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di ameter, unl egacehbrtﬁrtlé##ﬂg steings, iyRigh are Yoditented at the '16uds°"
ends and sealed with mechanical seal assemblies at their

" upper ends. In order to convert the cased well for

10 production, a tubing string is run in through the BOP and
a hanger at its upper end landed in the wellhead.
Thereafter the drilling BOP stack is removed and replaced
by a Christmas tree having one or more production bores
containing actuated valves and extending vertically to

15 respective lateral production fluid outlet ports in the
wall of the Christmas tree.

This arrangement has involved problems which have,
previously, been accepted as inevitable. Thus any
operations down hole have been limited to tooling which can

20 pass through the production bore, which is usually no more
than five inch diameter, unless the Christmas tree is first
removed and replaced by a BOP stack. However this involves
setting plugs or valves, which may be unreliable by not
having been used for a long time, down hole. The well is

25 in a vulnerable condition whilst the Christmas tree and BOP

' stack are being exchanged and neither one is in position,
which is a lengthy operation. Also, if it is necessary to
. pull the completion, consisting essentially of the tubing
strlng ‘on its ‘hanger, the Christmas tree must first be

30 removed and replaced by a BOP stack. This usually involves
'plugging and/or killing the well.

A further difficulty which exists, particularly with
subsea wells, is in providing the proper angular alignment

between the various functions, such as fluid flow bores,
35 and electrical and hydraulic lines, when the wellhead
equipment, including the tubing hanger, Christmas tree, BOP
stack and emergency disconnect devices are stacked up.
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di sconnect dey;f§e PhAin8iapkBYeting upwardly from a guide base. The
post receptacles which ride down on to the guide posts or
the entry guide into the funnel do so with appreciable

' clearance. This clearance inevitably introduces some

10 uncertainty in alignment and the aggregate misalignment
when multiple devices are stacked, can be unacceptably
large. Also the exact orientation will depend upon the
precise positions of the posts or keys on a particular
guide base and the guides on a particular running tool or

15 BOP stack and these will vary significantly from one to
another. Consequently it is preferable to ensure that the
same running tools or BOP stack are used for the same
wellhead, or a new tool or stack may have to be specially
modified for a particular wellhead. Further misalignments

20 can arise from the manner in which the guide base is bolted
to the conductor casing of the wellhead.

In accordance with the present invention, a wellhead
comprises a wellhead housing; a spool tree fixed and sealed
to the housing, and having at least a lateral production

25 fluid outlet port connected to an actuated valve; and a
tubing hanger landed within the spool tree at a
predetermined angular position at which a lateral
production fluid outlet port in the tubing hanger is in
alignment with that in the spool tree.

30 With this arrangement, the spool tree, takes the place

of a conventional Christmas tree but differs therefrom in

having a comparatively large vertical through bore without
any internal valves and at least large enough to
accommodate the tubing completion. The advantages which

35 are derived from the use of such spool tree are remarkable,
in respect to safety and operational benefits.



“Exact aliganment is necessary if clean connections are to be nade w t hout
damage as the devices are |lowered into engagenent with one another. This
problemis exacerbated in the case of subsea wells as the various devices
“which 5 are to be stacked up are run dow onto guide posts or a guide
funnel projecting upwardly from a gui de base. The post receptacles which
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' Preferably, there are complementary guide means on the

10 tubing hanger and spool tree to rotate the tubing hanger

into the predetermined angular position relatively to the

- spool tree as the tubing hanger is lowered on to its
landing. With this feature the spool tree can be landed at
any angular orientation onto the wellhead housing and the

15 guide means ensures that the tubing string will rotate
directly to exactly the correct angular orientation
relatively to the spool tree quite independently of any
outside influence. The guide means to control rotation of
the tubing hanger into the predetermined angular

20 orientation relatively to the spool tree may be provided by
complementary oblique edge surfaces one facing downwardly
on an orientation sleeve depending from the tubing hanger
the other facing upwardly on an orientation sleeve carried
by the spool tree.

25 Whereas modern well technology provides continuous
access to the tubing annulus around the tubing string, it
has generally been accepted as being difficult, if not
impossible, to provide continuous venting and/or monitoring
of the pressure in the production casing annulus, that is

30 the annulus around the innermost casing string. This has
been because the production casing annulus must be securely
sealed whist the Christmas tree is fitted in place of the
drilling BOP, and the Christmas tree has only been fitted
after the tubing string and hanger has been run in,

35 necessarily inside the production casing hanger, so that
the production casing hanger is no longer accessible for
the opening of a passageway from the production casing



"to the conductor casing of the wellhead. In accordance with the present

I nvention, a well head conprises a well head housing; a spool tree fixed and
_sealed to the housing, and having at |east a |lateral production 25 fluid
outl et port connected to an actuated val vg; and a tubing hanger |anded
within the spool tree at a predeterm ned angul ar position at which a
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spool tree arthe cpro@att boni caséngednnudusaf ety and operational benefits.
3 For this purpose, the wellhead may include a
production casing hanger landed in the wellhead housing
below the spool tree; an isolation sleeve which is sealed
"at its lower end to the production casing hanger and at its
10 upper end to the spool tree to define an annular void
between the isoclation sleeve and the housing; and an
- adapter located in the annular space and providing part of
a passage from the production casing annulus to a
production casing annulus pressure monitoring port in the
15 spool tree, the adapter having a valve for opening and
closing the passage, and the valve being operable through
the spool tree after withdrawal of the isolation sleeve up
through the spool tree. The valve may be provided by a
gland nut, which can be screwed up and down within a body
20 of the adapter to bring parts of the passage formed in the
gland nut and adapter body, respectively, into and out of
alignment with one another. The orientation sleeve for the
tubing hanger may be provided within the isolation sleeve.
Production casing annulus pressure monitoring can then
25 be set up by method of completing a cased well in which a
production casing hanger is fixed and sealed by a seal
assembly to a wellhead housing, the method comprising, with
BOP installed on the housing, removing the seal assembly
and replacing it with an adapter which is manipulatable
30 between configurations in which a passages from the
production casiné annulus up past the production casing
hanger is open or closed; with the passage closed, removing
the BOP and fitting to the housing above the production
casing hanger a spool tree having an internal landing for
35 a tubing hanger; installing a BOP on the spool tree;
running a tool down through the BOP and spool tree to
manipulate the valve and open the passage; inserting



“Thus, I n~ wor kover situations the conpletion, consisting essential
of the tubing string, can be pulled through a BOP stack, w thout distur
_the spool tree and hence the pressure integrity of the well, whereafter
full 5 production casing drift access is pgovided to the well through t
| arge bore in the spool tree. The BOP can be any appropriate workover BOP
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for production fluid flow, in alignment with one another.

According to a further feature of the invention the
spool tree has a downwardly depending location mandrel
which is a close sliding fit within a bore of the wellhead
housing. The close fit between the location mandrel of the
spool tree and the wellhead housing provides a secure
mounting which transmits inevitable bending stresses to the
housing from the heavy equipment, such as a BOP, which
projects upwardly from the top of the wellhead housing,
without the need for excessively sturdy connections. The
location mandrel may be formed as an integral part of the
body of the spool tree, or may be a separate part which is
securely fixed, oriented and sealed to the body.

Pressure integrity between the wellhead housing and
spool tree may be provided by two seals positioned in
series one forming an environmental seal (such as an AX
gasket) between the spool tree and the wellhead housing,
and the other forming a production seal between the
location mandrel and either the wellhead housing or the
production casing hanger.

During workover operations, the production casing
annulus can be resealed by reversing the above steps, if
necessary after setting plugs or packers down hole.

When production casing pressure monitoring is
unnecessary, so that no isolation sleeve is required, the
orientation sleeve carried by the spool tree for guiding
and rotating the tubing hanger down into the correct
angular orientation may be part of the spool tree location
mandrel itself.

tion
i on



‘conpl enment ary obli que edge surfaces one facing dowwardly on an orientation
sl eeve depending fromthe tubing hanger the other facing upwardly on an
orientation sleeve carried by the spool tree. 25 Wher eas nodern wel |
t echnol ogy provi des continuous access to té&e tubing annulus around the
tubing string, it has generally been accepted as being difficult, if not
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the bore or bores through the top of the spool tree which
provide for wire line or drill pipe access.
In accordance with a further feature of the invention,

10 at least one vertical production fluid bore in the tubing
hanger is sealed above the respective lateral production
fluid outlet port by means of a removable plug, and the
bore through the spool tree being sealed above the tubing
hanger by means of a second removable plug.

