
;e3ekffgTh^Jik6:kTk[jIa ` ~ 4 SFP 2002  APPARATUS FOR USE IN DRILLING AND
COMPLETION OF SUBSEA WELLS  This invention relates generally to apparatus
for use in drilling and completing subsea wells of the type in which a
blowout preventer (BOP) stack is positioned on a floating rig and is
connected to the head of the well by a high pressure riser. More
particularly, it relates to improvements in apparatus of this type in which
the flow of well fluid between the tubing/casing annulus within the well
and equipment above the wellhead is controlled by valve means within the
passageway means in the wellhead, and, if desired, in which operating fluid
to or from a downhole function, such as a tubing safety valve, flows
through a passageway means conduit connecting to a subsea Christmas tree or
a production riser connector leading to a surface tree. In apparatus of the
type in which the Christmas tree is instead installed on the wellhead so as
to produce the well at the subsea level, flow between the tubing/casing
annulus and the tree is typically controlled by an "annulus safety valve"
installed in passageway means in a tubing hanger suspended within the
wellhead housing. See) for 1   0 4 SEP 200 example, U.S. Patent Nos.
5,143,158 and 5,687,794, both assigned to the Assignee of the present
Application. Other downhole functions, such as opening or closing
subsurface tubing safety valves, are often controlled by operating fluid
transmitted to or exhausted from the valves or other functions through
additional passageways within the tubing hanger. In the drilling and
completion of a subsea well of the type contemplated by this invention, a
relatively large diameter, low pressure drilling riser is normally used in
the early drilling stages, and a relatively small diameter, high pressure
production Filer is used during the installation of production casing
and/or production tubing, the use of smaller diameter risers of course
reducing costs. This could perhaps be accomplished with a single wellhead
housing, without resort to large diameter production risers, by landing a
small diameter production tubing hanger in a sleeve installed within the
bore of the wellhead housing. However, because of physical restraints, it
would be impossible to 



control the flow of well fluid in the annulus or the flow of control or
operating fluid through the tubing hanger. In accordance with the novel
aspects of the present invention, a wellhead housing adapted to be
installed on a subsea well has a relatively large diameter lower bore
portion and a relatively small diameter upper bore portion which provides a
relatively thick wall thereabout, a casing hanger is adapted to be lowered
into and landed within the lower bore portion of the wellhead housing to
suspend a production casing string within the well, and a tubing hanger is
adapted to be lowered into and landed within the upper bore portion of the
wellhead housing in order to suspend a production tubing string within the
2   ~ 4 SEP 2072 production casing string. More particularly, the portion
of the wellhead housing which surrounds the upper bore portion is
sufficiently thick that passageway means may extend therein from a lower
end connecting with the annulus between the casing and tubing strings and
an upper end connecting with the upper end of the wellhead housing, and
then with a tree or production riser thereabove, and remotely operable
valve means may be installed in the passageway means to control flow
between the annulus and the upper end of the wellhead housing. Moreover,
additional passageway means may extend within this relatively thick wall of
the housing to connect equipment above the upper end of the housing with a
conduit extending through the annulus and through which control fluid may
flow to control a safety valve for the tubing or other downhole function.
Tubular members known as "spools" are often installed on wellhead housings
when it is decided to complete or workover the well. Among other things,
they add vertical space to the wellhead. Additionally, they assist in
resisting bending moments imposed on the wellhead. Normally, the spools
have the same LD. as the bore of the wellhead housing on which they are
installed. In accordance with another novel aspect of the invention, the
wellhead housing includes a casing head in which the lower bore portion is
formed and in which the casing hanger is landed, and a spool above the
casing head in which the upper bore portion is formed and in which the
tubing hanger is landed above the casing hanger. In the preferred and
illustrated embodiment of the invention, a first, relatively large
diameter, low pressure drilling riser is lowered onto and releasably
connected to the upper end of the casing head, prior to lowering and
landing of the casing hanger therein, and 



3   0 4 sEP Zoos a second, relatively small diameter, high pressure
drilling riser is lowered onto and releasably connected to the upper end of
the spool, following lowering and landing of the casing hanger therein. The
tubing hanger has passageways which, upon landing of the tubing hanger
within the spool, are aligned for connection with passageway means in the
spool through which control fluid may pass to or from a downhole function.
In accordance with one embodiment of the invention, wherein the well is to
be produced through a Christmas tree at the surface, the second riser is
removed and replaced by a high pressure production riser which is lowered
onto and releasably connected to the upper end of the spool, upon lowering
and landing of the tubing hanger therein. More particularly, the means for
releasably connecting the production riser to the spool includes a
connector body having passageway means for connecting the upper end of the
passageway means in the spool with a conduit leading to the surface. In
accordance with an alternative embodiment of the invention, wherein the
well is to produced at the subsea level, a Christmas tree is lowered onto
and releasably connected to the upper end of the spool following removal of
the high pressure drilling riser and landing of the tubing hanger within
the spool. More particularly, the Christmas tree is connected to the spool
by a connector body having passageway means therein for connecting the
upper end of the spool passageway means with means a valve controlled
passageway in the tree. In the drawings, wherein like reference characters
are used throughout to designate like parts: 4   ,0 4 SEp ?00~ Figure 1 is
a vertical sectional view of subsea drilling and completion apparatus
constructed in accordance with the present invention, and showing a casing
head landed within a conductor housing installed on a conductor casing at
the subsea level, a casing hanger landed within the bore of the casing head
to suspend a surface casing string within the conductor casing a production
casing hanger landed within the bore of the surface casing hanger to
suspend a production casing string within the surface casing, and a
relatively low pressure, large diameter drilling riser removably installed
on the upper end 



