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1 WELLHEAD ASSEMBLY The present invention relates to a devel opnent ofé@&g
wel | head assenbly disclosed in our earlier application, 5 EP—A—572ﬁ ’
This earlier application discloses a horizontal tree having a conparatively
| arge vertical bore without any vertical in-line internal valves, and which
Is at | east |arge enough for the tubing hanger to be |anded in the 10
bore. A lateral production fluid outlet pbrt |leads fromthe vertical

t hroughbore. The tubi ng hanger anﬂ gﬁ;lﬁﬁgtﬁl %Eéi are provided within
conpl ementary gui de nmeans to orie anger to a predeterm ned
angul ar position at which a lateral production fluid outlet port in 15

the tubing hangerqn,d ' I t; ' a LN . ZO, ree.
Wth such a hori zonq'g%éf S%rrée%,r%l tl%%%éggg%%?at%% %gn%v%e%%g()%ﬁ%}\}v%oﬁ And
prevent er (BOWellkgad hassenrbhradissdoseldy 1 Pust glar il meproratdonr ee,
and then repl age- £ ey B on 20 the horizontal tree before the tubing

conpl etion can be run, \Wen the tubing conpletion is run, and before the
BOP This earlier application discloses a horizontal tree

having a comparatively large vertical bore without any
vertical in-line internal valves, and which is at least
large enough for the tubing hanger to be landed in the

10 bore. A lateral production fluid outlet port leads from
the vertical throughbore. The tubing hanger and horizontal
tree are provided within complementary guide means to
orientate the tubing hanger to a predetermined angular
position at which a lateral production fluid outlet port in

15 the tubing hanger 1is in alignment with that in the
horizontal tree.

With such a horizontal tree, it is necessary to remove
the blow out preventer (BOP) from the wellhead assembly to
install the horizontal tree, and then replace the BOP on

20 the horizontal tree before the tubing completion can be
run. When the tubing completion is run, and before the BOP

is removed, the production bore must be sealed with a
wireline set plug. In addition, for safety reasons, it is
necessary to be able to isolate any potential production

25 fluid outlet. Thus, in operation, the wellhead assembly
requires at least one wireline set plug in the vertical
production bore above the lateral production bore, and also
requires at least one gate valve for the production fluid
in the lateral production bore. )
30 According to the present invention there is provided
a wellhead assembly comprising a wellhead housing; an in-

line tree within the wellhead housing, the in-line tree
comprising a housing having a vertical production through
bore, an in-line valve in the vertical production through

35 bore, and a lateral bore leading from the vertical
~ production through bore out of the housing of the in-line
“tree; and landed on the wellhead housing a horizontal tree



is removed, the production bore nust be sealed with a wireline set plug. In
addition, for safety reasons, it is necessary to be able to isolate any
potential production 25 fluid outlet. Thus, in operation, the well head
assenbly requires at |east one wireline set plug in the vertical production
bore above the | ateral production bore, and also requires at |east one gate
val ve for the production fluid in the |atefal production bore. 30

According to the present invention there js provided a wellhead assenbly
conprising a mEFVﬁggdahéﬁgi ,a¥M£hF9uqqné°F$e¥%EAHﬁqu*ﬁva$?hé§ailne
housi ng, the ithrkenestseaucosprarsl hgvanbodsliageayigrea werdh dal apigdadt i on
through bore, aochnehingayalyp dd e, B gl HOdUetl o0, LhLauon, 35,
bore, and a Tlatera Bore™ " 1¢A I ng rom ghe Ver VcaF pro UCPIOH

t hrough bore odingftrae gausheigrwt itrherndnreitard eviege thapdghatiedventipal

vel | head hgusi 8gr8ufAr bERR! & WiRE hor i dIFH Nk A &1 £6&ht L REAHIINEOL Re
within which the in-Iline
horizontal tree.

Such an assembly provides all of the advantages
associated with the wellhead assembly of EP-A-572732 and in
particular allows direct vertical access to the completion.

10 Because the in-line tree can be retrieved through the
horizontal tree without removing the horizontal tree, the
wellhead assembly offers considerable flexibility. Thus,
if it is necessary to pull the in-line tree, this can be
achieved by landing a BOP on the horizontal tree, and

15 pulling the in-line tree through the horizontal tree and
BOP. Alternatively, the horizontal tree can be pulled
without BOP protection while leaving the in-line tree in
place, with the valve in the in-line tree closed to provide
the necessary isolation for the production bore. It is

20 also possible to install the completion and the in-line
tree, and then return to the wellhead at a later date in
order to install an appropriate horizontal tree. This is
good logistically as the appropriate horizontal tree can be
chosen after a completion has been installed.

25 If double barrier isolation is required for the
production fluid outlet, two in-line valves can be provided
in the vertical production through bore of the in-line tree
below the lateral bore. Because the in-line valves are

. below the lateral bore, they can provide a double barrier

30 both for the vertical production bore and for the lateral
bore, so that the in-line valves replace one of the plugs
in the vertical production bore, and the gate valves for
the production fluid in the lateral bore. It is necessary
to retain one plug in the vertical production bore in order

35 to divert flow to the lateral bores. This provides a
simplification of the wellhead structure above the mudline.