15 With this arrangement, the first plug, takes the
function of a conventional swab valve, and may be a
wireline set plug. The second plug could be a stopper set
in the spool tree above the tubing hanger by, e.g., a drill
pipe running tool. The stopper could contain at least one

20 wireline retrievable plug which would allow well access

~ when only wire line operations are called for. The second
plug should seal and be locked internally into the spool
tree as it performs a barrier to the well when a BOP or
intervention module is deployed. A particular advantage of

25 this double plug arrangement is that, as is necessary to
satisfy authorities in some Jjurisdictions, the two
independent barriers are provided in mechanically separate
parts, namely the tubing hanger and its plug and the second
plug in the spool tree.

30 A further advantage arises if a workover port extends
laterally through the wall of the spool tree from between
the two plugs; a tubing annulus fluid port extends
laterally through the wall of the spool tree from the
tubing annulus; and these two ports through the spool tree

35 are interconnected via an external flow line containing at
least one actuated valve. The bore from the tubing annulus
can then terminate at the port in the spool tree and no



4" annul us. However, the new arrangenent, wherein the spool tree is fitted
before the tubing string is run in provides adequate protected access

t hrough the BOP and spool tree to the production casing hanger for
controlling a passage from5 the productiongcasing annulus. For this
purpose, the wellhead may include a production casing hanger |anded in the

wel | head housi r\@hb@imttaecéaaottd rafe eabifig annAlusl mwmgchec&ssswed
o the product nd at end
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screwed up and ReKeS wi t Bhhsacppgjderably simplifies workover BOP and/or
riser construction. When used in conjunction with the plug
at the top of the spool tree, the desirable double barrier
10 isolation is provided by the spool tree plug over the
tubing hanger, or workover valve from the production flow,.
When the well is completed as a multi production bore
well, in which the tubing hanger has at least two vertical
_ production through bores each with a lateral production
15 fluid flow port aligned with the corresponding port in the
spool tree, at least two respective connectors may be
provided for selective connection of a single bore wire
line running tool to one or other of the production bores,
each connector having a key for entering a complementary
20 formation at the top of the spool tree to locate the
connector in a predetermined angular orientation relatively
to the spool tree. The same type of alternative connectors
may be used for providing wireline or other running tool
access to a selected one of a plurality of functional
25 connections, e.g. electrical or hydraulic couplings, at the
upper end of the tubing hanger.
The development and completion of a subsea wellhead in
accordance with the present invention are illustrated in

the accompanying drawings, in which:

30 Figures 1 to 8 are vertical axial sections showing
successive steps . in development and completion of the
wellhead, the Figure numbers bearing the letter A being
enlargements of part of the corresponding Figures of same
number without the A:

35 Figure 9 is a circuit diagram showing external
connections to the spool 3;



20 of the. adapter to bring parts of the passage forned in the gland nut

and adapter body, respectively, into and out of alignnent with one another.

The orientation sleeve for the tubing hanger nay be provided within the

‘i solation sleeve. Production casing annul ug pressure nonitoring can then 25
be set up by nmethod of conpleting a cased well in which a production casing
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t hrough the BOR and spool tree to manipul ate t val ve an en the
passage; inserfiFonnectors in the spool tree.

Figure 1 shows the upper end of a cased well having a

" wellhead housing 20, in which casing hangers, including an
10 uppermost production casing hanger 21 for, for example, 9
5/8" or 10 3/4", production casing is mounted in
conventional manner. Figure 1 shows a conventional
drilling BOP 22 having rams 23 and kill and choke lines 24
connected to the upper end of the housing 20 by a drilling

15 connector 25.

As seen in more detail in Figure 1A, the usual
mechanical seal assemblies between the production casing
hanger 21 and the surrounding wellhead housing 20 have been
removed and replaced through the BOP with an adapter 26

20 consisting of an outer annular body part 27 and an inner
annular gland nut 28 which has a screw threaded connection
to the body 27 so that it can be screwed between a lowered
position shown on the right hand side of Figure 1A, in
which radial ducts 29 and 30, respectively in the body 27

25 and nut 28, are in communication with one another, and a
raised position shown on the left hand side of Figure 13,
in which the ducts are out of communication with one
another. The duct 29 communicates through a conduit 31
between a depending portion of the body 27 and the housing

30 20, and through a conduit 32 passing through the production
casing hanger 21, to the annulus surround the production
casing. The duct 30 communicates through channels 33
formed in the radially inner surface of the nut 28, and
hence to a void to be described. The cooperation between

35 the gland nut 28 and body 27 of the adapter therefore acts
as a valve which can open and close a passage up past the
production casing hanger from the production casing

a



5 through the BOP and spool tree an isolation sleeve, which seals to both

t he production casing and spool tree and hence defines between the sl eeve
and casing an annul ar void through which the passage | eads to a production
casing 5 annul us pressure nonitoring por$ in the spool tree; and running
a tubing string down through the BOP and spool tree until the tubing hanger
| ands in the sepmhmsee VA fbet ahppabpmihtet testing,) ahetdabi dg hangednand
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34 is then lowered on a tree installation tool 35, using
' conventional guide post location, or a guide funnel in case
10 of deep water, until a spool tree mandrel 36 is guided into
alignment with and slides as a close machined fit, into the
upper end of the wellhead housing 20, to which the spool
tree is then fixed via a production connector 37 and bolts
48. The mandrel 36 is actually a separate part which is
15 bolted and sealed to the rest of the spool tree body. As
seen particularly in Figure 2A a weight set AX gasket 39,
forming a metal to metal environmental seal is provided
between the spool tree body and the wellhead housing 20.
In addition two sets of sealing rings 40 provide, in series
20 with the environmental seal, a production fluid seal
externally between the ends to the spool tree mandrel 36 to
the spool tree body and to the wellhead housing 20. The
intervening cavity can be tested through a test part 40A.
The provision of the adapter 26 is actually optional, and
25 in its absence the lower end of the spool tree mandrel 36
may form a production seal directly with the production
casing hanger 21. As is also apparent from reasons which
will subsequently become apparent, the upper radially inner
edge of the spool tree mandrel projects radially inwardly
30 from the inner surface of the spool tree body above, to
form a landing shoulder 42 and at least one machined key

slot 43 is formed down through the landing shoulder.
As shown in Figure 3, the drilling BOP 22 is
reinstalled on the spool tree 34. The tool 44 used to set
35 the adapter in Figure 1, having the spring dogs 45, is
again run in until it lands on the shoulder 42, and the
spring dogs 45 engage in the channels 33. The tool is then



| ocation mandrel may be forned as an integral part of the 20 body of the

spool tree, or may be a separate part which is securely fixed, oriented and
.sealed to the body. Pressure integrity between the well head housi ng and

spool tree may be provided by two seals paotioned in series one formng an

envi ronmental seal (such as an AX 25 gasket) between the spool tree and
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unnecessary, so that no isolation sleeve is required, the orientatlon
sl eeve caPri e®ARr the spool tree for guiding 35 and rotating the tubing
hanger down into tithe pektCitageyl shor iANFddupes P\a® 42 tisotot FanspAaol

tree locati Ontrﬂ?:%%rg?ll tihteSP}JJP and spool tree on an appropriate tool 44A
a combined isolation and orientation sleeve 45. This lands
' on the shoulder 42 at the top of the spool tree mandrel and
10 is rotated until a key on the sleeve drops into the mandrel
key slot 43. This ensures precise angular orientation
between the sleeve 45 and the spool tree 44, which is
necessary, and in contrast to the angular orientation
between the spool tree 34 and the wellhead casing, which is
15 arbitrary. The sleeve 45 consists of an external
cylindrical portion, an upper external surface of which is
sealed by ring seals 46 to the spool tree 34, and the lower
external surface of which is sealed by an annular seal 47
to the production casing hanger 21. There is thus provided
20 between the sleeve 45 and the surrounding wellhead casing
20 a void 48 with which the channels 33, now defined
radially inwardly by the sleeve 45, communicate. The void
48 in turn communicates via a duct 49 through the mandrel
and body of the spool tree 34 to a lateral port. It is
25 thus possible to monitor and vent the pressure in the
production casing annulus through the passage provided past
the production casing hanger via the conduits 32, 31 the
ducts 29 and 30, the channels 33, shown in Figure 1A, the
void 48, the duct 49, and the lateral port in the spool
30 tree. In the drawings, the radial portion of the duct 49
is shown apparently communicating with a tubing annulus,
but this is draughtsman's licence and the ports from the

