SOFT LANDING SYSTEM AND METHOD OF ACHIEVING SAME Field of the Invention This
invention relates in general to subsea wireline installed equipment, and in particular, a method of
achieving a soft landing with subsea wireline installed equipment, without using a running tool.
Background of the Invention [0001] Typically, subsea equipment used in oil and gas applications must
be lowered to a wellhead, a subsea equipment or system, such as a Christmas tree, or other site at
the seabed. One type of subsea equipment that is lowered into the sea for installation may be a flow
control module, for example. A flow control module is typically a preassembled package that may
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production fluid conduit to allow for the flow of production fluid from the well. The Christmas tree is
typically mounted to a wellhead. [0002] Typically, the flow control module may also include electrical

and hydraillig SomacirRg&s well as gaskets. The electrical and hydraulic connections may be used to
control and Serve components on the tree, such as valves. These connections or gaskets may be
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the tree hub. A stab and funnel system between the tree and flow package is typically used to align the
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Hard landing the flow control package on the tree may damage the connections at the hub, given the
heavy weightref tasny equipment packages. To reduce the possibility of damage

Background of the Invention

[0001] Typicaly, subsea equipment used in oil and gas applications must be lowered to a
wellhead, a subsea equipment or system, such as a Christmas tree, or other site at the seabed.
One type of subsea equipment that is lowered into the sea for installation may be a flow control
module, for example. A flow control module is typically a preassembled package that may
include a flow control valve and a production fluid connection that can mate with a hub on a
subsea equipment or system, such as a Christmas tree. The hub on the Christmas tree may
include a production fluid conduit to allow for the flow of production fluid from the well. The
Christmas tree is typically mounted to awellhead.

[0002] Typically, the flow control module may aso include electrical and hydraulic connections
as well as gaskets. The electrical and hydraulic connections may be used to control and serve
components on the tree, such as valves. These connections or gaskets may be assembled on a
flange of the production fluid connection for mating with corresponding connections on the tree
hub. A stab and funnel system between the tree and flow package is typically used to align the
production conduit and the several connections on the flow control package with those on the
tree hub. Hard landing the flow control package on the tree may damage the connections at the

hub, given the heavy weight of many equipment packages. To reduce the possibility of damage



to the connections, the flow control module can be soft landed onto the tree. Soft landing is carried out
by a running tool having a complex system of hydraulic cylinders and valves that slow the descent of
the flow module package as it is landed onto the tree. However, the use of such soft landing running
tools can be very expensive. [0003] A need exists for a technique to achieve soft landing of subsea
equipment without the use of a running tool. Summary of the Invention [0004] In an embodiment of
the invention, a soft landing wireline system utilized to install subsea equipment includes coarse
alignment nbembers or stabs ﬁd corres ond coar a| me funne r|n S, éeceatacles for
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[0005] In this embodiment, fine alignment members or stabs that are shorter and smaller in diameter
than the coarse alignment members, provide fine alignment of the lowered equipment. Similar to the
coarse alignment member, the fine alignment members may be part of the subsea equipment or
system mounted to the wellhead. The fine alignment members may also interact with fine alignment
funnels or receptacles, that are located on the equipment to be installed. The fine alignment provides
additional guiding of the equipment to facilitate mating of connections between the equipment and the

subsea equipment or system. [0006] Either or both of the coarse and fine alignment funnels may be
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auxiliary connections or gaskets, mate with corresponding connections located at a hub of the subsea

equipmefy ndpf 1ASSHIEYRIHERRARRJRANPEE N INPRANE PleGAakelmiRABHAPRISRY Sk RHuMIzed by

the soft landing wireline system and achieves the soft landing of the subsea equipment without the use
of a running 460 S8EHE NG REPRCIHEShEXBAIISES0 be used in the instalation of valves, actuators,

chokes, and other components. The coarse alignment members may be part of a subsea
equipment or system mounted on a wellhead and may interact with a funnel located on the
equipment to be landed, such as a flow control module, to be installed by the soft landing subsea
wireline system. The coarse aignment members and funnels provide general alignment of the
equipment to be installed, preventing rotation of the equipment once at the subsea equipment or
system. The subsea equipment or system.

[0005] In this embodiment, fine alignment members or stabs that are shorter and smaller in
diameter than the coarse alignment members, provide fine alignment of the lowered equipment.
Similar to the coarse alignment member, the fine alignment members may be part of the subsea
equipment or system mounted to the wellhead. The fine alignment members may also interact
with fine alignment funnels or receptacles. that are located on the equipment to be installed. The
fine alignment provides additiona guiding of the equipment to facilitate mating of connections
between the equipment and the subsea equipment or system.