The wellhead assembly also preferably includes a



treé is situated and having a |lateral bore which is aligned with the

| ateral bore in the in-line tree; wherein the in- line tree can be run in
and retrieved through the vertical 5 t hrough bore of the horizontal tree
wi t hout renoving the horizontal tree. Such an assenbly provides all of the
advant ages associated with the well head assenbly of EP-A-572732 and in
particular allows direct vertical access td the conpletion. 10

Because the in-line tree can he retrieved _through the horjzontal tree
wi Lhout T omovi TP 1 oo R LapREvEl FhEAdtAe SEnbH G (s sembly

consi der abl e fhebawitthid yin-Thitss tifed t drgl nackeSsaran tie ptdhotde fiden itiee

tree, this ca ]ggpi I i n,t.he horj.zo |. tree, and 15
pulling the i rrk‘%ﬁne rgt\é/l%?%lg %g@%hggﬁg?gﬁﬁgaﬁ??ée &Jr?f gﬁ?mg enanger

Al ternativel ymay te petnsgendllyt assachrdbgopthketinni Ltheutr 80P piwtentd on
whil e | eay ng fheHddidi®d heGigk? anfgle%%rﬂlﬁzﬂgtgé‘!:l‘{@d' Botfigei frlifietree

closed to provide the necessary 1solation ) roducti on bore. It is
20 al so possiff® tBRendfgilinehdrespied i BHPARE HREGSE |3 PRe&Unankh t hen

return to the vjdtaad. at Tael ahky &t ethBnon@erpdD1ddstabbtaarappropriate
hori zont al treﬁ%eeé@25§j:%he in-line tree can be released from the tubing
hanger, so that only the in-line tree is pulled. The in-

10 line tree preferably comprises a one piece housing
containing the in-line valves, the vertical production
through bore and lateral bore. This avoids the need for
any complex connection and seal between the valves and the
lateral bore.

15 The or each in-line valve is preferably a ball valve
of the type well known in the art. The or each valve is
preferably hydraulically or electrically actuated, making
wireline actuation of the valve unnecessary.

The invention is readily applicable to a dual bore

20 arrangement, in which the in-line tree has a second
vertical through bore with a lateral bore aligned with a
corresponding lateral bore in the horizontal tree. The
additional bore, which may be used for annulus pressure
monitoring or gas injection, may also be provided with at

25 least one in-line valve such as a ball valve.

The wellhead assembly of the present invention can be
completed by two methods. Firstly, with the wellhead
housing installed and a blow out preventer installed on the
wellhead housing, by running a tubing hanger in through the

30 blow out preventer and wellhead housing, and landing it
within the wellhead housing; running the in-line tree
through the blow out preventer and into the wellhead
housing above the tubing hanger; with the or each valve in
the in-line tree closed, removing the blow out preventer;

35 running the horizontal tree in over the in-line tree and
locating it on the top of the housing in such a position
that the lateral bore in the horizontal tree is aligned



good logistically as the appropriate horizontal tree can be chosen after a
conpl etion has been installed. 25 I f double barrier isolation is
required for the production fluid outlet, two in-line valves can be
provided in the vertical production through bore of the in-line tree bel ow
the |l ateral bore. Because the in-line valves are below the | ateral bore,
they can provide a double barrier 30 botHt for the vertical production

bore and for the |ateral bore, so that the in-line valves replace one of
the plugs in t MESerthealapebalictPER Hor thandnt héngatEefal WeigHdns Hehe

production fl uivkrntiddie thaiotigdl bbeeein lthd S rracess apel abbebat Re ONEcdddg in
the verti cal p&gg%gtkp%_bore.in %%Qer 35 hto givert | ow. to. t he éaleral
bores. This provi'dés s B% S04t PEnSBFt KA LHEI el stPuttle S5 BVE° t he
mudl i ne. The walllwadthssprmbivcalion plefier ald yfloel tdesugh th2 twdi Itgead
hanger whigh isdanded, within the wellhead assenbly below the in-line tree,

and whi ch can be renoved fromthe
Secondly, the wellhead assembly can be completed when

the wellhead housing is installed but 1s not yet exposed to
the full production fluid pressure by locating the
horizontal tree directly on the wellhead housing;
10 installing a blow out preventer on the horizontal tree;
further drilling and casing the well through the horizontal
tree and blow out preventer; running a tubing hanger in
through the blow out preventer and horizontal tree and
landing it within the wellhead housing or horizontal tree;
15 running the in-line tree in through the blow out preventer
and horizontal tree, and locating it above the tubing
hanger with the lateral bore in the in-line tree aligned
with the lateral bore in the horizontal tree; with the or
each valve of the in-line tree closed, removing the blow
20 out preventer; plugging the vertical through bore in the
in-line tree above the lateral bore; and opening the or
each in-line valve to allow the production fluid to flow
through the wellhead assembly. With this method, a
removable protective sleeve may be landed in the horizontal
25 tree to protect the lateral bores of the horizontal tree
" during the drilling and casing process.