of the casing head; Figures 2A and 2B are of the upper and lower portions
of an apparatus similar to Fig.I, but upon removal of the drilling riser
from the upper end of the casing head and lowering of a spool suspended
from a high pressure production riser into landed position on the upper end
of the casing head; Figure 3A, 3B, and 3C are vertical sectional views of
upper, intermediate, and lower portions of apparatus according to the
second described embodiment of the invention, upon installation of a tubing
hanger in the spool, removal of the high pressure riser of Fig.2A from
above the spool, and lowering of a Christmas tree into connection with the
upper end of the spool, and showing the bore of the tubing hanger
connecting with valve controlled passageways in the tree so that production
may be controlled at the subsea level; Figures 4A and 4B are vertical
sectional views of the upper and lower ends of the apparatus according to
the alternative embodiment of the invention, wherein, as in 5   ~~ 4 SAP
?~,~Z Figs.3A - 3C, the tubing hanger has been landed in the spool, and the
high pressure riser has been removed from the upper end of the spool, and a
high pressure production riser has been lowered into releasable connection
with the upper end of the spool to enable production from a blowout
preventer at the surface; Figure 5 is a cross sectional view of the
apparatus as seen along broken lines 5--5 of either Figs.3 or 4; and Figure
6 is a developed view of the interface between the spool and lower end of
the connector at the lower end of the tree of Fig.3A or the production
riser of-Fig.4A, as seen along broken lines 6--6 of Fig.S and showing
connections between passageways at the end faces. With reference now to the
details of the above described drawings, a conductor  housing 20 is shown
in Figs.l to 4 to be installed on the upper end of a conductor casing
extending into the wall, and to have a casing head 21 landed therein to
suspend a surface casing 25 within the conductor casing. More particularly,
a collar 22 about the head is locked down on a seat 23 in the housing 20 by
locking parts 24 thereabove. The casing head 21 has been lowered into the
conductor housing by means of a low pressure, large diameter drilling riser
26 having a connector 27 on its lower end releasably connected to 



the upper end of the head suitable drilling tools are of course lowered and
raised through the spool head and riser to and from the well bore during
the drilling program. The connector 27 may be constructed in accordance
with U.S. Patent No. 4,902,044, and thus includes a normally expanded
locking ring 27A which, when in its outer expanded position, permits the
lower end of the riser to be lowered onto the upper 6   0 4 SEP 2Q2 end of
the casing head to dispose the upper and lower kicking teeth on the locking
ring positions opposite grooves about the lower end of the riser and upper
end of the casing head. When the riser is so landed, a cam ring 27B of the
connector may be lowered to move the locking ring inwardly to the position
in Fig.I in which it locks the lower end of the riser to the casing head,
and causes a metal seal ring MSR carried on the lower end of the riser to
be sealably engaged with seal surfaces on the ends of the aligned bores of
the riser and casing head. Upon landing of the riser on the casing head, a
surface 'casing hanger 26A is lowered into and landed on a shoulder in the
bore of the casing head to suspend the surface casing 28 suspended
therefrom within the conductor casing 25. As also shown in Fig.l, a casing
hanger 28 is then lowered into and landed on the hanger 26A within the bore
of the casing head to suspend an inner production casing 29 within the
surface casing 28. As well known in the art, the production casing hanger
carries an assembly for lowering into the annular space between the hanger
and the bore of the casing head to seal therebetween, as well as for
locking engagement with the bore of the head for holding it down within the
space. A tubular bore protector 28A is then lowered into the bore of the
casing head for landing on the upper end of the production casing hanger
and carries suitable mechanism for locking it within the bore of the casing
head. Upon completion of the drilling program, the locking ring of the
connector 27 is released to permit the low pressure riser 26 to be
retrieved with the connector the upper end of the casing head. 7   Q 4 SEP
~~p~ As shown in Fig.2, a connector 33 on the lower end of a spool 30 is
lowered into - ~ connection with the upper end of the casing head. The
spool is in turn releasably connected by a connector 31 to the lower end of
a high pressure, small diameter drilling riser 32. Both connectors 3I and
32 may be generally of the same construction as one 



another as well as to the connector 27, connector 32 differing primarily in
having passageways formed in its body to form continuations of passageway
means in the spool, as will be described to follow. Thus, as shown, each
connector includes a normally expanded locking ring which, when expanded,
permits it to be lowered over the upper end of the casing head or the
spool, as the case may be, and moved by a cam ring into the locking
position shown. The casing head 21 with the spool 30 installed thereon
forms a "wellhead housing" as that term is used in the claims and other
portions of the written description of the present invention. More
particularly, the spool has a bore 40 as well as an enlarged counterbore
bore 41 at its lower end which, when the spool is mounted on the upper end
of the casing head 21, forms an upward continuation of the relatively
enlarged diameter bore through the casing head. As previously described,
the bore 30 of the upper portion of the wellhead formed by the spool is
thicker than the enlarged diameter lower portion within the casing head.
The spool also has a tubular extension 42 at its lower end which extends
downwardly into the upper end of the casing head bore above the bore
protector 28A, and which carries means 43 about it for sealably engaging
with the bore of the casing head. A metal seal ring 44 is carried on the
lower end of the enlarged lower end of the bore of 8    ~0 4 SP 2002 the
spool for sealably engaging seal surfaces on the opposed ends of the bores
of the head and spool when the connector 33 is moved to locked position on
the casing head. In accordance with the novel aspects of the present
invention, the spool has passageway means 50 extending therein to connect
at its lower end with the bore of the spool extension 42 and at its upper
end with passageway means 52 within the connector 31 leading to a conduit
53 mounted on the connector body for extension along the side of the riser
to connect with suitable control apparatus at the surface level. As also
shown in Fig.2, another passageway means 54 extends within. the spool to
connect at its upper end with passageway means 55 in the body of connector
31 leading to a control housing 55A on the side of the connector body. The
lower end of passageway means 54 extends laterally to connect to an
external line 56 leading to a cylinder of connector 33 for operating the
cam ring and thus moving the locking ring of 