[0006] Either or both of the coarse and fine alignment funnels may be used to trap sea water that
can provide a cushion or resistance for the equipment being installed. The alignment members

together with the alignment funnels create a type of piston and cylinder arrangement with the



Brief Description of the Drawings [0007] Figure 1, illustrates a perspective view of an embodiment of a
portion of a subsea equipment or system, in accordance with the invention; [0008] Figure 2, illustrates
a perspective view of an embodiment of an equipment package for landing on subsea equipment of
Figure 1, in accordance with the invention; [0009] Figure 3, illustrates a perspective partial sectional
view of an embodiment of equipment package landing on the subsea equipment, in accordance with
the invention; [0010] Figure 3A, illustrates a lower perspective view of an embodiment of equipment

ackage landing on the subsea equipment, in accordance with the inventjon; . :
P g trappeg%vater actlsng ast%e gusﬁlrgn. he gizeo t%efunn S may vary c]ependlng on the weight

of the equipment and rate of descent. Larger equipment would require a larger cushion of sea
water and thus a larger funnel. Once the equipment is in aignment, trapped water in the funnel
can be released from the funnel via a restricted orifice or a control valve operated by a remotely
operated vehicle (ROV). Asthe equipment settles and lands onto the subsea equipment such as a
Christmas tree, the production fluid connection as well as eectrical, hydraulic, and any other
auxiliary connections or gaskets, mate with corresponding connections located at a hub of the
subsea equipment. The possibility of damage to these connections or gaskets is advantageously
minimized by the soft landing wireline system and achieves the soft landing of the subsea

equipment without the use of arunning tool, reducing associated expenses.



[0011] Figure 4, illustrates a perspective view of an embodiment of equipment package landed on the
subsea equipment, in accordance with the invention; [0012] Figure 5, illustrates a perspective partial
sectional view of an embodiment of funnel and stab used in soft landing, in accordance with the
invention; [0013] Figure 6, illustrates a partial perspective view of an embodiment of an equipment
package for landing on subsea equipment of Figure 1, in accordance with the invention; [0014] Figure
7, illustrates a perspective partial sectional view of an embodiment of funnel and stab used in soft
landing, in accordance with the invention. Detailed Description of the Invention

Brief Description of the Drawings

[0007] Figure 1, illustrates a perspective view of an embodiment of a portion of a subsea
equipment or system, in accordance with the invention;

[0008] Figure 2, illustrates a perspective view of an embodiment of an equipment package for
landing on subsea equipment of Figure 1, in accordance with the invention;

[0009] Figure 3, illustrates a perspective partial sectional view of an embodiment of equipment
package landing on the subsea equipment, in accordance with the invention;

[0010] Figure 3A, illustrates a lower perspective view of an embodiment of equipment package
landing on the subsea equipment, in accordance with the invention;

[0011] Figure 4, illustrates a perspective view of an embodiment of equipment package landed
on the subsea equipment, in accordance with the invention;

[0012] Figure 5, illustrates a perspective partial sectional view of an embodiment of funnel and
stab used in soft landing, in accordance with the invention;

[0013] Figure 6, illustrates a partia perspective view of an embodiment of an equipment
package for landing on subsea equipment of Figure 1, in accordance with the invention;

[0014] Figure 7, illustrates a perspective partial sectional view of an embodiment of funnel and

stab used in soft landing, in accordance with the invention.



[0015] FIG. 1 shows a perspective view of an embodiment of a portion of a subsea equipment or
system 10, such as a Christmas tree, having a landing base or platform 12, that may be installed at a
wellhead located at a seabed. In this embodiment, coarse alignment members or stabs 14 may be part
of the subsea equipment 10 and may be mounted to the subsea equipment via a base 16. Coarse
alignment members 14 may be used to provide general guidance or positioning for equipment being
landed onto subsea equipment 10. Bolts (not shown) may be used to secure base 16 of the coarse
alignment members 14 to the subsea equipment 10. A top end 18 of the coarse alignment member 14
may have a smaller diameter than the rest of the coarse alignment member. Top end 18 of the coarse
nb r4r tanh a coni alhape In this embodiment, the two coarse alignment
FRotteton Seaequipment 10 diagonally from each other. Diagonal mounting
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of the coarse alignment members 14 WI|| be longer than that of the fine alignment members 20 by a
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For example, the length of the coarse allgnment member 14 may be from about 10 percent taller than
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base 22 of the fine alignment members 20 to the subsea equipment 10. A top end 24 of the coarse
alignmenggmpmée héthg Ry deyertossieser digineker trn BupsqabotbaiNma)ipernast esbes. Top
end 24 of the coarse alignment member 14 may have a conical shape. In this embodiment, the two
coarse aligsmenifrienbears: ki gienoiieiatens 14 eosthieSebseq Wiuiipendrt A oliagoplbhtras sfagle other.
Thus, the coarse alignment members 14 and fine alignment members 20 may be alternatingly
mountedcatmsach groneat wiethiectahtimgyhatie ensrhad | & tialn@6r ahaintheubstes deuipanendl ighmseptovided
on the subsea equipment platform 12 for mating with equipment landed on the subsea equipment 10.
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embodiment of a portion of an equipment package 40 having a frame 42 and a base 44, that may be
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equipment or package lowered via wireline (not shown) to the previously installed subsea equipment
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module that has a flow control device 46 that is in fluid communication with well once installed on
subsea &8iHPRSTHEID PREST G NG HRSAILPHISH dRRHSHIOR HifiSHASER PAISRARBIAD may have a generally
central fluid connection 52 on which portions of the flow control device 46 may be mounted. Further,
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coarse alignment members 14 will be longer than that of the fine aignment members 20 by a