Both of these methods require only one BOP trip thus
saving one BOP trip as compared to EP-A-572732. During a
batch drilling process, this saving 1is even more
30 significant as several wells can be completed in a single
BOP trip with a BOP being moved from tree to tree without
being pulled to the surface. In addition, the availability
of two separate methods of completing the wellhead assembly
using the same components provides greater flexibility of

35 wellhead completion.



wel I'head through the horizontal tree. The tubing hanger nay be pernanently
attached to the in-line tree. However, 5 I f the tubing hanger is

rel easably attached to the in-line tree, the in-line tree and tubi ng hanger
can be run in together. The two can then be pulled together, or, if
necessary, the in-line tree can be released fromthe tubing hanger, so that
only the in-line tree is pulled. The in- 18 line tree preferably
conprises a one piece housing containing the in-line valves, the
vertical production®fhreX@pbor efand Waldhgladopesemhily Sangtrudetedd for

any conpl ex coa&e@&a@ﬂc@nd;ﬁﬁa&néngf@%%tt haveakves andithe, At geakrbgeq. 15
The or each in- I%Be % referably a ball valve of the type well known

inthe art. Th&*t ﬁr$§F§e PstBPeF@F88P9nH§89aGF?HéP9§'oﬁ“eVEéFplcaIIy

act uat ed, nmaki ng wi rdki.ne aet hla'fst:ﬁamaf:1bh6fvﬁh\éewdmmﬁ§aasaé‘;emﬂﬂ?,I avant i on
S readlly appllcab%§ to,a, dual _bhore

nment, _.in which _ the
in-line tfee has 'a%elond 9eF9F8aPegﬁF638h B ?éamﬂﬁﬁla C5P8Paf 658
al i gned with aofothespeddhrgdl aseembligore in the horizontal tree. The

addi tional bore, “hh%hsﬂgwnbgnu§§9.f?f éﬂgugégéﬂgf¥*ﬂgﬂirises a wellhead
guide base 1 from which is suspending a first casing 2 to
support the unconsolidated sea bed formation. As is well
10 known in the art, further casings may be landed within
first casing 2. A wellhead housing 3 from which a further
casing 4 is suspended, is landed within the first casing 2,
and is locked by a spring energised collet fingers 5. A
tubing hanger 6 from which hangs production tubing 7 is run
15 into the wellhead assembly 3, and is correctly orientated
by means of a hydraulically extendable key in the BOP which
engages with a helix on the tubing hanger running tool.
The seals of the tubing hanger are set and tested in a
conventional manner. The tubing hanger has a central

20 vertical production bore 8 and an annulus bore 9.

An in-line tree 10 is run in with tubing hanger 6 and
is landed within the wellhead housing 3 above the tubing
hanger 6. The in-line hanger 10 has a central vertical
production bore 11 which is aligned with a production bore

25 8 in the tubing hanger 6. In addition, the in-line tree 10
has an annulus bore 12 which is aligned with the annulus
bore 9 in the tubing hanger 6. Within the production bore
11 are a pair of ball valves 13A, 13B which are controlled
through a hydraulic or electrical line 14. The ball valves

30 13A, 13B are conventional valves which can be controlled
selectively to open and close the production bore 11. A
further ball valve 15, similarly controlled, is provided in
the annulus bore 12. A lateral bore 16 leads radially
outwardly from the vertical production bore 11 above the

35 ball valves 13A, 13B. The in-line tree 10 is locked into
the housing 3 by means of locking lugs 17 which lock into

a complementary recess 18 in a conventional manner.



nmonitoring or gas injection, may al so be provided with at 25 | east one
in-line valve such as a ball valve. The wel | head assenbly of the present

i nvention can be conpleted by two net hods. Firstly, wth the well head
housing installed and a bl ow out preventer installed on the well head

housi ng, by running a tubing hanger in through the 30 bl ow out preventer
and wel | head housing, and landing it wthir the well head housing; running
the in-line tree through the blow out preventer and into the well head
housi ng above the t doilfFIEARFSE: Wieh thelor 12B8RIvaANVEAN LORESEN NS fdq ree
cl osed, renovi ngllhedd dvowsingr 8Vept &leandd of I Lotk gy t haghorilz atigalg iiree

2 posi 11 on t hat* 1o 1 STaPa BUNE A KIFE Trork 2ot 4T Med 1eHl (oeans 3
with the | aterdhedrogiizeontiad itmelei hest aeeenplraygvengt itel viertowsth hdweph
bore in theg inyyng 4L Ve Lhgn @beLeloRoLfe 20 PRENLAG HE Mg 436N
valve in the in-li1ne tree to
tubing hanger 6 to pass therethrough. A lateral bore 24
leads from the vertical through bore 23, and the in-line
tree 10 and horizontal tree 20 are orientated with respect
to one another so that the lateral bore 16 in the in-line
10 tree is aligned with the lateral bore 24 in the horizontal
tree. This alignment is achieved using a helix and key
arrangement similar to that used to align the tubing hanger
6. The interface between the two lateral bores 16, 24 is
sealed by a pair of annular metal to metal seals 25, 26.
15 The vertical through bore 11 is plugged with a plug 27
and capped with a cap 28.
The flow through the lateral producticn bore 24 is
controlled by a master valve 29, while the flow through the
annular bore 12 is controlled by valves 30 and 31.
20 Although not shown in Fig. 1 the annulus bore 12 is a
through bore which is plugged with a plug 32 as shown in
Fig. 2. A lateral bore 33 leads from the annulus bore and
is aligned with a corresponding lateral bore 34 in the
horizontal tree 20. A cross over line 35 leads from the
25 annulus bore 12 to the line for the production fluid to
allow the annulus pressure to be monitored via the
production fluid. )
Once the wellhead assembly is completed, the well can
be brought on-line by opening the ball valves 13A, 13B, 15.
30 If access to a completion is required, the ball valves 134,
13B, 15 are closed to allow the cap 28 and plug 27 to be
removed, thereby providing double barrier protection, and
allowing a BOP to be installed on the horizontal tree 20.
Alteratively, if it is necessary to pull the horizontal
35 tree 20, the ball valves 13A, 13B are again closed, and the
cap 28 and plug 27 are removed. The horizontal tree 20 can

then be pulled without the need for a BOP.