two annuli are, in fact, angularly and radially spaced.
Within the cylindrical portion of the sleeve 45 is a
35 lining, which may be fixed in the cylindrical portion, or
left after internal machining of the sleeve. This lining

provides an orientation sleeve having an upper/edge forming



6 Double barrier isolation, that is to say two barriers in series, are
general ly necessary for containing pressure in a well. If a spool tree
_is used instead of a conventional Christnmas tree, there are no val ves
within the 5 vertical production and anmalus fluid flow bores within the
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set landing - in the spool tree and is locked down by a

conventional mechanism 57. The tubing hanger 54 has a

‘depenéing orientation sleeve 58 having an oblique lower

10 edge forming a cam 59 which is complementary to the cam 50

in the sleeve 45 and, at the lower end of the cam, a

downwardly projecting key 60 which is complementary to the

- key slot 51. The effect of the cams 50 and 59 is that,

irrespective of the angular orientation of the tubing

15 string as it is run in, the cams will cause the tubing

hanger 54 to be rotated to its correct angular orientation

relatively to the spool tree and the engagement of the key

60 in the key slot 51 will lock this relative orientation

between the tubing hanger and spool tree, so that lateral

20 production and tubing annulus fluid flow ports 61 and 62 in

the tubing hanger 54 are in alignment with respective

lateral production and tubing annulus fluid flow ports 63

and 64 through the wall of the spool tree. Metal to metal

annulus seals 65, which are set by the weight of the tubing

25 string, provide production fluid seals between the tubing

hanger 54 and the spool tree 34. Provision is made in the

top of the tubing hanger 54 for a wireline set plug 66.

The keyed shoulder 56 of the tubing hanger lands in a

complemehtary machined step in the spool tree 34 to ensure

30 ultimate machined@ accuracy of orientation between the
tubing hanger 54 and the spool tree 34.

Figure 7 shows the final step in the completion of the

spool tree. This involves the running down on drill pipe

67 through the BOP, an internal isolation stopper 68 which

35 seals within the top of the spool tree 34 and has an

opening closed by an in situ wireline activated plug 69.

The BOP can then be removed leaving the wellhead in



in the spoel tree above the tubing hanger by, e.g., a drill pipe running
tool. The stopper could contain at | east one 20 wireline retrievable plug
.which would all ow well access when only wire line operations are called
for. The second plug should seal and be Ipgked internally into the spool
tree as it perforns a barrier to the well when a BOP or intervention nodul e
i s depl oyed. ﬁrpaut:tctuhamodévnﬂthgeowﬁléEbartin‘s tenbdteign wt theangppeant |is

| ndependent baPR: 8FothpesBRb; tEal REAVASR’ by chU Bk 38 SHA Sy A 11
the tubing hahgerstmupersﬁm ugrmcpnmmmmcfmzcy qutlete i@mntn@ele‘i?»o
A further advggt %geméé{:?fs d nt"i'd’iOWQPY]@é pﬁft?ﬁ&t ?I‘L%é\@fe?r%i‘%u% ‘H’fﬂu' t he

wal | of the s tree from between annu id
port extehds rabdnpgl apnulusughtiat Rertsob2t ﬁédsﬁéollst :ceetmir%q%@n @® ng

annul us; and ahﬁﬁfugwﬂaeeéi-whmﬁeuqh t hghaPethel’ @9d235 of dhdd RiaAveIReCt ed
via an external flog/FI I ne_cont gi ni ng at .| east oag act yat ed val vg The bore

from the tubi AgNBRAEEds EBFQ t%er MoFKOYer VBor 72i nt?hé s
and no workover port 73 which extends through the wall of the

' spool tree to the void between the plugs 69 and 66. With

10 this arrangement, wireline access to the tubing annulus in
and downstream of a tubing hanger is unnecessary as any
circulation of fluids can take place through the valves 71
and 72, the ports 62, 64 and 73, and the kill or choke
lines of any BOP which has been installed. The spool tree

15 in the completed production mode is shown in Figure 8.

Figure 9 shows valve circuitry associated with the
completion and, in addition to the earlier views, shows a
production fluid isoclation valve 74, a tubing annulus valve
75 and a cross over valve 76. With this arrangement a wide

20 variety of circulation can be achieved down hole using the
production bore and tubing annulus, in conjunction with
choke and kill lines extending from the BOP and through the
usual riser string. All the valves are fail/safe closed if
not actuated.

25 The arrangement shown in Figures 1 to 9 is a mono
production bore wellhead which can be accessed by a single
wireline or drill pipe, and the external loop from the
tubing annulus port to the void between the two plugs at
the top of the spool tree avoids the need for wireline

30 access to the tubing annulus bore.

Figure 10 corresponds to Figure 8 but shows a 5% inch
X 2% inch dual production bore wellhead with primary and
secondary production tubing 53A and 53B. Development and
completion are carried out as with the monobore wellhead

35 except that the spool tree 34A and tubing hanger S54A are
elongated to accommodate lateral outlet ports 61A,63A for
the primary production fluid flow from a primary bore 80 in



7 wireline-.access to the tubing annulus bore is necessary through the spool
tree as the tubing annul us bore can be connected via the interplug void to

choke or kill

“still 5 avail abl e.

at wor kover s

lines, i.e. a BOP annulus, so that downhole circulation is
It is then only necggsary to provide wireline access
Ituations to the production bore or bores. This considerably

sinplifies wotkeveubBhl RaHder €6 £ prddatly prodvet Vit hastes valeemornstion

with the plug
isolation is

wor kover val verbdaottilon pfbaicdt ifdowl | fiom Whesedcdrdarey| boxrecodpl dnecdthe a
ui d
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vertical prod
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two respectivg;ciige! Pr1ug®¥ el and 66B. A stopper 68A, which closes

the upper end of the spool tree 34A has openings, in
alignment with the plugs 66A and 66B, closed by wireline

" plugs 69A and 69B.

10

15

20

25

30

35

Figures 11 and 12 show how a wireline 77 can be
applied through a single drill pipe to activate selectively
one or other of the two wireline plugs 66A and 66B in the
production bores 80 and 81 respectively. This involves the
use of a selected one of twoc connectors 82 and 83. 1In
practice, a drilling BOP 22 is installed and the stopper
68A is removed. Thereafter the connector 82 or 83 is run
in on the drill pipe or tubing until it lands in, and is
secured and sealed to the spool tree 34A. Figure 13 shows
how the correct angular orientation between the connector
82 or 83 and the spool tree 34A, is achieved by wing keys
84, which are guided by Y-shaped slots 85 in the upper
inner edge of the spool tree, first to bring the connectors
into the right angular orientation, and then to allow the
relative axial movement between the parts to enable the
stabbing function when the wireline connector engages with
its respective pockets above plug 66A or 66B. To ensure
equal landing forces and concentricity on initial contact,
two keys 84A and 84B are recommended. As the running tool
is slowly rotated under a new control weight, it is
essential that the tool only enters in one fixed
orientation. To ensure this key 84A is wider than key 84B
and its respective Y-shaped slots. It will be seen that
one of the connectors 82 has a guide duct 86 which leads
the wireline to the plug 66B whereas the other connector 83
has a similar guide duct 87 which leads the wireline to the
other plug 66A.

10



provi ded fe+ selective connection of a single bore wire Iine running tool (4
to one or other of the production bores, each connector having a key for
.entering a conplenentary 20 formation at the top of the spool tree to

| ocate the connector in a predeterm ned anqul ar orientation relatively to
the spool tree. The sane type of alternative connectors may be used for
providing wireline or other running toolcIAaMsss to a selected one of a
plurality of functional 25 connections, e.g. electrical or hydraulic
couplings, at the upper end of the tubing hanger. The devel opment and

conpl etion of la sulds¥elibleadeadnprigdogr daweklhead hdus ing 20 ;i avepdodn

are 111ustral $deen (91F) AFLRERARNA FedlRY Q%Stﬂé“.ﬁ’gus?imafg%rhd av @bgyées 1

to 8 are vertical axial sectlions_show Ng SuUuccessli ve evel opnent

and conpl 8t i otegst Aclakeradderodwet bpyf uid aidilet Poxitn (68 hecornected
bei ng enl ar gemenhsvalvea(yopf 4RE £ UUILERP Minderr1aWaRa (545 WPchYADEke
Whout the AerdRl susm af B redctdrafhd Sinla AL AN RIS L
connections t 5PPRY &¥ee a2 p gu
lateral production fluid outlet port (61) in the tubing
' hanger is in alignment with that in the spool tree.
10
2. A wellhead according to claim 1, wherein there are
complementary guide means (50,59) on the tubing hanger (54)
and spool tree (34) to rotate the tubing hanger into the
predetermined angular position relatively to the spool tree

15 as the tubing hanger is lowered on to its landing.

