= . T "—W
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THIS SHEET HAS gEEN |

REPLACED

SUBSEA CONNECTOR SYSTEM AND METHOD FOR COUPLING

SUBSEA CONDUITS
Field of the Inventi
5 This invention relates generally to a subsea connector system and method for

coupling a subsea conduit to a conduit on a éenerally stationary subsea facility. The
subsea system and method includes a skid on the sea floor which is movable by a
flexible lift line from a surface location into a docked position on the subsea facility foi
coupling of the conduits to each other. |
10
Backg f venti _
| Heretofore, subsea connector systems fof connecting subsea conduits to each
other have been provided and oftentimes have included a diver to assist in making the
connection. A diverless subsea connector system has also been provided heretofore inca
15 so-called "lay-away" flowline type subsea christmas tree. Such a system utilizes a
flexible flowline for making the connection between the flowlines and the subsea tree at
the surface prior to installation of a subsea tree on the subsea wellhead. This eliminates
subsea flowline connections and permits the pressure testing of the connections in the
moonpool of a surface service vessel. A bundle of flowlines are connected to a primary
20  flowline hub which has a flexible flowline connected thereto for lowering of the hub
subsea. The hub is connected to the tree before the tree is lowered from the rig to the
sea floor. The flowlines are pressure tested with the subsea tree in the moonpool to
assure reliable operation once the tree is placed in‘ﬁt;sition. The flowlines may be
25  hydraulically unlocked from the tree at the same time the tree is unlocked from the well

should a tree have to be retrieved during a well workoW®r. The flowline bundle may be
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Thi s  invention relates generally to a subsea connector system and net hod
for coupling a subsea conduit to a conduit on a generally stationary subsea
faCiEity. The subsea system and nethod includes a skid on the sea floor
which is novable by a flexible Iift Iine froma surface |location into a
docked position on the subsea facility ' for coupling of the conduits to each
ot her . Background of the Invention Her et of ore, subsea connector .
systens for connecting subsea conduits tg each other have been provided and
oftenti mes have included a diver. to assist in making the connection. A

di verl ess subsea connector system has al so been provided heretofore in a

e | Y N oL U8 Ry LR B Y
flow ines and the subk$PatsneNo,075,862 dated February 28, 1978 1Hustrates a dwertess subsea
connector system for installing 4 flowline on which a flowline mating vehicle is lowered
into the sea and is docked on a subsea facility. A movable flowline is then coupled to a
5 stationary flowline. There is no showing of a connector vehicle which is moved along
guide lines into a docked position on the subsea facility.

U.S. Patent No. 5,255,744 dated October 26, 1993 shows a lay-away type
Christmas tree which has flowlines attached and tested prior to being lowered into the
sea. A remote operated vehicle (ROV) and an installation tool are also utilized in th'é.: -

10 subsea connections and are controlled from the supply boat. Thers is no showing of a
completion vehicle that is movable along guide lines into a docked position on a subsea
facility. Other diverless subsea flowline connection systems are shown in U.S. Patent
No. 4,161,367 dated July 17, 1979 and U.S. Patent No. 4,367,980 dated Jaﬁuary 11,
1983,

15 ‘

umm f the Inv.

The present invention is particularly directed to a subsea connector system and
method for the subsea coupling of a conduit to an aligned conduit on a generally
stationary subsea facility. The subsea facility may, for example, comprise a subsea

20 satellite Christmas tree, a manifold structure, or a subsea connection structure. The
conduit may, for example, comprise a fluid flowline or pipeline, control umbilical lines,
chemical injection lines, or annulus monitor lines. A skid carrying one of the conduits
to be connected is supported on the sea floor adjacent the subsea facility. A lift line
means or structure extending from a surface locaﬁen to the skid effects movement of the

25  skid into a docked position upon lifting of the lift line means from a surface location.



the Surface prior to installation of a subsea tree on the subsea wel | head.
This elimnates subsea flow ine connections and permts the pressure
testing of the connections in the nmoonpool of a surface service vessel. A
bundie of flowines are connected to a primary flow ine hub which has a
flexible flowine connected thereto for |Iowering of the hub subsea. The hub
I's connected to the tree before the tree is lowered fromthe rig to the

sea floor. The flowines are pressure tgsted with the subsea tree in the
nmoonpool to assure reliable operation once the tree.is placed in position.
The flowines may be hydraulically unlocked fromthe tree at the sane tine

the tree is unhgg mq"g‘e rR{Fbﬁ ﬂﬁl &bﬁ&g gﬁeﬁxsﬁgﬁﬁ%gﬁd frol® i ClitdeBYED a

during a well workover | e
generally horizontal direction. The extending end of the lift line means is anchored to

the subsea facility. Upon raising of the lift line means, the skid contacts the subsea
facility and is guided upwardly into a docked position on the subsea facility. In the

S docked position, the conduits on the subsea facility and the skid are in an aligned
position for coupling to each other.

The lift ling means or structure preferably includes a single upper lift lineand a
pair of generally parallel lower lift lines or guide lines for lifting and guiding the skid.
The pair of guide lines or lower lift lines are connected to the skid from the u‘ppe‘r lx&

10 line. A three point spreader bar is connected between the upper lift line and the pair of
lower guide lines extending to the skid. The guide means on the skid include guide
means for each of the guide lines to change the di'rection.of the guide lines from a
vertical direction to a génetally horizontal direction for anchoring to the adjacent subsea
facility. The guide means for each of the guide lines has a guide portion on the forward

15 end of the skid to resist lateral movement of the associated guide line thereby to assist in
steering of the skid upon lifting of the lower guide lines by the upper lift line. A remote
operated vehicle (ROV) may be utilized for releasably anchoring the lower guide lines
to the subsea facility for pulling the skid onto the subsea facility. In one embodiment, a
pair of "so-called" J-tubes are mounted on the skid to receive the guide lines and to

20  change the direction of the guide lines.

The subsea facility has guide means above a side thereof to receive coacting
guide means on the skid. The subjacent side has a sloping contact surface below the
guide means for engagement by the skid and upward movement of the skid along the
sloping side into a docked position with the guide ..means on the skid and subsea facility

25 in aligned position for releasably locking to each other. The remote operated vehicle



-2-F left in position as the tree is renpved fromthe subsea
wel | head in a vertical notion. U. S. Patent No. 4,075, 862
dated February 28,.1978 illustrates a diverless subsea connect or

system f or

installing a flowine on which a flowine mating vehicle is

| ower ed into the sea and is docked on a subsea facility. A novabl e
flowine is then coupled to a 5 stationary flowine. There is no

showi ng of a connector vehicle which is-4pved al ong guide lines into
a docked position on the subsea facility. U. S. Patent No.