factor that can vary with the type of equipment package that is being landed and type of
application. For example, the length of the coarse alignment member 14 may be from about 10
percent taller than the fine alignment member 20 to more than five times taler. Bolts (not

shown) may be used to secure base 22 of the fine alignment members 20 to the subsea equipment



landed on the subsea equipment, preventing rotation of the equipment package once coarse
alignment members 14 (FIG. 1) engage coarse alignment rings 54. Clearances between coarse
alignment members 14 and coarse alignment ring or receptacle 54 may be around one inch to
facilitate mating. [0019] Continuing to refer to FIG. 2, a fine alignment funnel or receptacle 56 may be
located at a corner of the base 44 of equipment package 40. In this embodiment, a second fine
alignment funnel 56 may be located such that the equipment package 40 is balanced and oriented in a
desired manner. For ple, in this embodiment the second fine alignment funnel 56 is diagonally
opposite Horh 108 SHRA e o e A RS TESRGh ) e BY ATEA R AT EER R fie
alignment. members 20 mounted on the subs ipment 10 (gIF]G' 1éno rovide additional guiding of
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also facilitate soft landing of the equipment package 40. Trapped sea water in the fine alignment
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Trapped sea water can be released via an orifice o] that allows the
trapped waiRigtaMReshGihietneneal Grtendiaipaigralipifiae SBis smallphdhrrhaiediameser of fine
alignment funnel 56. As the water is bled out from the fine alignment funnel 56, the equipment
packagedk) sipsdydangsoervdne landing platform 12 of the subsea equipment 10. Thus, soft landing of
the equipment package 40 is achieved. As explained previously, soft landing feature may be used on
various B OFRE3ehoRm parendctive Ui b Beibdbal Hieshtofmaoifitdrss RhEYspaec Padkage
Further, the soft landing wireline system could also be used in the installation of valves, actuators,
chokes, a0datirey & tnarpederasd |4 isasmdér shabchby lom aadent dmény slhtbaa ehel @ricitatOrn(§lalation of the
alignment members and alignment funnels could be reversed such that the alignment members are
part of thHeqeguieniereckagkdgaenty teeBayayde dfasdshe aligpmeant oiupackagermpertdf/subysetine
equipment landing platform 12. The soft landing feature of the fine alignment funnel 56 is explained
further bénosogR)idhhapdviPege Fasieh eilisdraseetihnMas B isutieasdquightisinasdesetd @0lnay be
lowered to the subsea equipment 10 via wireline (not shown). Once coarse alignment ring 54 engages
top end FRoPtABRIBaR PMRNG PKANSAS MAYthe adipyreent Packayle At basiadencodwered
towards the landing base 12 of the subsea equipment 10. The interaction between the subsea
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alignmen® fulfH&ls %@?&Q@@’W&%‘M%ﬁr{@% v esenreibePaRa JWhemsHIENGE.
Referring to FIG 3A, a Iower!ﬁ)ﬁ?rspective illustration provides more clarity of the initial en%%ement of
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the fine alignment funnel 56 defines a chamber. 70 within the fi lignment funnel. Sea water may be
tapped PP RN CH PR S T TR B et TR R ERa P St enters
lower ope%'i'ngrm iET]I'—fIL@ l. A sealing element 72 installed within the lower opening of the funnel

facilitate® fe trappihg of séa water within chamber 70. [0022] Once the fine alignment member 20

engages . . ) . _ : y
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acorner of the base 44 of equipment package 40. In this embodiment, a second coarse aignment
ring 54, obscured in view, may be located diagonaly opposite from coarse alignment ring

shown. Coarse aignment rings 54 interact with coarse alignment members 14 mounted on the

subsea equipment 10 (FIG. 1) to provide genera aignment of the equipment package 40 to be