3. A wellhead according to claim 2, wherein the guide
means are provided by complementary oblique edge surfaces
(50,59) one facing downwards on an orientation sleeve (58)

20 dependiné from the tubing hanger and the other facing
upwards on an orientation sleeve (45) carried by the spool
tree.

4. A wellhead according to any one of the preceding

25 claims, which includes a production casing hanger (21)
carried in the housing (20) below the spool tree (34); an
isolation sleeve (45) which is sealed at its lower end to
the production casing hanger and at its upper end to the
spool tree to define an annular void (48) between the

30 isolation sleeve and the housing; and an adapter (26)
located in the annular space and providing part of a
passage from the production casing annulus to a production
casing annulus pressure monitoring port (49) in the spool
tree, the adapter having a valve (28) for opening and

35 closing the passage, and the valve being operable through
the spool tree after withdrawal of the isolation sleeve up
through the spool tree.

A



8 Figure ~10 is a vertical axial section through a conpleted dual
production bore well in production node; Figures 11 and 12 are verti cal
.axial sections showing alternative connectors to the upper end of the dual
5 production bore wel |l head during work pger; and, Figure 13 is a detai
showi ng the seating of one of the connectors in the spool tree. Figure 1
shows the upper end of a cased well having a wellhead housing 20, in which

st 0,00 B "5 WiatHeR ddgor RS ER SR RugER, e WY 1,
i n conventi onproviidedeby a gRiamdr autl (zshthdchomaentheorﬂtraj\red IupngrmD 22

the housi ng 20°R) YokbipPie6dg!2y) 168 e GUIRGEF (46) O BIAAR, (BB
Figure 1/8 thézgsggo of the passage formed in the gland nut and adapter

body, respectively, into and out of alignment with one
another. .

" 6. A wellhead according to claim 4 or claim 5, when
10 dependent on claim 3, in which the orientation sleeve is
provided within the isolation sleeve (45).

7. A wellhead according to any one of the preceding
claims, wherein the spool tree (34) has a downwardly

15 depending location mandrel (36) which is a close sliding
fit within a bore of the housing (20).

8. A wellhead according to claim 7, in which an
environmental seal (39) is provided between the spool tree

20 (34) and the housing (20), and a production seal (40) is
provided in series with the environmental seal between the
location mandrel and either the wellhead housing or a
production casing hanger.

T 25 9. A wellhead according to any one of the preceding
claims, wherein at least one vertical production fluid bore
in the tubing hanger (54) is sealed above the respective
lateral production fluid outlet port (61) by means of a
removable plug (66), and the bore through the spool tree

30 (34) being sealed above the tubing hanger by means of a
second removable plug (68).

10. A wellhead according to claim 9, wherein the first
plug is a wireline plug (66) and the second plus is a
35 stopper (68) which contains at least one opening closed by

a wireline plug (69).

i



mechani cal seal assenblies between the production casing hanger 21 and the
surroundi ng wel | head housi ng 20 have been renoved and repl aced through the
BOP with an adapter 26 20 consi sting of an outer annular body part 27 and
an inner annular gland nut 28 which has ajgcrew threaded connection to the
body 27 so that it can be screwed between a |owered position shown on the

ri gm} hgng SIZ ;ingf AFwdme;etlaaz adtotding tlicila i &:ﬁ%ﬁm% rﬁféminveljy
in e poday an nu lcaltlon_.w n ano an
Ll sen pos @ SRTkelEE BRrEnL7pE SxhendScTateERl Ly rikotaR Ehe WA TR ofe
?Ect S ﬁre out tife spnsmlntraeltrm:l\nhétv?m Lot Ittmo pIhgsduss 69) gt;arrturbhm es
rough a con e

housi ng 30 %@hhg%% ?Epggg ﬁt gegﬂ %Q€33p§s£$ﬁ3 %%iget$¥§§gﬁ‘?od3% I'on
casi ng hafger of | thep spwlamnﬂmsfm rehedtubangr enmitlngra endy rt@ese o duct
30 conmuni Cat gere’ MELRRNERLS sFRd10r Rl ! Arbheyfte dbitectas vad! e of

the nut 28, a hence to a v0| describ he cooperati on between 35
the gl and nut eX¢exnalpd@protine cratadning: athdeasd: ongciva@lye {Ala17% whi ch
can open and cl ose a passage up past the

"12. A wellhead according to any one of the preceding

10 claims, in which the tubing hanger (54) has at least two

separate functional connections at its upper end, separate

connectors (82,83) being provided for selective access of

a single bore running tool to one of the functional

connections, each connector having a key (84) for entering

15 a complementary formation (85) at the top of the spool tree

to locate the connector in a predetermined angular
orientation relatively to the spool tree.

13. A multi production bore wellhead according to claim
20 12, in which the tubing hanger (54) has at least two
vertical production through bores (80,81) each with a
lateral production fluid flow port aligned with the
corresponding port in the spool tree, at least two
respective connectors (82,83) being provided for selective
25 connection of a single bore wire line running tool to one
or other of the production bores, each connector having a
key (84) for entering a complementary formation (85) at the
top of the spool tree to locate the connector in a
predetermined angular orientation relatively to the spool
30 tree.

14. A wellhead according to any one of the preceding
claims, wherein the tubing hanger (54) has a shoulder (56)
with an orientation key which cooperates with a landing in

35 the spool tree (34) to provide final direct relative
angular orientation between the tubing hanger and spool
tree,

(T



producti on~casi ng hanger fromthe production casing 9 annul us. After
appropriate testing, a tool is run in through the BOP and, by neans by
.radially projecting spring lugs engaging in the channels 33, rotates the
gland nut 28 to the val ve cl osed positionighown on the right hand side 5
on Figure 1A. The well is thus resealed and the drilling BOP 22 can

terrpf)rgai Iy bﬁ.s.eﬁwedtedth&dShGM ddmﬂegmﬁ;sta aafds&li wéEklbady ehichireae |
t . t 0] onv Oona
ohide bast 1 ol kb Ak el hafigRBS AL ) Ha ISR i pet G pGOR ERM O
spool tree nardsEnEy te gweﬂelhead dreais igren (120 i theamdthbddeemas1aiwose
machined fit, :ﬁ:tlp al BBPU?Efi dléci‘%ﬂ"’%'h'ehﬁ%ﬁs*i &5' Qamﬁ%nlt;ot%'géaihe

spool tree is t | xed'via a ction connector

mandrel 38 is a&mvmyy %P%e’fﬁ?h@‘él%r ftymith jan 1sdapbert d@6in¥hich el t o
the rest of thandgrRalatalae Deékweer'Sconfigurations in which a passage

from the production casing annulus up past the production
casing hanger is open or closed; with the passage closed,
' removing the BOP and fitting to the housing above the
10 production casing hanger a spool tree (34) having an
internal landing for a tubing hanger (54); installing a BOP
(22) on the spool tree; running a tool (44) down through
the BOP and spool tree to manipulate the valve and open the
passage; inserting through the BOP and spool tree an
15 isolation sleeve (45), which seals to both the production
casing and spool tree and hence defines between the sleeve
and casing an annular void (48) through which the passage
leads to a production casing annulus pressure monitoring
port (49) in the spool tree; and running a tubing string
20 down through the BOP and spool tree until the tubing hanger
(54) lands in the spool tree with lateral outlet ports in
the tubing hanger and spool tree for production fluid flow,

in alignment with one another.
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seen partieularly in Figure 2A a weight set AX gasket 39, form ng a netal <r
to netal environnental seal is provided between the spool tree body and the
.wel |l head housing 20. In addition two sets of sealing rings 40 provide, in
series 20 wth the environmental seal, 3@ production fluid seal

externally between the ends to the spool tree mandrel 36 to the spool tree
body and to the well head housing 20. TRELLBERDVeni ng cavity can be tested
through a test part 40A. The provisioq¥§#g$£§;adapter 26 is actually
optional, and 25 inits absence the d of the spool tree mandrel

