is no internal tree
cap, such as tree cap 128 (Fig. 1). However, one could be employed, in which case
upper crown plug 270 would be located in the axial passage of the internal tree cap.
Like lower crown plug 254, upper crown plug 270 prevents fluid from flowing upward
through the bore of tree cap 252. Void 272 is the space between upper crown plug 270
and lower crown plug 254. The circumference of void 272 may be defined by bore 252
of tubing hanger 250. Void 272 may also include recess 276 of lower crown plug 254.
Indeed, void 272 can include any space in which fluid may be trapped between upper

crown plug 270 and lower crown plug 254.

[0043] Vent passage 280 is a passage through the body of lower crown plug 254. In
one embodiment, vent passage 280 includes a vertical portion and a lateral portion, the
vertical portion being substantially parallel to the axis of lower crown plug 254 and the
lateral portion being substantially perpendicular to the axis of lower crown plug 254.
Passage 280 terminates at port 282. In one embodiment, port 282 is on an outer
diameter of lower crown plug 254, and is axially located between upward chevron seal

set 260 and lower chevron seal set 262.
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4. The wellhead assembly according to claim 1, further comprising a vacuum source mounted on the
exterior of the wellhead assembly in fluid communication with the vent passage to create negative
pressure therein and wherein a portion of the fluid flows through the vent passage into the vacuum
source when the vacuum source is activated. 5. The wellhead assembly according to claim 4, wherein
the vacuum source comprises a vessel having a chamber with a plunger located therein, and wherein
retracing at least part of the plunger from the chamber creates the negative pressure. 6. The wellhead
assembly according to claim 5, wherein the plunger threadingly engages the vessel, and wherein the

plunger higoas) éxtesiagb@adités e énigaged mudiedrasted narikaneoreicopRealeer \@binle pitgThe
wellhead assembly according to claim 1, further comprising a pressure relief member blocking the vent
passage Rbile iRasskpedpositios, vehirdlnitheqnessuikatiele vite mbier hze. aRaperedsiionddat
permits flow through the vent passage when the pressure in the cavity exceeds a predetermined
value. 8.Mhowenelheay dbsentbly fiaidrmpacylinideitah bdRepafiestisic @ ddcateddis anas eadimayly
engaging the cylindrical bore, a second plug located in and sealingly engaging the cylindrical bore, the
second plR§ YRt Bdcksanatiamngptindugn drediicplud) wherembbdimgdirtdrigpiurerdisih@88sisplug,
and the second plug define a cavity, the cavity being adapted to retain a trapped fluid between the first
and secon‘ﬁ?@i@&s?ﬁn@bbﬁﬁé@% soirfiesR\ehdpresstiewn thiigadig, sochpésiigned to sealingly

engage inlet 284. Rupture disc 288 may be located anywhere that it can suitably block
fluid from flowing through vent passage 280. Rupture disc 288 can, for example, be
located in an orifice at inlet 284, as shown in Figure 6. Alternatively, rupture disc 288

may be located within passage 280 or at port 282.

[0045] Rupture disc 288 prevents fluid from flowing through passage 280 uniess the
fluid pressure on disc 288 exceeds a predetermined value. In the event the pressure
exceeds the pre-determined maximum allowable value, rupture disc 288 will yield and
allow fluid to flow past it. The maximum allowable pressure may be selected based on
the specifications of the wellhead members. In one embodiment the maximum
allowable pressure is set below the pressure at which damage to or catastrophic failure
of the wellhead may occur. In one embodiment, rupture disc 288 has a pressure rating
high enough to allow pressure testing, such as, for example, factory acceptance testing
or field installation pressure testing, to take place but low enough to rupture at a pre-
determined maximum allowable pressure based on design temperature input for in-

service conditions.

[0046] In one embodiment, wellbore fluid or sea water may be at a first temperature
when it becomes trapped in void 272, The temperature of the fluid in void 272 may

increase when, for example, high temperature wellbore fluid begins flowing up through
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a negative pressure passage through the welihead assembly and in communication with the cavity;

a storage vessel mounted on the exterior of the wellhead assembly and in communication with the
negative pressure passage, the storage vessel comprising a chamber and a plunger extending into the
chamber; a portion of the plunger being withdrawn from a first position to a second position to create
negative pressure in the chamber and wherein a portion of the fluid equal to the volume of the portion
of the plunger that is withdrawn flows through the negative pressure passage and is stored in the

storage vessel when the volume of fluid in the cavtigéincrﬁ ses d@;t(ﬁthqrmal exgansiin. §5Ihe
wellheade&oren (P AceBANAY 1B BILiRE L WAL G RO RS LRI SHGEGEIN AL N8 456 vessel:
and wherein rotating the plunger in one direction withdraws at least a porti f the plunge the
chamber! hfo'.”Fﬁ%a\?(féﬂﬁéjﬁlPﬁ N N T re N R e@)(,pva\'/qul%'roerl'notﬁg1 f)}l(li[rawjg'gaer%r E %ﬂr?%x%gr'%?
handle f%%%hgefp?rr\%egtreb Sanraervnv%e"[}/ %’uﬁrazt‘?ﬂ \é?(rc]gtla%'s the maximum allowable pressure for
rupture disc 288, rupture disc 288 will yield and allow the fluid to move through passage
280 to port 282. The fluid will then exit port 282 and flow past BPS 258 and u-seal 266

to the wellbore through passage 252. Rupture disc 288 may be used alone, with

restriction valve 160, or vacuum puller 200.