(not shown) disposed on the fluid connection, are aligned to mate with hub 26 on the subsea
equipment 10 and corresponding connections (not shown). Sea water trapped in chamber 70 may
then be bled out to the sea at a desired rate from chamber 70 via orifice 58 to soft land the equipment
package 40 onto the landing base 12 of subsea equipment 10, as shown in FIG. 4. Fine alignment
member 20 together with fine alignment funnel 56, create a type of piston and cylinder arrangement
with the trapped water in the chamber 70 acting as a cushion for the equipment package 40.
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embodirrixg‘?mg;%sﬁg%% in FIG. 5, orifice 58 may be connected to a line 74 and connected to a valve
76. The valve 76 may De located on a panel and operated by an ROV to allow sea water trapped
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equipment package 40 onto the subsea equipment 10. [0024] In another embodiment illustrated in

FIG. 6, agRitipMAeLASCHALS SQUMENANEREMS G4 85 EMBEEINRHE!Y d8S5TPRALAIBRMRENT.

However, instead of coarse alignment rings the equipment package 80 may have coarse alignment

funnels §drmausBadHNR haseeaf digh Hﬂ%ﬁ@eﬂ\ﬁdﬁw@fﬁ]ﬁ&ﬂé@édﬁﬁféib%lﬂﬂpﬁﬁ@w%té@afﬁa
ally

alignment funnels 84 may be mounted diagonally across from each other and facilitate general
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orifice 86 may be located at an upper end of coarse alignment funnel 84 to allow trapped seawater
within thelifigonall yooplssiteotibaliheopaeit fardiignmernracepeadrushembodimeali gfineralignmemsfunnels
88 with an orifice 90 may also be mounted on the equipment package 80. This embodiment allows a
larger voilnteyects setn Viiske aligiradna ppedber <20 furoueted Hn 8B dosulvese agaiproash thifiGund) thus softer
landing, which may be utilized for heavier equipment. Alternatively, orifice 86 may be connected to
connectquiay celankl § 2reh dui dmgeaftdlobteqa paioert PackepsHOvonde cagnsesall gihent abacldigvedrandls the
bleed off rate to the sea. The valve 94 may be located on a panel and operated by an ROV to open
line 92 tdhellequivacniapesitpgpprauitivitiefh roowing Aoynvdt wardsdand ngeelditainnid thie sbseat a
desired rate and thereby allow soft landing of the equipment package 80 onto the subsea equipment
10 (FIG. equi o] Iohet v dnti drl ey ks Reessuithe e Al FoRnesith imarakefh @@ @8e d e SHEnaitting

running tool. Instead, the soft landing features are integrated onto a subsea equipment or system, and
equipmetfeaRieRigyed is smaller than for coarse alignment to allow for more precise orientation. Fine

alignment facilitates mating of connections (not shown), such as production, hydraulic, and/or
electrical, or gaskets, between the equipment package 40 and the subsea equipment 10 (FIG. 1).

[0020] In addition to fine alignment, fine alignment funnel 56 may also facilitate soft landing of
the equipment package 40. Trapped sea water in the fine alignment funnel 56 can provide a
cushion or resistance for the equipment package being installed by wireline. Trapped sea water
can be released via an orifice 58 at the closed top of funnel 56 that allows the trapped water to
bleed out to the sea. Outer diameter of orifice 58 is smaller than bore diameter of fine alignment
funnel 56. Asthe water is bled out from the fine alignment funnel 56, the equipment package 40

slowly lands on the landing platform 12 of the subsea equipment 10. Thus, soft landing of the



[0026] This written description uses examples to disclose the invention, including the best mode, and
also to enable any person skilled in the art to practice the invention, including making and using any
devices or systems and performing any incorporated methods. These embodiments are not intended
to limit the scope of the invention. The patentable scope of the invention is defined by the claims, and
may include other examples that occur to those skilled in the art. Such other examples are intended to
be within the scope of the claims if they have structural elements that do not differ from the literal
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the equipment package (40, 80) continues to land on the subsea equipment (10),
alignment members are part of the equipment package 40 to be landed and the alignment funnels

are part of subsea equipment landing platform 12. The soft landing feature of the fine alignment
funnel 56 is explained further below.