36 may forma production seal directly with the production casi ng hanger

21. As is al so apparent GAS 0N #@E gkﬁﬁﬁﬂﬂﬁ Bﬂﬁﬁﬂgt
apparent, the uppe? &ﬂﬁ%ﬁal nnet &@ %ﬁe SpPo0 tregﬁkéh rel” pro Rcts
radially Snwaitapp.sg sprqqimtmeumﬁr mrvhz;@hoa ttnbiggoéuanqe@ tsidy Eove,

to forma | andhRaegnqit dar ﬁ%d%&rﬁideﬁaséneﬂfafﬁ%ima@)bﬁ ot A§3 tive
formed down throygh the |andi ng shoul der i.n Figyre
drilling BOP $ub Hggréﬁﬁ§ﬂaIQQP(ﬂ?tPE;%$%0V1F989t3glsﬁﬁ€%a&ﬂ ﬁhﬁ

set 35 the mdapt a@vantaggsr followavingluding cdgssiogs e pfoductlon
' casing hanger (21) for monitoring production casing annulus
10 pressure, and the introduction of larger tools into the

well hole without breaching the integrity of the well.
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‘again run i until it lands on the shoulder 42, and the spring dogs 45 <;r
engage in the channels 33. The tool is then 10 turned to screw the gl an
.nut 28 down within the body 27 of the adapter 26 to the val ve open position
shown on the right hand side in Figurk/16. - is now safe to open the
production casing annulus as the well is protected by the 5 BOP. The next
stage, show in Figures 4 and 4A, is to run in through the BOP and spool

tree on an appropriate tool 44A a conbined isolation and orientation sl eeve
45. This lands on the shoul der 42 at the top of the spoo ree mandrel and

10 Is rotated until a key on the sleeve drops into th ndrel key sl ot

43. Thi s ensures precise angul ar orientation between/the sleeve 45 and

the spool tree 44, which is necessary, and in contr to the ul ar

orientation between the spoo 3 wel L head casing), ichis
24

i
’

~

2Q \ 2L



15 arbitrary. The sleeve 45 consists of an external cylindrical
portion, “an upper external surface of which is sealed by ring seals 46 to
the spool tree 34, and the | ower external surface of which is sealed by an
annul ar seal 47 to the production cagygg hanger 21. There is thus provided
20 bet ween the sl eeve 45 and the surroundi ng well head casing 20 a void 48
with which the channels 33, now defined radially inwardly by the sl eeve 45,
comuni cate. The void 48 in turn communicates via a duct 49 through the

mandrel and body of the spool tree 34 to a lateral port. It is 25 t hus
possible to nonitor and vent the pressure in the production casing annul us
t hrough the passage provi dedpa T hanger via the
conduits 32, 31 the ducts 29 fand 30, the channel s}33, shown in Figure 1A,
the void 48, the duct 49, ang the spool 30 tree. In
the drawi ngs, the radial porffion of theg duct 49 |> shown apparently
comuni cating with a tgni annul us, b this is sman(;glcence and
the ports fromthe twof annul\_are. in flact. angul rIy and r |y spaced.
Wthin the cylindrical{portignof Tthe Sieeve 45 Tp a
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35 i ning, which may be fixed in the cylindrical portion, or left after

I nternal machining of the sleeve. This lining provides an orientation

. sl eeve having an upper/edge form ng a cam 50. The | owernost portion of

the camleads into a key slot 51. As gffqgr in Figures 5,6 and 6A a tubing

string of production tubing 53 on a tubing hanger 54 is run in 5 t hr ough
the BOP 22 and spool tree 34 on a tool 55 until the tubing hanger |ands by
means of a keyed shoul der 56 on a landing in the spool tree and is | ocked

down by a conventional mechani sm 57. The tubi ng hanger 54 has a dependi ng

orientation sleeve 58 having an oblique | ower 10 edge form ng a cam 59

which is conplenentary to the cam50 in sl eeve 45 and, at the | ovwer end

of the cam a down | y_projecting key Whi ch is conplenentary to the

key slot 51. The effect o e cans 50 59 is that, irrespective of the

angul ar orientation of the tubi o ret e QIABLETION
SREL-DORE
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15 string-as it is run in,- the cans wll cause the tubing hanger 54 to be
rotated to its correct angular orientation relatively to the spool tree and
.the engagenent of the key 60 in the key slot 51 will lock this relative
orientation between the tubing hanger?ppg spool tree, so that lateral 20
production and tubing annulus fluid flow ports 61 and 62 in the tubing
hanger 54 are in alignment with respective |ateral production and tubing
annulus fluid flow ports 63 and 64 through the wall of the spool tree.

Metal to netal annulus seals 65, which are set by the weight of the tubing
25 string, provide production fluid seals between the tubing hanger 54
and the spool tree 34. Provision is nmade in the top of e tubjrg hanger 54

for a wireline set plug 66. e ke S t ng hanger
| ands in a conple&hgt h S in the sp to ensure 30
ultimate machi ned accuracy 0 tion hetwe ng hanger 54 and
the spool tree 34. Figure§ finall step i etion of the
spool tree. This involves u down ion dri ' hr ough t he
BOP, an internal isolatio Egg .mhicq [//
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- 35

seals-within the top of the spool

tree 34 and has an opening cl osed by

an in situ wireline activated plug 69. The BOP can then be renoved | eaving
12 production node with doubl e barrier

_the wel | head in

upper end of the spool tree provided @
68. The production fluid outlet

and pressure through the 5

controlled by an annu
t hrough a

connect ed,
ext ends through
and 66. Wth 10
in and downstre
fluids can take
73, and the ki

i
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|l i nes of anry BOP which has been installed. The spool

tree 15

in the

conpl eted production node is shown in Figure 8. Figure 9 shows val ve
.circuitry associated with the conpletion and,

Vi ews,

75 and a cross over valve 76. Wth this arrangenment a w de 20

in addition to the earlier
shows a production fluid isol gfiljg val ve 74, a tubing annul us val ve

variety of

circul ation can be achi eved down hol e usung the production bore and tubing

annul us, in conj
and through t he usual
not actuated. 25
production bore wellh
drill pipe,
bet ween the t
wireline 30
Fi gure 8 but

with primary and secondar
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conpl etion-are carried out as with the nonobore well head 35
tree 34A and tubi ng hanger 54A are el ongated to accommbdat e
rimary production fluid flow froma

t he spool
-lateral

primary bore 80 in 13 the tubing

outlet ports 61A 63A for the

except that

r toa primary production master

val ve 70A, and |l ateral outlet ports ~B4A for the ondary production
flurd flow froma sec t he N ubj nder ondary
production nmaster valve 70B. Lpper pnds of thd b s 8 nd 81 are
cl osed by wireline plugs 6pA and 6 Eto 68A, I ch cl oses the upper
end of the spool tree 34A has openlngs, in ILgn t Mith the péﬁgs 66A and
66B, closed by wreline pl fFUSTt94 i gures— Tl d 12 show
how a wireline 77 can be applied rrough asibd e drTTl pi pe to g? i vat e
selectively one or othetepf the t mnlqlluc lfugs \r nd 66B I
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producti on-bores 80 and 81 respectively. This involves the use of a

sel ected one of two connectors 82 and 83. 1In 15 practice, a drilling BOP
.22 is installed and the stopper 68A is renoved. Thereafter the connector 82
or 83 is runinonthe drill pipe or t8l6g until it lands in, and is

secured and sealed to the spool tree 34A. Figure 13 shows how the correct
angul ar orientation between the connector 20 82 or 83 and the spool tree
34A, is achieved by wing keys 84, which are guided Y-shaped slots 85 in
t he upper inner edge of the spool tree, first to pr™fg the connectors into
the right angular orientation, and then to all ow/the relative axial

novenment between the parté 0 enabl syabbi ng function when the

wi rel ine connector engage pockets above plug 66A or
66B. To ensure equal | anding forc rigi tgn initial contact,
two keys 84A and 84B are recommend ing t is slowmy rotated
under a new control weight éi i i lal that the tool only
enters in one fixed orientation. g this key 84A is wder than
key 84B and its respectlve Y- shapéd . |1 be seen that

