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ie. the conplex of valves and pipes
installed at a well-heatk,to control the flow of hig

ressure oil or gas.

h
The invention more particularly, but not exclusivel ﬂ.“ mlllmlmﬂ&"“llmw such
structures for use in sub-sea structures” Prior Art ] ub- sea

christmas tree is shown in Fig 1 herein. The prior art chwistnms tree,
generally designated 5, conprises a valve assenbly 10 providing a
plurality of vatBREOVEMGDLS = eQ fe bt ~Head Strudtagde®0. The

val ves 15 are nornmally manual or hydraulic gate valves. The val ve assenbly
10 is | ocat ve ll,- 25 havi ng a tubi ng hanger 26

conpri sing gg% gér?% |$ygfo?h%§%g'§rﬁtt;i?’§ tubes 30 contai ned therein. The

wel | -head tube 25 is itself contained wthin a conductor 24. The assenbly
10 is retained ifLWid Sihoeation Byl S t Of A i connector 35
havi ng an i n.t_ern’glliét hrlgu h- apert Egégotguiﬁé;lb]]wg%%{r] %g%"é%lilfrr?&'a #¥%er end
of the valBRTEEQMAIY 165° TG lede Fhrietmasentrgesn ife. pl acehel oaded
col l et fingedmpXéx pobvivadstesn artie. pipder instdf B6€ at the,d 08l gnd. of the
val ve assenply 15 | egate .l%t hip Gor rhesBondi ng recesses 50a in the aperture
40 wall. AR Upper en of FTe wel |'"1eadPEGBEY2S i 81t urttheBaPet ai iBRE Wi t hi n
t he apert urdnVERYHPTHMPFHePaghifutarby, t hetcaldet exéivgBred yA5r&ngags ng with

a_corr espongh niidreeesncelkebn tbbeusdPPRT s NG JQ WR!Jehead tube 25.

Prior Art

A prior art sub-sea christmas tree is shown in Fig 1
herein. kThe prior art christmas tree, generally
designated 5, comprises a valve assembly 10 providing a
plurality of valves 15 located above the level of the sea-
‘bed 20. The valves 15 are normally manual or hydrauli
gate valves. -

The wvalve assembly 10 is located above a well-head
tube 25 having a tubing hanger 26 comprising a plurality
of concentric tubes 30 contained therein. The well-head
tube 25 is itself contained within a conductor 24.

The assembly 10 is retained in its locétion by means

. of a mechanical connector 35 having an internal through-
aperture 40 suitable for accepting a lower end of the
valve assembly 10. To lock the wvalve assembly 10 in
place, 1loaded collet fingers 45 provided on the. outer
surface of the lower end of the valve assembly 15 locate
within corresponding recesses 50a in the aperture 40 wall.
An upper end of the well-head tube 25 is further retained
within the aperture 40 by an inner surface of the collet
fingers 45 engaging with a corresponding recess 50b in the
upper end of the well-head tube 25.

Within the well-head tube 25 and tubing hanger 26
there is provided a conduit 55 for containment of the main
?roduction flow, the lower end of the conduit 55 extending
into a production borehole in the sea-bed 20 (not shown),



Wthin the well-head tube 25 and tubing hanger 26 there is provided a
conduit 55 for containnent of the main production flow, the | ower end of
the conduit 55 extending into a production borehole in the sea-bed 20 (not
shown), 2 while the upper end of the conduit 55 is suitably connected to
the | ower end of the valve assenbly 10 within the aperture 40. Extending
froman outlet of the valve assenbly 10 2there is a flow |l oop 60 which is
suitably shaped to wi t hstand cyclic stresses. A choke 65 is provided in
t he fIOM/Iogp the choke 65 serving to control the velocity of fluid
t her et hr oughP L AE aFh@ppePpend erd t hef valhe aﬁﬁﬁnhhy 3 Oﬁsth§u19951§tnas

tree 5 thereonseptedi ted-ige ty or the tree 5
and a safetyyf Locat ed fﬁg?ggggﬁndMnJ §§8€ S%fﬂiﬁher YhENiRee cap
70 has a t rod%ﬁgaper%LﬁQE 71 | ocated substantrally centrally thereupon.