5, 255, 744 dated_October 26, 1993 shows a | ay-away
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(ROV) preferably is utilized for releasably securing the sixd to the subsea facility when
in a docked position and for coupling the aligned conduits to each other. The conduits
are preferably provided with coacting coupling means that are engaged upon accurate
alignment of the conduits by the ROV.

Features of this invention include a subsea connector system and method in
which a movable skid having a conduit thereon is moved into a docked position on a
subsea facility for coupling with an aligned conduit on the subsea facility in a combined
lifting and forward movement of the skid along a contacting surface of the subsea
facility. The combined lifting and forward movement of the skid is obtained bya - -
flexible lift line structure extending vertically from a surface location to the skid and
then extending generally in a horizontal direction to the subsea facility where it is
anchored for pulling of the skid in a combined liﬁiﬁg and forward movement into a
docked position. .

Another feature includes the coacting guide means on the skid and the subsea
facility for guiding the skid into a docked position. The coacting guide means include a
pair of guides on the skid and a complementary pair of coacting guides on the subsea
facility for alignment of the skid for movement into a docked position. |

A further feature includes the lift line means for movement of the skid upon
raising of an upper lift line from a surface location. A single upper lift line is connected
to a pair of lower guide lines on the skid which are directed by the guide means on the
skid from a vertical direction to a generally horizontal direction for anchoring on the
subsea facility to be pulled into a docked position on the subsea facility.

Other advantages and features of this invention will be apparent from the

-
~

following drawings and specifications.



Christmas tree which has flowines attached and tested prior to being

| owered tnto the sea. A renote operated vehicle (ROV) and an
installation tool..are also utilized in the 10 subsea connections and are
controlled fromthe supply boat. There is no showing of a

conpl etion vehicle that is novable along guide lines into a docked position

on a subsea facility. Other diverless subsea flow ine connection
systens are shown in U. S. Patent .s.No. 4,161,367 dated July 17, 1979
and U. S. Patent No. 4,367,980 dated January 11, 1983. 15

Sunmmary of the Invention ' The present invention is
particularly diB i ector system and nmet hod for

t he subsea coupling of a conduit to an aligned conduit on a generally
Figure 1 is a schematic view of the subsea connector system of the present

invention showing a skid on the subsea having a conduit thereon for coupling to a
conduit on a generally stationary subsea facility;

s. | Figure 2 is a top plan of the skid shown in Figure 1 positioned adjacent a subsea
facility for being pulled and lifted into a docked position on the subsea facility.

Figure 3 is an enlarged side elevation of the skid shown in Figures 1 and 2 taken
generally along line 3-3 of Figure 2 with flexible lower guide lines received withina
pair of parallel J-tubes on the skid and adapted for anchoring to guide means on the o
10 subsea facility;
Figures 4-7 are schematic views showing in sequence the docking of the skid on
the subsea facility utilizing a remote operated vehicle (ROV) and an upper lift line from
a surface location to pull and raise the skid in a combined forward and lifting movement
onto the subsea facility;

15 Figure 8 is a top plan of a preferred embodiment of this invention showing a skid
in docked position on a subsea facility with a generally horizontally extending conduit
on the skid in position for coupling with a horizontally extending conduit on the subsea
facility; ‘

Figure 9 is a side elevation of the skid shown in Figure 8 taken generally along
20~ line 9-9 of Figure §;
' Figure 10 is an end elevation of a skid shown in Figure 8 taken generally along
line 10-10 of Figure 8;
Figure 11 is an enlarged elevation taken gengrally along line 11-11 of Figure 8
and showing guide means on the skid and subsea.'f;.cility in aligned docked position;

25 Figure 12 is a side elevation, partly in section, showing the skid as illustrated



stat_i'o‘nary subsea facility. The subsea facility may, for exanple, conprise

a subsea-20 satellite Christmas tree, a manifold structure, or a subsea

connection structure. The conduit may, for exanple, conprise a

fluid flowine or pipeline, control unbilical Iines, chemi cal

I njection lines, or annulus nmonitor lines. A skid carrying one of the

conduits to be connected is supported on the sea floor adjacent the

subsea facility. Alift line neang or structure extending froma

surface location to the skid effects novenent of the 25 skid into a

docked position upon lifting of the |ift line means froma surface

| ocati on. generally in Figures 1-7 having a generally vertically extending conduit or flowline hub
secured thereto;

Figure 13 is a top plan of the skid shown in Figure 12;
Figure 14 is an end elevation of the skid shown in Figures 12 and 13;

5 Figure 15 shows the skid of Figures 12-14 in a docked position on a subsea
wellhead structure with the flowline hub positioned beneath a vertically extending
flowline conduit on the wellhead structure; and

Figure 1'6 is a fragmentary view similar to Figure, 15 but showing the vertically
extending flowline hub on the skid raised into a coupled position with the flowline ~

10 conduit on the wellhead structure.

Description of the Invention
Referring now to Figures 1-7, in which one embodiment of the invention is
illustrated, a schematic view of the subsea connector system is illustrated in Figure 1. A
15 subsea facility 10 comprises a generally stationary underwater subsea facility having 4
horizontally extending flowline conduit 12 thereon. A subsea wellhead structure
generally indicated at 14 has a flexible generally horizontal flowline conduit 16
extending therefrom. A forward portion of flowline conduit 16 is carried by a movable
skid 18 on a seabed or sea floor F and has an end coupling 20 adapted for connection to
20 conduit 12. A vessel 22 on the sea surface S has a suitable lift line means or structure
generally indicated at 24 extending downwardly to skid 18 and adapted for pulling and
raising skid 18 into a docked position on subsea facility 10 as will be explained further.
A remote operated vehicle (ROV) 26 controlled fron} surface vessel 22 has an extending
arm 28 and assists in the docking of skid 18 and the coupling of conduits 12 and 16.

25 Vessel 22 has a suitable winch and other suitable mechanisms thereon for the movement



-3-° The lift line means is directed by guide neans on the skid
froma vertical direction to a general ly horizontal direction. The
extending end of. the lift line neans is anchored to t he subsea
facility. Upon raising of the lift line neans, the skid contacts the subsea
facility and is guided upwardly into a docked position on the subsea

facility. Inthe 5 docked position, the conduits on .the subsea
facility and the skid are in an aligned? position for coupling to
each ot her.

and control of lift line means or structure 24.

Referring now to Figures 2-7, skid 18 has guide means for lift line means 24
comprising a pair of J-tubes generally indicated at 30 each incl_uding a generally vertical
upper portion 32 and a generally horizontal lower portion 34. Retainer openings 35 are

5 provided in lower portions 34. Lift line means 24 includes a single upper flexible lift
line 24 and a pair of guide lines or lower lift-lines 38. A rigid triangular spreader bar
shown at 40 connects upper lift line 36 to guide lines 38. Upper vertical portions 32 of
J-tubes 30 are positioned generally in transverse alignment with the center of gravity of
skid 18. R .

