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to so-called Christmas trees, ie. t he conpl ex of val ves and pi pes
installed at a well-head to control the flow of high pressure oil or
gas. , The invention nore particularly, but not exclusively relates to
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an internal through- aperture 40 suitable F r accepting a | ower end of the
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fingers 45ipvextdefl abrdepavtecusdtigre bt thst! eiRiusidedly thelapéye
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wal | . An ugBeF“‘é oSEFUEHBTER| FOFchFe: hle 98- Pear BEEHSFUFSPai nod wit hin the
aperture 40 by an inner surface of the collet fingers 45 engaging with a
correspondﬁggogeégﬁs 50b in the upper end of the well-head tube 25. Wthin
the well -hea ube 25 and tubing hanger 26 there is provided a conduit 55
for (contai nment of the main production flow, the |Iower end of the conduit

55 eXtending i NhOpRiRFOHIH | Al UL dtind SCr 268~ B8U sBBwhNAln FHYM
herein. The 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 hydraulic
gate valves. '

The valve 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 éontained within a conductor 24.

The assembly 10 is retained in its location by means
of a mechanical connector 35 having an internal through-

L_/ aperture 40 suitable for accepting a lower end of the
valve assembly 10. To lock the valve assembly 10 in
place, loaded 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 weil-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

i 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
production flow, the lower end of the conduit 55 extending
into a production borehole in the sea-bed 20 (not shown),
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thereupon. A lower end of a further assembly, generally
designated 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 éscaping into the environment. 1In
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 5
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 christmas 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- submer81ble 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 acconmodate all the required
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The upper end of the further assenbly 75 is connectable via stress joints
(not shown) to a sem -subnersible rig or simlar vessel. Presently known
sub-sea Christnas trees, such as that described above, suffer froma nunber
of probl ens. In particular, in order to accommpdate all the required 3
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I nvention AGCQifidd ¢O Be finstaPEe@Cirolind "eadhiesess. i nvention, there is
provided a Christmas tree which, in use, is provided on a geophysi cal
surface and installed at a well- head to control the flow of produce
thereat, thebfdctstoBsthe cPresent dimgentiahve assenbly conprising one or
nore val ves, wherein there is further provided a well-head tube which is at
| east partially |located bel ow the surface, at |east one of the one or nore
val ves being retitnée wint objedte @l itheepresgnrt beN¥anthens ko LRViate
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provided at or near an inwardly extending ‘end of the well-head tube. An
outwardly extending end of the well-head tube may be | ocated above the

geophysi cal gguihegeof TEReabrb8aat Dheentlisa is preferably a ball valve, and
may be a ball cutter valve,

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

The goephysical 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.

Y 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"
or "t" spool, flow valve, choke and control module.

[

.According to a second aspect of the present
invention, there is provided a method of controlling
production flow from a well-head comprising:



Preferably also, the at |east one valve is controlled by hydraulic . =
pressure. An outernost end of the vajve assenbly is preferably connectable
to a further assenbly which may conprise a "y" or "t" spool, flow valve,
choke and control nodule. According to a second aspect of the
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Lg.4
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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 embodiment 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; u

Fig S a side view to a reduced scale of the
Christmas tree of Fig 2 with a well-head structure
attached thereabove; and

Fig 6 an enlarged side view of the Christmas tree
shown in Fig 5.

Detailed Description of the Drawings

Referring to Fig 2, there is provided an embodiment
of a Christmas tree, generally designated 105, according
to the present invention located substantially at sea-bed
level. The Christmas tree 105 comprises a valve assembly



Fig 5 a side view to a reduced scale of the Christmas tree of Fig
2 wth a well-head structure attached thegeabove; and Fig 6 an enl arged

si«de view of the Christmas tree shown in Fig 5. Detailed Description of the
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L the well-head tube 125. The upper end 127 of the well-
head tube 125 has a recess 150a spaced therearound. This
recess 150a is capable of receiving an inner surface of
each of a corresponding plurality of collet fingers . 145
provided on an upper packé.g_e 136. Further, an outer
surface of each of the plurality of collet fingers 145 are
capable of being received within corresponding recesses
150b in an inner surface of an aperture 140 of a
mechanical connector 135.

In this way, the well-head tube 125, upper package
136 and mechanical connector 135 may be retained together.