| oner end of a f’éPFttetmhragssénbhy,axgeaﬁﬁﬁéiyofde‘g}rlgn%qu% S)< ‘?
downwar dl'y e¢méget g t jr opphy- qpertugg 7 d collet (or c %ﬁﬁbﬁ ngers 76

| ocat ed arounq? the | ower end 0Pt h y 185 Poiballyy shaped to

cor r espondi Tyt FEANE erliir tstragaes. erml miokéresyaigepr@s.ﬁﬂiﬁﬂzyn IGhahi ch
extends upwekait ylodp 64 heHd r s or. val ves nust be
set in the {f etehpa;;o‘t't 70 té;?l p?gl\fg%? 605?% éIa'gL ggpf:ﬁa Al othpevelrsitehnent .
In addition, &Wpr rE4ghi s enpl oyed as a back-up to the

pl ugs/ val ves i n Petr eencarpﬁ& Spacasif suhgt a;gi@é I gsgg%ggstﬁaﬂt ogr qc réic’i t hg
ends

tree 5 ar four ui de rods
e i e 1dpe q?dﬁ%r ééqa tree cap 70 wh1ch is

C.V\:hl ch are engageabl e Wi
Supported by the tree 5 and a safety frame located

therearound (not shown) . Further, the tree cap 70 has a
through-aperture 71 located substantially centrally
thereupon. A lower end of a further assembly, generally

de81gnated 75, may extend downwardly into the through-
aperture 71 and collet (or claw) fingers 76 located around
the 1lower end of the assembly 75 1locate within a
corresponding recess 80 in the upper end of the valve
assembly 10 which extends upwardly into the tree cap
aperture 71. Plugs or valves must be set in the tree cap
70 to prevent oil/gas escaping into the environment. In
addition, a weight set cap is employed as a back-up to
the plugs/valves in tree cap 70.
Spaced substantially equidistant around the tree S
. are a plurality (normally four) of guide rods 85, the
upper ends of which are engageable with lower ends of an
equal number of mating rods (not shown) retained in
association with the further assembly 75. The guide rods
85 are connected to the conductor 24 via a guidebase 84.

A yet further assembly (not shown) such as a
supplementary chrlstmas tree may be provided for safety
reasons in the event of failure of the christmas tree 5.
The upper end of the further assembly 75 is connectable
via stress joints (not shown) to a semi-submersible rig or
similar vessel.

Presently known sub-sea. christmas trees, such as that
described above, suffer from a number of problems. In
particular, in order to accommodate all the required



equal nunber of mating rods (not shown) retained in association with the
further assenbly 75. The guide rods 85 are connected to the conductor 24
via a gui debase 84. A yet further assenbly (not shown) such as a

suppl ementary christmas tree may be provided for safety reasons in the
event of failure of the christmas tree 5. The upper end of the further
assenbly 75 is connectable via stress j3oints (not shown) to a

sem -subrrer&,hb\lre rirgdor. simlar vessel. Pr esenrté%i/hknom sub-sea chri stmas

trees, such 4s That o detRTT HEPEh v eSS (A FRINPF Y ngidre?ieibly obiehs. |In
particul ar,- i h-@rdef theaceodepdateisl lfeldte (£qd rade3esyabyegsand pjpes

known trees,@{& N l'y undesirably high - i.e. of the order of 18 feet
(5. 49 matres’)acI or g:(r) n)éroarW errtﬁ’a?ttstrggﬁ efOfiet §789 nBR s orF&eR%M: t 1 ees,

expensi ve rﬁm@tﬂih@ﬁ protetuies srrvetlreei o o€l NorédBYEDecin PGy skt 0 be

instal | ed arQuNd-&LAGH, tE£e; lects of the Presept Invention It i's an
obj ect of the present ié\é\;ein?%%ff%éo%ﬁ?lé? e%?ﬁrrgf?ﬁate t he af orenenti oned

problens in the prior art. S Summary of the Present Invention According to

a first aspffedts Id¥e tHESEL eV eI ioqNEre is provided a Christmas

tree which, in use, is provided on a géophysical surface and installed at
a well- head to control the flow of produce thereat, the Christmas tree

provi ding a val & assendhYob I SEN n I r I , wherein there is
further provided a well- he%dﬁ)tggﬁbeéfmﬁf‘ghsfgsg | glans‘,)té?‘ﬁér% | 59 PRGek%d
bel ow t he Sfr fdddIatfhdihs R EPrmesmutonrderplkliens imsthe pdict ahe.

_ | - head,

Summary of the Present Invention

According to a first aspect of the present invention,
there is provided a Christmas tree which, in use, is
provided on a geophysical surface and installed at a well-
head to control the flow of produce thereat, the Christmas
tree providing a valve assembly comprising one or more
valves, wherein there is further provided a well-head tube
which is at least partially located below the surface,
wherein a blowout preventer is installed at the well-head,
and wherein at least one of the one or more valves is
retained within the well-head tube below the surface, the
Christmas tree being adapted to be installed in the well-

. head tube through the blowout preventer.

The geophysical surface may be the sea-bed.