the connector 31 between opened and closed positions in response to the
supply and exhaust of a remote source of pressure fluid to and from the
control housing. The upper ends of the annulus safety valve passageway
means 50 in the spool and the continuation thereof in passageway means 52
in the body of connector 31 are counterbored to receive a seal sleeve
bridging the gap between them, and another seal sleeve extends downwardly
from passageway means 55 of the upper connector for fluidly connecting with
the upper end of the passageway means 54 in the spool. A metal seal ring
MSR is carried by the lower, counterbored end of the upper connector body
31 for sealably engaging with a seal surface about a counterbore in the
upper end of the spool 9    0 4 sE~ zooi so as to seal off between the
upper end of the inner bore through the spool and the bare through the
upper connector body. As also shown in Fig.2, the lower end of the
passageway means 50 in the spool has a lateral port 58 leading to the bore
in the spool, and thus with the vertically aligned bore in the lower
extension 42 of the spool. As will be described to follow, this enables the
lower end of the passageway means to be connected through the extension
with an annular space between the casing string 29 and a tubing string to
be lowered on a tubing hanger into the well through the wellhead housing.
Following drilling of a smaller diameter bore hole in the subsea well, a
bore protector sleeve BPS is removed from within the bore of the spool, and
a tubing hanger 60 (see Fig.3) is lowered through the high pressure
drilling riser, riser connector 31, and spool 30 to permit it to be landed
on a shoulder 61 in the spool on which the bore protector sleeve BPS was
landed. A tubing string 62 connected to the lower end of the tubing hanger
is thus lowered through the production casing hanger for suspension within
production casing string 29 suspended therefrom. Sealing mechanism 62A is
carried about the lower end of the tubing hanger for sealing with the bore
of the spool above the landing shoulder 61 and thus above port 58, and a
locking mechanism 61A is carried about the hanger for locking engagement
with the grooves in the bore of the spool to hold the tubing hanger down
within the spool. Upon landing, sealing, and locking of the tubing hanger
in place, the upper connector 3I of Fig.2 is released from the spool to
permit it to be retrieved with the high 



pressure riser. At this time, the well may either be prepared for
production at the subsea 10    ,0 4 sE~ ~.~ level, as illustrated and to be
described in connection with Fig.3A - 3C or for production at the surface,
as illustrated and to be described in connection with Fig.4A and 4B. In the
first instance, a Christmas tree CT is lowered onto and releasably
connected to the upper end of the spool by means of a connector 65 similar
in construction to the previously described upper connector, at least
insofar as its locking mechanism for connecting to it to the upper end of
the spool is concerned. The Christmas tree has a production bore 66 through
it which is controlled' by suitable valves in the tree, as well known in
the art. A tubular member 66A extends from the counterbored lower end of
the bore into the counterbored upper end of the tubing hanger to confine
flow through the tubing string upwardly into the tree for producing the
well at the subsea level. A metal seal ring MSR is carried with a
counterbore in the lower end of the connector body for sealably engaging
the seal surface on the upper end of the spool, again as described in
connection with the upper connector in Fig.2. An additional seal sleeve 66B
is carried by the lower end of the counterbore of the Christmas tree
connector within seal ring MSR for sealably engaging the counterbored upper
end of the annulus valve passageway means 50, similarly to connection of
passageway means 52 of connector 31. The sealing mechanism 61 about the
lower end of the tubing sealably engages the bore through the spool above
the lateral port 58 in the lower end of the passageway means 50 in the
spool, and thus with the annular space AS between the bores of the lower
end of the spool and its lower extension and the bore through the bore
protector above production casing hanger as well as the bore of the hanger
28 itself, and thus with the lower end of the annulus within the wall
between the casing and tubing strings.    0 4 SEP 2002 As shown in Fig.3,
control pressure is supplied from a housing 69 on the side of the tree
through passageway means 70 in the connector body at the lower end of the
tree into passageway means 71 in the spool to one side of the passageway
means 54 of Fig.2. 