aIIOM/the production fluid to flow through the wellhead 5 S EN
Secondly, the well head assenbly can be conpl eted when the we Tﬂﬁaﬁ*iﬁu@%@E
is installed Rugemﬁhggal 1ncExposed to the full production fiuid ﬁﬁ@%é@ﬁ

by | ocating A ree directly on the well head houStThg; 10
installing a b ter on the horizontal tree; further drilling
and casing the the hori zontal 7tree and bl ow out preventer;
runni ng a tubing hanger |n t hrough the bl.qw_out preventer and hori zontal
tree and landing it within the mellheadgﬁéﬁgg%g or horizontal tree; 15
running the in-line tree in through the bl ow out preventer and horizontal

i Tine tree at gpeh terRiE MRAtR peRER R M e TSR o 5 e
or each valve at %hellneltneetﬁe@)CWQtedn teﬁnvehghehé bbeﬁﬂagf thet in-
preventer;spl ugghadAde déﬁz{ﬁx‘l%.lngt Qr ﬁ?rﬁavfhc%rbev'e%tll'c%q Hﬁgﬂueg Yg the

| at er al bore and opening t eac ne valve to al e pro uctlon
fluid to flow ERFBHGR RI%e Wéﬂpheaﬂn aegéh%uy valveyt h133n13B) ndtthoghe g -

renovabl e proteettyeas! peyeubstyohethandgd bbrkheah@r hzoatakal bore (16)
leading from the vertical production through bore out of

the housing of the in-line tree; and landed on the wellhead
10 housing a horizontal tree (20) having a vertical through
bore (23) within which the in~line tree is situated and
having a lateral bore (24) which is aligned with the
lateral bore in the in-line tree; wherein the in-line tree
can be run in and retrieved through the vertical through
15 bore of the horizontal tree without removing the horizontal

tree.

2. A wellhead assembly according to claim 1, wherein two
in-line valves (13A,13B) are provided in the vertical

20 producticon through through bore of the in-line tree below
the lateral bore.

3. A wellhead assembly according to claim 1 or claim 2,
further comprising a tubing hanger (6) which is landed

25 within the wellhead assembly (3) below the in-~line tree
(10), ahd which can be removed from the wellhead through
the horizontal tree (20).

4. A wellhead assembly according to claim 3, wherein the
30 tubing hanger (6) 1is releasably attached to the in-line
tree (10).

5. A wellhead assembly according to any one of the
preceding claims, wherein the in-line tree (10) comprises
35 a one piece housing containing the or each in-line valve
(13A,13B), the vertical production through bore (11) and

AT



25° free to protect the |lateral bores of the horizontal trgﬁﬁq§kmq QQEEN

drilling and casi ngRKAGESS BeBMefa®kf these nmethods requir
trip thus saving one

drilling process, thL
wel I's can be conpl et

ven nore 30 significant as several

y a
|Eonpar od to EP-A 572732 lurinBehtAGRT
BOP trip with a BOP being noved from

A

tree to tree without being pulled to the furface. In addition, the

availability of two separate nethods of conpleting the well head assenbly
usi ng the same conpbn¥RldNgagyi aesepprbat acqqreldng | tPy Y 3wne wef | HdR

conpl eti on.

accordance w th the i nvention will now be described with reference

predddmnplLimd, avnetd heaghassenBhyhcamstiinet athlive is a

esent
to the acconp&ﬁﬁ%uf%ﬁ%ﬁM sﬁ'% which: Fig. 1 is a schematic of the
wel | head assenbly; and 5 Fig. 2 is a nore detailed diagramatic

cross sectd on-pf the wehhhead ass€iblYy according to any one of the

10

15

20

25

30

35

preceding <c¢laims, wherein the or each valve |is

hydraulically or electrically actuated.

8. A wellhead assembly according to any one of the
preceding claims, wherein the in-line tree (10) has a
second vertical through bore (12) with a lateral bore (33)
aligned with a corresponding lateral bore (34) in the
horizontal tree (20).

9. A method of completing a wellhead assembly according
to any one of the preceding claims, the method comprising
installing a wellhead housing (3); installing a blow out
preventer on the wellhead housing; running a tubing hanger
(6) in through the blow out preventer and wellhead housing,
and landing it within the wellhead housing; running the in-
line tree (10) through the blow out preventer and into the
wellhead housing above the tubing hanger; with the or each
valve (13A,13B) in the in-line tree closed, removing the
blow out preventer; running the horizontal tree (20) in
over the in-line tree and locating it on the top of the
housing in such a position that the lateral bore (16) in
the horizontal tree is aligned with the lateral bore (24)
in the in-line tree; plugging the vertical through bore in
the in-line tree above the lateral bore; and opening the or
each valve in the in-line tree to allow the production
fluid to flow through the wellhead assembly.