Further, a tubing hanger may be provided at or near an
inwardly extending end of the well-head tube.

An outwardly extending end of the well-head tube may
be located above the geophysical surface.

The at least one valve is preferably a ball valve, and
may be a ball cutter valve.

Preferably, also, the at least one valve is controlled
by hydraulic pressure.

An outermost end of the valve assembly is preferably

connectable to a further assembly which may comprise a "y*"



and wherein at |east one of the one or nore valves is retained within the
wel | - head tube bel ow the surface, the Christnas tree being adapted to be
installed in the well- head tube through the bl owout preventer. The
geophysi cal surface may be the sea-bed. Further, a tubing hanger may be
provi ded at or near an inwardly extending end of the well-head tube. An
outwardly extending end of the well-headttube nay be | ocated above the

geophysi cal uné@ce. Tge g& | east one valve is preferably a ball valve, and
may be a balt cutt8PCV4r vEL1oB; ¥pdivgn| ¢hokesand kengrdleaindudes val ve i s

controlled by hydraulic pressure. An outernost end of the valve assenbly

is preferably c table to a further assenbly which may conprise a "y" 4
or "t" spool, fI%&ng?%E? ERok SRR 6ﬁﬂ¥6ﬁ5ﬁﬁhép€.Pﬁééépéih@vggtaogecond

aspect of tHeepeesenpromideti anmetiel ef ScqitvbIELhq PEROAQS: Pbn CONLY Ol | i ng

production flaw af{oeMm a | -head.conprising: providing a well-head tube
which is at Ieas? pa?%[%%?é C?EBE%SaHEeIOM/a geophysi cal surface,
installing a bl oN6RYigieyentwerl thedd wedd wheath isl acaleagtapdheisiIps tree

on the geophysatced saidgcs qab Lpgigghlégg%dc the Christnmas tree providing
a valve assenbly coqgri5|na one’ of —rior & vaf'vEs, at least one of the one or

nore val ves bei ni*fet bl Hed awbiaweuthpreeehtheadtt the heldwhéehd, surf ace,
where the Christi®sat {68 gschggggﬁggdt&%%o the k%-dﬂl d. t ube by_noving it
through the bl opout preventer, an co_ntroﬂlngmf © nggsolrca rA s ¥es so
aito contr t‘r e well-head, the Christmas tree providing a valve
_ ‘assembly comprising one or more valves,
at least one of the one or more valves being retained
within the well-head tube below the surface,
where the Christmas tree is installed into the well-
head tube by moving it through the blowout preventer, and
controlling the one or more valves so as to control
the flow of produce from the well-head.

Brief Description of the Drawings

An embodiment of the present invention will now be
described, by way of example only, with reference to the
accompanying drawings which are:

" Fig 1 a side view of an embodiment of a sub-sea
Christmas tree according to the prior art;
Fig 2 a side view of an emobidment of a sub-sea

Christmas tree according to the present invention;

Fig 3 a side partial cross-sectional view to an
enlarged scale of a valve for use in the Christmas tree of
Fig 2;

Fig 4 a perspective exploded view to an enlarged
scale of a ball and pivot arm assembly for use in the valve
of Fig 3;

Fig 5 a side view to a reduced scale of the

Christmas tree of Fig 2 with a well-head structure attached



the flow of produce fromthe well-head. Brief Description of the Draw ngs
An enbodi nent of the present invention will now be described, by way of
exanple only, with reference to the acconpanying drawings which are: Fig 1
a side view of an enbodi nent of a sub-sea Christmas tree according to the
prior art; Fig 2 a side view of an enobi dnent of a sub-sea Christnas tree
according to the present invention; Fig48 a side partial cross-sectional
viewto an _.enl arged scale of a valve for use in the Christmas tree of Fig

2 Fig 4 a PErepadrYse 289l oded view to an enlarged scale of a ball and

pi vot arm assenbFygfeér useahnehbgryalveidefvEe@ 3f Fh8 BnAisifssViguLto a
reduced scaéﬁao‘ﬁ_( Ll;eFiChgist mas tree of Fig 2 with a well-head structure
attached 4a t ereabov%; and Fig 6 an enlarged side view of the Christnas
tree shown in Fig 5. Details Description of the Drawings Referring to Fig
2, there i porpvi g glg?oimet f ~a Christmas tree, generally

desi gnat ed 105, ac?g?%%]f %)gnt?ug f)ggsgﬁ?w?‘ﬂggnti on located substantially
at sea-bed |level. The Christmas tree 105 conprises a val ve assenbly 5
110 providing a gd @l al ves. 115 | ocated belqw the | evel of the
sea-bed 120. In enbodi me té,)é thhllagls\éJ(lg%laerréa bal Pr8h’%fp‘8 94 %'Egociﬁm%?é?% after
descri be t e ¢B¥igkmas tree, generally designated 105, according to