L - 6S
N
' Y2

58

\/"°

T

s b ovm——] | et 2 ——— v cue— . — > orrenr—u {4

=\
e
n



- one of the-~connectors 82 has a guide duct 86 which |eads the wireline to
the plug 66B whereas the other connector 83 35 has a simlar guide duct
87 which leads the wireline to the other plug 66A. 14 CLAIMS 1. A

" wel I head conprising a well head housi n8/160): a spool tree (34) fixed and
production fluid

sealed to the housipg, and having at 5 | east a | ateral
outlet port (63) connected to ( : i ng hanger | anded (54)
within the spool trgee at a prede L ned @ngpud j@r ffposi t1on whi ch a
| at eral production;fl uid outl por nger is in
alignment with th in the spqol tree. ; cording to ¢l aim
1, wherein there € _3 (JeO, e tubi ng {Hanger
54) and spool tree 4)Nt g rotal te—t-tpi
(54) p (134) ﬁL¢us i
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predet er m-aed angul ar position relatively to the spool tree 15 as the
tubi ng hanger is lowered on to its |anding. 3. A wel | head according to
claim 2, wherein the guide neans, are provi ded by conpl enmentary oblique edge

surfaces (50,59) one facing downwar d204d6an orientation sleeve (58) 20

depending fromthe tubi ng hanger and the other facing upwards on an
4, A wel | head

orientation sleeve (45) carried by the spool tree.
according to any one of the pteceding 25 cl ai ms, which includes a
production casi ng hanger (21) carp~edji e__houst (20) bel ow t he spool

tree (34); an isolation sleeve 5) I chii ealj¢d aty+t's lower end to the
tree to define

producti on casi ng hanger anq6 t Jits ugper erd to {] he spool
an annul ar void (48) between¥¥hg Lksojatipn eland the housing; and

an adapter (26) located in the ann sp cp n rgvi ging part of a

passage fromthe production casijfng a £ 0 ' 7 I ng annul us

pressure nonitoring port (gﬂ% I p the I hr t apt er ving a val ve

(28) for opening and 35 SNg th yng val ve iing oper abl e
)
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t he spool tree after wthdrawal of the isolation sleeve up through the
spool tree. 15 5. A wel | head according to claim4, in which the valve
.is provided by a gland nut (28), which can be screwed up and down within a
body (27) of the adapter (26) to briddA¥6ts 5 (29,30) of the passage
formed in the gland nut and adapter body, respectively, into and out of
alignnent with one another. 6. A wel | head according to claim4 or claim
5, when 10 dependent on claim 3, in which the orientation sleeve is
provided within the isolation sleeve (45). 7. A wel | head according to any
one of the preceding clains, wherein the spool tree (34) has a downwardly
15 dependi ng | ocati on mandrel (36) which is a close sliding fit within a
bore of the housing (20). 8. A wellhead according to claim 7, in

which an ¢7
/
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envi ronmental seal (39) is provided between the spool tree 20 (34) and
the housing (20), and a production seal (40) is provided in series wth the
- environmental seal between the |ocation nmandrel and either the well head
housi ng or a production casing hanged2/3% 9. A wellhead according to
any one of the preceding clains, wherein at | east one vertical production
fluid bore in the tubing hanger (54) is seal ed above the respective | ateral
production fluid outlet port (61) by nmeans of a renovable plug (66), and
t he bore through the spool tree 30 (34) being seal ed above the tubing
hanger by nmeans of a second renovable plug (68). 10. A well head according
to claim9, wherein the first plugis a wireline plug (66) and the second
plus is a 35 stopper (68) which contains at | east one opening closed by a
wireline plug (69). 16 3*‘
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11. A wel | fhead according to claim9 or claim 10, wherein a workover port

(73) extends laterally through the wall
-two plugs (66,68); a tubing annulus f|
t hrough t he wal

two ports through the spool

one of

| east t
connect
runni ng
key (84
spool t
relativ
accordi
two ver

5

of the spool

tree from between the
ujd port (64) extends laterally

of the spool tré@#lﬁnnthe t ubi ng annul us; and these

tree are interconnected via an external

| oop

|ine containing at e nggval ve (71,72). 12. A well head according to any
he precedi 1 . Ims, 1 n which the tubing hanger (54) has at
\O (Sepat-ater ngectTons—at TS Upper jend, separate
br4 (82, 83) beitt rovi dedjfor selective access joff a single bore
tqol to one of %hg functi pnal connections, eacHl clpnnector having a

flor entering 15 a copplenentary formation (§5)f at the top of the

eqd to |ocate the conne in a ggeternined gngul ar orientation
el y to the spool tree. A ti oduction bdr¢g wel | head
hgjto clai'm 20 12, i ' t he tubi ng hanger | (54) has at | east
i dgal production throu es (80,81) each withH o | ateral
o el with the =

pr oduct

fluid Ia’aport alig

%
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" corresponding port in the spool tree, at |east two respective connectors

- (82,83) being provided for selective 25 connection of a single bore wire
. line running tool to one or other of the production bores, each connector
having a key (84) for entering a conbd&b@ntary formation (85) at the top of
the spool tree to |locate the connector in a predeterm ned angul ar

orientation relatively to the spool 3 tree. 14. A well head according,to
any one of the preceding clains, whergi#j the tubing hanger (54) has a

shoul der (56) with an orientation ;key ch cooperates with a landing i f 35
the spool tree (34) to provide fi:nal fqi}ect relative angular orientatipn
bet ween the tubi ng hanger and F de 15. A nethod of conplet|ng
a cased well in which a produgti casifn| geff (21) is fixed and seaIFd
by a seal : .
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~assenbly te. a wel |l head housing (20), the nethod conprising, wth a BOP (22)
.installed on the housing, removing the seal assenbly and replacing it
-wWith an adapter (26) which is nanlpulikzgle betmeen configurations in which
a passage fromthe production casing bus up past the production casing
hanger is open or closed; with the pagsage cl osed, renoving the BOP and
fitting to the housing above the 10 prqducti on casing hanger a spool tree
(34) having an internal |anding for §i ng hanger (54); installing a BOP

(22) on the spool tree; running a t|{FEEE= F(14) down t hrough the BOP and spool
tree to mani pul ate the val ve and opj passage; inserting through the
BOP and spool tree an 15 isolatio jve (45), a9 seals to both the
production casing and spool tree gg engd, defi nes tween the sl eeve and
casing an annul ar void (48) through mﬂ he passZGe | eads to a production
casing annul us pressure monitar.ing

a tubing skring 20 down t hrough O
hanger (54)\lands in the spool tree mﬁrh I
hanger and ool

P -i-h~t-h€ spaat ~tT &€, “ghd runni ng
gnd spool tree until the tubing
qteral outlet ports infthe tubing
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in alignnent with one another. - 18 - 16. A well head assenbly conpri sing
a wel | head housing (20); a spool tree body (34) fixed and sealed to the
housi ng and having a bore therethroig? 3onnunicating with at least a first

| at eral production fluid outlet por é ) connected to a valve (70); and a
t ubi ng hanger (54) |anded within the spool tree body (34) at a
predeterm ned angul ar position at which ajfsecond Jateral production fluid
outlet port (61) in the tubing hanger ( =9 in aiignment with the first

| ateral production fluid outlet port ( ),in t he spool tree body (34);
==9]ld bore in the tubing hanger

annulus fluid port (64) through th p bddy are interconnected via

a loop line containing at |east on al

wherein at |east one vertical proddcti it
(54) is seal ed above the respectiv¢ | atlpr d roddction fluid outlet port
(61) by a closure nmenber (66), chajactgfT n that a workcover port (73)
extends laterally through the wallyof Ahelsp tyy ee body (e from above
the cl osure nmenber (66); a tubing annulusifluip port (64) gxtends laterally
t hrough the wall of +he- spoel- ¢ ~eel-bqdy (%4) ffomthe t ng- annw us; and
t he workover port §{73) and tubing anfqulusiflpif port (64) througl/ the spool
\0 aply] of,the spool tree bpdy bore.

