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Description

[0001] The present invention relates to an apparatus
and method particularly but not exclusively for use in the
moon pool area of an offshore vessel used to install and
support a riser system used to produce hydrocarbons
from a subsea well to a floating production facility or ves-
sel on the sea surface and more particularly the invention
relates to seeking to improve safety by allowing the pos-
sibility of halting and diverting the flow of hydrocarbon
product to or below the drill floor and also providing the
possibility of remote disconnection of the top level equip-
ment on the drill floor from the riser system below and
therefore allowing the possibility of work to be safely car-
ried out on the top level equipment and/or the upper end
of the riser system on the drill floor without the heave
hazard associated with sea and vessel movement rela-
tive to the riser system.

[0002] Conventionally, hydrocarbons are produced
from a subsea well through a wellhead. A primary flow
control system in the form of a christmas tree is located
at the wellhead and which controls the flow of hydrocar-
bon product from the subsea well through the wellhead
and through the christmas tree into a riser system. The
riser system consists of a sufficient length of flexible riser
in the form of a flexible flow line or pipeline and which
connects the christmas tree to a floating production fa-
cility or vessel located on the sea surface such that the
riser system delivers the hydrocarbon product to the float-
ing facility or vessel. The riser system is typically installed
by a drill ship having a moon pool located in its centre
where all the equipment that is required when installing
a riser system such as a lower riser package (LRP) and
an emergency disconnect package (EDP) and the flexi-
ble riser itself can be lowered from the drill ship through
the moon pool into the sea and down to the christmas
tree.

[0003] Conventionally, work on the upper end of the
riser system such as connecting in or swapping out re-
quired top level equipment is normally carried out with
the drill ship moving relative to the sea bed/riser system
because of the sea swell and this causes significant safe-
ty and operational problems when installing/changing
such top level equipment and therefore sea conditions
have to be calm to proceed with any degree of safety.
[0004] It would therefore be desirable to be able to
safely work on the upper end of the riser system in con-
ditions with some sea swell.

[0005] According to a first aspect of the presentinven-
tion there is provided a valved tree member for inclusion
in a riser system and suitable for use in the region of a
moon pool on a floating vessel, the valved tree member
comprising:-

one or more valve members adapted to selectively
permit and prevent flow of fluid there through, and

one or more moveable stab members adapted to
respectively selectively provide a sealed fluid com-
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munication path between a throughbore of the riser
system and the one or more valve members.

[0006] Preferably, the valved tree member comprises
a body member upon which the said one or more valves
are mounted and typically, the one or more valve mem-
bers mounted thereon comprise a longitudinal axis ar-
ranged substantially perpendicularly to a longitudinal ax-
is of the riser system at the point at which the valved tree
member is included in the riser system. Typically, the
said one or more valve members are connected to the
body member by a tubular coupling having a throughbore
and more preferably, the said moveable stab member is
located within the throughbore of the tubular coupling.
Preferably, the said moveable stab member is arranged
to selectively engage with a port provided in the riser
system. More preferably, the portis included at a suitable
location in the riser system and comprises at least an
aperture through a sidewall of the riser system. Typically,
the said moveable stabmember is arranged to selectively
sealingly engage with the port provided in the riser sys-
tem. Typically, the said moveable stab member is ar-
ranged to selectively move radially inwards toward the
longitudinal axis of the riser system is a direction sub-
stantially perpendicular to the longitudinal axis of the riser
system to sealingly engage with the port having an ap-
erture formed through the sidewall of the riser system
such that fluid in the throughbore of the riser system may
flow in a sealed manner from the throughbore of the riser
system through the moveable stab member and into the
said one or more valves mounted on the valved tree
member.

[0007] Preferably, a flow diverter member is included
in the riser system, the flow diverter member comprising
a substantially vertical tubular member having a longitu-
dinal axis substantially parallel with and more preferably
substantially co-incident with the longitudinal axis of the
riser system at the point at which the flow diverter mem-
ber is included in the riser system and more preferably
the flow diverter member further comprises a cross tu-
bular member which is more preferably arranged with its
longitudinal axis to be substantially perpendicular to the
longitudinal axis of the substantially vertical tubular mem-
ber. Preferably, the cross tubular member provides said
port or aperture at each end thereof. Typically, the flow
diverter member comprises three or more (and more
preferably only four) fluid entry/exit points where two are
provided by each end of the substantially vertical tubular
member and two are provided by each end of the cross
tubular member and typically, the respective through-
bores of the cross tubular member and the substantially
vertical tubular member intersect one another.

[0008] Preferably, the valved tree member is selective-
ly coupled to a housing member provided on the floating
vessel and more preferably, the valved tree member
comprises a selective locking system to selectively lock
the valved tree member to the said housing member of
the floating vessel. Typically, the valved tree member will
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be locked to the said housing member when the riser
system is being run into the body of water on which the
vessel is floating, the riser system being run in through
a throughbore of the valved tree member and through
the moon pool of the floating vessel.

[0009] Preferably, once the one or more valves of the
valved tree member are in sealed fluid communication
with the throughbore of the riser system, the selective
locking system may be unlocked to release the valved
tree member from engagement with the housing member
and one or more tension supporting members are pro-
vided to support the weight of the valved tree member.
Preferably, the said one or more tension supporting
members permit relative movement, typically relative
vertical movement, to occur between the valved member
(which is now secured to theriser system) and the floating
vessel such that the one or more tension supporting
members also bear at least a portion of the weight of the
riser system and thereby compensate for relative heave
between the riser system and the floating vessel.
[0010] According to a second aspect of the present
invention there is provided a telescoping device for in-
clusionin ariser system, the telescoping device compris-

ing:-

an inner member telescopingly provided in an outer
member; the inner member being moveable be-
tween three configurations in which:-

i) the inner member is locked to the outer mem-
ber in a substantially closed configuration such
thata substantial proportion of the inner member
is located within the outer member such that the
telescoping device is relatively short;

i) the inner member is locked to the outer mem-
ber in a substantially open configuration such
thata substantial proportion of the inner member
is located outwith of the outer member such that
the telescoping device is relatively long; and
ii) the innermemberis substantially free to move
with respect to the outer member such that the
inner member can telescope in and out of the
outer member;

characterised in that the inner member is adapted
to be sealed to the outer member when in at least
one of configurations i) and ii) but is arranged to be
clear of at least a portion of the outer member when
in configuration iii).