the present invention located substantially at sea-bed

level. The Christmas tree 105 comprises a valve assembly



.. The val ve assenbl y 110 is located within a well-head (or conductor) tube
125 having a first, which extends above the surface of the sea-bed 120
outwardly froma conductor borehole and second, |ower end 128 which
extends (not inwardly of the a the conductor borehole. inwardly The
wel | -head tube 125 is itself contained w ghin a conductor gui debase 124. At
the I ower end 128 of the well-head tube 125 there 1is provided a tubing
hanger 126 alsl(; 5?5(?)\91 lz%yn the art. A pack-off nmay be positioned at the
upper wel | - head T ube I Ppertumaliwness epeh Rfs T pper 127 of the
vel | - head tiiell 25 helse ase£osss Lppa spaced. tshelﬁgsathocgcr?cfea &low dersss  150a
i's capabl e of19 gl Y19 an i nner surface of''*%® nerdor ridsp ondlivigs
plurality of collet fi nger§tfﬁ5"abﬁ’?ﬁiéd%dlmiamflttléﬁeﬁeﬁé%ﬁgg 136. surface
of each of the pll€alValyeofasseiibat, fi1B08S 1145 are .cglpabl e of Dbeing
¢ . ; . ed .w n -
recei ved wi tloirn condespondi gﬁbgecesses 1506 119 an it Ns@r medd -dife aain
aperture 14Q,06f, a rrgchani cal corlifett BRViBS. a nfihss, wappet-hes gl h»head
tube 125, uppeér pafRa§BIE36ahave nechani aats gonnegt or. 135 rraybbe ref ai ned
toget her Theutippedlpadkage 43Q7QsksLS 10f f1 ow spool 6F2 P&Ani L3P fl ow
. . O
wi ng val ve, sbkgugWwi ngoval ve, choke, “and (fﬁ’torlﬁl eRtul ehowh) s pagkage 136
directs the flow and the' ¢OitrdiRBof whieht reet ditfis t Qrﬁval}ldﬁkf or,m above. An
upper end of PRfRCtarvdasdenel.y 14G,d S, Pmﬁé:{‘fdt 'thJi0$5t le Uppet™Package
136, and a o®hohi . sealing wreline plu , silgi | aksehfly bore
ihéa R @l 5§ f£opductor guidekr))ase? 124, y

138 in ato}' bg runinto a fi
. e lower eng 128 of the well-head tube 125 there

the well-
e tu; head tube 125, The upper end 127 of the well-
e 1?5 has a recess 150a spaced therearound. This

capable o i i i
Copabie £ being received within corresponding recesses
.1n an 1inner surface of an aperture 14 |
mechanical connector 135. Coot e
In thi
e ” 1s way, the well-head tube 125, upper packa
an i ’ )
o mechanical connector 135 may be retained toget:herg
. .
cinis upper package 136 consists of g flow spool o
ar i ;
. o flow wing valve, flow wing valve choke d
ntrol m i ’ ' on
oo odule. Thig Package 136 directs the flow and th
Tol-'of the tree 105 to a platform above )
An uppe : .
S thpp r end of the valve assembly 110 isg contained
o € upper package 136, and a metal-to-metal sealj
reline plug 137, o imi ot
' r similar, may be run j
, n into i
upper bore 138 in a top surface e
seal the bore 138.

of the upper package to

. e
! ) i



p surface of the upper package to seal the bore 138. Wthin the well-head
tube 125 and tubi ng hanger 126 there is provided a conduit 155 for

contai nment of the main production flow, the | ower end of the conduit 155
extending into the production borehole in the sea-bed 120, while the upper
end of the conduit 155 is connected to the 6 |ower end of the valve
assenbly 110 within the well-head tubes 125. Extending from an outl et of

t he upper assenbly 136 there is a flow |loop 160 which is suitably shaped
to wthstand cyclic stresses. A choke 165 is provided in the flow | oop
160, the cheka seidiof theceatrel dssemvalyoailtoy wigthifrl ike twelkkethiasligh. At
an upper %%éﬁlﬁye upper assenbly 136 there is provided a debris cover

170 whi ch i's"supported by the upper assenblg 136 and a sa&&h& fr
| ocat ed t her earftrendipgot f eprowal. opidegovelr 079 “PPESHRRAS to t he upper

end of thqjggggri@S&gﬁQhﬁw13ﬁoa%a1ngIaﬁi&mngefSSaY&abpyowmdpddonxan I nner
surface of an aperture 172 in the coyer