[0021] In landing operation, illustrated in FIGS 3-4, the equipment package 40 may be lowered
to the subsea equipment 10 viawireline (not shown). Once coarse alignment ring 54 engages top
end 18 of the coarse alignment members 14, the equipment package 40 continues to be lowered
towards the landing base 12 of the subsea equipment 10. The interaction between the subsea
equipment-mounted coarse alignment members 14 and the coarse alignment rings 54 prevents
rotation of the equipment package 40. When equipment package 40 is lowered sufficiently, fine
alignment funnels 56 engage a top end 24 of the fine alignment member 20, as shown in FIG3.
Referring to FIG 3A, a lower perspective illustration provides more clarity of the initial
engagement of the fine alignment funnel 56 with the fine alignment member 20. A length L and
an inner diameter of the fine alignment funnel 56 defines a chamber 70 within the fine alignment
funnel. Sea water may be trapped in the chamber 70 of the fine alignment funnel 56 when the
fine alignment member 20 enters a lower opening in the funnel. A sealing element 72 installed
within the lower opening of the funnel facilitates the trapping of seawater within chamber 70.
[0022] Once the fine aignment member 20 engages the fine alignment funnel 56, the fluid

connection 52 on the equipment package 40, any auxiliary connections (not shown), and gaskets



wherein the third alignment member (56, 88) has a chamber (70) for trapping sea water when the
equipment package (40, 80) is being landed on the subsea equipment (10). 2. The system of claim 1,
wherein the third alignment member (56, 88) is a receptacle (56, 88) that has an orifice (58, 90) in fluid
communication with the chamber (70) and to the sea to allow sea water trapped in the chamber (70) to
bleed out to the sea at a desired rate during landing of the equipment package (40, 80). 3. The
system of either of claims 1 or 2, wherein the third alignment member (56, 88) is a receptacle (56, 88)
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equipment package 40 onto the landing base 12 of subsea equipment 10, as shown in FIG. 4.
Fine alignment member 20 together with fine alignment funnel 56, create a type of piston and
cylinder arrangement with the trapped water in the chamber 70 acting as a cushion for the
equipment package 40. Alignment funnels and members may vary in size depending on the
weight of the equipment package and rate of descent. Larger equipment would require a larger
cushion of sea water and thus a larger funnel. Soft landing of the equipment package 40
advantageously reduces the potential for damage during mating, to the hub 26, auxiliary
connections such as eectrical or hydraulic connections, or gaskets. Further, during removal of
equipment package 40 from the landing base 12, the chamber 70 may self-charge with sea water
to alow for any subsequent soft landings.
[0023] In another embodiment illustrated in FIG. 5, orifice 58 may be connected to aline 74 and
connected to a valve 76. The valve 76 may be located on a panel and operated by an ROV to
allow sea water trapped within chamber 70 to bleed out into the sea at a desired rate and thereby
allow soft landing of the equipment package 40 onto the subsea equipment 10.
[0024] In another embodiment illustrated in FIG. 6, an equipment package 80 may have aframe
82 as in a previously described embodiment. However, instead of coarse alignment rings the
equipment package 80 may have coarse alignment funnels 84 mounted on a base of the package.
As in previously described embodiment, coarse alignment funnels 84 may be mounted

diagonally across from each other and facilitate general alignment of the equipment package 80

when lowered onto the subsea equipment 10 (FIG. 1). An orifice 86 may be located at an upper

10



an inner diameter of the first alignment member (54, 84) is larger than an inner diameter of the third
alignment member (56, 88);  an outer diameter of the second alignment member (14) is larger than
an outer diameter of the fourth alignment member (20). 6.The system of any of claims 1-5, wherein the
fourth alignment member (20) is mounted to the subsea equipment (10) within the third alignment
member (56, 88), the third alignment member (56, 88) mounted to the equipment package (40, 80);
wherein the mating of the third alignment member (56, 88) with the fourth alignment member (20) traps
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during soft landing. Asin a previous embodiment, fine alignment funnels 88 with an orifice 90
may also be mounted on the equipment package 80. This embodiment allows alarger volume of
sea water to be trapped in the funnels 84, 88 for increased cushioning and thus softer landing,
which may be utilized for heavier equipment. Alternatively, orifice 86 may be connected to
connected to aline 92 and connected to a valve 94, as shown in Figure 7. The valve 94 controls
the bleed off rate to the sea. The valve 94 may be located on a panel and operated by an ROV to
open line 92 to allow sea water trapped within coarse alignment funnel 84 to bleed out into the
sea at adesired rate and thereby allow soft landing of the equipment package 80 onto the subsea
equipment 10 (FIG. 1).

[0025] The invention is advantageous because it eliminates the cost of a soft landing running
tool. Instead, the soft landing features are integrated onto a subsea equipment or system, and
equipment package.