A lateral leg of passageway means 71 connects with manifolding in a
penetrator housing 72 mounted on the side of the spool, and, thus,. with
the outer diameter of the spool 2. The penetrator housing manifolding
includes upper and lower passageways 72A and 72B connecting with one
another and with the lateral leg of spool passageway 71 and a lower spool
passageway 7I A connecting its inner arid outer diameter respectively The
lower lateral passageway 72B is aligned with the spool passageway 71 A
which leads to the upper lateral leg of passageway means 75 means in the
tubing hanger. The lower end of passageway means 75 in turn connects with a
control line 76 extending through the tubing/casing annulus AS to a
downhole function (not shown), such as a tubing safety valve, to be
controlled within the well. The connection of penetrator passageway 72A
with passageway 72B may be opened and closed by an upper stem 76A extending
from the penetrator, and a valve within the lateral upper end of the
passageway means 75 may be opened and closed by a lower stem 76B in the
lower penetrator passageway 72B. The outer ends of the stems are positioned
for manipulation by a ROV landed on the frame. With references now to
Fig.4A and 4B, in the event the well is to be produced through a BOP at the
surface level, and upon retrieval of the high pressure drilling riser 52
with its connector, as described in connection with Fig.3A - 3C, a high
pressure, low diameter production riser 80 connected at its upper end to
the BOP at the surface, and 12   0 4 sF~ 2~~z having a connector 81 similar
to those previously described, at its lower end is lowered into releasable
connection with the upper end of the spool. Like the connector at the lower
end of the Christmas tree of Fig.3, the connector 81 has a lower
counterbore firom which seal sleeves extend for fluidly connecting
passageways 82 and 83 therein with the upper end 50B of the passageway
means 50 in the spool and connecting with the tubing casing annulus and
control line passageway means 71 in the spool which connects at its lower
end with the manifold in the penetrator housing, and thus through the
tubing hanger 60, with control conduit 76 extending through the annulus for
connection wither downhole function. The upper end of the passageway 82 in
the connector body connects with an external conduit 84 adapted to extend
along the side of the riser to the surface preventer, and the upper end of
the control line passageway 83 in the preventer body connects with a
control line 85 adapted to extend upwardly along the riser to a source of
control fluid. The annulus safety valve for controlling flow within the
passageway means 50 in 



the spool is shown in Figs.S and 6 to be similar in many respects to that
shown in Figs.9 to 12 of the above mentioned Patent No. 5,687,794, except
that, in accordance with the novel aspects of the present invention, it is
formed in the spool 50 rather than in the a hanger. Thus, as also
previously described, and as best shown in Figs. 5 and 6, this passageway
means includes a lower portion 50A connecting at the lower end with the
port 58 leading to the bore of the spool and then to the tubing/casing
annulus, and an upper _, portion 50B connecting at its upper end with the
seal sleeve 66B connecting with passageway means 82 in the lower end of a
connector body, which may be on the subsea Christmas tree (Fig.3) or the
lower end of the production riser (Fig.4). 13   0 4 SEP 2002 As best shown
in Fig.6, the upper end of the r^,ssageway portion 50A connects with a
lateral passageway portion 50C leading to a cavity C 1 in which a first
valve member VM 1 is disposed. The lower end of the upper passageway
portion 50B connects with another lateral passageway portion 50D leading to
a cavity C2 in which a second valve member VM2 is disposed. These cavities
are in turn connected by an intermediate lateral passageway portions 50E so
that, as will be described below, and, as in Patent No. 5,687,794, the
valves are connected in series. More particularly, the first valve is
primary in that it provides the bass function of closing the passageway
means 50 in response to a predetermined condition in the well, and the
second valve is an emergency or secondary valve in that it provides a
backup to close the primary valve in the event the primary malfunctions and
does not close for some reason. It will be understood, however, that the
annulus valve may of a simpler construction including only a single valve,
as shown, for example, in Patent No. 5,143,15 8, the important thing being
that regardless of the details, the valuing mechanism is disposed at least
partly in the passageway means in the spool. With reference now to the
details of Figs.S and 6, the primary valve member VM 1 is sealably slidable
within the cavity C 1 which opens to the upper end of the spool and is
adapted to be closed by a removable plug. The primary valve member has a
reduced diameter portion intermediate upper end lower seals thereabout, so
that, in its lower position shown in Fig.6, it connects passageway portions
50C and 50E to permit flow past it. When valve VMl is raised, however, its
lower seals cover these lateral passageway 14 



~0 4 SEA ~~~ portions 50C and 50B to prevent flow between the lower
passageway portion 50A and into the primary valve. The emergency valve
member VM2 is reciprocable within cavity C2 which also opens to the upper
end of the counterbore in the upper end of the spool. This valve member
also has a reduced diameter portion intermediate upper and lower seals to
permit flow between the lateral passageway portions SOD and DOE, when in
its upper position shown, but to prevent such flow when it is lowered to
dispose its upper seal over the ' lateral passageway portions. As
previously described, a seal sleeve 66B is received at opposite ends within
the upper end of the passageway portion SOB and the lower end of previously
described passageway in the connector body of the Christmas tree or the
lower end of the production riser. As shown in Fig.6, the primary valve
member is moved to and held down in its open position by means of operating
fluid supplied to its upper end beneath the plug through a sleeve
connecting passageway means 107 and 90 is the counterbores in the spool and
connector body, respectively, with a source of pressure fluid to which the
passageway in the connector body ~is connected. The primary valve member VM
1 may be moved upwardly to its closed position by the supply of operating
fluid from the same or another source through another passageway 91 in the
connector body connecting with passageway 106 in the spool connecting with
the lower end of cavity C 1. Thus, operating fluid is exhausted from the
passageway 107 as it is supplied to the passageway 106, and, conversely,
when the primary valve member is to be lowered to its open position, 15
,0 4 sEP 2a~~ operating fluid is exhausted from the passageway 106 as it is
supplied to the passageway 107. As previously described, the secondary or
emergency valve is adapted to be closed in the event the primary valve
fails to close under the predetermined conditions of closure of the annulus
safety valve. For this purpose, the cavity C2 which opens to the space
formed between the counterbores in the lower end of the connector body and
upper end of the spool permits ttie upper end of the secondary valve member
VM2 to be engaged by a plunger 110 sealably slidable within a cavity in
tile lower end of the connector body. Thus, pressure fluid from a suitable
source may be supplied to the upper end of the plunger through a passageway
111 in the connector body so as to lower the plunger as well as the valve
member VM2 to a position in which the upper seals thereabout close both
lateral passageways. 