; 170, e.co .kLAQg 1 being
recei vabl e'ithefand GEdden AHF§SCESess 1§@°¥ﬁ &%Qoﬁgekkgg%éggéﬁg??%%e upper
end of thefuppelosssesdly thadb.chfkies szomemanltsp eentrak bhe s¥ebpahry

metal -to-netal. seal .agai.nst the environment. Spaced substantially
equidistaﬁ? a#%ﬁﬁéi%qé?%qhﬁguf35 and connected to the caonductor 124 via a
gui debase 184 ake amn ppeal iend ?f gtihee uPHEE BEFEMHY Updbert s bF which

are engagsabl eavit R | QusFi £ndevel alm@qualichunber sapportédg byr odse (not
S&)Wﬂ) et %Sgg ggsgﬁgf}(’n %lsogngvl tah s%f]:alf!_ryt r%%%mea Sé%rg%le}é Jt‘}érearound
(not shown). The cover 170 is connectable to the upper
end of the upper assembly 136 via collet fingers 171
provided on an inner surface of an aperture 172 in the
cover 170, the collet fingers 171 being receivable in a
corresponding recess 180 in an outer surface of the upper
end of the upper assembly 136. This cover also acts as a
secondary metal-to-metal seal against the environment.
Spaced substantially equidistant around the tree 105
and connected to the conductor 124 via a guidebase 184 are
a plurality of guide rods 185, the upper ends of which are
engageable with lower ends of an equal number of mating
rods (not shown) retained in association with a further
assembly 175.
A further assembly (not shown) may be a supplementary
.' Christmas tree provided for saféty reasons in the event of
failure of the tree 105. The further assembly may be
supported by a semi-submersible rig or floating platform.
' A further valve 190 is provided within the tube 125,
a lower end of this valve 190 .being connected to a further
conduit . 195 extending into the borehole through the wellj
head tube 125 and tubing hanger 126, while an upper end of
the valve 190 is connected to the upper assembly 136
communicating with a bore 196. The further valve 190 is
preferably also a ball cutter valve. The function of the
further valve 190 and conduit 195 is to act as an annulus
pressure control valve, as is known in the art.
Referring to Figs 3 and 4 there is provided a valve,

generally designated 115 for use in the Christmas tree 105



A further assenbly (not shown) may be a supplenentary Christnas tree
provi ded for safety reasons in the event of failure of. the tree 105. The
further assenbly nay be supported by a sem -subnersible rig or floating
platform A further valve 190 is provided within the tube 125, a |ower end
of this valve 190. being connected to a further conduit.195 extending into
t he borehol e through the well- head tuBBe 125 and tubi ng hanger 126, while
an upper end of the valve 190 is connected to the upper assenbly 136
communi cating with a bore 196. The further valve 190 is preferably also a
bal | cuttef V&lYe?- The Thencrabve ofl1sheis f ar therl valuee et90vanek candui t 195

I s to actcampabs@snd Ug1oRr €SSIK &£ 08hh Ol aﬁ.@ ylg) e3S LSn g hhe art.
ded a va

Ref erri ng tg iQ§ 3.and 4 there is provi I've, %enera |y dési gnat ed
115 for usd™Pn thEBhr PeCHkayPt 292, 105i At oF-g83 220 heligpbeotTdngs a bal |
cutter vakoe, ahydreoipri seambel! @O i {étamtdy BhstdPeroeOnNReehay 201
first T-sealchacksih 202, SfJ+ st . I-seal 203, fir o-ring, 204, hydraulic
chanber 205 eactué%?%éﬂﬁis(%% 23§F°§§coﬁdﬁéﬁisé%%abaékl 26¢1eds€ond

T- seal 208?1hﬁFc¥°Peléd§@xicﬁ+$%ﬂ1ZDepkthprQOI7saaﬁjbhck-u@a20203nhird
T-seal 203ecofi@Cengifgling,2 oL | 8 i digat i 211, .third
o-r i ng 212, TLC by " cat or _sc?‘g)v? 213, TLC_C{H}’IO'[QaS}gé%%v ; 22917 o o
fourth o-Pihy"2181%eqbhti dPAECALPA SeBew24Y3. TLEt hiBiki Agrews2idhoke
housi ng 218fchh@ls, 22mumitpes-rimg 228}, eBuYQE s3hE NEHRI Nesar223, 75€t pi vot

B oo EEPTCe 014 Sy M i) A, Hekigarl beker 5s: scrow
229, pivot2}} e@¥oE3ARrgurebainar| 2221, sedetpbubt comtsr 0223y nappadz, control
armret ai Beet@B83plate 224, sixth o-ring 225, ball seat sub-assembly
226, bore cutter plate 227, ball housing 228, hexagonal
socket set screw 229, pivot sleeve 230, cutter ball 231,
set ball control arms 232, control arm retainer 233,
support rin§‘234, hexagonal socket set screw 235, seventh
o-ring 236, control arm retainers housing 237, 1lower
connector 238, eigth o-ring 239, and a quick union collar
240, also comprising a first connector X at a first, upper
end of the valve and a second connector Y at a second,
lower end of the valve 115. Communicating with the
hydraulic chamber 5 at upper and lower end thereof are two
hydraulic inlet ports Z1 and Z2.