[0047] 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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11. The wellhead assembly according to claim 8, further comprising a vent passage in fluid
communication with the cavity, wherein the vent passage is adapted to flow at least a portion of the
trapped fluid from the cavity; a seat formed in the vent passage; a valve member having a sealing
surface that engages the seat, the valve member having a longitudinal axis and being accessible from
an exterior of the wellhead assembly; and wherein the valve member is movable axially to an open
position,%\l&é rictéd-adEPdB8sed position, the open position permitting a fluid to floough the vent

passage @it a firgh iR {GeihePaliciediPAsing RemitiRG ol aet hiUuanRe yeghd sealingly
engaging the cylindrical bore, a second plug located in and sealingly engaging the cylindrical
bore, the second plug being spaced axially apart from the 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 plugs, an apparatus for relieving pressure in the

cavity, comprising:

a vent passage in fluid communication with the cavity, wherein the vent passage has
an outlet at an exterior of the wellhead assembly to flow at least a portion of the trapped fluid

from the cavity;
a conical seat formed in the vent passage at the outlet;
an outlet flat shoulder located outward from the conical seat;
a valve housing mounted to the exterior of the wellhead housing over the outlet;

a valve member having a conical sealing surface that engages the seat and a valve
member flat shoulder outward from the conical sealing surface, the valve member having a
longitudinal axis having a handle being accessible from an exterior of the wellhead

assembly, the valve member being secured by threads to the valve housing; and

wherein the valve member is movable axially by rotating the handle to an open
position, a restricted position wherein the valve member flat shoulder and the outlet flat
shoulder are radially spaced apart from each other by a pre-determined distance, and a
closed position, the open position permitting a fluid to flow through the vent passage at a first
rate, the restricted position permitting fluid to flow through the vent passage at a second rate,

the second rate being smaller than the first rate, and the closed position stopping fluid flow.
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passage at a second rate, the second rate being smaller than the first rate, and the dosed position
stopping fluid flow. 12. The wellhead assembly according to claim 11, further comprising a rupture
disc blocking the vent pas age wherein the rupture disc is adapted to permit flow through the vent
passage when the pressure in the cavity causes the rupture disc to rupture. 13. The wellhead

assembl accotﬂq“qff eaa'a"a%%emn L @O{ﬂﬁamﬁ%&ﬁamw@a«@ pansbheussshe

wellhea assembly er comprlse a sea tween the second plug and the bore, the seal blocking
upward flouHdheRere ar@ms BrttiRo e Siowsiy the Repanenm whareindhe \wabpassage Icads

to the seal tp enable trapped fluid to flow past the seal and into the bore. 14. In a wellhead assembly
having aceyliaivigiabbsre, ket piupddeadetbinirayitiseslingly engagssagie cylindrical bore, a second
plug located in and seallngly engaging the cylindrical bore, the second plug being spaced axially apart

fron_1 the first plug, % %esgc lln%é%g%ﬂbr%ﬂﬂ%tfﬁ/g |rst qlu harréqnt essee%ogq Plyego?‘ﬁf'réeﬂ%ﬁ%”ty’ the

cavity bet ng ad Irst and second plugs, an apparatus for

fe"evmgkgfe%ﬁgaeam @qee@mme&@mam% et ptheaag@oemwmamryﬁamm the cavity,

wherein the vent p ssage as an outlet at a exterior 0 Ihead assembly to flow at least a
portion of the trapped fluid from the cavity;
4, The wellhead assembly according to claim 1, further comprising a vacuum source
mounted on the exterior of the wellhead assembly in fluid communication with the vent

passage to create negative pressure therein and wherein a portion of the fluid flows through

the vent passage into the vacuum source when the vacuum source is activated.

5. The wellhead assembly according to claim 4, wherein the vacuum source comprises
a vessel having a chamber with a plunger located therein, and wherein retracting at least

part of the plunger from the chamber creates the negative pressure.

6. The wellhead assembly according to claim 5, wherein the plunger threadingly
engages the vessel, and wherein the plunger has an exterior handle to be engaged and

retracted by a remotely operated vehicle.

7. The wellhead assembly according to claim 1, further comprising a pressure relief
member blocking the vent passage while in a closed position, wherein the pressure relief
member has an open position that permits flow through the vent passage when the pressure

in the cavity exceeds a predetermined value.