[0011] Preferably, the telescoping device comprises a
seal member provided on one of the inner and outer
members wherein the seal acts against the other of the
inner and outer members to thereby provide a seal ther-
ebetween when the telescoping device is in at least one
of the configurations i) and ii). Preferably, the seal mem-
ber is provided on one of the inner and outer members
in such a manner that the seal is clear of the at least a
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portion of the other of the inner and outer members to
thereby not make contact with and thereby not provide
a seal with the other of the inner and outer members
when the telescoping device is in configuration iii).
[0012] Preferably, the telescoping device comprises a
selective locking system to selectively lock the inner
member to the said outer member. Typically, the locking
system comprises a dog member provided on one of the
inner and outer members and which is preferably move-
able toward and away from the other of the inner and
outer members to make contact with the other of the inner
and outer members to prevent relative movement occur-
ring therebetween.

[0013] Preferably, the dog member is provided on the
outer member and is preferably selectively moveable to-
ward and away from the inner member to make contact
with an outer portion of the inner member to prevent rel-
ative movement occurring therebetween. Typically, the
outer portion of the inner member comprises a formation
formed at least part way around the outer circumference
of the inner member. Preferably, the inner member com-
prises two said formations at or toward each end of the
inner member.

[0014] Typically, one of the inner and outer members
is provided with a varied inner or outer circumference
such that the seal is prevented from acting against the
other of the inner and outer members when the seal is
at alocation in between the said two formations such that
the seal does not act when the telescoping device is in
configuration iii).

[0015] Typically, the seal is mounted on a portion se-
cured to the outermember and acts against aninner bore
of the inner member. Typically, the seal is located within
the bore of the inner member and acts against the inner
surface of the bore of the inner member. Typically, the
seal is secured within a recess provided on an outer sur-
face of the said portion secured to the outer member and
acts against the inner surface of the bore of the inner
member to provide a seal therebetween when the tele-
scoping device is in one of configurations i) or ii).
[0016] Preferably, the dog member is moved radially
towards or away from the said respective formation by
an actuating mechanism which preferably comprises at
least one angled or tapered surface provided on the dog
member and against which the actuating mechanism
acts upon in a direction substantially parallel to the lon-
gitudinal axis of the riser system and which results in
movement of the dog member in a direction substantially
perpendicular to the longitudinal axis of the riser system.
[0017] Preferably, therisersystemis provided withone
or more in-line valves which may be selectively opened
or closed to respectively permit or prevent flow of fluid
through the throughbore of the riser system. Preferably,
at least one of said in-line valves is located below the
valved tree member when the one or more valves of the
valved tree member are in sealed fluid communication
with the throughbore of the riser system and more pref-
erably, at least one and typically two in-line valves are
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located between the valved tree member and the tele-
scoping device. Typically, the telescoping device is lo-
cated vertically above the two inline valves which in turn
are located vertically above the flow diverter member and
which in turn is located vertically above at least one in-
line valve.

[0018] Accordingto a third aspect of the presentinven-
tion there is provided a riser completion system compris-

ing:-

ariser system comprising a lower in-line valve, a flow
diverter memberlocated above the lowerinline valve
and at least one upper in-line valve located above
the flow diverter member and a telescoping device
located above the said upper in-line valve to permit
compensation for heave; and
a valved tree member suitable for use in the region
of a moon pool on a floating vessel, the valved tree
member comprising:-
one or more valve members adapted to selectively
permit and prevent flow of fluid therethrough, and
one or more moveable stab members adapted to
respectively selectively seal with at least one portion
of the flow diverter member to thereby provide a
sealed fluid communication path between a through-
bore of the riser system and the one or more valve
members.
[0019] Typically, the flow diverter member comprises:-
a substantially vertical tubular member comprising
a throughbore having a longitudinal axis substantial-
ly co-incident with the longitudinal axis of the riser
system at the point at which the flow diverter member
is included in the riser system; and
a cross tubular member having a throughbore ar-
ranged with its longitudinal axis substantially perpen-
dicular to the longitudinal axis of the substantially
vertical tubular member;
wherein, a lower end of the substantially vertical tu-
bular member is coupled to a lower portion of the
riser system such that, in use, fluid passing through
the lower portion of the riser system is arranged to
enter the throughbore of the lower end of the sub-
stantially vertical tubular member in a fluid tight man-
ner;
an upper end of the substantially vertical tubular
member is coupled to an upper portion of the riser
system such that, in use, fluid passing through the
upper end of the substantially vertical tubular mem-
ber is arranged to enter the upper portion of the riser
system in a fluid tight manner;
and wherein the throughbore of the cross tubular
member is in fluid communication with the through-
bore of the substantially vertical tubular member
such that, in use, fluid produced from the lower por-
tion of the riser system is permitted to flow through
the end(s) of the cross tubular member and/or the
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upper end of the substantially vertical tubular mem-
ber depending upon the configuration of valves at-
tached thereto.

[0020] According to the presentinvention there is fur-
ther provided a method of completing a riser installation
comprising the steps of:-

i) lowering a riser system from a vessel at the surface
of a body of water to or in close proximity to the sur-
face at the bottom of the body of water;

ii) connecting a lower inline valve toward an upper
end of the riser system;

iii) connecting a flow diverter member above the said
lower inline valve in the riser system;

iv) connecting at least one upper inline valve above
the said flow diverter member in the riser system;
v) connecting a telescoping member above the said
upper inline valve in the riser system;

vi) connecting the lower end of the riser system to
wellhead equipment provided at the head of a well;
vii) providing a valved tree member suitable for use
in the region of a moon pool on the vessel, the valved
tree member comprising one or more valve members
adapted to selectively permitand prevent flow of fluid
therethrough, and one or more moveable stab mem-
bers wherein the riser system is run into the sea
through a throughbore of the valved tree member;
viii) aligning the T-piece with the valved tree member
and coupling the flow diverter member and moving
the said one or more stab members to respectively
seal with at least one portion of the flow diverter
member to thereby provide a sealed fluid communi-
cation path between a throughbore of the riser sys-
tem and the one or more valve members;

wherein the flow of fluid produced from the upper end of
the riser system is capable of being selectively diverted
from flowing up through the upper end of the riser system
and instead is capable of being selectively diverted
through the said one of more stab members and through
the said one or more valves of the valved tree member.
[0021] In the description that follows, like parts are
marked throughout the specification and drawings with
the same reference numerals, respectively. The draw-
ings are not necessarily to scale. Certain features of the
invention may be shown exaggerated in scale orin some-
what schematic form, and some details of conventional
elements may not be shown in the interest of clarity and
conciseness. The presentinvention is susceptible to em-
bodiments of different forms. There are shown in the
drawings, and herein will be described in detail, specific
embodiments of the present invention with the under-
standing that the present disclosure is to be considered
an exemplification of the principles of the invention, and
is not intended to limit the invention to that illustrated and
described herein. It is to be fully recognized that the dif-
ferent teachings of the embodiments discussed below
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may be employed separately or in any suitable combi-
nation to produce the desired results.