Referring to Fig 3 the ball cutter valve 115 is shown

’ in a closed position, wherein hydraulic pressure is
applied to the hydraulic chamber 205 via inlet port 21
thereby moving actuating piston 206 in a downward
direction. This causes consequential downward movement of
the set pivot arms 223 and cutter ball 231. Downward
movement of the cutter ball 231 acting against the action
of ball control arms 232 causes the cutter ball 231 to
rotate into a closed position thereby closing the flow
orifice 200 through the valve 115.

To open the valve 115, hydraulic pressure may be
applied to the hydraulic chamber 205 via inlet port Z2
thereby causing the actuating piston 206 to move in an
upward direction. The upward movement of the piston 206

Ccauses consequential upward movement of the pivot arms 223



support ring 234, hexagonal socket set screw 235, seventh o-ring 236,
control armretainers housing 237, |ower connector 238, eigth o-ring 239,
and a quick union collar 240, also conprising a first connector X at a
first, upper end of the valve and-a second connector Y at. a second,

| ower end of the valve 115. Cbnnunicatigg with the hydraulic chanber 5 at
upper and | ower end thereof are two hydraulic inlet ports ZI and Z2.

Referring to Fig 3 the ball cutter valve 115 i's shown in a closed
position, wherein hydraulic pressure is iled to t ‘gb%é%géé pamber
205 vi a |ﬁP€tCHEFFrZPalﬂh§@éby'ﬂﬂ&ﬁrﬂ?%ﬂﬁ t??ﬂf?ﬂ%ﬁ?) in a mnmard

dlreCtlonroIbtingauﬁﬁé asysequent i abadawnwarde noverniet off the dealbi vot
arnms 223 and, cutter %é 231. Downward novenent of the cutter ball 231
acting agaPRSECLh8YBELP3A- of ball control arns 232 causes the cutter bal
231 to rotateRefiterangl osed Pagsti 6n &héreby cfFosi nghe heP¥TRAPE orPfi ce 200

t hr ough tg§oﬁ%E%§ %15 ggl entﬂge‘g ye xgénxhyq@auhqgugeg§§gae Ry be
applied t e rau nbér via inlet port_Z2 thereb caualng t he
actuat i nnglrstS@maSOEi:lIQﬁ rril)Oé ihereinhefiered deseeibed: ¥he L\’pﬂﬁg"d ement

of the pi éﬁ%w sonsegyent i gle jparchbidaeient i tde @ém@t arns
223 8 an cutter g%ﬁ Thi s has tﬁg'conseque tial effec otating

the bal | Z¥bmegaiibde thig adPPorViF &Re SBEFICNCEN I HIAMRED3 acﬁ%ié?rlng to
Figs 5 andqgs,_ for the purpose of production testing the well, there is

illustrated the Christmas tre 5 herei nbefore descr d, r end
@ o the trednEEHATEE herelnbefgre gegsribed. chhe ueRe

conductor’ 125 be 1nsta11ed within the conductor guide base
124. The well-head tube 125 is typically 18" (457.2mm) in
diameter, while the conductor guidebase is 30" (762mm) in
diameter. A BOP is then installed following conventional
procedures, and a well borehole drilled.

It should be noted that a special protection sleeve
may be provided in order to protect the inner diameter of
the well-head tube 125.

When the well borehole has been drilled the tubing
hanger 126 may be placed at the lower end 128 of the well -
head tube 125. In this way a void of approximately 18"
(457.2mm) diameter is left between the upper end of the
tubing hanger 126 and the upper end 127 of the well-head
tube 125. This void can therefore be used to house the

. valve assembly 110, further valve 190, and tubing hanger
126, and any other x-over or injection valves.