When it is desired to return the emergency valve member VM2 to its upper
open position, as shown in Fig.6, pressure fluid is supplied from a source
leading to passageway 123 in the connector body to passageway 122 in the
spool to the cavity C2 beneath seals about a plug 120 beneath the emergency
valve member VM2. thus causing it to rise and raise the valve member VM2 as
well as the plunger 110 upwardly to the position shown in Fig.6. This of
course is accomplished as pressure fluid is exhausted from the upper end of
the plunger through passageway 111. Conversely, when the secondary valve is
to be returned to its open position, pressure is supplied to the upper end
of the plunger and exhausted from the lower end of the plug 120. In its
lower position, the plug forms a stop to downward movement of the 16   0 4
SEP 2002 emergency spool member. The spool forming the secondary valve
member VM2 also has a hole through it in order to balance pressure above
and below it. As described in the aforementioned figures of Patent No.
5,687,794, the primary and emergency valves are adapted to be operated
independently of one another. Consequently, under normal conditions, there
would be no need to operate the emergency valve, thus causing it to remain
in its open position, as shown in Fig.6, to permit flow through the
passageway means 50 to be controlled by the primary valve. Nevertheless, as
described in the aforementioned patent, in the event of a malfunction of
s~rne type of the primary valve, the secondary or emergency valve may be
closed by moving the second valve member VM2 thereof to its closed
position. The upper end of the control passageway 70 in the spool
connecting with a subsurface safety valve in the tubing, or other function
to be controlled within the well, is also shown in the developed view of
Fig.6 along with the sleeve connecting it to the control line passageway 71
in the connector body, which is shown intermediate the cavity of the
primary valve and the cavity of the secondary valve, with the sleeve 66B
between the portions of the control lines in the connector and spool for
the secondary valve being shown to the right of the emergency valve bore.
Figs.S and 6 also show a pin 120 carried by the spool and having its upper
end received in a cavity in the lower end of the connector for aligning the
connector and thus its tubular extensions for alignment with the openings
in which they are to be received as the connector is lowered onto the
spool. 17 



~ 4 SEP ~0~~ From the foregoing it will be seen that this invention is one
well adapted to attain a11 of the ends and objects hereinabove set forth,
together with other advantages which are obvious and which are inherent to
the apparatus. It will be understood that certain features and
subcombinations are of utility and may be employed without reference to
other features and subcombinations. This is contemplated by and is within
the scope of the claims. As many possible embodiments may be made of the
invention without departing from the scope thereof, it is to be understood
that all utter herein set forth og shown in the accompanying drawings is to
be interpreted as illustrative and not in a limiting sense. 18   0 4 SEP
2~0~ CLAIMS 7. Subsea drilling and completion apparatus comprising a
wellhead including a casing head adapted to be installed on a subsea well
and having a bore iherethrough, a casing hanger adapted to be lowered into
and landed withfn the bore of the casing head to suspend a casing string
within the well, a spool having a bore therethrough and adapted to be
lowered onto and connected to the upper end of the casing hanger following
landing of the casing hanger such that the spool bore forms a continuation
of the casing head bole, the spool bore being smaller than that of the
casing head and having a wall thickness thereabout greater than the wall
thickness of the casing head about its bore, a tubing hanger adapted to be
lowered into and fended within the spool bore above the casing hanger in
order to suspend a tubing string within the casing string) the spool having
passageway means therein which connects the annulus between the casing and
tubing strings with the upper end of the spool, and means in the spool for
opening and closing the passageway means, 2. Apparatus as claimed in claim
'! wherein the means for opening and closing the passageway means is a
remotely operable valve. 3. Apparatus as claimed in either claim 1 or claim
2 including a first large diameter, low pressure drilling riser through
which the casing hanger may pass, means by which the lower end of the first
riser may be towered into and releasably connected to the upper end of the
casing head, prior to landing of the casing hanger therein, a second small
diameter high pressure drilling riser through which the tubing hanger may
pass) and rr~eans by which the lower end of the second riser may be Powered
into releasable connection with the upper end of the spool, following
removal of the first riser and lowering and landing of the casing hanger.
19   0 4 SEf~ 207? 4. Apparatus as claimed in claim 3 including a high
pressure production riser, and means by which the lower end of the
production riser may be lowered onto and releasably connected to the upper
end of the spool, following removal of second riser through which the
tubing hanger was lowered and landed, so as to form a continuation of the
bore of tubing hanger. 5) Apparatus as claimed in claim 4 wherein the means
for releasabiy connecting the production riser includes a body having a
passageway for connecting the upper end of the passageway means in the
spool with a conduit adapted to extend upwardly to a Christmas tree at the
surface. 8. Apparatus as claimed in clairn 3 including a Christmas tree)
and means by which the lower end of the tree may ba lowered onto and
releasably connected to the upper end of the spoof, following removal of
the second drilling riser through which the tubing hanger was towered and
landed within the spoof, said tree having a valve controlled passageway
which form an upward continuation of the bore of ,the tubing hanger and
passageway means forming an upward continuation of the passageway means in
the spool. 7. Apparatus as claimed in claim 6 wherein each of the tree and
the means for connecting it to the spool having passageways for forming a 