[0026] This written description uses examples to disclose the invention, including the best mode,
and also to enable any person skilled in the art to practice the invention, including making and
using any devices or systems and performing any incorporated methods. These embodiments are
not intended to limit the scope of the invention. The patentable scope of the invention is defined
by the claims, and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they have structural elements that
do not differ from the literal language of the claims, or if they include equivaent structural

elements with insubstantial differences from the literal language of the claims.
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a.) a Christmas tree; b.) a manifold; c.) a pipeline end manifold; or d.) a pipeline end termination. 8.The
system of any of claims 1-7, wherein the first alignment member (84) has a chamber (70) for trapping
sea water when the first alignment member (84) mates with the second alignment member (14), as
equipment package (40, 80) is being landed on the subsea equipment (10).

CLAIMS

1. A subsea well system comprising: a subsea equipment (10) adapted for mounting on a
subsea wellhead; an equipment package (40, 80) that lands on the subsea equipment (10); and a
hub (26) on the subsea equipment (10) for mating with a corresponding connection on the
equipment package (40, 80) to establish fluid communication between the equipment package
(40, 80) and the subsea equipment (10), the subsea well system being characterized by:

a first alignment member (54, 84) that mates with a corresponding second alignment

member (14) as the equipment package (40, 80) lands on the subsea equipment (10); and

a third aignment member (56, 88) that mates with a corresponding fourth alignment
member (20) as the equipment package (40, 80) continues to land on the subsea equipment (10),

wherein the third aignment member (56, 88) has a chamber (70) for trapping sea water
when the equipment package (40, 80) is being landed on the subsea equipment (10).

2. The system of clam 1, wherein the third alignment member (56, 88) is a receptacle (56,
88) that has an orifice (58, 90) in fluid communication with the chamber (70) and to the sea to
allow sea water trapped in the chamber (70) to bleed out to the sea at a desired rate during
landing of the equipment package (40, 80).

3. The system of either of clams 1 or 2, wherein the third alignment member (56, 88) is a
receptacle (56, 88) that is connected to a flow control valve (76) that isin fluid communication
with the chamber (70) in the receptacle (56, 88) and the sea to allow sea water trapped in the
chamber (70) to be released out to the sea at a desired rate during landing of the equipment
package (40, 80).

4, The system of any of claims 1-3, wherein the second alignment member (14) has a length
selected so that the second alignment member (14) mates with the first alignment member (54,
84) before the fourth alignment member (20) mates with the third alignment member (56, 88).

12



9.The system of claim 8, wherein the first alignment member (84) has an orifice (86) in fluid
communication with the chamber (70) and to the sea to allow sea water trapped in the chamber (70)
to bleed out to the sea at a desired rate during landing of the equipment package (40, 80). 10. The
system of either of claims 8 or 9, wherein the first alignment member (84) is connected to a flow
control valve (94) that is in fluid communication with the chamber (70) and the sea to allow sea water
trapped in the chamber (70) to be released out to the sea at a desired rate during landing of the
equipment package (40, SOF)T.? 11. The system of any of claims 1-10, wherein each of the first, second,
third, ané'fourtﬂ%%j}gmp é‘ﬂ{Bg’ré’v ©81, 14, 56, 88, 20) form part of an array of alignment

S P DB ety et

members (54, %ﬁiﬁer%a%%te%%)f %chﬂ t
disposed diagonai y across from an iden
an outer diameter of the second alignment member (14) is larger than an outer diameter

of the third alignment member (56, 88);

of the fourth alignment member (20).

6. The system of any of claims 1-5, wherein the fourth alignment member (20) is mounted
to the subsea equipment (10) within the third alignment member (56, 88), the third alignment
member (56, 88) mounted to the equipment package (40, 80); wherein the mating of the third
alignment member (56, 88) with the fourth alignment member (20) traps sea water within the
chamber (70) of the third alignment member (56, 88).

7. The system of any of claims 1-6, wherein the subsea equipment (10) is one of the

following:
a) aChristmastree;
b.) amanifold,;
c.) apipeline end manifold; or

d.) apipeline end termination.

8. The system of any of claims 1-7, wherein the first aignment member (84) has a chamber
(70) for trapping sea water when the first alignment member (84) mates with the second
alignment member (14), as equipment package (40, 80) is being landed on the subsea equi pment
(10).