17. The wel | head ‘of -ctai a—-1-6 ~wheFef{n ht r ek pori -(43)~ and tubing

I

e

tree body (34) are }i nterconnected exteqP
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18, - The wellhead of claim 16 wherein the spool tre odwy, bare~i s al ed
above the tubing hanger (54) by neans of a another cfggﬁrgyh@ﬁb ‘?é%@.
- 19 - 19. The wellhead of cladi'm 18 viherein the closure nenber (66) i.s a
wireline plug (66) and the anot hef closure nmenber (68) is a stopper (68)
whi ch contains at |east one opening ctd8ed by a wireline plug (69). 20.
The wel | head of claim 18 wherein the workover port (73) extends lateraly
through the wall of the spool tree body between the closure nmenbers (66,
68). 21. A wellhead apparatus for use with a well head housing (20), the
appar atus conprising: a spool tree body (34) fixed and sealed to the
housing (20) and having a wall formng a bore and at | east a | ateral
praduction fluid outlet port (63) connected to a valve (70); a tubing
hanger (54) landed within the spool tree body bore at a predeterm ned

angul o POt s 0Ueicu el Lahtle S hARE e B ke B chPHLd
boi ny ceanaeanbituny HeniBl s RO b 1P eiiondl cPrblimerfie b et It gon: ( 01)
bl cd alge prEuee Hgtielrert L Sognessst dhohiabiec B aper mbing ke 45
landed within the spool mee body (34) at 2 predetermined angular position at which a second
lateral production fluid outlet pore (61) in the Tubing hanger (54) is in alignment with the first
lateral production fluid outlet part (63) in the spool wee body (34); wherein ar least one ventical
production fluid bore in the tubing hanger (54) is scaled above the respecrive lateral production
fluid outler pont (61) by a closure member (66), characterized in that é workover port (75)
extends laterally through the wall of the spool wee body (34) from 2bove the closure member
(66); a tabing annulus fluid port (64) cxiends laterally through the wall of the spoaol wee body
(34) from the wbing annulus; and the workover port (73) and rubing annulus fluid port (64)
through the spool tree bady (34) are im:rconnecte& extemnally of the spool oee body bore,
17. The wellhead of claim 16 whereinghe workover port (73) and tubing annulus fluid port
(64) through the spool tree bedy are interconnected via a loop line containing at least one valve
(71, 72).
18.  The wellhead of claim1e whesein the spocl tree body bore is sealed above the tubing

hanger (54) by means of & another closure member (68).
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(68) and plug (69); a work-over port (73) extending laterally through the
wal | of the spool tree body from between the plug (66) and stopper (68) and
plug (69); a tubing annulus fluid port (64) extending laterally through the
wal | of the spool tree body (34) fromjihe tubing annul us; and the workover
port (73) and tubing annulus fluid pE)r*9 (64) through the spool tree body
bei ng intérconnected via a comuni cati on pasageway containing at |east one
valve (71, 72). -20- 22. ‘Wl | head apparatus for use with a wel | head

housi ng (180) , Thé % eBiaa of tlilin Bwipreirshe glosure pembert(6®ds ¢ S4relingplog (663 and tanged
to be fixed and sealed to the housing (20) and has a wall with a bore and

at | east ;e @ikl RERASHUSBIR af hopper g&ﬂj Whith B&idind i Jdasc@itgehind clRedbyal ve

(70); and a tubing hanger |'anded (54) within the spool tree bore at a

pr edet er r position at which a lateral production fluid outlet
port (61§Uirgﬁg ﬁggk%% ng hanger (54) is in alignment with that in the spool

tree (34); characteriseq i . I t I y in
tho vl | 2t REE S50Bcat i3t Fheint B SRHe Bt 05/ Pl 5RRRy fbBRE e |

| ateral ly thrqugh the |1, of the spool tree (34).fromthe tubing annul us;
and t he W@bl&’g rsmrqeegg@b%?f“t‘ﬁﬂ)éﬁﬁ"ﬁﬂmm&%%@d port (64) through the
spool tree arminterconnected via_an external | 008 | ine containinpng at | east
one val ve?l- A wellhcad apparatus for use with a wellbead housing (20), the apparatus comprising:

a spool wee body (34) fixed and sealed 1o the housing (20) and having 2 wall forming 2
bore and at least a lateral production fluid outlet post (63) connéc'u:d to a valve (70);

a Tubing hanger (S4) landed within the spool free body bore at a predetermined angular
position at which a lateral production fluid outlet port (61) in the tubing hanger (54) is in
alignment with that in the spoo) ree body (34);

at least om-e vertical production fluid bare in the tubing hanger (54) being sealed above
the respective lateral production fluid outet port (61) by a remavable plug (66), and the bore
through the spool tree body (34) is sealed aimvc the tubing hanger (54) by a removable siopper
{(68) and plug (69);

a workaver part (73) exiending laterally through the wall of the spoo) tree body from
between the plug (66) and stopper (68) and plug (69);

a wbing annulus fluid port (64) exrending laterally through the wall of the spoo] tee
bady (34) from the wbing annulus; anq!

the workover port (73) and rubing annulus flnid port (64) through the spool tree body

being inerconnected via a communication passageway containing at least one valve (71, 72).
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(71, 72).- whereby a path for the circulation of fluids to the tubing
annul us downstream of the tubing hanger (54), fromthe choke and kill lines
of any BOP nounted, in use, above the spool tree (34), is established via
the valves (71, 72) and the ports (64, 73). 23. An assenbly for a subsea
wel | conprising: a tree body (34) hav+meg-a wall formng a tree internal
bore and a radial production port (63), said wall form ng a generally
cylindrical iriellnald appalansubf assewith bhwellhesiDigiising (20); Siti shpesshisnripfising a
internal wall surface; said tree internal bore arranged to receive a Fubing

hanger (Sgholrdel(34) Whizd ¥eirtanBed e fEd ard dedlbd iothe Rsaﬂgg(zié)%d BR¢ 4 watf bimand

said tree body having a support arranged to suspen oduction tubing (53)

L7 Yo e S B A L AT
221 U oo otk AV 3R SIS RORCRORIAKCY o BLAROA! B 0B Y
Do ks ) ST, 67 0 b e 50 MBSO BLS " ¢

spool tree (34); characterised in thal a workover port (73) extends laterally in the wal of the

spoo] tree (34); a tubing annulus fluid port (64) extends latcrally through the wall of the spool
wee (34) from the tubing annulus; and the workover port (73) and tubing annulus fluid pont (64)
through the spoo] wee are interconnected via an external loop line containing ar least one valve
(71, 72), whercby a path for the circulation of flujds to the tubing annulus downstream of the
mbing hanger (54), from the choke and kill lines of any BOP mounted, in use, above the spool

ree (34), is established via the valves (71, 72) and the ports (64, 73).

23. Anassembly for a subsea well comprising:
a tree body (34) having a wall forming a wee internal bore and a radial production pont
(63), said wall forming 2 genevally cylindrical intenal wall surface with an opening in said
cylindrical internal wall surface;
said ree internal bore arranged o recsive a tubing hanger (54) with a production bore and a
lateral production port (61) and said wee body having 3 support arranged 10 suspend production

tubing (S3) forming an annulus therearound;
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sai d annul us passageway (64) and sai d workover passageway (73) arranged to
be in fluid comruni cation. 24. The assenbly of claim8 wherein said

wor kover passageway (73) extends laterally into said internal wall surface.
25. The assenbly according to claim23 further including said annul us
passageway (64) and wor kover passageway?}73) being in conmuni cation
externally of said tree internal bore. 26. The assenbly of claim10
wherein said opening of said workover passageway (73) in said tree internal
bore is | ocat eshidimived pseducticngmrn@3haraneed 10 wppmmnicalg with the aws! peodudtion port
according to claink3 said tree intenal bore has a profile arranged to

recei ve a(ghosure nenber (68) to seal and lock internally of said tree

i nternal bore above the tubing hanger (54). 28. The assenbly according to

claim 23 said §i@evallndfosaliPlreddidy (24) N@ing! ndRaelds gﬁsageﬁei gﬂ)% t8 veqal
t he tubi ng hanger (54) with the tree body (34) above said radial production

rerber (SR kit iR e hrabicans AR b BRE s SR puetldkited (PR T
a portiongofy SHduhilfon AR lre® Menal bore a1 said opening above said radial production
port (63); and
said anmulus passageway (64) and said workover passagaway (73) anzgngcd o be in fluid
communication.
24, The assembly of claim 8 wherein said workover passageway (73) extends lawerally imto
said intemal wall susface.
25. The assembly according 1o claim 23 further including said annulus passageway (64) and
workover passageway (73) being in communication externally of said tree internal bore.
- 26. The assembly of claim 10 wherein sajd opening of said workover passageway (73) in said
tree internal bore is located above said ubing hanger support.
217. The assernbly according to claim23 said wee intemal bore has 4 profile aranged to
. receive a closure member (68) to seal and lock imemally of said wee intemal bore above the
tubing hanger (84).
28. The assembly according o claim 23 |
said wree internal bore being arranged 1o receive seals to seal the tubing hanger (54) with