10 Guide lines 38 are fairleaded through J-tubes 30 to change the direction of guide
lines 38 from a vertical direction to a horizontal direction thereby to form guide means
for lift Ijne means 24 and to aid in the steering of skid 18. The ends of guide lines 38
have anchor members 42 secured thereon for anchorihg of guide lines 38 on subsea
facility 10. Actuating rods 44 secured to anchor members 42 extend therefrom for
engagement by arm 28 of ROV 26. Eyes 43 are secured to vertical upper portions 32.as

15  shown in Figure 2 to permit the initial positioning of skid 18 on seabed F from vessel
22. When being initially lowered into the sea or when not being docked, guide lines 38
and spreader bar 40 are disconnected from upper lift line 36 and are tied down on skid
18 along with anchor members 42 for release by remote operated vehicle (ROV) 26 as
desired.

20 Mounted on the upper side of subsea facility 10 are guidé means comprising a
pair of tubular guides generally indicated at 46 having frusto-conical forward ends 48
for contacting and guiding J-tubes 30 into tubular gujdes 46 for docking of skid 18.
Guides 46 have upper longitudinal slots 50 therein to receive guide lines 38 therein. For

attaching or anchoring skid 18 to subsea facility 10 for docking, arm 28 of ROV 26



The lift line, nmeans or structure preferably includes a single upper lift

line and a pair of generally parallel lower lift |ines or guide
lings for lifting-and guiding the skid. The pair of guide lines or
lower lift lines are connected to the skid fromthe upper lift 10 i ne.
A three point spreader bar is connected between the upper lift line and the
pair of | ower guide |ines extending to the skid. The gui de neans on
t he skid include guide neans fordeach of the gui de lines to change
the direction of the guide lines froma vertical direction to a

Paci 11ty The SRR Al four 24 sBon eeqtrtits viHod bl SAEE por ti on
on 1 1010 gy o5 G W o et . ki R IR TRkl
upon lifting ofy;tdiers BVgnihg with dpeRiags DY i NRLLPRE" With file dnbf'Sr pufid 161D S
anchored, skid 18 may be docked on subsea facility 10 in a combined pulling and lifting
5 action. Upon lifting of upper lift line 36, an inclined side 52 of subsea facility 10
extends downwardly from guides 46 and is adapted to contact J-tubes 30 for guiding of
skid 18 into docked position.
As shown 1';1 Figure 2, a rotatable shaft 56 has a gair of nuts 58 threaded thereon
for movement of nuts 58 toward and away from each other upon rotation of shaft 56'by
10 engagement of hub 60 by ROV 26. Suitable links or arms 62 extend between nuts 58
and coupling 20 for movement of coupling 20 and conduit 16 in a longitudinal direction
upon rotation of shaft 56. In a docked position of skid 18, shaft 60 is rotated by ROV
26 to move coupling 20into a coupled position with conduit 12. |
15 eration of Sub nn t i =7 .
Referring particularly to Figures 4-7 for docking of skid 18 and coupling of
conduits 12 and 16, guide lines 38 with anchor members 42 thereon along with spreader
bar 40 have been pre-rigged at the surface location and temporarily secured to skid 18
for the deployment of skid 18 to sea floor F from suitable lines connected to eyes 43.
20 Coupling 20 and the adjacent portion of conduit 16 are also secured to skid 18 prior to
deployment on sea ﬂoc;r F. Conduit 16 on skid 18 is connected-to wellhead structure 14
by ROV 26 after skid 18 is initially positioned on. sea floor F. If skid 18 is initially
positioned at an unsuitable location on sea floor F for docking on subsea facility 10,
ROV 26 can attach lift lines to eyes 43 for moven'fet;t of skid 18 to a desired position.

25 When skid 18 is in the proper position for docking as shown in Figure 4, ROV



operated vehicle (ROV) may be utilized for rel easably anchoring the | ower

gui de li-nes to the subsea facility for pulling the skid onto the
subsga facility..- 1-n one enbodi nent, a pair of "so-called" J-tubes
are nounted on the skid to receive the guide lines and to 20 change the
direction of the guide |ines. The subsea facility has guide
nmeans above a side thereof to receive coacting gui.de neans on the -

skid. The subjacent side has a sloping dontact surface bel ow the
gui de neans for engagenent by the skid and upward novenent of the skid
al ong the sl opi ng si,de into a, docked position with the gui de neans

on the skid and®&isseuwsct apy tiedoyms for guide lings 38;and pnshorimearahers astheadatheedmaiin| v
locking to eac QZ (a).It\(P e pt-)rsqgogset\gren énechc(’) rgermalge%j 4i/ ﬁlL'mCJ t%bular guides 46 with guide lines
38 being received through slots 50 in tubular guides 46 as shown particularly in Figure
4. Then, ROV 26 retums to skid 18 to connect spreader bar 40 to upper lift line 36 as

5 shown in Figure 5. Upper lift line 36 is then pulled taut to take up the slack in guide
lines 38 so that substantially equal tension is applied to both guide lines 38. Guides 46
on subsea facility 10 are positioned at a height above horizontal portions 34 of J-tubes
30. Guide lines 38 extend downwardly from guides 46 it'l an angular direction for
raising skid 18 and moving skid 18 in a forward direction to produce a combined:

10 movement as illustrated in Figure 6. The forward ends of J-tube portions 34 contact the
adjacent sloping side 52 of subsea facility 10 and are guided by side 52 thereof into
receiving position with tubular guides 46. In this pbsition, openings 35 in J-tubes 30 are
in horizontal alignment with openings 51 in tubular guides 46. ROV 26 may then be
used to insert suitable retainer pins (not shown) in the aligned openings 35 and 51. The

15 tension in lift line means 24 is then relieved and guide lines 38 are then cut by ROV 26
so that spreader bar 40 may be retrieved at the surface location such as vessel 22. In this
position, coupling 20 is in axial alignment with conduit 12 but spaced from conduit 12
as shown in Figure 2. Hub 60 is then engaged by ROV 26 for rotation of shaft 56 to
move coupling 20 into position with conduit 12 for suitable coupling as well known.

20 Skid 18 may remain in place or may be recovered, if desired. If desired to be
recovered, the retair_xing pins in aligned openings 45 and 51 are removed by ROV 26
after a lift line has been connected by ROV 26 to eyes 43 on J-tubes 30 and tension
applied by the lift line. As soon as the retainer pins are removed, skid 18 can be pulled
in a rearward direction and then lifted to the surface hfor repair and re-deployment with a

25  new or repaired flowline conduit as desired.



-4- " (ROV) preferably is utilized for rel easably securing the skid
to the subsea facility when I n a docked position and for coupling
the aligned conduits to each other. The conduits are preferably
prow ded with coacting coupling nmeans that are engaged upon accurate
alignment of the conduits by the ROV.