9. The system of claim 8, wherein the first alignment member (84) has an orifice (86) in

fluid communication with the chamber (70) and to the sea to allow sea water trapped in the

13



12. The system of any of claims 1-11, wherein the third alignment member (56, 88) is a receptacle (56,
88) mounted on the equipment package (40, 80) and the second and fourth alignment members (14,
20) are pins mounted on the subsea equipment (10). 13. A subsea well system comprising: a subsea
tree (10) adapted for mounting on a subsea wellhead; a flow control module (40, 80) that lands on the
subsea tree (10); and a hub (26) on the subsea tree (10) for mating with a corresponding connection
on the flow control module (40, 80) to establish fluid communication between the flow control module

(40, 80) and the sea tree (10), the subsea well system being characterized by: a first alignment
member CEATEE DA B BRGS0 af HER SR (4D U B (it PALLOE AR second
alignmer@eeo)ber (14) mounted on the subsea tree (10), as the flow control module (40, 80) lands on
the subsea tree (10); and  a third alignment member (56, 88) mounted on the flow control module

(40, 80) that mates with a corresponding fourth alignment member (20) mounted on the subsea tree
(10), as the flow control module (40, 80) continues to land on the subsea tree (10), wherein,  the

third alighthent TiensyaeTsef sateaoh dRERSHBrq78) (whersivhing Sist \ahesane MERPROWBEb ol
module (@MhrRAkistBANSIRESIRFLPIANE @hTRa 159 (i) dBRHiFcaliBRN MRARRRMARA OGP Bhdaving

an orifice (58, 90) at an upper end of the chamber (70) to allow sea water to bleed out to sea at a

desired R HRI1H§ 19Ny WSS ABRFE IMERS FhEiabre (49), Bolye released out to the sea a a desired
rate during landing of the equipment package (40, 80).

11. The system of any of claims 1-10, wherein each of the first, second, third, and fourth
alignment members (54, 84, 14, 56, 88, 20) form part of an array of alignment members (54, 84,
14, 56, 88, 20) such that each of the alignment members (54, 84, 14, 56, 88, 20) are disposed
diagonally across from an identical aignment member (54, 84, 14, 56, 88, 20).

12.  The system of any of clams 1-11, wherein the third aignment member (56, 88) is a
receptacle (56, 88) mounted on the equipment package (40, 80) and the second and fourth

alignment members (14, 20) are pins mounted on the subsea equipment (10).

13. A subsea well system comprising: a subsea tree (10) adapted for mounting on a subsea
wellhead; a flow control module (40, 80) that lands on the subsea tree (10); and a hub (26) on the
subsea tree (10) for mating with a corresponding connection on the flow control module (40, 80)
to establish fluid communication between the flow control module (40, 80) and the subsea tree
(10), the subsea well system being characterized by:

a first alignment member (54, 84) mounted on the flow control module (40, 80) that
mates with a corresponding second alignment member (14) mounted on the subsea tree (10), as

the flow control module (40, 80) lands on the subsea tree (10); and

a third alignment member (56, 88) mounted on the flow control module (40, 80) that
mates with a corresponding fourth aignment member (20) mounted on the subsea tree (10), as

the flow control module (40, 80) continues to land on the subsea tree (10),

14



the second alignment member (14) has a length selected so that the first alignment member (54, 84)
mates with the second alignment member (14) before the third alignment member (56, 88) mates with
the fourth alignment member (20);  an inner diameter of the first alignment member (54, 84) is larger
than an inner diameter of the third alignment member (56, 88);  an outer diameter of the second
alignment member (14) is larger than an outer diameter of the fourth alignment member (20). 14. The
system of claim 13, wherein the hub (26) is located on the subsea tree (10) for mating with a
corresponding connection on the flow control module (40, 80) to establish fluid communication
between the flol{/'€6Atkol module (40, 80) and the subsea tree (10). 15. The system of either of claims

13 or 14, wherej e thi ian e 88) s con flo trol valye (7g) that is
in fluid commuﬁ%ﬁc%a&?i](')rrgtj é\[ﬁ;{?{ﬁ%ﬂ %&éﬁ%ﬁ%)@éﬁﬁ ?%g é@?ﬁ%agmgoigr\%ﬁét%%&% m@ﬁe’egéﬁ%lmber
(70) to b8 oeicand oundd e{d0s€Q)d s halegirnded endoeisgten tieg)(dDxHbdhivdaigrohenboheial@o, 80).
16. The t clai 1 erei i [ na%?r mber
(70) fortgg’p?r% sea %r@gﬁgi%c%%&aégnngéﬁt%rg{)er (14; enters t ﬁi%ﬂ%%ﬁarﬁéﬁﬁﬁgmber
(84) whel? e R P contict fesdeld esiuBmpiLndingabiedtPorrane dupeed erd,(30);
the second alignment member (14) has a length selected so that the first alignment
member (54, 84) mates with the second alignment member (14) before the third alignment
member (56, 88) mates with the fourth alignment member (20);

an inner diameter of the first alignment member (54, 84) is larger than an inner diameter
of the third alignment member (56, 88);

an outer diameter of the second alignment member (14) is larger than an outer diameter
of the fourth alignment member (20).