[0022] The following definitions will be followed in the
specification. As used herein, the term "riser" refers to a
riser string coupled to a wellhead at the head of awellbore
or borehole being provided or drilled in a manner known
to those skilled in the art. Reference to up or down will
be made for purposes of description with the terms
"above", "up", "upward", "upper", or "upstream" meaning
away from the bottom of the body of water along the
longitudinal axis of the riser toward the surface of the
body of water and "below", "down", "downward", "lower",
or "downstream" meaning toward the bottom of the body
of water along the longitudinal axis of the riser and away
from the surface and deeper into the body of water toward
the wellhead.

[0023] The various aspects of the present invention
can be practiced alone or in combination with one or more
of the other aspects, as will be appreciated by those
skilled in the relevant arts. The various aspects of the
invention can optionally be provided in combination with
one or more of the optional features of the other aspects
of the invention. Also, optional features described in re-
lation to one embodiment can typically be combined
alone or together with other features in different embod-
iments of the invention. Additionally, any feature dis-
closed in the specification can be combined alone or col-
lectively with other features in the specification to form
an invention.

[0024] Various embodiments and aspects ofthe inven-
tion will now be described in detail with reference to the
accompanying figures. Still other aspects, features, and
advantages of the present invention are readily apparent
from the entire description thereof, including the figures,
which illustrates a number of exemplary embodiments
and aspects and implementations. The invention is also
capable of other and differentembodiments and aspects,
and its several details can be modified in various re-
spects, all without departing from the spirit and scope of
the present invention.

[0025] Any discussion of documents, acts, materials,
devices, articles and the like is included in the specifica-
tion solely for the purpose of providing a context for the
present invention. It is not suggested or represented that
any or all of these matters formed part of the prior art
base or were common general knowledge in the field
relevant to the present invention.

[0026] Accordingly, the drawings and descriptions are
to be regarded as illustrative in nature, and not as restric-
tive. Furthermore, the terminology and phraseology used
herein is solely used for descriptive purposes and should
not be construed as limiting in scope. Language such as
"including", "comprising”, "having", "containing" or "in-
volving" and variations thereof, is intended to be broad
and encompass the subject matter listed thereafter,
equivalents, and additional subject matter not recited,
and is not intended to exclude other additives, compo-
nents, integers or steps. In this disclosure, whenever a
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composition, an element or a group of elements is pre-
ceded with the transitional phrase "comprising", it is un-
derstood that we also contemplate the same composi-
tion, element or group of elements with transitional phras-
es "consisting essentially of", "consisting", "selected from
the group of consisting of", "including", or "is" preceding
the recitation of the composition, element or group of
elements and vice versa. In this disclosure, the words
"typically" or "optionally" are to be understood as being
intended to indicate optional or non-essential features of
the invention which are present in certain examples but
which can be omitted in others without departing from
the scope of the invention.

[0027] All numerical values in this disclosure are un-
derstood as being modified by "about". All singular forms
of elements, or any other components described herein
including (without limitations) components of the riser
system are understood to include plural forms thereof
and vice versa.

[0028] Embodiments of the present invention will now
be described, by way of example only, with reference to
the accompanying drawings, in which:-

Fig. 1A is a schematic overview (not to scale) of the
initial stage of the installation of a riser system from
a drill ship, utilising a moon pool surface tree in ac-
cordance with a first aspect of the present invention;
Fig. 1B is a more detailed few of a portion of Fig. 1A,
where Fig. 1B shows the christmas tree sitting on
the mud line or subsea surface (bottom of the sea);
Fig. 2A shows a next stage of the installation of the
riser system, where the EDP and LRP have been
connected to the lower end of the riser system and
have been lowered into the sea through the moon
pool of the drill ship;

Fig. 2B is a more detailed close up view of the LRP,
EDP and lower portion of the riser system;

Fig. 2C is a close up more detailed view of one of
the screw threaded connections that makes up the
separate lengths of flexible riser tubular or flow line
into the connected flexible riser system;

Fig. 3A is a schematic side view of the next stage of
installation of the riser system in accordance with
various aspects of the present invention where the
riser system has continued to be lowered into the
sea down toward the christmas tree and Fig. 3A also
shows a telescopic jointin accordance with a second
aspect of the present invention at the upper end of
the riser system;

Fig. 3B shows a more detailed schematic side view
of the upper end of the riser system (with the lower
end of the riser system having been omitted for clar-
ity) being lowered through the drill floor and through
a diverter housing of the riser system, where the
moon pool surface tree is shown as still being cou-
pled to the diverter housing;

Fig. 3Cisamuch more detailed and closer schematic
side view of detail A of Fig. 3B showing a set of dogs
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used to couple an active support ring of the moon
pool surface tree to the diverter housing;

Fig. 4A is a close up schematic side view of the tel-
escopic jointand a series of in-line valves connected
thereto being lowered through the diverter housing
and also shows that the active support ring of the
moon pool surface tree has been disconnected from
the diverter housing, where the moon pool surface
tree is supported by wire tensioners from the drill
floor;

Fig. 4B is a closer up more detailed schematic side
view of detail A of Fig. 4A showing the dogs that were
used to connect the active supportring to the diverter
housing having been retracted to allow for the dis-
connection of the active supportring fromthe diverter
housing;

Fig. 5A shows a schematic side view (not to scale)
of the next stage of the installation of the riser system
in accordance with various aspects of the present
invention, where the LRP and the EDP have been
lowered into connection with the christmas tree and
therefore the drill ship must be able to heave with
respect to the riser system;

Fig. 5B is a schematic but closer up and more de-
tailed side view of a portion of the upper section of
the riser system of Fig. 5A;