<10«

referred Embodiment of Figures 8-

Referring now to Figures 8-11, a preferred embodiment of the present invention
is illustrated in which skid 18A is shown in a docked position on subsea facility 10A
prior to coupling of conduit 16A on skid 18A to conduit 12A on subsea facility 10A.

5 Subsea facility 10A has a sloping side 52A below guide structures 46A on adjacent
corners of subsea facility 10A above side S2A. Each guide structure 46A includes a pair
of inclined guide wings 47A leading to a pair of spaced parallel vertical plates 49A
which extend upwardly from guide wings 47A. Plates 49A have aligned openings 51A _
therein to receive a retainer pin (not shown). A lateral plate S3A is secured between |

10 vertical plates 49A and has a notch SSA therein to receive an anchor line. A U—shapeﬁ
guide 57A (see Figures 8 and 11) is likewise secured between plates 49A to receive the

‘anchor line. A lower hoﬁzgntdl guide plate S9A is secured between plates 49A.

Skid 18A has a generally rectangular body formed of tubular frame members
secured to each other. A pair of parallel upper tubular members 31A extend

15 longitudinally; a pair of transverse tubular members 33 A are secured between tubular’
members 31A. A front inclined tubular member 34A on opposed sides of skid 18A has
a forward end portion 37A extending upwardly beyond the forward ends of upi:er
tubular members 31A. As shown particularly in Figure 11, the outer upper end of each
end portion 37A has a pair of spaced outer vertical plates 39A with a horizontal guide

20 bar or pin 41A secured between vertical plates 39A. As shown in Figure 8, inner
forward guide plates 43A have openings 35A therein adapted for alignment with
openings 51A in plates 49A in a docked position of skid 13A on subsea facility 10A. A
rear guide pin or rod 32A for each guide line 38A is mounted on the rear end of each
tubular frame member 31A between a pair of verfical plates 30A.

25 A pair of guide lines 38A similar to the guide lines 38 in the embodiment of
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Features of .this invention include a subsea connector system
and nethod in
noved into a docked position on a
an aligned conduit on the subsea facility in a conbined

whi ch a novabl e skid having a conduit thereon is

forward novenent of the skid along a contacting surface of the subsea

facility. The conbined |ifting and forward novenent of the skid is obtained
| i ne structurdiextending vertically froma surface

by a 10

flexible lift
| ocation to the skid and

"then extending generally in a horizontal

direction to the subsea facility where it is anchored for pulling
of the skid i rFiguresiddiemtedd bedeathrgpiderpins I2Avendcgunde mnsediA. | Fordoeking, the ROV
docked position.
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25

places anchor members 42A on the ends of guide lines 38A behind notches SSA. The
upper lift line is then raised to lift guide lines 38A vertically and move skid 18A
horizontally in a combined pulling and lifting movement against sloping side 52A of
subsea facility 10A. Inclined front tubular members 34A contact inclined side 52A and
are being pulled upwardly along sloping side 52A with forward guide plates 43A being
guided by wings 47A into an aligned position with subsea facility 10A. As shown
particularly in F.igures 8 and 11, forward guide plates 43A on skid 18A are moved by
skid 18A between vertical plates 49A on subsea facility 10A beneath horizontal plate ™ |
59A. In this position, openings 35A of skid 18A and 51A of subsea facility 10A are in
horizontal alignment. Retainer pins (not shéwn) may be inserted through the aligned
dpenings by the ROV for securing skid 18A in a docked position on subsea facility 10A.
| In the docked pésition, coupling 20A on the end of conduit 16A is spaced
horizontally from the opposed end of conduit 12A on subsea facility 10A. A pair of
hydraulic cylinders 61A are secured at one end to transverse tubular member 33A and*
secured at an opposite end to clamping structure 63 A which is secured to conduit 16A.
Actuation of hydraulic cylinders 61A by the ROV moves coupling 20A horizoﬁtal ly into
engagement with conduit 12A for coupling of conduits 12A and 16A together as

illustrated schematically in Figure 7.

Embodiment of Fi 2-16, Vertical tendin it Connector
Referring now to Figures 12-16, a further embodiment of this invention is

illustrated in which a skid 18B has a vertically extenc}ing flowline hub 16B mounted

thereon for coupling to a flowline connector indicated at 17B (see Figures 15,16) ona

subsea wellhead structure generally indicated at 14B. Figures 12-14 show skid 18B and

subsea facility for coupling with
lifting and



Another feature includes the coacting guide neans on the skid and the
subsea 15 facility for guiding the skid into a docked position. The
coacti ng gui de neans include a pair of guides on the skid and a
conpl enentary pair of coacting guides on the subsea facility for
alignment of the skid for novenent into a docked position.

A further feature includes the lift Iine neans for novenent of the skid

upon rai sing of an upper lift liqig.froma surface |ocation. A single
upper lift line is connected 20 to a pair of |lower guide lines on the
skid which are directed by the guide neans on the skid froma

vertical directflowlingbub 168 detactied fromowelead strudtiice ¢4Bi Sigufeols showhskid 08B and t he
subsea facilit >g'tot"vv?inte) ?mg l1Jt|51|?» ?igckieg tog waellg&%i;tergcuet(?esli‘ttBi ;r?or (t)oncc;[ugleings \l:!}?i?eeggrxricli; .

shows skid 18B and flowline hub 16B docked with flowline hub 16B connected to
flowline connector 17B on wellhead structure 14B. A suitable vertical flowline 21B

5 connected to flowline connector 17B extends to a surface location. Hub 16B may
include control umbilical lines, monitor lines, as well as fluid flowlines for various
fluids such as hydraulic fluid, chemical fluids, or hydrocarbon fluids. A pair of guides
shown generally a‘t 46B on wellhead structure 14B are designed and arranged to receive _
skid 18B in docked position and to be removably secured to skid 18B as in the .

10 embodiment of Figures 1-7. Hub 16B also includes a side outlet which receives a
swiveling flowline arm 19B as shown particularly in U.S. Patent No. 5,044,672 dated
Septeqba 3, 1991, the entire disclosure of which is i_rtcorporated herein by reference.

Referring now particularly to Figures 12-14, skid 18B is generally similar to skid

18 of the embodiment of Figures 1-7 but includes the mounting of flowline hub 16B on

15 skid 18B. A pair of J-tubes 30B are provided to guide anchor lines received therein to
welthead structure 14B for pulling and lifting skid 18B into a docking position on
wellhead structure 14B. Eyes 43B on J-tubes 30B are utilized for the initial lov-vering of
skid 18B onto the sea floor. The forward end portions 34B of J-tubes 30B are designed
to be fit within aligned guides 46B on wellhead structure 14B after docking. Flowline

20  hub 16B may be raised and lowered by rotation of shaft 56B by an ROV, Nuts 58B are
threaded onto shaft 56B and links 62B are connected to flowling hub 16B for raising and
lowering flowline hub 16B upon rotation of shaft 56B in a desired direction.