continuation of the upper end of the spool passageway means. 8. Apparatus
as claimed in claim 3 wherein the spool has a second passageway means
connecting the upper end ~f the spool with its outer side and third
passageway means oonnectlng its outer side with its bore) the tubing hanger
has a passageway connecting its outer side in fluid communication with tfie
upper end of the third spool passageway.rneans with a control line
extending downwardly therefrom within the annulus, the connector has a
passageway forming an upward continuation of the upper end of the second
spool passageway means far connecting with a conduit extending to a
Christmas tree at the surface, and means are mounted on the 20   0 4 sip
2ooi spool to control flow between the second and third spool passageway
means and, upon landing of the tubing hanger, between the third passageway
means and the tubing hanger passageway. fl, Apparatus as claimed in any
preceding claim including a tubular msntber on the lower end of the spool
forming a continuation of its bore and extending into the bore of the
casing head for sealing therewith above the casing hanger and forming an
annulus between its bore and the tubing string to connect the tower end of
the passageway means in the spool with the tubing casing annulus. '! 0,
Subsea drilling and completion apparatus as hereinbefore and illustrated in
the accompanying drawings. 21 .Au.Al.A.ASL.AYU.A%.AsAf.A@L.AF%.AFU9.A
.A3..A.A9.A@.Ay.A{.Af@.AfNl.A@.,.A@;yOPKS?>PW l
{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c$aU]c$a]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]c<a]ca]cTa]c"a]caU]ca!o7?
L_`cVVW|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aU]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!w=1=s%|=INQ\^|wqlgb]X]ca]ca]ca]ca]c$a
U]c$a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c0aU]c
0a]ca]ca]ca]ca!d%}J   L!!!
"\""""#t###R$m$$%n%}%%(&&&}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]c"a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!&0''';
((('))))))A***,+0+I+++
,a,,-c--.f...(0-0/0{vqlgb]WU]c$a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]c^a]ca]ca]ca]ca]ca]c aU]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca!/0:000:1119222:3R333Q445X5556i667
7!7$7/777'8~88*9|wrmhc^YU]]ca]ca]ca]ca]ca]ca]c"aU]c"a]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c$a!*9x99:l::;l;;
<Z<<=Z=_=c==> >>>>t>>>A???H@{@@@@
A{vqlgb\W]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c0aU]c0a]ca]ca]ca]ca]c^a]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! A|AAAA%B~BB*C}CCDLDDEE E
EErEEFsFFGxGG$HuHHHHItI{vqlfa\W]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]c0aU]c0a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca!tIIII"JwJJKtKK
#LvLwLyLLL-MMM4NNN0OOO2PPPPIQQQ0R~R{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]c"aU]c"a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca!~R
R2SSSSSSKTTTQUUV[VWcWWXhXXYnYYZrZZ[[[#[q[[[|wrlgb]X]]ca]ca]ca]c aU]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c0aU]c0
a]ca]ca]ca]ca![[\o\|\\\
]O]]]T^^^O___9`>```AaaaaaaabUbmbbb~ysnid_Ylgb]X]]]c^a]ca]ca]ca]c$aU]c$a]ca]
ca]c^a]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]
c^a
bbcdc4eee)f~ffff(g~gg0hhhhhhhEiiiLjjjjjPkkkk{upkfa\V]c^a]ca]ca]ca]ca]ca]c^a
]ca]ca]ca]ca]ca]ca]ca]c.aU]c.a]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]c
a]ca]ca!kklLlPlbllmJmOm\mmmmnBnnn?oEoGoRooooo7ppp5qqq;
rHr}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c aU]c
a]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]ca]ca!HrLrlrrsisstu
tt!u}uuuuu;
vvvwlwwwxxxxxwz{}|||)}ztoje`[V]]ca]ca]ca]ca]ca]ca]c^a]c"aU]c"a]ca]ca]ca]ca]
ca]ca]ca]ca]ca]c"aU]c"a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a!)}d}}d|5zAk
}|||)}ztoje`[V]]ca]ca]ca]ca]ca]ca]c^a]c"aU]c"a]ca]ca]ca]ca]ca]ca]ca]c,aU]c,
a]ca]ca]ca]ca]ca]ca]ca]ca]c aU]c a]ca]ca]ca]ca]caOPfE %10%((&'()-
@10%,,&'()-9M!10%&'()-Y 10%&'()-Y%10%&'()-`10%&'()-FKSiK-*m"10%&'()-
(!10%&'()-S&
"10%&'()-&$!10%&'()-"!10%&'()-!10%&'()-!10%&'()-?>iKA71010@8`10%&'()-5G"10%
&'()- `34"10%&'()- 31 "10%&'()- /F10%&'()- ,10%&'()-P}_>710
q&G10%xOxO&'()-3f!10%O&'()-f
!10%O&'()-f!10%O&'()-f`!10%O&'()-,&l10%O&'()-m10W l
oiK-7f9!10%O&'()-f!10%O&'()-f!10%O&'()-f!10%O&'()-
f!10%O&'()-fl!10%O&'()-@S10%O&'()-o7? 