Fig. 5C is a more detailed closer up schematic side
view of the upper end of the riser system being shown
in cross-section, where a combined landing ring and
flow diverter piece is included in the riser system in
accordance with a third aspect of the present inven-
tion and has been located within the moon pool sur-
face tree and has landed out therein such that the
weight of the riser system is transferred to the moon
pool surface tree and therefore to the drill ship via
the tensioning wires which can compensate for the
heave of the drill ship relative to the riser system;
Fig. 5D shows a much more detailed close up sec-
tional side view of the detail area "A" of Fig. 5C and
therefore shows the combined landing ring and flow
diverter piece having landed out on the load shoulder
of the moon pool surface tree;

Fig. 5E shows a cross-sectional perspective view of
the moon pool surface tree with its active support
ring and where the combined landing ring and flow
diverter piece of the riser system has landed out on
the load shoulder of the moon pool surface tree;
Fig. 5F is another version of the cross-sectional per-
spective view of the moon pool surface tree of Fig.
5E;

Fig. 6A is a schematic side view (not to scale) of the
next stage of the installation of the riser system in
accordance with various aspects of the present in-
vention, where the upper most riser package equip-
ment can be safely coupled and un-coupled to the
upper end of the universal connection of the tele-
scopic joint in a safe manner because the telescopic
joint can telescope in and out of the other lower half
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of the telescopic joint and therefore the upper end
of the telescopic joint can remain stationery with re-
spect to the drill ship and therefore provides for safer
connection to the upper most riser package equip-
ment such as the coiled tubing unit, lubricator or sur-
face tree, whilst the hydrocarbon product can be di-
verted through the moon pool surface tree and out
through either or both side ball valves, in accordance
with various aspects of the present invention, once
valve stabs have been moved into and locked with
respect to the inner bore of the side apertures of the
combined landing ring and flow diverter piece (as
shown in Fig. 6F);

Fig. 6B shows the moon pool surface tree with the
telescopic joint of Fig. 6A coupled in the riser string
in a fully stroked in/running in configuration;

Fig. 6C is a cross-sectional schematic view of the
moon pool surface tree of Fig. 6A but now in an op-
erating configuration where it is diverting hydrocar-
bon production to the side valves attached thereto
and is therefore shown in an operating configuration;
Fig. 6D is a cross-sectional schematic view showing
the moon pool surface tree in more detail in the con-
figuration shown in Fig. 6C;

Fig. 6E is a more detailed cross-sectional schematic
view of the moon pool surface tree in the same con-
figuration as Fig. 6D;

Fig. 6F is a more detailed and closer up schematic
cross-sectional view of the detail area "A" of Fig. 6C;
Fig. 6G is a closer up more detailed cross-sectional
schematic view of the telescopic joint when in the
running in configuration shown in Fig. 6C;

Fig. 6H is a closer up more detailed view of the detail
area "A" of Fig. 6G of the telescopic joint when in the
running in configuration, where Fig. 6H shows the
dogs of the telescopic joint in the locked configura-
tion thereby locking the telescopic joint in the con-
figuration shown in Fig. 6G;

Fig. 7A shows the telescopic joint of Fig. 6G as hav-
ing been unlocked and being free to stroke;

Fig. 7B is a closer up more detailed view of detail
area "A" of the telescopic joint of Fig. 7A, where Fig.
7B shows the locking dogs in the unlocked configu-
ration;

Fig. 8A is a perspective view of the moon pool sur-
face tree with the telescopic joint of Fig. 6A attached
to the upper end of the section of the riser system
string that passes through the moon pool surface
tree, where the telescopic joint is now shown in the
stroked out configuration or open configuration or
operating configuration;

Fig. 8B shows a cross-sectional schematic view of
the telescopic joint when in the configuration shown
in Fig. 8A;

Fig. 8C is a cross-sectional schematic view of detail
area "A" showing the locking dogs in the locked con-
figuration therefore locking the telescopic joint in the
open configuration;



11 EP 3 409 883 A1 12

Fig. 9A is a perspective side view of the moon pool
surface tree of Fig. 6A and in particular showing hy-
draulic stabs for valve/connector supply; and

Fig. 9B shows a perspective view from below of the
moon pool surface tree showing the hydraulic stabs
of Fig. 9A being presented into alignment with their
respective aperture formed in the moon pool surface
tree.

[0029] Fig. 1 shows ariserinstallation system 10 which
is typically located on a sea going vessel 8 (not shown)
such as a drill ship or floating production facility or other
suitably arranged sea going vessel 8 (only partially
shown in the Figures) where the vessel 8 comprises a
drill floor 12 and a moon pool 14 located immediately
below the drill floor 12, where the moon pool 14 compris-
es an opening in the bottom of the sea going vessel and
through which a riser system 35 and other equipment to
be installed on the sea bed in the general location below
the sea going vessel 8 can be lowered through.

[0030] As can be seenin Fig. 1A and in more detail in
Fig. 1B, a christmas tree 20 has already been lowered
from the sea going vessel 8 (or from another sea going
vessel not shown)) through the moon pool 14 and into
the water at the water line 16 and further lowered all the
way to the sea bed surface or the mud line 18 which may
be many thousands of feet and in Fig. 1 the distance
between mud line 18 and the drill floor 12 in the example
shown is in the region of 10,000 feet.

[0031] Fig. 1A also shows the first stage or start of the
installation of the riser system 35, where the riser system
35 also comprises further safety equipment in the form
of an emergency disconnect package and a lower riser
package 22, 24 and which are sitting on a moon pool
trolley 26, awaiting to be picked up such that the moon
pooltrolley 26 can be removed thereby opening the moon
pool 14 such that the EDP 22 and the LRP 24 can be
lowered through the moon pool 14 into the water line 16
and down to the subsea installation location on top of the
christmas tree 20, where the lower end of the LRP 24
will be securely connected to the tree cap 28 located at
the upper end of the christmas tree 20.