In operation, skid 18B is lowered into position in a manner similar to skid 18 of

the embodiment for Figures 1-7 with the guide Iinés\(not shown) extending through J

25  tubes 30B as in the embodiment of Figures 1-7. The guide lines are anchored (not



O her advantages and features of this invention will be apparent fromthe
foll ow ng drawi ngs and specifications. 25
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illustrated) onto wellhead structure 14B and upon lifting of the guide lines, skid 18B is
pulled and lifted into a docked position on wellhead 14B with the forward ends 34B of
J-tubes 30B positioned within guides 46B of wellhead structure 14B. In this position an
ROV mounts retainer pins (not shown) into aligned openings in J-tubes 30B and guides
46B for securing skid 18B in the pbsition of Figure 15 with flowline hub 16B positioned
beneath flowline connecter 17B. In the position of Figure 15, shaft 56B is rotated by the
ROV to raise ﬂowli'ne hub 16B into a coupled position with ﬂowlin.e connector 17B as
shown in Figure 16.

The movable skid of which the present invention is embodied allows the skid W

float laterally so that the conduits can be easily aligned and coupled both for a horizontal

connector system and a vertical connector system. Further, the lift line structure utilizes

a three point spreader bar to connect an upper vertical lift line to a pair of lower guide
lines which are directed in a generally horizontal direction for anchoring onto a subsea
facility to permit the skid to be pulled forwardly and raised in a combined movement.
Such 2 movement minimizes any resistive forces which result from pulling or dragging a
skid across the sea floor and minimizes any disturbance of the sea floor which might
restrict visibility as might be required for ROV operations. The present subsea
connector system also provides a diverless means for coupling subsea conduits together,
and for disconnecting any damaged flowline conduits for installation of new flowline
conduits,

While preferred embodiments of the present invention have been illustrated in
detail, modifications and adaptations of the preferred embodiments will occur to those
skilled in the art. However, it is to be expressly understood that such modifications and
adaptations are in the spirit and scope of the present {nvenﬁon as set forth in the

following claims.



Brief Description of the Draw ngs Figure 1 is a schematic
vi ew of the subsea connector system of the present I nvention
showi ng a ski aving a conduit thereon for coupling

conduit on a el by [ilBnary subsea facility; 5. {

a top plan ofmﬂmmm‘m“mu n Figure 1 positioned adj § -
facility for. being pulteds arrd lifted into a docked posi t}i on. ol .
facility. Figure 3 is an enlarged side elevation of the skid
shown in Figures 1 and 2 taken generally along Iine 3-3 of Figure 2

with flexi blﬁ ho&pggi de lines received within a pair of parallel

J-tubes on t d adapted for anchoring to guide neans on the 10

subsea facility; A method orcodggﬂyssaréfg%ﬁaaﬁs@%me&ux egvaﬁ:h.so gukng in

sequence the docklhg of the skid he subsea facill utilrzing a
renot e oper aiRGod@llisVemgriadielpfigedodnd widimted dnf 4 stAtioneryfsaBy#h facility on thesUr f ace
| ocation to pull and raise the skid in a conbined forward and Tifting
nmovement seabed ad the biher conldsie beihgmokably, said method comprising the following steps:

)

providing a structure having said movable conduit mounted thereon;

providing a vertically extending flexible lift line device for said structure;

providing guide means on said structure to receive said flexible lift line
device and to change the path of said flexible lift line device from a vertical direction to a
generally horizontal direction, ' _

anchoring a lower end of said flexible lift line device to the statiéﬁary
subsea facility; and

lifting said vertically extending flexible lift line device to move éaid
structure and conduit thereon into a predetermined docked position on said subsea facility

in which said conduits are aligned for coupling to each other.

2, The method for coupling 2 pair of conduits to each other as set forth in
claim 1 wherein said structure is a skid designed for movement along the seabed, the
method further including the steps of:

providing cooperating guide means on said subsea facility for alignment
with said guide means on said skid for guiding said skid into a docked position on said
_ subsea facility; and _
moving said skid by said lift line device ina combined forward movement
and lifting movement with said skid first contacting said subsea facility at 2 position below

said guide means on said subsea facility and then moved upwardly into docked position.
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15 ° Fi gure B_Ls_a—t—ep—pL&n—e#ra preferred enbodi nent of this

I nventi on showi ng a docked position on a gubsea facility
with a generally. .hoiE M’I!“'L | ng conduit on tm g#

position for coupli orsi zental | y extendi ng condujt aﬂ%@gﬁN
facility; Figure 9 is a side elevation of in,
Figure 8 taken generally along 20 line 9-9 of Figure 8;

Figure 10 is an end elevation of a ski d shown in Fi gure 8 taken generally

al ong | ine 10-10 of Figure 8; ure 11 is an

enl arged el evati #n taW@é%f%PP%lmgémglfIOfﬁ@@ﬂs tojeagh otgcrgq;;set forth in and
show ng qui glg mi ?‘P éhe Skl and subsea facility in aligned docked

posi ti on; im 2 inciuding F@GP% 12 is a side elevation, partly in section,

showing the skid as | Ho%’ﬁ ng%\%ﬂchor member on said lower end of said flexible lift line
device; and
removably mounting said anchor member on said subsea facility adjacent

said guide means thereon for anchoring said flexible lift line device to said subsea facility.

4. A method for coupling a pair of conduits to each other subsea with one of

the conduits being relatively fixed and mounted on a subsea facility on the seabed and the. .
other conduit being movable, said method comprising the following steps: -

providing a skid for t_:eing pulled along the seabed;

mounting said movable conduit on said skid;

providing a pair of vertically extending lower flexible guide lines for said
skid;

providing guide means on said skid to receive said pair of generally
vertically extending flexible guide lines to change the direction of the said pair of guide
lines to a generally horizontal direction;

anchoring the lower ends of said flexible guide lines to a generauy
stationary subsea facility; and

lifting said pair of vertically extending flexible guide lines to move said
skid and conduit thereon into a predetermined docked position on said subsea facility in

which said conduits are aligned for coupling to each other.

5. The method for coupling a pair of conduits to each other as set forth in

claim 4 including the steps of*
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generally in Figures 1-7 having a generally vertically extending conduit or
flow i ne hub secured thereto; Figure 13 is a top
pl an, of the skid-shown in Figure 12; Fi gure.14is TRsCh
el evation of the skid shown in Figures 12 and 13; THIS SHE§T

| RE

providing cooperating guide means on said subsea facility for alignment
with said guide means on said skid for guiding said skid into a docked position on said
subsea facility; and

anchoring said flexible guide lines to said subsea facility adjacent said
guide means thereon for pulling said skid in a combined forward movement and lifting

movement into a docked position.