iK-7SL-3"10%O&'()- f + "10%O&'()-f( "10%O&'()-@&310%O&'()-S$Y 10%O&'()-f"
"10%O&'()-fS !10%O&'()-  L}siHSL-3"10%O&'()
s10%bb&'()--10O10O10OY7s10%O&'()-S3F"10%O&'()- f13"10%O&'()- S/F"10%O&'()-
_`fH*l!10%b&'()-S!10%b&'()- &f#10%bb&'()-Z!10%b&'()-
!10%b&'()-!10%b&'()-yL!10%b&'()- cVViK-yl"!10%b&'()- yS
!10%b&'()-y9!10%b&'()-S
10%b&'()-y10%b&'()-Fy!10%b&'()-!10%b&'()-VWwiK-y13"10%b&'()- Sy/F10%b&'()-
yL-10%b&'()-y + "10%b&'()-y( "10%b&'()-y&
"10%b&'()-y$!10%b&'()-whIy13"10%b&'()
!10%`&'()-&!10%`&'()-M'S10%`&'()-10b10b10bl7`10%b&'()-y33"10%b&'()-
=1dEhIy13"10%b&'!10%`&'()-s!10%`&'()-
F!10%`&'()-10%`&'()-z10%`&'()-!10%`&'()-=sdEhIy13"10%b&'s$!10%`&'()-Y"!10%`
&'()-,
10%`&'()-10%`&'()-!10%`&'()-!10%`&'()-%|=IdEhIy13"10%b&'110%`&'()-S/G10%`&'
()- 9-10%`&'()-* "10%`&'()- ( "10%`&'()-&!10%`&'()-IKLMN\^~_@y13"10%
!10%&'()- !10%&'()-L10%&'()- !$Y*10%##&'()-3 10` 10`
10`7s10%`&'()-^d%aB~_@y13"10%10%&'()-F10%&'()-!@lF%10%;
;&'()-@!10%&'()-!10%&'()-!10%&'()-%}J   dE~_@y13"10%$!10%&'()-"!10%&'()-S
10%&'()-910%&'()-!10%&'()-!10%&'()- L!!! "\""dE~_@y13"10%1 10%&'()-
/410%&'()-L-10%&'()-`*!10%&'()-(!10%&'()-&!10%&'()-""""""#t##~_@y13"10%
!10%b&'()- !10%b&'()- 



L!10%b&'()- !V$PFM*10%p#bp#b&'()-M 10 10
107`10%&'()-##R$m$$%n%dE~_@y13"10%!10%b&'()-!10%b&'()-l10%b&'()-@10%b&'()-1
0%b&'()-10%b&'()-n%}%%(&&&0'dE~_@y13"10%$!10%b&'()-"!10%b&'()-S
!10%b&'()-&&10%b&'()- 10%b&'()-@10%b&'()-0''';(((')dE~_@y13"10%1 "10%b&'()-
y/410%b&'()- L-10%b&'()- + "10%b&'()-( "10%b&'()-&
"10%b&'()-'))))))))A*_@y13"10%!10%&'()-!fs`'10%&'()-&f10%&'()-Z 10b 10b
10b710%b&'()-33"10%b&'()- A***I+++
,dE_@y13"10%10%&'()-10%&'()-S!10%&'()-&!10%&'()-!10%&'()- !10%&'()-
,a,,-c--.dE_@y13"10%"!10%&'()-f
!10%&'()-9!10%&'()-!10%&'()-!10%&'()-!10%&'()-.f...(0*0+0,0-0dYNCy13"10% 10
10 107s10%&'()- + "10%&'()-( 10%&'()-
&10%&'()-$!10%&'()--0:000:111dEYNCy13"10% !10%&'()-!10%&'()-
!10%&'()-@S%10%&'()- y10%&'()- $10%&'()-19222:3R33dEYNCy13"10%
y10%&'()-10%&'()-!10%&'()-`!10%&'()-3!10%&'()-!10%&'()-
33Q445X55dEYNCy13"10% (!10%&'()- &!10%&'()-s$!10%&'()-F"!10%&'()-,
!10%&'()-!10%&'()-556i667777dE:/ 10 107`10%&'()-34"10%&'()-
1!10%&'()-S/!10%&'()- y- 10%&'()- *10%&'()-7 7!7/777'8~8xY:/ 



10!10%&'()- 10%&'()-y310%&'()- L!10%&'()-%l10%&'()-ZF10%&'()-l
10~88*9x99:l:dE:/
10!10%&'()-!10%&'()-y10%&'()-l310%&'()-@!10%&'()-!10%&'()-l::;l;; <Z<dE:/
10&!10%&'()-y$10%&'()-l"10%&'()-S !10%&'()-&!10%&'()-!10%&'()-Z<<=Z==>
>>>dE:/ 10 10Y7s10%&'()-1 "10%&'()- `.%10%&'()-L-!10%&'()-
+!10%&'()-(!10%&'()-> >>>t>>>A?xY:/ 10!10%&'()- 10%&'()-f
10%&'()-9!10%&'()-y&10%&'()-F10%&'()-l 10A???H@{@@ AdE:/
10!10%&'()-10%&'()-s10%&'()- F!10%&'()-!10%&'()-!10%&'()- A|AA%B~BB*CdE:/
10&!10%&'()-$!10%&'()-Y"!10%&'()-,
!10%&'()-!10%&'()-!10%&'()-*C}CCDLDDEdE:/ 103 "10%&'()-1 "10%&'()-
f/310%&'()- 9-10%&'()-*!10%&'()- (!10%&'()-EEEEE EErEEbC 10
10%(&'()-!10%(&'()- &f10%(&'()- 10%(&'()- 10 10 10Y710%&'()-EFsFFGxGGdEbC
10!10%(&'()-!10%(&'()- !10%(&'()-s!10%(&'()-F
!10%(&'()-10%(&'()-G$HuHHItIIdEbC 10""10%(&'()- !10%(&'()-s!10%(&'()-Y
10%(&'()-,L10%(&'()-!10%(&'()-3I"JwJJKtKKdEbC 10/3"10%(&'()- 