14.  The system of clam 13, wherein the hub (26) is located on the subsea tree (10) for
mating with a corresponding connection on the flow control module (40, 80) to establish fluid

communication between the flow control module (40, 80) and the subsea tree (10).

15.  The system of either of claims 13 or 14, wherein the third alignment member (56, 88) is
connected to a flow control valve (76) that is in fluid communication with the chamber (70) and
the sea to allow sea water trapped in the chamber (70) to be released out to the sea at a desired
rate during landing of the flow control module (40, 80).

16.  The system of any of claims 13-15, wherein the first alignment member (84) aso has a
chamber (70) for trapping sea water as the second alignment member (14) enters the first
alignment member (84) when the flow control module (40, 80) is being landed on the subsea tree
(10);
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the first alignment member (84) having an orifice (86) in fluid communication with the chamber (70)
and to the sea to allow sea water trapped in the chamber (70) to bleed out to the sea at a desired rate
during landing of the flow control module (40, 80). 17. The system of claim 16, wherein the first
alignment member (84) is connected to a flow control valve (94) that is in fluid communication with the
chamber (70) and the sea to allow sea water trapped in the chamber (70) to be released out to the sea
at a desired rate during landing of the equipment package (40, 80). 18. The system of any of claims

13, whereinas aI| ment (72) is Io between th thir ent member (56, 88 d the
fourth Stionmeen T AR TR A AT L B e U R A RF 5. 86
mates wﬁhdhbquﬂhaamgnnhermmemm g2a)wald . trppedhndrocHambang 72) o gaechent tpahkage (40,
80) on a gubsea CAURMEM TN of the flow control module (40, 80).

17.  The system of claim 16, wherein the first alignment member (84) is connected to a flow
control valve (94) that is in fluid communication with the chamber (70) and the sea to allow sea
water trapped in the chamber (70) to be released out to the sea at a desired rate during landing of
the equipment package (40, 80).

18.  The system of any of claims 13, wherein a sealing element (72) is located between the
third alignment member (56, 88) and the fourth alignment member (20) to facilitate trapping of
seawater as the third alignment member (56, 88) mates with the fourth alignment member (20).

19. A method for landing an equipment package (40, 80) on a subsea equipment (10), the
method being characterized by the steps of:

providing the equipment package (40, 80) with a pluraity of aignment members (54, 84,
14, 56, 88, 20) facing downward, the subsea equipment (10) with a plurality of alignment
members (54, 84, 14, 56, 88, 20) facing upward;

lowering the equipment package (40, 80) onto the subsea equipment (10) and causing the
alignment members (14, 20) of the subsea equipment (10) to stab into the alignment members
(54, 84, 56, 88) of the equipment package (40, 80); and

trapping sea water between the alignment members (14, 20) of the subsea equipment (10)
and the alignment members (54, 84, 56, 88) of the equipment package (40, 80) as the alignment
members of the subsea equipment (10) stab into the aignment members (54, 84, 56, 88) of the
equipment package (40, 80), thereby

slowing the downward movement of the equipment package (40, 80) during landing with

the trapped sea water.
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method being characterized by the steps of:  providing the equipment package (40, 80) with a
plurality of alignment members (54, 84, 14, 56, 88, 20) facing downward, the subsea equipment (10)
with a plurality of alignment members (54, 84, 14, 56, 88, 20) facing upward;  lowering the
equipment package (40, 80) onto the subsea equipment (10) and causing the alignment members (14,
20) of the subsea equipment (10) to stab into the alignment members (54, 84, 56, 88) of the equipment
package (40, 80); and  trapping sea water between the alignment members (14, 20) of the subsea

equipment (10).and the ali ent members (54, 84, 56, 88) of the equipment package (40, 80) as the
alignmer‘?[ emﬁé‘?mﬁﬂi%ﬁ@&@qBI%PQEHﬁ%%Wﬁﬁéﬁéyél%r#ﬁgﬁTmembers (54, 84, 56, 88) of
the equipment e (40, 80), thereb ing the downwa ent of. qui t
package (40, 88?%%1%t aenféfgﬁgeévi %&[?ra'g%%\’t ﬁggj vq\?g%r.gml pre%emsg ’%SP tr %é%%@teb;égv%%r from
the subsé@e@ﬂ)ipﬁmmmambm(ﬁﬁ_nﬁénﬂﬁaﬁﬁa% 200, B3 edityiecheate boesholbetze(Bande, af4hee, 88,
20), at a%&%%ﬁgﬂ?%:[%)l_andmg of the equipment package (40, 80).
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