6. The method for coupling a pair of conduits to each other as set forth in
claim 4 including the steps of: ‘
mounting said movable conduit on said skid in a generally hoﬁzdﬁﬁl
direction; and )
mounting said relati'vely fixed conduit on said subsea facility in a generally

horizontal direction for coupling to said movable conduit on said skid.

7. A method for coupling a pair of conduits to each other as set forth in claim
4 including the steps of: ‘
mounting said movable conduit on said skid for terminating in a generally
vertically facing direction; and
mounting said relativeiy fixed conduit on said subsea facility for extending

in a generally verticaily facing direction for coupling to said movable conduit.

8, The method for coupling a pair of conduits to each other as set forth in
claim 4 including the steps of: _
connecting a single upper lift line to said pair of lower guide lines for

pulling said lower guide lines vertically upon lifting of said single upper lift line for



5 - Figure 15 shows the skid of Figures 12-14 in a docked
position on a stbsea—————weHN head structure with the flowine hub
posi_tioned ben ext endi ng fl ow i ne cond

wel I'head strucammmg gmuﬂ "I Figure 16 is a R
simlar to F g the vertically

hub on the Skld raised into a coupl ed position wth the

the I nvention

conduit on the well head structure. Description o
Referring now to Figures 1-7, in which one enbodi ment of the invention is
i || ustrat ed, mavemendafsaidskid.ew of the subsea connector systemis illustrated

in Figure 1. A

9. The method for coupling a pair of conduits to each other as set forth in
claim 8 including the step of:
providing a three point spreader bar between said pair of lower guide lines
and said upper lift line for connection of said upper lift line to said pair of lower guide

lines.

10.  The method for coupling a pair of conduits to'each other as set forth in L :

claim 4 including the steps of: o

providing cooperating guide means on said subsea facility for alignment
with said guide means on said skid; .

providing a guide surface along a side of said subsea facility and below said
guide means thereon for contact of said skid during docking of said skid; and

lifting said skid for generally vertical movement along said guide surface
until a docking position is achieved with said guide means on said skid and said }

cooperating guide means on subsea facility coming into an aligned position.

11.  The method for coupling a pair of conduits to each other as set forth in
claim 4 including the steps of:
providing an anchor member adjacent the horizontal o._end of each of said
. guide lines; and ,
providing a remote operated vehicle to lift said anchor members and
position said anchor members in a location for anchoripg said lower lines to said subsea

facility.

\
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15 ° subsea facility 10 conprises a generally stationary underwater subsea
facility havin ' ally extending flowine conduit 12

the'r:eon. A subg gicture general ly i
a flexible genim'm"%mﬁmﬂ“m flowine conduit 16 THIS SHER
®

therefrom A forward portien flowine conduit 16 is c rlri edREEU&

skid 18 on a seabed or sea floor F and has an end coupli apted for -
connection to 20 conduit 12. A vessel 22 on the sea surface S has a
suitable I'ift line nmeans or structure generally indicated at 24
ext endi ng dowmmwardly to skid 18 and adapted for pulling and rai sing .
skid 18 into a docked_position on subsea facility 10 as will be expl ai ned
further AZr enmdtie msphod of eeupling k pais of FDANItO® eaeetherlak eet forttoim daimf ace
vessel 22 h%s, aln extendi n%

including the steps of:

providing releasable locking members for releasably securing said guide
means on said skid to said subsea facility when said skid is docked; and
providing a remote operated vehicle to position said locking members into

releasably locked position with said guide means on said skid and said subsea facility.

13. A subsea system for coupling a pair of conduits to er;xch other comprising: .. .-

a generally stationary subsea facility mounted on the seabed and ‘liavin.g a-
conduit thereon;

a movable skid haﬁng a conduit thereon and supported for movement along
the seabed to said subsea facility for ;:oupling of said c;mdui"ts to each other;

a flexible lift line structure extending from a surface location to said skid
for exerting an upward pulling force;

line guide means on said skid for directing said lift line structure from a
generally vertical direction to said skid to a generally horizontal direction from said skid to
said subsea fé,cility;

means on said subsea facility to anchor a horizontal end of said flexible lift
line structure; and

coacting guide means on said subsea facility and saifl_skid for positioning
said skid into aligned position with said subsea facility upon pulling of said lift line
structure upwardly for docking of said skid to permit coupling o'f said pair of conduits to

each other.
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arm' 28 and assists in the docking of skid 18 and the coupling of conduits

12 and 16. 25 sui table wi nch and other suitable
mechani sns t her ejﬂ‘ﬁﬁﬂmmﬁﬂﬂiguﬁnt "
-7- and cOr Oty Mg T4 ne nmeans or structure 24.THIS SHEET HAS BEEM

REPLACED
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14.  The subsea system of claim 13 wherein:
said subsea facility has a side thereof defining a guide surface for contact by
said skid for movement of skid upwardly along said surface into docked position upon

lifting of said flexible lift line structure.

15.  The subsea systemn of claim 13 wherein a remote operated vehicle is

provided for anchoring of said flexible lift line structure on said subsea facility.

16.  The subsea system of claim 13 wherein: :
said lift line structure includes a pair of generally parallel spaced ﬁexiﬁe -
lower guide lines extending between said skid and said subsea facility and anchored to said
sqbsea facility for exerting a pulliﬂg force on said skid for movement of said skid toward
said subsea facility; ‘
| said coacting guide means on éaid subsea facility including a pair of guides
positioned above said coacting guide means on said skid for guiding said skid into docked

4

position.

17. A subsea skid operable for movement along a seabed adjacent a generally
stationary subsea facility having a conduit thereon and operable for docking on said subsea
facility; said skid comprising:

a conduit mounted on said skid for movement with said skid for coupling
with the conduit on said stationary subsea facility; and .

guide means on said skid operable to direct a lift line structure for said skid
from a vertical direction to a generally horizontal direction toward said subsea facility for

docking of said skid on said subsea facility and coupling of said conduits upon lifting of
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Referring now to Figures 2-7, skid 18 has guide neans for lift |ine means
24 " conprising a pair of 3-tubes generally indicated at 30 each

including a genﬁ' Imllmllguﬂeﬂum *° upper portion 32 and a generally
hori zont al | ower! Ml ai ner openings 35 are 5 provided in

| oner portions 34. Lift Min& means 24 includes a sing le lift
line 24 and a pair of guide lines or lower lift-lines % g BEEN
triangul ar spreader bar shown at 40 connects upper IREPLAdrnne 36 to
guide lines 38, Upper vertical portions 32 of J-tubes 30 are

posi ti oned Sg\éir{lé‘real ly in transverse alignnent with the center of gravity of

skid 18. 10 Quide lines 38 are fairleaded through J-tubes 30 to
change the direction of guide lines 38 froma vertical direction to
a horizontal dirgcti re .Qr ' means for lift line

means 24 and to 1§i d ﬁ?}e%ﬁb e%%%éfc%%%oﬁgg#g 18. The ends of guide lines 38

have anchor nenbers @gdiﬁf&'%giﬁ@lﬁ&é}n for anchoring of guide |ines 38 on
subsea

a rear guide portion for receiving said lift line structure from a vertical
position and directing said left line structure in a generally horizontal direction, and

a front guide portion on a forward end of said skid for receiving said lift
line structure from said rear guide portion to provide guiding of said skid toward said

€

subsea facility.