-3"10%(&'()- l+ "10%(&'()-,)Z10%(&'()-
'"10%(&'()-$"10%(&'()-K#LsLtLuLvLwLLLbC 10 10%&'()-&10%&'()-Y310%&'()- 10(
10( 10(F410%(&'()-13"10%(&'()- L-MMM4NNNdEbC 10!10%&'()-
10%&'()-ss!10%&'()-F !10%&'()- !10%&'()-!10%&'()-N0OOO2PPPdEbC 10
10%&'()-!10%&'()-l!10%&'()-@!10%&'()-!10%&'()-F!10%&'()-PPIQQQ0R~RdEbC
10-Z10%&'()- +10%&'()-S)"10%&'()-m&'
"10%&'()-$"10%&'()-"310%&'()-~RR2SSSSSSSxmbC 10',10%-u&'()-Z 10 10
10S810%&'()-343"10%&'()- 23"10%&'()- /4"10%&'()- SSKTTTQUUdEmbC
10y!10%-u&'()-L!10%-u&'()-  !10%-u&'()-
!10%-u&'()-!10%-u&'()-!10%-u&'()-UV[VWcWWXdEmbC 10y
10%-u&'()-L!10%-u&'()-3!10%-u&'()-!10%-u&'()-'!10%-u&'()-!10%-u&'()-XhXXYnY
YZdEmbC 10- "10%-u&'()-F+3"10%-u&'()- ) "10%-u&'()-'
"10%-u&'()-$!10%-u&'()-"!10%-u&'()-ZrZZ[[[[[#[xmb@ 10!%+10%$O$O&'()- 10-u
10-u 10-u810%-u&'()- 410%-u&'()-1F"10%-u&'()-/'10%-u&'()- #[q[[\o\\ ]dEmb@
10!y,!10%O&'()-y!10%O&'()-y!10%O&'()-y !10%O&'()-yf!10%O&'()-S910%O&'()-
]O]]]T^^^dEmb@ 10!y!10%O&'()-y!10%O&'()-y!10%O&'()-yf!10%O&'()-
Ss10%O&'()-yY10%O&'()-^O___>```dBmb@ 



10!!`Y`*-#10%"O"O&'()-y( "10%O&'()-S&310%O&'()-y$10%O&'()-yY"!10%O&'()-y,
!10%O&'()-`AaaaaaaabxmbC 10!!'@10%:&'()- 10O 10O
10OF710%O&'()-f13"10%O&'()-ff/3"10%O&'()- f&-3"10%O&'()- bUbmbbcdc4edEmbC
10!!y"10%:&'()-L!10%:&'()- !10%:&'()-  10%:&'()-10%:&'()-!10%:&'()-
4eee)f~ff(gdEmbC 10!!)-#10%:&'()-& "10%:&'()-$ "10%:&'()-" "10%:&'()-y
!10%:&'()-` 10%:&'()-(g~gg0hhhhhhdYNC 10!! 10: 10: 10:810%:&'()-1
"10%:&'()- / "10%:&'()- s- "10%:&'()- F+ "10%:&'()- hhhhEiiidEYNC 10!!
`!10%`&'()-3 !10%`&'()-10%`&'()-10%`&'()-!10%`&'()-
%y10%`&'()-ZiLjjjPkkkdEYNC 10!!
Y!10%`&'()-,!10%`&'()-!10%`&'()-Y!10%`&'()-!10%`&'()-
!10%`&'()-klbllm\mmdEYNC 10!! @) "10%`&'()-' "10%`&'()-$ 



"10%`&'()-" "10%`&'()-  410%`&'()-10%`&'()-mnBnnn?oBoCoDodE:/ 10`
10`l@810%`&'()-34F"10%`&'()- 1Y"10%`&'()- /G10%`&'()- -f10%`&'()-
Y+3"10%`&'()- DoEoRooo7pppxY:/ 10`s!10%-u&'()-F !10%-u&'()-10%-u&'()-
F10%-u&'()-!10%-u&'()-S&`10%-u&'()- 10`p5qqq;rlrrdE:/ 10`Y
10%-u&'()-@G10%-u&'()-!10%-u&'()-!10%-u&'()-!10%-u&'()-!10%-u&'()-rsisstutt
dE:/ 10`S) "10%-u&'()-&'!10%-u&'()-$!10%-u&'()-"!10%-u&'()-
!10%-u&'()-!10%-u&'()-t!u}uuuuuuuxmbC 10`0L$@10%&'()- 10-u 10-u
10-uS810%-u&'()-/M!10%-u&'()- - "10%-u&'()-+ "10%-u&'()-u;vvvwlwwdEmbC
10`yy10%&'()- fL!10%&'()- @  10%&'()-y-10%&'()-f!10%&'()- ,10%&'()-
wwxxxxxxxbC 10`@10%&'()-3%10%&'()-3 10 10 10l,810%&'()-y!10%&'()-9@10%&'()-
xwz{}|||)}dEbC 10`y#S 10%&'()- !F 



10%&'()-f 10%&'()-f 10%&'()-3fz 10%&'()-  10%&'()-)}d}}dYNC 10` 10 10
10f<10%&'()-fF410%&'()-f,)z 10%&'()- 'T 10%&'()-  %10%&'()-d|5zdEYNC 10`
f"S 10%&'()-yy S10%&'()-g 10%&'()-y 10%&'()-z 10%&'()-l&,10%&'()-mAkbC
10`ffz 10%&'()-%y10%&'()- 10 10 10Y:10%&'()-@l(f 10%&'()- f%10%&'()- kdbC
10`ffz 10%&'()-,<10%&'()-@@ 10%&'()-@910%&'()- @ 10%&'()-Zf10%&'()- Normal"
"Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Paragraph FontM&,-4;BuIPX^eDlru|&/0*9 AtI~R[bkHr)}[\]^_`abcdefghio VwI^%
"#n%0'')A* ,.-01357~8l:Z<>A? A*CEEGIKLNP~RSUXZ#[
]^`b4e(ghikmDoprtuwx)}kjklmnopqrstuvwxyz{|}~6Times New RomanArialCourier
New"h Root EntryWordDocumentk   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