It should be understood that the embodiment of the
invention hereinbefore disclosed is given by way of
example only, and is not meant to limit the scope of the
invention in any way. It should be particularly noted
that although the disclosed embodiment employs ball cutter
valves, any suitable ball valve may be used, or
alternatively suitable flapper type valves, or indeed a
combination of suitable types of valves may be employed.
Also, some or all of the valves may be of a cutter type,
able to cut, eg. 1.5" (38.1mm) tubing or electric

wireline.



subnersible rig 300 via an energency disconnect facility 305..
Installation of the tree 105 requires that the conductor 125 be installed
wi thin the conductor guide base 124. The well-head tube 125 is typically
18" (457.2m) in dianmeter, while the conductor guidebase is 30" (762m) in
dianeter. A BOP is then installed follow ng conventional procedures, and a
wel | borehole drilled. It should be notéd that a special protection sleeve
may be provided in order to protect the inner dianmeter of the well-head
tube 125. Wen the well borehole has been drilled the tubing hanger 126
may be placed dt tdteohbdealsod BER28appreébiaved| thaeads t abeidPhas| mxtdd s way
a void of inat el o i er is ft_be t he upper
end of thgégﬁjrgﬁhgahgr%egé’ﬁG élﬁ%s%ﬁg) ugpg%%téﬁ n129ggf Fheh%%?-rheé) t ube
125. Thi sopsF@td@naghenrd olcoste adedntaghsused he lowglry ehabglirblapotD,
further vahee 488.p8ad teHaHr-LBNG8Eerd26au@nd AN¥nat h%dl\%é 4ol y

injection valves. It should be understood that the enbodi nent of

i nvent i onPREMG MEPLPEL e sYoskhei cqidustar, wagdyredexsmimlat onllpweand i s
not neant madulfiaditurtifg $oeRe Ofadd@add\dintiit 41 Aoyay. |t shoul d be
particularly noted that although the disclosed enbodi nent enpl oys ball
cutter valves, any suitable ball valve nmay be used, or alternatively
suitabl e flapper type valves, or indeed a conbination of suitable types of
val ves may be enployed. Also, sone or all of the valves may be of a cutter
t&e, able to cut, eg. 1.5" (38.1mm tubing or electric wreline. 9



It should al so be appreciated that a Christmas tree according to the
present invention has a nunber of operational and cost advantages, eg.

| ower hei ght above the sea.-bed, enhanced safety due to the val ve assenbly
bei ng protected by the conductor, reduced wei ght, |ower manufacturing
costs, and ease of installation. 10 Caim11. A Christnmas tree which, in
use, is provided on a geophysical surface and installed at a well-head to
control the flow of produce thereat, the Christnas tree providing a valve
assenbly c&H#di%ing one or nore valves, wherein there is further provided

a wel | -head tubeg whi gh dis- y; | acat ed. bel o surface,
V\/nerel n a blqp\ﬁg/t preventlggrtnllalsseﬁ%ﬁeoq{ﬁ ﬁld ]tllhe e Ilhsezf)cf alr‘i}lq/\,i‘fé}é‘] n at
| east one &F @ lopurfasey andednpsal dedi atdawe bl rhedadiec ovelontdiead t ube

bel ow t he sief ddew tdre b g i nst al edlnthe
wel | - head tube ﬁ\rwouaﬁgmié%@g%%%g%evgh?e@qg%ttﬁzgéh%r%t%ngg £r

cl ai med i n%I'd MRy qampIgesiglg spral cduriere valvhae swhelmﬁn 3 A

Chri st mas theereasml aum‘eﬂelxﬂ f@«yméd% Zwel INRL L4 N @Rk
provi ded a ghear g.lﬁé: ext endi ne nd o?dtheb\%e%ﬂ%ehgg{l ube 4 A

Chri st mas ree tasPer Yi n Qﬁ\?tSﬂ cbﬁiﬁ’ﬂ 1‘313e siefager awheutedar dlay
ext endi ng bAdwolitt heevehkolead {nbeaised! feates v?éloi\&?eatci‘e QW%OQHE?&E'
a

surface. 55¢Aq rlstmas t as clainmed in any precedin I'm wherein
the at |east o one Nal s i s{gtei'beal‘?m?/a??/e‘?“”é‘? Kaéiﬁﬁsﬂﬁa§egﬁééedsweténlned in
precedFhg wilditheatherwbha bbeowrt theasfuree/al Mige | 8hi Hethhs CHiLer

being adapted to be installed in the well-head tube through
the blowout preventer.

2. A Christmas tree as claimed in claim 1, wherein
the geophysical surface is the sea-bed.

3. A Christmas tree as claimed in claim 1 or 2,
wherein a tubing hanger is provided at or near an inwardly
extending end of the well-head tube.

4. A Christmas tree as claimed in any of claims 1-3,
wherein an outwardly extending end of the well-head tube is

located above the geophysical surface.