19.  The subsea skid of cl.aim' 18 wherein:
said guide means includes a pair of J-tubes each having a generally vertical
portion and a generally horizontal portion and operably arranged to receive and direct said

lift line structure to said subsea facility.

20.  The subsea skid of claim 17 wherein:
said lift line structure includes a pair of lower flexible guide lines mounted
on said skid and guided by said guide means; and
an anchor member is secured to hon’zbntal end of each guide line for

anchoring on the subsea facility.

_—
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facility 10. Actuating rods 44 secured to anchor nenbers 42 extend

therefrom for engagenent by arm 28 of ROV 26. Eyes 4 F y '
vertical upper portions 32 as 15 shown in Figure 2 to p (TR SBEE '}ﬁg BEEN
inifial positioning of skid 18 on seabed F from vessel 22RERMCED
being initially lowered into the sea or when not being docket; Quide |ines
38 and spreader bar 40 are disconnected fromupper-lift |line 36 and
are tied down on skid 18 along with anchor nenbers 42 for rel ease by
renote operated vehicle (ROV) 26 a desired. 20 Mount ed

on the upper side of subsea fABS [ ITHEDPESCLOSIRE conprising a

pair of tubular guides generally indicated at 46 having frusto-conical
forward ends 48 A subsea conpestorspstéra and mgthad ytilizingp slgd §18) gn éhe ssoflper(S) fasbul ar
gui des 46 for docking of skid 18. . L des 46 have r.. | ongi t udi nal
I ot 50t eving assbitacendit (U6 civdrcte 968 (oA pubsirond i () o 2

relatively fixed subsea structure (10). A lift line device or structure (24) has an upper lift

line (36) connected by a spreader bar (40) to a pair of lower guide lines (38) which are
directed from a vertical position to a generally horizontal relation by J-tubes (30). The
ends of the guide lines (38) have anchor members (42) thereon which are anchored to
guides (46) on the subsea facility (10). Upon raising of the upper lift line (36), the skid
(18) moves in a combined pulling and lifting motion to engag'e a side (52) of the s_ubsea. L :
facility (10) for being guided into a docked position with aligned guides (46) on the subsea
facility (10). In this position, an ROV (26) secures the skid (18) into a releasably locked
position by insertion of retainer pfns (not shown) into aligned openings (35, 51) of the skid
(18) and subsea facility (10). Then, coupling (20) on the eﬁd of flowline conduit (16) is
coupled onto aligned conduit (12) on the subsea facility (10). A preferred embodiment is
shown in Figures 8-11 for connecting horizontal conduits (124, 16A). Another
embodiment is shown in Figures 12-16 for connecting vertical conduits (16B, 17B) on

skid (18B) and wellhead structure (14B).
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at t'achi- -ng or anchoring skid 18 to subsea facility 10 for docking, arm 28 of

ROV 26 engages actuating rods 44 to position guide
lines 38 within.slots 50 with anchor menbers 42 a THIRESHERT Hg@%@gﬁ
gui des 46. Retai ner openings 51 are provided in tubular . REPLACED
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guides 46 for aligning with openings 35 in ]-tubes 30. Wth the ends of
guide lines 38 anchored, skid 18 may be docked on subsea facility
action. Upon lifting of upper

10 in a conbined pulling and lifting 5
lift line 36, an inclined side 52 of subsea facility 10 ext ends
downwardly from guides 46 and is adapted to contact J-t ?0 for gui di ng

of skid 18 into docked position. SFB@%
2, arotatable shaft 56 has a pair of nuts 58 threaded thereoB C 1
movenent of nuts 58 toward and away from each ot her uporrretat 4A’§9 shaft
56 by 10 engagenent of hub 60 by ROV 26. Suitable |links or arns 62
extend between nuts 58 and coupling 20 for novenent of coupling 20
and conduit 16 in a longitudinal direction upon rotation of shaft
56. In a docked position of skid 18, shaft 60 is rotated by ROV

-

U
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26 to nove coupling 20 into a coupled position with conduit 12. 15
Oper ati on of Subsea Connector System of Figures 1-7
Referring particularly to Figures 4-7 for docking of skid 18 and coupling

of - conduits 12 and 16, guide lines 38 with anchor nenbers 42
t hereon al ong with spreader bar 40 have been pre-rigged at the
surface location and tenporarily secured to skid 18 : for the

depl oynment of skid 18 to sea floor F fromsuitable |ines connected to eyes
43. 20 Coupling 20 and the adjacent portion of condupt—Li6.are al so
secured to skid 18 prior to depl oyment on sea fl MiSFSHE@qn
on skid 18 is connected to well head structure 14
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by ROV 26 after skid 18 is initially positioned on sea floor F. If skid 18
Is initially positioned at an unsuitable |ocation on sea floor F for
docking on subsea facility 10, ROV 26 can attach lift

lines to eyes
43 for nmovement of skid 18 to a desired position. 25 When skid 18
Is in the proper p05|t|on for docking as shown in Figure 4, ROV

[THIS SHEET HAS BEﬂ
REPLACED
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26 dlsconnects any tiedowns for guide |lines 38 and anchor nenbers or
headache balls 42 and then positions the anchor nenbers 42 behind
t ubul ar gui des 46 with guide lines 38 being received through slots
50 in tubul ar guides 46 as shown particularly in Figure " 4. Then,
ROV 26 returns to skid 18 to connect spreader bar 40 to upper lift liae-36
as b5 -shown in Figure 5. Upper |ift line 36 is then gy EE-pmSthENa e
up the slack in guide | ines 38 so that substanti Acﬁgen3|o
is applied to both guide |lines 38. CGuides 46 on
are positioned at a hei ght above horizontal portions 34 ©
30. Guide lines 38 extend downwardly from guides 46 in an angular direction
for rai sing skid 18 and noving skid 18 in a forward direction to
produce a conbined 10 novenent as illustrated in Figure 6. The forward
ends of J-tube portions 34 contact the

d’m --gj__

=37
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adrécent sl oping side 52 of subsea facility 10 and are gui ded by side 52

thereof into receiving position with tubular guides 46. In this
position, openings 35 in J-tubes 30 are in horizontal alignment
wi th openings 51 in tubular guides 46. ROV 26 may then be used to

insert suitable retainer pins (not shown) in the aligned openings 35 and
51. The 15 tension in<lift line means 24 is then relieved and QUIde lines
38 are then cut by ROV 26 so that spreader bar 4 -
at the surface |l ocation such as vessel 22. In this THEb§H
coupling 20 is in axial alignnent with conduit 12 but spdced fRHﬂ%@BQ
12 as shown in Figure 2. Hub 60 is then engaged
rotation of shaft 56 to nove coupling 20 into position with conduit
12 for suitable coupling as well known.