[0032] The riser system 35 further comprises a riser
string 32 and a riser running tool 30, where the upper
end of the EDP 22 is picked up by running the riser run-
ning tool 30 being provided at the lower end of the string
32 of flexible riser pipe 32T connected end 32P to end
32B by suitable connections such as a Merlin™ connec-
tion offered by Oil States Industries (UK) Limited of Ab-
erdeen, UK (only a very short portion of the riser string
32 is shown in Fig. 1A). The riser running tool 30 com-
prises a swivel joint 34 at its lower end being further con-
nected to a weak link 36 and further being coupled to a
flex joint 38, where the swivel joint 34 permits rotation of
its lower end relative to its upper end and where the weak
link 36 can be sheared apart if needs be to separate the
riser string 32 from the tools located below the weak link
36 and where the flex joint 38 permits some flexing to

10

15

20

25

30

35

40

45

50

55

allow a degree of movement to occur between the riser
string 32 and the EDP 22 as and when necessary. The
riser running tool 30 is lowered through the drill floor 12
through an automated Merlin™ connector make up tool
40 and which tool 40 will be used to connect further
lengths of the riser pipe 32T together and is further run
through a diverter housing 42 and a moon pool surface
tree 50 in accordance with the present invention, where
the moon pool surface tree 50 is, when in the configura-
tion shown in Fig. 1A, securely coupled to the diverter
housing 42.

[0033] The next stage of installation of the riser system
35 as can be seen in Fig. 2A, where the riser running tool
30 has, along with the flex joint 38, the weak link 36 and
the swivel joint 34, been lowered (on the lower end of the
riser string 32) through firstly the make up tool 40 and
therefore through the drill floor 12 and then through the
diverter housing 42 and through a bore 51 (shown in Fig.
3B) provided in the moon pool surface tree 50 until the
flex joint 38 is securely coupled to the EDP 22 and thus
the LRP 24 and the riser string 32 is then lifted up such
that the moon pool trolley 26 can then be removed and
the riser string 32 can then be lowered with the rest of
the equipment 30, 22, 24 now coupled thereto through
the moon pool 14 and into the water through the water
line 16. As can further be seen in Fig. 2A, a pair of um-
bilical lines 52A, 52B have a lower end which is coupled
to the upper end of the EDP 22 where the umbilicals 52A,
52B can be payed out from a respective reel 54A, 54B
via a respective sheave 56A, 56B and can be clamped
to the outer surface of the riser string 32 at spaced apart
locations by means of an umbilical clamp 58, where the
umbilicals 52A, 52B can be used to supply power and/or
data via an electrical line and/or can supply fluid such as
hydraulic fluid via a hydraulic umbilical 52A, 52B.
[0034] As can be seen in Figs. 2B and 2C, the riser
string 32 is made up of distinct lengths of flexible riser
tubing or pipe 32T having a pin end 32P provided at an
upper end thereof and a box end 32B provided at a lower
end thereof where the lower end 32B is coupled to a pin
end 32P of the next flexible tubing 32T and a preferred
pin 32P and box 32B comprise the Merlin™ connector
offered by Oil States Industries (UK) Limited of Aberdeen,
United Kingdom.

[0035] Additional lengths of flexible riser tubing 32T
continue to be made up by the make up tool 40 into the
riser string 32 at the upper end thereof such that the LRP
24 and EDP 22 continue to be lowered on the riser string
32 down toward the christmas tree 20 as shown in Fig.
3A until such a time that the LRP 24 is located just above
the christmas tree 20 as shown in Fig. 3A. At this point,
an upper riser package 48 (shown in Fig. 3B) is coupled
to the upper end of the riser string 32, where the upper
riser package 48 comprises a telescopic joint 60 in ac-
cordance with the second aspect of the presentinvention
at its upper most end, the details of which will be dis-
cussed subsequently, where the lower end of the tele-
scopic joint 60 is coupled to the upper end of an upper
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in-line ball valve 62 and which in turn is coupled via its
lower end to the upper end of a middle in-line ball valve
64 and which in turn is coupled via its lower end to the
upper end of a combined landing ring and flow diverter
piece 66 and which in turn is coupled at its lower end to
the upper end of a lower in-line ball valve 68 and which
in turn is coupled at its lower end to the upper end of the
riser string 32. It should be noted that the riser string 32
is omitted from Fig. 3B for clarity purposes.

[0036] The combined landing ring and flow diverter
piece 66 preferably comprises a vertically arranged main
body in the form of a tubular or pipe 66 having an upper
66U and a lower 66L half connected into the riser string
32 and forming part of it and having its longitudinal
throughbore 33, where the upper half 66U and lower half
66L are formed integral with or are securely and sealingly
coupled to a landing ring 65 and which has a lower shoul-
der 72 formed or provided around its outer lower most
circumference (the use of which will be detailed subse-
quently) and which also comprises a horizontally ar-
ranged throughbore 67 which perpendicularly intersects
the main vertically arranged longitudinal throughbore 33
and through which produced fluids from the subsea well
can be diverted through into stabs 76A, 76B when con-
nected thereto (as will be described subsequently). A key
(not shown) and groove (not shown) are provided to en-
sure the correct rotational alignment occurs between the
combined landing ring and flow diverter 66 and more par-
ticularly between the throughbore 67 and the stabs 76A,
76B during seating of the landing ring 66 against an up-
wardly directed shoulder 74 (as will be described in more
detail subsequently). The skilled reader will understand
that the annular ring shaped landing ring 65 with a hori-
zontally arranged cross intersecting throughbore 67
could be replaced by a pair of laterally arranged tubular
output ports which provide the same horizontally ar-
ranged cross intersecting throughbore 67 but the annular
ring shaped landing ring 65 has the advantage of spread-
ing the seating load 360° around its whole circumference
due to the seating contact between the respective shoul-
ders 72 and 74 as will be described in more detail sub-
sequently.

[0037] As can be seen in Figs 3A and 3B, the moon
pool surface tree 50 is at this point still securely coupled
to the diverter housing 42 via an Active Support Ring
(ASR) 44 (an example of which is offered by Oil States
Industries (UK) Limited of Aberdeen, United Kingdom).
The ASR 44 dynamically compensates for any torsional
movement between the vessel 8 and the riser system 35
via geared motorised connection between an ASR outer
ring 440 (see Figs. 3C and 5E) (which is fixed to the
vessel 8) and an ASR main body 44B (which will be fixed
to the riser system 35 as will be described subsequently).
A lower set of dogs 52L project radially inwardly from the
ASR outer ring 440 into a recess provided around the
outer surface of an ASR bearing surface 44S (see Fig.
5E) (and where the moon pool surface tree 50 is secured
to the ASR main body 44B and where motors provided
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on the ASR main body 44B can rotate the ASR main
body 44B with respect to the ASR bearing surface 44S
to compensate for torsion therebetween) and an upper
set of dogs 52U project radially inwardly from the ASR
outer ring 440 into a recess provided around the lower
end of the diverter housing 42 such that when both sets
of dogs 52L, 52U project radially inwardly into their re-
spective recess, the moon pool surface tree 50 is secured
to the diverter housing 42.