8. In a wellhead assembly 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 plug being spaced axially apart from the 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 plugs, an apparatus for relieving pressure in the

cavity, comprising:
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a first valve in fluid communication with the vent passage, the first valve having a valve housing, a
seat, and a valve member, the valve member having a longitudinal axis having a handle being
accessible from an exterior of the wellhead assembly, the valve member being secured by threads to
the valve housing, wherein the valve member is movable axially by rotating the handle to an open
position, a restricted position, and a closed position, the open position Bermittir_lg a fluid to flow through
the vent passag® SP83ie: PAEESUiteRRSRRelo0sH dhepaRiaRTh FRTRMBIMIARA M RRIATHEI Gt hassage

ata secovrmhr%g, Ctgl\ﬁts.econd rate being smaller than the first rate, and the closed position stopping
fluid flow; an exp¥i’nsion vessel mounted on the exterior of the wellhead assembly and in fluid

communication with the first valve, the expansion vessel being adapted to contain at least a portion of
the fluid flowing ahistogly¢heaes passagsl on éheeestulivalve ihduidenpsamuaisatisnwithdhe
expansion vessel, the expansion vessel being fluidly positioned between the first and second valve;
and saTofaLEdRRieet orith oiRe imeadi\co mrassicativasasgeththe estonagealves sitie dugbisingeation

point being detachably connectable to an external fluid conductor. S
chamber and a plunger extending into the chamber, a portion of the plunger being withdrawn

from a first position to a second position to create negative pressure in the chamber and
wherein a portion of the fluid equal to the volume of the portion of the plunger that is
withdrawn flows through the negative pressure passage and is stored in the storage vessel

when the volume of fluid in the cavity increases due to thermal expansion.

9. The wellhead assembly according to claim 8, wherein the plunger threadingly
engages the storage vessel; and wherein rotating the plunger in one direction withdraws at

least a portion of the plunger from the chamber.

10. The wellhead assembly according to claim 9, wherein the plunger has an exterior

handle for engagement by a remotely operated vehicle.

11. The wellhead assembly according to claim 8, further comprising a vent passage in
fluid communication with the cavity, wherein the vent passage is adapted to flow at least a

portion of the trapped fluid from the cavity;

a seat formed in the vent passage;

a valve member having a sealing surface that engages the seat, the valve member
having a longitudinal axis and being accessible from an exterior of the wellhead assembly;

and

wherein the valve member is movable axially to an open position, a restricted
position, and a closed position, the open position permitting a fluid to flow through the vent

passage at a first rate, the restricted position permitting fluid to flow through the vent
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15. The assembly according to claim 14, wherein a portion of the trapped fluid flows into the expansion
vessel as a result of thermal expansion. 16. The assembly according to claim 15, wherein the internal
volume of the expansion vessel is determined by subtracting a volume of a given fluid in the cavity at a
first temperature from the volume of the given fluid when the temperature changes to a second

temperatiesto.define Iheeraal ePansiem YU BEIng smaller than the first rate, and the closed

position stopping fluid flow.

12. The wellhead assembly according to claim 11, further comprising a rupture disc
blocking the vent passage, wherein the rupture disc is adapted to permit flow through the

vent passage when the pressure in the cavity causes the rupture disc to rupture.

13. The wellhead assembly according to claim 11, wherein the bore is in fluid
communication with a wellbore; the wellhead assembly further comprises a seal between the
second plug and the bore, the seal blocking upward flow in the bore and permitting
downward flow in the bore; and wherein the vent passage leads to the seal to enable

trapped fluid to flow past the seal and into the bore.

14. In a wellhead assembly 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 plug being spaced axially apart from the 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 plugs, an apparatus for relieving pressure in the

cavity, comprising:

a vent passage in fluid communication with the cavity, wherein the vent passage has
an outlet at an exterior of the wellhead assembly to flow at least a portion of the trapped fluid

from the cavity;

a first valve in fluid communication with the vent passage, the first valve having a
valve housing, a seat, and a valve member, the valve member having a longitudinal axis
having a handle being accessible from an exterior of the wellhead assembly, the valve
member being secured by threads to the valve housing, wherein the valve member is
movable axially by rotating the handle to an open position, a restricted position, and a closed

position, the open position permitting a fluid to flow through the vent passage at a first rate,
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the restricted position permitting fluid to flow through the vent passage at a second rate, the

second rate being smaller than the first rate, and the closed position stopping fluid flow:

an expansion vessel mounted on the exterior of the wellhead assembly and in fluid
communication with the first valve, the expansion vessel being adapted to contain at least a

portion of the fluid flowing through the vent passage;

a second valve in fluid communication with the expansion vessel, the expansion

vessel being fluidly positioned between the first and second valve; and

a fluid connection point in fluid communication with the second valve, the fluid

connection point being detachably connectable to an external fluid conductor.

15. The assembly according to claim 14, wherein a portion of the trapped fluid flows into

the expansion vessel as a result of thermal expansion.

16. The assembly according to claim 15, wherein the internal volume of the expansion
vessel is determined by subtracting a volume of a given fluid in the cavity at a first
temperature from the volume of the given fluid when the temperature changes to a second

temperature to define the thermal expansion volume.

24