the tree body (34) above said radial production port (63) and having a profile arranged vo receive

and seal with a closure member (68), and
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bet ween said scals and said closure nenber profile (68), 29. The assenbly
according to claim23 further including: said cylindrical interal wall
surface being generally vertical and having said opening therein; and a

fl owpath being formed fromsaid opening in said tree internal bore, through
sai d wor kover passageway (73) and said2&mul us passageway (64) to said
production tubing annulus. 30. The assenbly of claim 23 wherein said tree

body is arran hgehR: | comBiuhicRirg el £ porfisa of sald iy imertitiFbdver e
and a nenber %%g)&é}gﬁwgﬁgfigng ?yenBOD borce W th sgi d tree body (34)

arrangedé;‘e?‘#ﬁtgisﬁgggg%wgne%gﬁéﬁgrggmggotﬁgg@gﬁnter (22) and a portion of

said tre g arrange orma flow passageway with the
BOP bor e. . The ,assenil v of. cl Al 0. in said tree body (34) is
ar r anged t%gl'r e'@’éi%“él’%f (o]¢18d é?“f‘w}%ﬁﬁﬂ‘gﬁ’%mf‘gw passageway for connection
to the tubing hanger (54) for flow co nicati gn to, the r f. . . The
assenbly of clsaidneybinduged ingsrpal jwall %@%Fﬂﬁpﬂ of ‘Cagﬂds?{%"@ﬁad%}één‘{‘%

forman annul ar area around the tool (55) upon closing the BOP bore

al | owi ng thetimcendse fluid circul ation though the annul ar area. 33. The
assenbly of claim 32 wherein the bl owut preventer has choke and kill lines
conmmuni cat i ng a flewBaR teingeforneh fiome sald) operies it said U IPEEAE (PRESy WraRgl, said
arranged fromthe surface through tool -(55), tubing hanger, (54), and
product i oworkeNairpassagedyay (33)and said annulus passageway (64) to said production Tubing annulus.

30. The assembly of claim 23wherein said uee body is amanged to conuect to @ blowaut
prevemier (22) having 2 BOP bore and a member (23) for closing the BOP bore with said wee
body (34) arranged for disposal ‘bejow the blowour pchcnter (22) and a portion of said tree
internal bore being arranged to form a flow passageway with the BOP bore.

31. The assembly of claim 30 whersin said tree body (34) is arranged 10 receive & 100l (55)
through the flow passageway for connection 1o the tubing hanger (54) for flow communication 10

the surface.

32 The assembly of claim 31 wherein the tree internal bore wall is arranged 1o form an annulay

asea around the ool (55) upon closing the BOP bore allowing selective fluid circulation through the

annular area.

3.  The assembly of claim 32 wherein the blowour preventer has choke and kill lines

communicating the BOP bore with the surface;

a first flow path being arranged from the surface through to0] (55), wbing hanger (54), and

production wbing (53); and
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-23- a second flow path being arranged through the production tubing

annul us, annul us passageway (64), workover passageway (73), annul ar area
and the,choke and kill lines to the surface. 34. A production apparatus for
nounting on a subsea wel |l head (20) conprising: a body (34) having a
generally cylindrical internal wall foBmng a central bore therethrough. a
producti on passageway (63) extending laterally through said wall in

- conmruni cation with said central bore; a workover passageway (73) extending

laterally frog])s@&ngpﬁgwm pa | ghrdnpdde Vit lpréduedn fding anRRiNC kh@ilus

passageway (6 an ann sageWway extend| ng froman opening in

passagonl sy 150 BPGvES ‘%&*@%W@@? o angi‘h PR o il 3 4o e

conmmruni cation externally of said central bore. The production
apparatu@“@?eclaln134 wherein said internal mall |ncludes a profile above
sai d production passageway (63) arranged to receive a closure nenber (68)
and a support

34. A production apparatus for mounting on a subsea wellhead (20), comprising:
- a body (34) haviﬁg a generally cyh:ndxical internal wall forming a cenwal bore
therethrough; |
a production passageway (63) extending lawerally throﬁgh said wall in
communication with said central bore;
a workaver passageway (73) extending laterally from an opgning in said internal
wall above said production passageway (63);
an annulus passageway (64) extending from ¢n opening in said body (34) below
said production passageway (63): and
said annulus passageway (64) and warkover passageway (63) amranged 1a be in
fluid communication extcmally of said central bare.
35.  The production apparatus of claim 34 wherein said internal wall includes a profile above
said production passageway {63) arranged to receive 2 closure member (68) and a suppon
#rmnged 1o support a tubing hanger 64)
36.  The production apparatus of claim 34 wherein said body (34) includes a profile adjacent

one end of said central bore arranged 10 receive & closure cap.
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arranged to support a tubing hanger (64). 36. The production apparatus of
claim 34 wherein said body (34) includes a profile adjacent one end of said
central bore arranged to receive a closure cap. - 24 - 37. The
production apparatus of claim34 furt hzr including a fl ow path between said
annul us- passageway (64) and wor kover p 4s'éageway (73) and a flow contr ol

menber (34, 7AheGRducAbd apjtiratls@fclalth BUahhesinsludihuiipatpath Bdwechhaidphalust i on

apparatus of claim 34 wherein said internal wall includes a support
ar r anged ke A bk TEr hd \»H?E%?Em{é‘ﬁ% aftrol mciber P09 Cohedll
appar at ud?e E%‘Pé?@?& vﬁe‘lrkel n%ééaslgéc} I ht er nal vva‘rlc ir?clabdes gitﬂzb’i ng hé?\%er

| ockdown profil e AN senbly arranged for supporting a tubing hanger
(54). and fBQr"() ‘H{%h&%‘%t%%% "(53) in a subsea well, the tubing hanger (54)

having a prodygtion.bore with a lLater oductj.on port 1 tendi ng from
o " Lubi henamGeroRaan APPiRE oF St BhERH CrldCBER el ey, S ipph
communi cation wth the produgtion lt:ubi g (53) suspended in the well, and
the prod@EWERER 1P FEPRRG RPTEeEEonPEPE Mdnnul us t her ear ound, conprising: a

tree (34) having a generally vertical wall_ formng a tree internal bore and
having a 3%  The production apparatus of claim 34 whersin said intemnal wall includes a mbing hanger

lockdown profile.

40. An assémbly arranged for supporting a rubing hanger (54) and production tubing (53) ina
subsea well, the wbing hanger (S4) having a producdon bore with @ lateral production port (61)
extending from said tubing hanger production bore, the praduction bore being in commnnication
with the production tubing (53) suspended in the well, and the production wbing (53) forming an
annulus therearound, comprising:

a tree (34) having a generally vertical wall forming a tree internal bore and having a
radial production por (63);

said tree internal bore arranged 1o support the tubing hanger (54) and wbing (53) such that
said radial production port (63) is in fluid communication with the lateral production port (61);

said vertical wall includes a profile above said radial prbduction passageway (63)
arranged 1o recejve 3 closure member (68);

said wall of said wee (34) having an annulus passageway (64) in fluid communication
with the production tubing annulus and a workover passageway (73) mn fluid communication

with said tree internal bore above said radial production pert (63); and
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radi al” production port (63); said tree internal bore arranged to. support

t he tubi ng hanger (54) and tubing (53) such that said radial production
port (63) is in fluid communication with the lateral production port (61);
said vertical wall includes a profile above said radial production
passageway (63) arranged to receive a2xtosure nenber (68); said wall of

W th the. pr odBEPUHLE GG AN (o oB° A VB Riminttme Ry A alinBip TS SR
communi cation with said tree internal bore above said radial production

port (6Feruagcanon.. 25 - sai d annul us passageway (64) and sai d workover
passageway (73) arranged to be in fluid comunicati on.
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WELLH
ABSTRACT

A wellhead has, instead of a conventional Christmas
tree, a spool tree (34) in which a tubing hanger (54) is
landed at a predetermined angular orientation. As the
tubing string can be pulled without disturbing the tree,
many advantages follow, including access to the production
' casing hanger (21) for monitoring production casing annulus
pressure, and the introduction of larger tools into the
well hole without breaching the integrity of the well.
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