10. A method of completing a wellhead assembly according
to any one of claims 1 to 8, the method comprising the
steps of installing a wellhead housing (3) on a wellhead
which 1is not yet exposed to the full production fluid
pressure; locating the horizontal tree (10) directly on the

LTI



o THIS SHEET HAS BEEN
As shown in Fig. 2, the assenbly conprises a wellhead gui d¢ baseRBPLACEE

which is suspending a first casing 2 to support the unconsottdared sea bed
formation. As is well 10 known in the art, further casings may be | anded
within first casing 2. A well head housing 3 fromwhich a further casing 4
is suspended, is landed within the first casing 2, and is |ocked by a
spring energised collet fingers 5. A tubifg hanger 6 from which hangs

producti on tUb%3§P7 5; run.15 into the wellhead assenbly 3, and is
correctly ori & B3N OMSIRG Fofi NS TR it P P ENBREVENKEY PR thE BOP
whi ch engageshartikoathdl | krea; t Farttheirngdhabyéngr wnd ngasdal. die sealls of

the tubi ng ha r e t d in a_gopnvent i I er.. ...Ihe_tubing
hanger has a %g‘%torugl‘n E%g h%‘g%%‘%’g‘??fgcr% ugplaoﬁyggréegg%arn g#%rrfmflul?g Bore 9.
An in-line tré@et®ping hamder Wit)h inushrguohingte ®lamdous Paeyedbert kind t he

wel | head bouskag igoabavecthe Ll fandaAger: Gierhie di bidia hiarogoull s a

central vertical production bore 1 Is aligned with a production bore

25 8 in the°FubtPGihaRGRt &reain FHBREPEN, e WiTlinge FFEE 107 HWas ian
annul us bore iArehighh i ablgnedu biret/BataRrndnds WHof LzEntal t Beebybiang

hanger 6. VWtHggakg%gpﬁ%d%%%b%ntg%r%ubing hanger with the lateral bore
(16) in the in-line tree aligned with the laterai bore (24)

10 in the horizontal tree; with the or each valve (13A,13B) of

the in-line tree closed, removing the blow out preventer;

plugging the vertical through bore in the in-~line tree

above the lateral bore; and opening the or each in-line

valve to allow the production fluid to flow through the

15 wellhead assembly.

11. A method according to claim 8, further comprising the

step of landing a removable sleeve in the horizontal tree

(10) to protect the lateral bores (24,34) of the horizontal
20 tree during the drilling and casing process.

This Sheet Has Been Replaced
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11"are a pair of ball valves 13A, 13B which are controlled THISUSHEET HAS BEEN
hydraulic or electrical line 14. The ball valves 30 13A [13B aREPLACED
conventional val ves which can be controlled selectively to

the production bore 11. A further ball valve 15, simlarly controlled, is
provided in the annulus bore 12. A lateral bore 16 leads radially
outwardly fromthe vertical production bof& 11 above the 35 bal | val ves
13A, 13B. The in-line tree 10 is locked into the housing 3 by nmeans of
locking lugs 17 which lock into a conp y recess 18 in a conventional
manner . 6 A horizontal tree 20 i's Ianded on and | ocked to the wel | head

housi ng 3 by neans fwé%ﬂ aISh 1?1%\' |n vmth11§~flr@l @g%trecess

22 in the wel | head "housing ree has cen i cal
t hrough bore 2Bmied whitdiin & wgigeeedohlg’hstnganbw fIﬂn@ |ln-ll|lne tree N®@s and

the tubing har}:gerezﬁclt&m%dy&r e&brt‘a#%gh Bokat ¢id)  beng Rat&adscd{op the
vertical through bore 23, an he I n-
or electrically controllably in-line valves (13A,13B) in
the vertical production bore, and a lateral bore (16)
leading from the vertical production through bore. A
horizontal tree (20) having a vertical through bore (23) is
10 landed on the wellhead housing (3) so that the in-line tree
(20) is within the vertical bore. The horizontal tree has
a lateral bore (24) which is aligned with the lateral bore
(16) of the in~line tree. The in~line tree (10) can be run
in and retrieved through the horizonal tree (20).
15 Alternatively the horizontal tree (20) can be removed from
the wellhead housing (3) without a BOP if the in-line

valves (13A,13B) are closed.

This Sheet Has Been R
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tree 10 and horizontal tree 20 are orientated with respect | PHOSHEETOLAST
so that the lateral bore 16 in the in-line 10 tree is aligned pEAéN§BEEN
LLS.] nﬂ

| ateral bore 24 in the horizontal tree. This alignnent is “‘H:CVD

a helix and key arrangenent simlar to that used to align the tubing hanger
6. The interface between the two IateraH gores 16, 24 is sealed by a pair
of annular netal to netal seals 25, 26. i The vertical through
bore 11 is plugged with a plug 27 and capped with a cap 28. The fl ow
through the lateral production bore 24 is controlled by a nmaster valve 29,
while the flow through the annular bore 12 is controlled by val ves 30 and
31. 20 Al t hough not shown in Fig. 1 the annulus bore 12 is a through
bore which is plugged with a plug 32 as shown in Fig. 2. Alateral bore 33
| eads fromthe annulus bore and.is aligned with a cozégsponding | at er al
bore 34 in the horizontal tree 20. A cross over Ti 5 l eads fromthe 25 -
annul us bore 12 to the line for the production fluld thaIIow the annulus