[0038] However, just prior to the moment when the up-
per riser package 48 starts passing through the bore 51
of the moon pool surface tree 50, the upper set of dogs
52U are retracted from their recess in the diverter housing
42 such that the upper dogs 52U are released from the
diverter housing 42 and therefore the moon pool surface
tree 50 is disconnected from the diverter housing 42. In-
stead, the weight of the ASR 44 and thus the moon pool
surface tree 50 is taken up by at least two and preferably
at least three (not shown) tension wires 82A, 82B which
are payed out from respective tension wire reels 84A,
84B secured to the vessel 8 and this stage of the riser
installation method is shown in Fig. 4A.

[0039] The weight of the moon pool surface tree 50 is
thus taken up by the ASR 44 and thus the tension wire
reels 84A, 84B and the moon pool surface tree 50 and
ASR 44 are lowered a short distance away from the lower
end of the diverter housing 42. The upper riser package
48 is then lowered through the diverter housing 42 and
through the bore 51 of the moon pool surface tree 50
until a lower shoulder 72 of the combined landing
ring/flow diverter piece 66 makes contact with and there-
fore butts against an upwardly directed shoulder 74 pro-
vided around the inner bore 51 of the moon pool surface
tree 50 such that at least a proportion of and possibly up
to the whole weight of the riser string is taken on the
upwardly directed load shoulder 74 and therefore by the
tension wires 82A, 82B and the tension wire reel 84A,
84B and at this point the riser string is in the running in
configuration shown in Figs. 5A, 5B, 5C, 5D, 5E and 5F
and this configuration can be regarded as the last stage
of the running in of the riser string 32.

[0040] The LRP 24 is secured to the tree cap 28 and
then the combined landing ring/flow diverter piece 66 and
thus the rest of the upper riser package 48 and the riser
string 32 indeed the whole riser system 35 can be se-
cured to the moon pool surface tree 50 by actuating stabs
76A, 76B located within laterally arranged flanged pipes
90A, 90B mounted horizontally on each side of the moon
pool surface tree 50 such that the throughbores of the
flanged pipes 90A, 90B are horizontally aligned with one
another and are arranged perpendicularly to the longitu-
dinal and vertically arranged throughbore 51 of the moon
pool surface tree 50. The stabs 76A, 76B are arranged
such that they can be actuated to move radially inwardly
(with respect to the longitudinal vertically arranged
throughbore 51) from being wholly located within the
throughbore of the flanged pipes 90A, 90B to respectively
project at least partially into the horizontally arranged
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throughbore 67 of the laterally projecting side ports 69A,
69B of the combined landing ring/flow diverter piece 66.
The radially inner most ends of the stabs 76A, 76B are
provided with suitable seals such as O-ring seals 78A,
78B around their outer circumference such that the re-
spective throughbore 76AT; 76BT of the stabs 76A, 76B
is sealed by the seals 78A, 78B with respect to the
throughbore 67 of the combined landing ring/flow diverter
piece 66. Accordingly, the stabs 76A, 76B have a dual
function of not only physically locking the combined land-
ing ring/flow diverter piece 66 and thus the riser string 32
to the moon pool surface tree 50 but also provide a seal
between:-

i) the inner throughbore 51 of the moon pool surface
tree 50 (and indeed the outer environment); and
ii) the inner throughbore 33 of the riser string 32

such that the respective throughbore 76AT; 76BT of the
stabs 76A, 76B is in sealed fluid communication with the
throughbore 67 of the combined landing ring/flow diverter
piece 66 and thus is in sealed fluid communication with
the throughbore 33 of the riser string 33. The riser string
32 and moon pool surface tree 50 are now in the operating
position as shown in Fig. 6A through Fig. 6F.

[0041] At this point the operator now has the option of
diverting fluid located in or flowing through the through-
bore 33 of the riser string 32 located below the middle
ball valve 64 out of the throughbore 33, through the
throughbore 76B and through the lateral ball valves 70A,
70B located on the moon pool surface tree 50 and out of
lateral exit ports 71A, 71B into e.g. conduits or hoses (not
shown) and onto further pressurised fluid containment
equipment (not shown) which may be located below the
drill floor 12 by ensuring that upper ball valve 62 and
middle ball valve 64 are closed such that fluid cannot flow
through the throughbore 33 up through the middle ball
valve 64 or upper ball valve 62. It should be noted that
only one upper or middle ball valve 62, 64 is required but
two are provided to ensure that there is redundancy in
case one is stuck or malfunctions and cannot close. Ac-
cordingly, the operator can conduct a well test via the
lateral ball valves 70A, 70B of the moonpool surface tree
50.