. 5. A Christmas tree as claimed in any preceding

claim, wherein the at least one valve is a ball valve.

6. A Christmas tree as claimed in any preceding
claim, wherein the at least one valve is a ball cutter
valve.

7. A Christmas tree as claimed in any preceding

claim, wherein the at least one valve is controlled by

hydraulic pressure.

8. A Christmas tree as claimed in any preceding



valve. 7. A Christnmas tree as clainmed in any preceding claim wherein the
at |least one valve is controlled by hydraulic pressure. 8. A Christmas
tree as clainmed in any preceding 11 claim wherein an outernost end of the
val ve assenbly is connectable to a further assenbly which nay conprise a
"y" or "t" spool, flow valve, choke and control nodule. 9. A Christnmas
tree as clainmed in any preceding claim1wherein a tubing hanger is
installed i Lhe || - head tube by noving it through the bl owout

preventer. 16 M ?E?hﬁsaPr@@t§§m9%%rﬁﬁﬂ|¢ﬁcthEnwglVﬂh@ﬁaambhymn$ub|ng

hanger is icustedtehlie tdhe Vﬁlﬂtﬂtﬁla%ééé?x%l ffen t .}rlf'l ve(s)
I s/are |nsE$Ju%q Ep H)e |l -head tube. . A netho tro
production flow froma * wetY¥h qxnﬁﬁ?%ﬁrﬁPdrﬁ%ﬂﬁﬁ?hgm%de¢l-head t ube

which is at least partially |ocated below a geophyS| cal surface,

installing a bl guout rg}é%gtsg at the well-%f | ocating a Christmas tree
on the geophysical surface "GP Phe %t | Afe aed oy sRiks REeseBmsyi di ng

a valve a$deddl.y thﬂfmlrsl agtobengr hmfgearvenl.q/esmse&lléﬁsinomgeofwetlfle_ one or

nmore val vegehg RGHL t he - t ube bel ow the surface,
where the Christnas t ee I's \|I¥I1n Qiherd)lfg\m? lf%éja]v%"f‘?u HEE S by moving it
t hrough the bl owout preventer, and controlling the one or nDre val ves so

as to control the flaovwp; A n%'q:%:gé Ogétgfamé& Q%agla}% n%teg%q.nas

clainmed in %Ialmll wher el n
e tubing hanger is installed in the well-head tube before

’ the one or more valve (s) is/are installed in the well-head
tube.

11. A method of controlling production flow from a
well-head comprising:

providing a well-head tube which is at least partially
located below a geophysical surface,

installing a blowout preventer at the well-head,

locating a Christmas tree on the geophysical surface
at the well-head, the Christmas tree providing a valve
assembly comprising one or more valves,

at least one of the one or more valves being retained
within the well-head tube below the surface,

where the Christmas tree is installed into the well-

' head tube by moving it through the blowout preventer, and

controlling the one or more valves so as to control

the flow of produce from the well-head.

12. A method as claimed in claim 11, wherein the one

or more valves are operable to production test the well.
13. A method as claimed in either of claims 11 or 12,
further comprising installing a tubing hanger into the

well-head tube by moving it through the blowout preventer.

14. A method as claimed in claim 13, wherein the



or nore valves are operable to production test the well. 13. A nethod as
claimed in either of clains 11 or 12, further conprising installing a

t ubi ng hanger into the well-head tube by noving it through the bl owout
preventer. 14. A nethod as clained in claim 13, wherein the 12 tubing
hanger is installed into the well-head tube before the one or nore val ves
are installed into the well-head tube. 125. A nethod as clained in any of
clainms 11-14,. .wherein the valve conprises a ball cutter valve. 16. A

met hod as ch4PiBd APGRY ofS cing sl led tintds, thehee bl nhaadotitbenbstforrd of
the val ve asBenbne isrf wbi-Bervaicnestabligstai1dehuridies éﬁéeﬁghi—ﬁgiﬁh I's
capabl e of tgbéecting the flow and control of the christmas tree. L7. A
Christrmas tree as herei nbefore described with reference to Figs 2 to 6.
18. A nmethod of controlling production flow froma well-head as

her ei nbef or [ W referen Fi 2 :
ereinbefore desggi bed mét?hog s (C:?agu?led % antyo gf claims 11-14,

wherein the valve comprises a ball cutter valve.

16. A method as claimed in any of claims 11 to 15,
wherein an outermost end of the valve assembly is further
connectable to a further assembly which is capable of

. directing the flow and control of the christmas tree.

17. A Christmas tree as hereinbefore described with
reference to Figs 2 to 6.

18. A method of controlling production flow from a

well-head as hereinbefore described with reference to Figs
2 to 6.