pressure to be nonitored ia the production flluid. 'Once the well head
assenbly is conpleted, the weljl can 11
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be brought on-line by opening the ball valves 13A, 13B, 15.n f_access

to a conpletion is required, the ball valves 13A, 13B, 15 af EHi8l fiAs BEEN>

allow the cap 28 and plug 27 to be renoved, thereby providijng dopp EAQEH- J
wAa)

barrier protection, and allowng a BOP to be installed on tte~her

tree 20. Alteratively, if it is necessary,to pull the horizontal 35 tree
20, the ball valves 13A ;13B are again cééged, and the cap 28 and plug 27
are renoved. The hori zonE hen be pull ed w thout the need for
a BOP. -7- Ve claim : i
housing; an in-line treeTy e _wetd i e in-line tree
conprising a housing hayi 14 i bore, an in-line
valve in the verti cal lier al bore | eading
fromthe vertical prodyq sing of the in-line
tree; and | anded on thg: ing a

et Has Been Replaced
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vertical through bore within which the in-line tree is situated and hﬁ¥in
a lateral bore which is aligned with the lateral bore in the in-line
wherein the in-line tree can be run in and retrieved thfFeugh—t-he—vertiocal

through bore of the horizontal tree w t¥but renoving thaREﬁ_A(}EMENiT SHEEQ'
2. A well head assenbly according to claiml, wherein twp [T=tTmevarvey gre
provided in the vertical producﬁﬁ%ﬁﬂgﬁgebéﬁgﬁﬂkﬁughbore of hiqae |t rlee
bel ow the lateral bore. 3. A well head assenbly accordinpg t c1a|§\i“ ‘urjt Her
conprising a tubing hanger which is jgangaép thin the well
below the in-line tree, and which cé""b‘e—‘r_e'rmved fromthe wel | head throuch
the horizontal tree. 4. A well head assenbly accordi ng toTrarmm3,—wherel
t he tubing hangeA walmé@@sabéé!mmyam%i@ntm in-l1ine tree. (o) Algel | head

nbl th t
o cce houst (EPRBR At 7 R e gneaa RoRainFnEslal dhe ife LI FESF BBduct i on
t hr oughs bor a madtieabrm&cduntnoﬁitnkcmgu hexe §3dénbktyoabydratihicablyl ai m 1,
e s cof! p2BRR Bal 100 KRKR)1 136y A 1M VaThved® YEIA ER) 2Ol

accordi ng to clarm
the vertical production bore, and a lateral bore (16)

leading from the vertical production through bore. A
horizontal tree (20) having a vertical through bore (23) is

10 landed on the wellhead housing (3) so that the in-line tree
(20) is within the vertical bore. The horizontal tree has
a lateral bore (24) which is aligned with the lateral bore
(16) of the in-line tree. The in-line tree (10) can be run
in and retrieved through the horizonal tree (20).

15 Alternatively the horizontal tree (20) can be removed from
the wellhead housing (3) without a BOP if the in-line
valves (léA,l3B) are closed.

Figure 1

THIS SHEET HAS BEEN
REPLACED

s Sheet Has Been Replaced
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or each valve is hydraulically or electrically actuated. 8. A well head

assenbly according to claim1l, wherein the in-line tree ha$

vertical through bore with a lateral bore aligned with a cbﬁE
efing a well he

ng: 0 hsiAN 11838

gl hanger in

| ateral bore in the hori- zontal tree. 9. A nethod of conp
assenbly, the nethod conprising installi a wel | head hous
bl ow out preventer on the well head housiﬂgz running a tubinp
t hrough the bl ow out preventer and well- head housing, and

SHEET

| anding 1t

hh t.he bl ow. out

wi thin the well head housing; running an in-line tree throu

preventer and into the well head housi ng above the tubing hanger; with a
venter; running

on the top of

valve in the in-line tree closed, renoving the blow out pre
a horizontal tree in over the in-line tree and Iocatingéé
the housing in such a positign tThat a Taterat—bore ig,& h

ori zont al

tree

Is aligned with a lateral borle in the in-line tree; [plugging a verti cal
t hrough bore in the in-line tiree above the Ig%pral Qore; and opening

o
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-8- the valve in the in-line tree to allow the production fREpEAQEMENp\gHEEI

t hrough the wel |l head assenbly. 10. A nethod of conpleting p wekheasd

assenbly, the nethod conprising the steps of installing a je IBead ho%%k
ing on a well head which is not yet exposed to full product|oh 1NN 1595
pressure; locating a horizontal tree waxnly on the wel | hpall _housing

installing a blow out preventer on t% hori zontal tree; fufther drilling
and casing a well rough the horiz al tree and bl out :
running a tubing h er in through e blgﬂgout prevignt er and hori zont al

|

tree and landing ig=within the wel ing or zontal tree; running
an in-line tree inftnrough the ven- ter i{ahgl horizontal tree,
and locating it abpye the tubi ergy weh a | at erlal jibore in the in-1ine
tree aligned with llateral b P1h I zgpt al tir ey i the a val ve
of the in-line tregcll osed, re 0 ut pre r;{plug- ging a
vertical through bjdel in the i | hej | ral bore; and
opening the in-linrpétral v d |t ot t hrough t he
wel | head assenbly. Iif—A gt tojcfaim@yfurt e{f:%nprising
t he
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step” of
| at er al