[0042] Consequently, the moon pool surface tree 50
provides the great advantage that, in combination with
the combined landing ring/flow diverter piece 66, and the
valves 62, 64, 68 run therewith, the potentially highly
pressurised fluid such as produced hydrocarbons locat-
ed within the throughbore 33 below the moon pool sur-
face tree 50 can be safely controlled, thus allowing the
operator to perform a well test or conduct work on the
riser system 35 and/or riser string 32 located above the
moon pool surface tree 50 and more particularly located
above the upper ball valve 62. For example, the final
required equipment 100, 102, 104 can be safely installed
to the upper end of the universal connection 61 provided
at the uppermost end of the telescopic joint 60 in a safe
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manner because the pressurised fluid located within the
throughbore 33 is all located below the closed upper 62
and middle 64 ball valves and is being safely diverted to
said other pressurised fluid containment equipment.
[0043] However, to further increase the safety of con-
necting that final safety equipment such as a surface tree
100, lubricator 102 and/or coiled tubing unit 104, the tel-
escopic joint 60 is adapted to be able to stroke out from
the fully stroked in (also referred to as the running in
configuration) configuration shown in Fig. 6B and Fig. 6C
and particularly in Fig. 6G to a free to stroke configuration
shown in Fig. 7A to allow the universal joint 61 atits upper
end to remain static with respect to the drill floor 12 in
order to compensate for the heave of the vessel 8 relative
to the riser system 35 and onto a fully open configuration
as shown in Fig. 8B, as will now be described in detail.
[0044] The telescopic joint 60 in accordance with the
second aspect of the presentinvention comprises an out-
er barrel 110 which is secured at its lower end 110L to
the upper end of the upper ball valve 62 such that the
throughbore 109 of the telescopic joint 60 is in sealed
fluid communication with the throughbore 33 of the riser
string 32 and the rest of the riser system 35 (assuming
that the upper 62 and middle 64 in-line ball joints are
open). The inner bore 109 comprises a protruding tubular
end 111 which projects upwardly and to which is secured
(by means of a suitable fixing means such as welding or
a sealed screw thread or other suitable fixing means) to
the lower end of an internal sealing tube 115 at its lower
end 115L. It should be noted that the internal sealing tube
115 is preferably a separate component from the rest of
the outer barrel 110 to aid manufacture and installation
and also to aid repair but it could be that the internal
sealing tube 115 is a one piece unitintegral with the outer
barrel 110. The outer diameter of the internal sealing tube
115 forms an annulus 116 with the inner bore of the rest
of the outer barrel 110 and an inner barrel 120 is located
in that annulus 116 (when in the fully stroked in configu-
ration as shown in Fig. 6B) where the inner barrel 120
comprises the universal joint 61 at its upper end and the
inner barrel 120 is arrange to telescope in and out in a
stroking manner within the outer barrel 110 when it is
permitted to do so as will now be described.

[0045] Theinnerbarrel 120is provided with a formation
in the form of an upper dog ring 126U provided towards
its upper end on its outer surface and is further provided
with a lower dog ring 126L provided toward or at its lower
end again on its outer surface.

[0046] Two or more concentrically spaced apart dogs
124 are provided around the outer circumference of the
inner barrel 120 and are located in a suitably sized recess
within the outer barrel 110 where the dogs 124 can be
forced radially inwardly toward the outer surface of the
inner barrel 120 by means of a cam ring 128 which can
be forced (when actuated to do so by actuating cylinders
130) in a downwards direction to act on a tapered outer
face 124T of the dogs 124 to force the dogs 124 radially
inwardly against the outer surface of the inner barrel 120
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and in particular to trap the upper dog ring 126U or lower
dog ring 126L as appropriate within a recess 124R
formed on the inner surface of the dogs 124.

[0047] Consequently, when the respective dog ring
126U, 126L is trapped within the recess 124R, the inner
barrel 120 is locked with respect to the outer barrel 110.
Moreover, when the upper dog ring 126U is trapped with-
in the recess 124R (as shown in Fig. 6G and Fig. 6H),
the telescopic joint 60 is in the fully stroked in or closed
position as shown in Fig. 6G. In this position, seals 117
provided on the outer surface concentrically around the
upper end of the internal sealing tube 115 are typically
slightly spaced apart from the inner bore at the upper end
of the inner barrel 120 such that there is no seal against
the inner bore at the upper end of the inner barrel 120
when in the fully stroked in or closed position as shown
in Fig. 69 because there won’t be any produced hydro-
carbons flowing through the throughbore 109 when in
that configuration.

[0048] When the operator decides to allow the inner
barrel 120 to stroke out of the inner barrel 110, he actu-
ates the cylinders 130 to move the cam ring 128 upwards
which in turn permits the dogs 124 to relax or move ra-
dially outwardly away from the upper dog ring 126U such
that the inner barrel 120 can now move upwards with
respect to the outer barrel 110 as shown in Fig. 7A.
[0049] Importantly, the inner bore of the inner barrel
120 is provided with a slightly enlarged inner bore 121
alongits upper andits middle section such that the slightly
enlarged inner bore 121 clears the pair of seals 117 such
that the slightly enlarged inner bore 121 is not sealed
with respect to the outer surface of the internal sealing
tube 115 andin use, this has the advantage that the seals
117 will not be worn away by the telescoping action of
the inner barrel 120 moving with respect to the internal
sealing tube 115 and the outer barrel 110. Because of
this feature, the operator will ensure that when the inner
barrel 120 is in the closed or fully stroked in configuration
shown in Fig. 69 or when in the free to stroke configuration
as shown in Fig. 7A, the upper 62 and/or middle 64 ball
valves are in the closed position such that no fluid can
flow through the throughbore 33 of the riser system 35
above the upper ball valve 62.

[0050] The telescopic joint 60 is shown in the fully
stroked out or fully open position in Fig. 8A and Fig. 8B
and is thus in the operating position where the seals are
now in sealed abutment against the lower end of the inner
bore of the inner barrel 120 and as shown most clearly
in Fig. 8C the recess 124R traps the lower dog ring 126L
due to the dogs 124 being forced radially inwardly by the
cam ring 128. Thus, the operator can safely produce hy-
drocarbons up the throughbore 33 of the riser system 35
and up throughbore 109 of the telescopic joint 60 by
opening up the upper 62 and middle 64 ball valves and
ensuring lower ball valve 68 is open and also ensuring
lateral ball valves 70A, 70B are closed. Compensation
for heave of the vessel 8 relative to the riser system 35
whilst the telescopic joint 60 is locked in the fully stroked
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out position of Fig. 8A (or whilst locked in the fully stroked
in position of Fig. 6G) is provided for by an additional
compensation system (not shown) located above the drill
floor 12 at the upper most end of the riser system 35.
[0051] Fig. 9A shows two hydraulic valve stabs 140
being provided through the side wall of the moon pool
surface tree 50.

[0052] The hydraulicvalve stabs 140 provide a suitable
connection such as to supply electrical power or supply
of pneumatic or hydraulic fluid to the various ball valves
62, 64, 68, 70 and also provide for hydraulic connection
for operation ofthe actuating cylinders 130 such thatelec-
tric power and/or hydraulic fluid can be delivered to the
various valves 62, 64, 68, 70 and also the actuating cyl-
inder 130 to operate the respective valves 62, 64, 68, 70
and/or the telescopic joint locking/unlocking system and
therefore all power and/or hydraulic supplies to the var-
ious valves 62, 64, 68, 70 and the actuating cylinder 130
can be connected up before the equipment is run and
this eliminates the need for man-riding during set up
thereby greatly improving safety. Only two hydraulic
valve stabs 140 are shown in Fig. 9A where the other
two are located around the other side of the moon pool
surface tree 50. The four stabs 140 can provide eight
hydraulic lines. All four hydraulic stabs 130 can be seen
in Fig. 9H. The skilled reader will understand that fewer
or more stabs 140 can be provided through the sidewall
of the moon pool surface tree 5 as required.