The upper package 136 consists of a flow spool or

U gimilar flow wing valve, flow wing valve, choke, and
control module. . This package 136 directs the flow and the
control -of the tree 105 to a platform above.

An upper end of the valve assembly 110 is contained
within the upper package 136, and a metal-to-metal sealing
wireline plug 137, or similar, may be run into a first
upper bore 138 in a top surface of the upper package to
seal the bore 138.

Within the well-head tube 125 and tubing hanger 126
there is provided a conduit 155 for containment of the
main production flow, the lower 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



mechani cal connector 135. In this way, the well-head tube 125, upper
package 136 and nechani cal connector 135 nmay be retained together. The
upper package 136 consists of a romFspooI or simlar flow w ng-valve, flow
wi ng val ve, choke, and control nodule. This package 136 directs the flow
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171 being receivable'in . )
provided on an inner surface of an aperture 172 in the w

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 safety reasons in the event of
failure of the tree 105. The further assembly may be \.j
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 well-
head tube 125 and tubing hanger 126, while an upper end of
the wvalve 190 is connected to the upper assembly 136
communicating with a bore 196. The further valve 190 is
preferably also a ball cutter wvalve. 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



correspondi ng recess 180 in an outer surface of the upper end of the upper
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i ndi tat or hamsiker 244t sikrey 229, pivot sleeve 230, cutter ball 231,
set ball control arms 232, control arm retainer 233,
support ring 234, hexagonal socket set screw 235, seventh
o-ring 236, control arm retainers housing 237, lower
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 wvalve 115. Communicating with the
hydraulic chamber 5 at upper and lower end thereof are two
hydraulic inlet ports Z1 and 2Z2.

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 wvalve 115.

To open the valve 115, hydraulic pressure may be
applied to the hydraulic chamber 205 via inlet port 2z2.
thereby causing the actuating piston 206 to move in an
upward direction. The upward movement of the piston 206
causes consequential upward movement of the pivot arms 223



o-ring 212, TLC indicator screw 213, TLC limt screw 214, |atch 215, fourth
o-ring 216, equalising hard seat 2178 fifth o-ring 218, choke housing 219,

choke 220, w per-ring 221, pivot armretainer 222, set pivot arms 223,

upper cutter plate 224, sixth o-ring 225, ball seat sub-assenbly 226, bore

cutter ate 227, b housi ng, 228, hexagonal socket, set screw 9 pi v
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223 dBameter. 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 woid 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. kuﬂ

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.



and cutter ball 231. This has the consequential effect of rotating the
ball 231 against the action of the ball centrol arnms 232. Referring to Figs
5-:and 6, for the purpose of production testing the well, there is
illustrated the Christmas tree 105 herei nbefore described, the upper end
127. -of the tr L N0y, C t t sem uh [ rig
300%¢i a an ener ggﬁcf}lg):{’lslgonén)l:éc(? ch%?l?ﬁ;ecg%&edlon%@aa?-l gt icglrﬁoc [ SZ ?ir.é;a% 105
requi res thaEcPRAirgndtiet othe2spFesenst alinvengiion n hase conduvtler gudfle

base 124. Thgengtiohsdd dridecdae iéd&éﬁﬂa%%éy_ 88" (YowWerXMikightdi 2DBLET
while the cogductor gu!deba e is 30" (76 in"dianeter. . ATBOP i s, then

imstal | ed fbPPoVESRY e RONGRSE, r SERLY e duesntica th8 | VBEVENARESEHRPLY ed.
|t shoul d bbeingedrdtaictradpbyi alhepr abaducenrs! emducey keiphtyi dbswes

wei | bor chofeonbebEziBATEPRER T RER, BarhoBrataeF TSRt oo pi aced at i he

| oner end 128 of the well- head tube 125. In this way a void of
approximately 18" (457.2mm) diameter is |eft between the upper end of the
t ubi ng hanger 126 and the upper end 127 of the well-head tube 125. Thi s
void can therefore be used to house the val ve assenbly 110, further val ve
190, and tubi ng hanger 126, and any other x-over or injection valves. It
shoul d be understood that the enbodi nent of the invention hereinbefore

di scl osed is given by way of exanple only, and is not neant to limt the
scope of the invention in any way. It should be particularly noted that