process.
wel | head and a hori zont al

170 3688-3

| andi ng a renovabl e sleeve in the horizontal tree to protect ﬁ]
bores of the horizontal tree during the drilling and casing IPOS
12. An apparatus received within a conmon bore fornmed by a

tree nounted on the well head, the

hori zontal tree

having a | ateral production bore, conprisingz -a generally tubul ar housi ng

adapted to be received within the common bore;

verti cal
verti cal

the horizontal tr

sai d housi ng having a

t hrough boWe elana | ateral bore in comunication with said

t hr ough boleA weliltbal @issémiolyheomprising al walilieadrteousing; di sposed wi t hin
said vertical thrgnghlfieritee WithidCthe el Icad Housidigd theSint lig@treg hr ough bor e;

sai d _housi ng adapigfpkigi b\ﬁj‘iﬁé hetiny 4 Yéric Eﬁ&?ﬂff

eir?'th Vefti

communi cation wit séiazi(:'i‘l
12 wherein said c r?'g ’éqiboge%g g\}i % ?ﬁ%
‘wherein sai d housﬂﬁgl“gh borc out of the housing of the in-
landed on the wellhead housing a horizontal tree havmg a
vertical through bore within which the in-line tree is situated
and havmg a lateral bore which is aligned with the lateral
bore in the in-line tree; wherein the in-line tree can be run
in and retrieved through the vertical through bore of the
horizontal tree without removing the horizontal tree.

2. A wellhead assembly according to claim 1, wherein two
in-line valves are provided in the vertical productlon through
throughbore of the in-line tree below the lateral bore.

3. A wellhead assembly according to claim 1 further
comprising a tubing hanger which is landed within the
wellhead assembly below the in-line tree, and which can be
removed from the wellhead through the horizontal tree.

4. A wellhead assembly according to claim 3, wherein the
tubing hanger is releasably attached to the in-line tree.

5. A wellhead assembly according to claim 1, wherein the
in-line tree comprises a one piece housing containing the or
each in-line valve, the vertical production through bore and

lateral bore.

u§

6. A wellhead assembly according to claim 1., wherein the

or each in-line valve is a ball valve.

7. A wellhead assembly according to claim 1, wherein the
or each valve is hydraulically or electrically actuated.

8. A wellhead assembly according to claim 1, wherein the
in-line tree has a second vertical through bore with a lateral
bore aligned with a corresponding lateral bore in the hori-

zontal tree.

9. A method of completing a wellhead assembly, the
method comprising installing a wellhead housing; installing
a blow out preventer on the wellhead housing; running a
tubing hanger in through the blow out preventer and well-
head housing, and landing it within the wellhead housing;
running an in-line tree through the blow out preventer and
into the wellhead housing above the tubing hanger; with a
valve in the in-line tree closed, removing the blow out
preventer; running a horizontal tree in over the in-line tree
and locating it on the top of the housing in such a position
that a lateral bore in the horizontal tree is aligned with a
lateral bore in the in-line tree; plugging a vertical through
bore in the in-line tree above the lateral bore; and opening

A L

to extend into
f|UId

aratus of claim
of claim 12
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further includes an annulus bore. 15. The apparatus of claim

I ncl udi ng a tubi ng hanger

claim 12 further

bore above said | ateral bore. -9- 17. A nethod for conplet
conprising: installing a well head, a-t8btng hanger, an inner
and horizontal tree; supporting the tubing hanger and inner t
within the well hea

rtlon of th rtr er extending into
t he hori zont al treg‘ Q g‘“epm ﬁ‘?ﬁr‘t‘ﬁﬁupﬂ:ﬁﬂ‘éf?ee nmenber with
oW taés

a val ve di sposed i

12 further

nmount ed on said housing. 16. The apparatus of
i ncluding a plug nmenber for closing said vertical through

ing a well
tree nenber,
ree nenber

RlY. and cl ose the t hrough bor e;

communi cati ng the thtGuyHmethed ofi crpmaleuagea awelbtcedltassmhlybdh@ in the
hori zontal tree thmethgd corhpnising thet $teps of installing a wellhead hous-

member for closing said vertical through bore above said
lateral bore.

ing on a wellhead which is not yet exposed to full production
fluid pressure; locating a horizontal tree directly on the
wellhead housing; installing a blow out preventer on the
horizontal tree; further drilling and casing a well through the
horizontal tree and blow out preventer; running a tubing
hanger in through the blow out preventer and horizontal tree
and landing it within the wellhead housing or horizontal
tree; running an in-line tree in through the blow out preven-
ter and horizontal tree, and locating it above the tubing
hanger with a lateral bore in the in-line tree aligned with a
lateral bore in the horizontal tree; with the a valve of the
in-line tree closed. removing the blow out preventer; plug-
ging a vertical through bore in the in-line tree above the

lateral bore; and opening the in-line valve to allow the

production fluid to flow through the wellhead assembly.
11. A method according to claim 8, further comprising the

step of landing a removable sleeve in the horizontal tree to

protect the lateral bores of the horizontal tree during the

drilling and casing process.
12. An apparatus received within a common bore formed

by a wellhead and a horizontal tree mounted on the
wellhead. the horizontal tree having a lateral production
bore, comprising:

a generally tubular housing adapted to be received within
the common bore;

said housing having a vertical through bore and a lateral
bore in communication with said vertical through bore;
said housing having a closure member disposed within

said vertical through bore to open and close said
vertical through bore;

said housing adapted to be supported within the wellhead
and to extend into the horizontal tree; and

said lateral bore adapted to be in fluid communication
with said lateral production bore.