[0053] Accordingly, embodiments ofthe presentinven-
tion described herein provide the ability to remotely op-
erate the various valves 62, 64, 68, 70 and/or the actu-
ating cylinder 130 (the remote operation possibly being
conducted a relatively short or a relatively long distance
away from the relevant equipment 62, 64, 68, 70, 130
either on or off the vessel 8) and also provide the advan-
tage of permitting remote disconnection of the equipment
on the drill floor 12 to the riser system 35 and also provide
the great advantage of allowing for the halting or the di-
version of production flow to relevant equipment on or
below the drill floor 12.

[0054] These advantages individually or combine to
permit work to be safely carried out on the top level equip-
ment 100, 102, 104 on the drill floor without the hazards
associated with sea movement.

[0055] Consequently, the various embodiments de-
scribed herein provide numerous significant safety and
operational advantages over conventional riser systems.
[0056] Modifications or improvements may be made
to the embodiments described herein without departing
from the scope of the invention.

Claims

1. A telescoping device for inclusion in a riser system
(35), the telescoping device (60) comprising:-

an inner member (120) telescopingly provided
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in an outer member (110, 115);
the inner member (120) being moveable be-
tween three configurations in which:-

i) the inner member (120) is locked to the
outer member (110, 115) in a substantially
closed configuration such that a substantial
proportion of the inner member (120) is lo-
cated within the outer member (110, 115)
such that the telescoping device (60) is rel-
atively short;

i) the inner member (120) is locked to the
outer member (110, 115) in a substantially
open configuration such that a substantial
proportion of the inner member (120) is lo-
cated outwith of the outer member (110,
115) such that the telescoping device (60)
is relatively lo ng; and

iii) the inner member (120) is substantially
free to move with respect to the outer mem-
ber (110, 115) such that the inner member
(120) can telescope in and out of the outer
member (110, 115);

characterised in that the inner member (120)
is adapted to be sealed to the outer member
(110, 115) when in at least one of configurations
i) and ii) by a seal member (117) but the seal
member (117) is arranged to be clear of at least
a portion of one of the outer (110, 115) and inner
(120) members when in configuration iii); and
wherein one of the inner (120) and outer (110,
115) members is provided with a varied inner or
outer circumference such that the seal member
(117) is prevented from acting against said at
least a portion of one of the inner (120) and outer
(110, 115) members when the inner member
(120) is at a location in between the two config-
urations i) and ii) such that the seal member
(117) does not act when the telescoping device
(60) is in configuration iii).

A telescoping device as claimed in claim 1, wherein
the sealmember (117)is provided onone of the inner
(120) and outer (110, 115) members wherein the
seal member (117) acts against the other of the inner
(120) and outer (110, 115) members to thereby pro-
vide a seal therebetween when the telescoping de-
vice (60) is in at least one of the configurations i) and

ii).

A telescoping device as claimed in claim 2, wherein
the sealmember (117)is provided on one of theinner
(120) and outer (110, 115) members in such a man-
ner that the seal is clear of the at least a portion of
the other of the inner (120) and outer (110, 115)
members to thereby not make contact with and
thereby not provide a seal with the other of the inner
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(120) and outer (110, 115) members when the tele-
scoping device (60) is in configuration iii).

A telescoping device as claimed in claim 2 or claim
3, wherein the telescoping device (60) comprises a
selective locking system to selectively lock the inner
member (120) to the said outer member (110, 115).

A telescoping device as claimed in claim 4, wherein
the locking system comprises a dog member (124)
provided on one of the inner (120) and outer (110,
115) members, the dog member (124) being move-
able toward and away from the other of the inner
(120) and outer (110, 115) members to make contact
with the other of the inner (120) and outer (110, 115)
members to prevent relative movement occurring
therebetween.

A telescoping device as claimed in claim 5, wherein
the dog member (124) is provided on the outer mem-
ber (110, 115) and is selectively moveable toward
and away from the inner member (120) to make con-
tact with an outer portion of the inner member (120)
to prevent relative movement occurring therebe-
tween.

A telescoping device as claimed in claim 5 or claim
6, wherein the outer portion of the inner member
(120) comprises a formation (126U, 126L) formed at
least part way around the outer circumference of the
inner member (120).

A telescoping device as claimed in claim 7, wherein
the inner member (120) comprises two said forma-
tions (126U, 126L) at or toward each end of the inner
member (120).

A telescoping device as claimed in claim 8, wherein
one of theinner (120) and outer (110, 115) members
is provided with a varied inner or outer circumference
such that the seal member (117) is prevented from
acting against the other of the inner (120) and outer
(110, 115) members when the seal member (117) is
at a location in between the two formations (126U,
126L) such that the seal member (117) does not act
when the telescoping device (60) is in configuration
iii).

A telescoping device as claimed in any one of claims
7 to 9, wherein the dog member (124) is moved ra-
dially towards or away from the respective formation
(126U, 126L) by an actuating mechanism (128).

A telescoping device as claimed in claim 10, wherein
the actuating mechanism (128) comprises at least
one angled or tapered surface (124T) provided on
the dog member (124) and against which the actu-
ating mechanism (128) acts upon in a direction sub-
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stantially parallel to a longitudinal axis of the riser
system (35) and which results in movement of the
dog member (124) in a direction substantially per-
pendicular to the longitudinal axis of the riser system
(35). 5

12. Atelescoping device as claimed in any one of claims
2 to 11, wherein the seal member (117) is mounted
on a portion secured to the outer member (110, 115)
and acts against an inner bore of the inner member 70
(120).

13. Atelescoping device as claimed in claim 12, wherein
the seal member (117) is located within the bore of
the inner member (120) and acts against the inner 15
surface of the bore of the inner member (120).

14. Atelescoping device as claimed in claim 13, wherein
the seal member (117) is secured within a recess
provided on an outer surface of the said portion se- 20
cured to the outer member (110, 115) and acts
against the inner surface of the bore of the inner
member (120) to provide a seal therebetween when
the telescoping device (60) is in one of configurations
i) or ii). 25
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