al t hough the di scl osed enbodi-nent enploys ball cutter valves, any suitable
bal I{ val ve may be used, or alternatively suitable flapper type val ves, or
indééﬁ a conbination of suitable types of valves may be enpl oyed. Al so,
sone or all of the valves may be of a cutter type,

w



able to cut, eg. 1.5" .(38. 1mm) tubing or electric wireline. 9 It shoul d
al so be appreciated that a Chri st mas-‘(éree according to the—present

invention has a nunber of operatinal and cost _ lower
hei ght above the sea -bed, enhanced safety due to’iﬂﬂ"%ﬂliﬂﬂ%ﬁ@ﬂl y being
protected by the conductor, reduced weight, |ower manufa Ists, aqg;
ease o€laimea| | ation. Claims 1. A'Christmas tree which, in use#&is
provi ded on a geophysical surface and installed at a well-head to control

the flow of _proquce thereat, the Christrmas tree providing a valve assenbly
conpri sing bne g‘r C%d:rl@ s\/etsr,e%‘g’e?}h' tHer BSFs gﬁr BV iU a
wel | - hgadphubécakhi cburfaat | aast dasteilled | atat @d bwdlowhdeed suedace, at
| east t on i et ained i t:hi h | - head

tube bPBGEPhe BT f Bl BY RS, RLARAES AR ey Behan LIE | Nnerei n
t he gebpRysféng eunvadste iassemblacoppriging anehorstmare tYakves, cl ai ned in

clai mdhateln WiHRQ Nid EUPLAGrNYIR I ded N OYbUednahdOculRA wid{ch Nvar dl y

extending end-of the we|l-head tube, 4. A Christmas tree as claimed in any
of cl atfs 2F- 3eafieRATE L it HRFAFS RELANI hSeRUEERENe Ael TedREd tube is
| ocat ednab@fe the gaeplysi mereswallees. eing Ar€bainédnwiltida ashel ai ned in

any precedi | ai rein,the at_|east one valve is a ball valve. 6. A
ChristWﬁggfﬂgggagugFagggawiEh5n§u5 8&8di ng

2. A Christmas tree as claimed in claim 1, wherein

the geophysical surface is the sea-bed. W)

3. A Christmas tree as claimed in c¢laim 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 wvalve.

6. A Christmas tree as claimed in any preceding o
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
claim, wherein an outermost end of the valve assembly is -
connectable to a further assembly which may comprise a "y"
or "t épool, flow valve, choke and control wmodule.



claim wherein the at |east one valve is a ball cutter
Christmas tree as ¢lained in any precedi nM claim V\herenm“ﬁmmmlnﬂmulﬂne
valve is controlled by hydraulic pressure. 8. wasc t ree mas scl al med
in any preceding claim wherein an outernost end of the valve assenbly is
connectable to agfurt m o] "te 00

f1 Swval ve, choke an @ﬁ??%ﬁ é%%u%@hEQoTEXEg @%§5ﬂ%§3°ﬁliﬁéw EIC%Q nethod
of controlIWﬁblphéﬂécFP@nriSQRQFron1a wel | - head conprising: providing a

wel | -head tube pwbiglingS aat wémemrttabby lacalied gl owra gpophysi cal
ri st s, tree on the gegphysical surface at the

.surface, Iocatlng%? C?
wet | - head, PRRE &LV stRBRtE egeﬁ?ﬂvﬁdgﬁapay§éF9 §YEERBPY conpri sing one or
more val ves, at leaatingeaofCHdisstamss Otre®r énVahee ydopihye ilceilai Hieefadé hi n

the well -he t S c rolljng the ane,.or nore _valves so
as‘to contr%g #E %\E/ngo E%?bdu%c%gf (racgr%%#éna\%el{:r%%a@rﬁvoldlﬁgch?l YTt tree
as her ei nbehesenkidycePbpyising eneecprnvereovalyss2 to 6. 11; A met hod of

cont rol | ng er 0dye! 188sE! Bile! beM:he Rl REAhILS NI BSOSy desesided W th
eterence O Ign the well head tube below the surface,

controlling the one or more valves so as to control
‘the flow of produce from the well-head.

_ 10. A Christmas tree as hereinbefore described with
% reference to Figs 2 to 6.

11: A method of controlling production flow from a
well-head as hereinbefore described with reference to Figs
2 to 6. '
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