13. The apparatus of claim 12 wherein said closure

member is a valve.

14. The apparatus of claim 12 wherein said housing

further includes an annulus bore.

15. The apparatus of claim 12 further includiﬂg a tlibing

hanger mounted on said housing.

16. The apparatus of claim 12 further including a plug

AR A
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tree nmenber; closing the through bore above the | ateral production bore;
openi ng the val ve; and producing through the through bore, inner tree
menber bore, and | ateral production bore. 18. The method of claim 17,
further conprising retrieving the innher-tree nmenber ﬁhrbUgh t he hori zont al

tree. 19. The net rlquqilemloalfm £Smblbting qmrwmmﬂg rermvr ng the horizontal
tree. 20. Arrethodf

onprrsrn alllng a wel | head
and bl owout preveh‘fsé‘? ngn%t fﬁ*}cg gﬁg%g}ﬂn@ hanger and i nner
tree member within MSEBEE OﬁF"Q\FF“&l’ng a through bore with valve in the
i nner tree nenber suppdmngetheatubmg hiahger hapd binnay treieo swember enovi ng t he
bl owout preventer; wihimithdé Rellacibwittoat portibh e e inher wek! head with a

portion of the i nnefmw cﬂféﬁﬁﬂ{ %Wh&%ddﬂﬂ%&é‘e hori zontal tree,;

ni in h hr.
communi cating the trov1 % ugh\%orc in ttllealln?xrcf’1 &eg Cetr'v(?it

valve disposed in the through bore to open and close the
through bore;

communicating the through bore with a lateral production
bore in the horizontal tree through a bore in the inner
tree member;

closing the through bore above the lateral production
bore;

opening the valve; and

producing through the through bore, inner tree member
bore, and lateral production bore.

18. The method of claim 17 further comprising retrieving

the inner trec member through the horizontal tree.
19. The method of claim 17 further comprising removing
the horizontal tree.

20. A method for completing a well comprising:

installing a wellhead and blowout preventer;

installing and supporting a tubing hanger and inner tree
member within the wellhead;

providing a through bore with valve in the inner tree
member with the valve initially being closed;

removing the blowout preventer;

installing a horizontal tree on the wellhead with a portion
of the inner tree member extending into the horizontal
tree; '

communicating the through bore with a lateral production
bore in the horizontal tree through a bore in the inner
tree member;

closing the through bore above the lateral production
bore;

opening the valve; and

producing through the through bore, inner tree member
bore, and lateral production bore.

21. A method for drilling and completing a well compris-

ing:

installing a wellhead, horizontal tree and blowout preven-
ter forming a common bore;

drilling and casing the well through the common bore;

installing a tubing hanger and inner trec member within|
the common bore, REP LACEMENT SHEET
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bore in the horizontal tree through a bore in the inner tree nenber;
cl osing the through bore above the | ateral production bore; opening the
val ve; and produci ng through the through bore, inner tree nenber bore, and

| at eral production bore. 21. A nethod for1 drilling and conpleting a well
conpris- ing: installing a wellhead, hori dontal tree and bl owout preven-
ter formng a common bore; drilling and casing the well through the comon
bore; installing a tubing hanger and inner tree menber within the comon
bore; - 10 - prpevilling aathrbughudlord ovith walve imithe ihnen treei nner tree
menber with the val usemnber withlthe valvegintiallyebieing ertoseidng t he bl owout
preventer; removing the blowout preventer;

communicating the through bore with a lateral production
bore in the horizontal tree through a bore in the inner
tree member;

closing the through bore above the lateral production
bore;

opening the valve; and

producing through the through bore. inner tree member
bore, and lateral production bore.

REPLAGEMENT SHEET
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comuni cating the through bore with a lateral production bore in the
hori zontal tree through a bore in the inner tree nenber; closing the
t hrough bore above the lateral production bore; opening the valve; and
produci ng t hrough the through bore, inner tree nenber bore, and | ateral
production bore.

- 11 -~

ABSTRACT
WELLHEAD ASSEMBLY

A wellhead assembly in which an in-line tree (10) is
landed within a wellhead housing (3). The in-line tree has
a vertical production through bore (11), two hydraulically
or electrically controllably in-line valves (13A,13B) in
the vertical production bore, and a lateral bore (16)
leading from the vertical production through bore. A
horizontal tree (20) having a vertical through bore (23) is
landed on the wellhead housing (3) so that the in-line tree
(20) is within the vertical bore. The horizontal tree has
a lateral bore (24) which is aligned with the lateral bore
(16) of the in-line tree. The in-line tree (10) can be run
in and retrieved through the horizonal tree (20).
Alternatively the horizontal tree (20) can be removed from
the wellhead housing (3) without a BOP if the in-line
valves (13A,13B) are closed.
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