e ren—s
-

¢
1y A 4o b
3 E 12 4¢f

3&—

This Sheet Has Been Replac

MR




20° . Skid 18 may remain in place or may be recovered, if desired. If

desired to be recovered, the retaining pins in aligned openings 45
and 51 are renoved by ROV 26 after a lift line has been connected
by ROV 26 to eyes 43 on J-tubes 30 and tension applied by the lift

line. As soon as the retainer pins are renoved, skid 18 can be pulled
in a rearward direction and then lifted to the surface for repair and

re-depl oynent with a 25 new or repaired flowine conduit as desired.
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4

-100 - Preferred Enbodifrent of Figures 8- 11
Ref erri ng now to Figures 8-11,1 a preferred enbgdi nent of the present

i nvention is illustratef irf-which-skid T8A is shown in a dogked :
position or* subsea facility 10 prior tfto coupling of condu]t iGA on
skid 18A ta. ' eajfggility 10A. B Subsea facifity 10A
has a slo i dd—st rfiet-ures 46Ac0n adjacenty N '
corners o abqves sifde 52A. Eagh qui str ct—u—1 44A
i ncl udes ned gui e wi ngs 47A_| \delof a palr df
spacéd parallel vertical platep 49A %,hiclﬂ\ﬁxtend up dly from
gui de wi ngs _ 47A. Pl ates 49A haye qLI i gng¢d opANI ngs:}| B1A :
H
§ I
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A
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therein to receive a retaiger pin (not sh

secur ed bet ween

recei ve an anchor |
is Ti kew se secured
hori zont al
Skid 18A has a gener
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tubular menbers 31A. As shomn particularly in Figure 11, the outer upper
end portion 37A has a pair of spaced outer verti cal
plates 39A with a“horizontal guide 20 bar or pin 41A secured between
vertical plates 39A. As shown_in Figure 8, inner forward quide

end of each

pl ates 43A have openings 35A therein adapted for alignment with

openi ngs
facilityg

i s nmounte®on the.rear end of each
pl ates 30A. 25 A pair of
simlar to the guide |ines 38 inlthe enbodi nent, pf

a pair of vertical

glA in plates 49A.in a docked position of skid 184A.Ql

69 5/8"

63"
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Fidgures 1-7 extend beneath guide pins 32A and guide pins 41A. For docki ng,

t he ROV pl aces anchor nenbers 42A on the ends of guide |lines 38A
behi nd notches 55A. The upper lift line is then raised to lift
guide lines 38A vertically and nove skid 18A . hori zontally in a

conmbined pulling and lifting novenment agai nst sl opije de 52A of

ol 41 A

| 44A
--594
- 434 FLOWLINE
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5 « “subsea facility IOA Inclined front tubular nenbers 34A cont act

I nclined side 52A and are being pulled upwardly al ong sl oping side
52A with forward gui de plates 43A being gui ded by wi ngs 47A into an
al igned position with subsea facility 10A. As shown particularly in

Figures 8 and 11, forward guide plates 434 on skid 18A
skid 18A between vertical.plates 49A on subsea facilit
hori zontal plate 10 59A. In this position, openings
51A of subsea facility 10A are in hori zont al ah .
pins (not shown) may be inserted through the aligned openi ngs by

the ROV for securing skid 18A in a docked position on subsea facility | OA
In the docked position, coupling 20A on the end of conduit 16A is spaced
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hori zontal ly fromthe opposed end of conduit 12A on subsea facility 10A. A
pair of 15 hydraul ic cylinders 61A are secured at one end to transverse
t ubul ar nenber 33A and secured at an opposite end to cl anping
structure 63A which is secured to conduit 16A. Act uati on of
hydraulic cylinders 61A by the ROV noves coupling 20A horizontally into
engagenent with conduit® 12A for coupling of conduits 12A.and 16 et her
as illustrated schematically in Figure 7. 20
Figures 12-16, Verfically Extending Conduit Connector
Referring now to Figures 12-16, a further enbodi nent of
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ilJustrated in which a skid 18B has a vertically extending flow ine hub 16B
nount éd thereon for coupling to a flowine connector indicated at
17B (see Figures 15, 16) on a 25 subsea wel | head structure generally

i ndi cated at 14B. Figures 12-14 show skid 18B and
-12- flow ine hub 16B detached from wel | head
15 shows skid 18B and
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flew i ne hub 16B docked on wel | head structure 14B prior to coupling while

Fi gure 16 - shows skid 18B and flow ine hub 16B d dwth flowine
hub 16B ‘Connected to fl ow i ne connector 17B on

14B A suitable verticat flowine 21B 5 connect ed

connector 17B extends to a surface |ocation. Hub 16B nma

control unbilical lines, monitor lines, as well as fluid flowines for

vari ous fluids such as hydraulic fluid, chem cal fluids, or

hydr ocarbon fluids. A pair of guides shown generally at 46B on
wel | head structure 14B are designed and arranged to receive skid 18B

I n docked position and to be renovably secured to skid 18B as in the 10
enbodi ment of Figures 1-7. Hub 16B al so includes a side outlet which

receives a swiveling flowine arm 19B as shown particularly in U S.
Pat ent No. 5,044,672 dated Septemher .8, 1991, the entire disclosure
of which i's incorporated herein by refer Referring now
part|cularly to Figureg 12- kid i's ge al yﬁg;ﬁlar to skid

& enbodi me | es JHout incl unting of flowine
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skid 18B. A pair of J-tubes 30B are provided to guide anchor |ines
received therein to wel | head structure 14B for pulling and lifting

skld 18B into a docking position on wel | head structure 14B. Eyes
43BY¥on J-tubes 30B are utilized for the initial |owerin

18B onto the sea floor. The forward end portions 34B ofI;El %giigg&are
desi gned to be fit within aligned guides 46B on yel |l h ctur el
14B after docking. Flowine 20 hub 16B may -be rai sed and | ower ed by
rotation of shaft 56B an ROV. Nuts 58B are t hreaded onto shaft

56B and |inks 62B are/connected to flowine hub 16B for raising and

| onering flowine h 16B upon r tion of shaft 56B in a desired
ion, skid 18B is |lowered into position

15 °

direction. it I n opgt
in a manner sinil &l skid 18 [of i t he embodi ment for Figures 1-7
wi th the guide [ not showq) ext ending t hrough J
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25 °  tubes 30B as I n the enbodi nent of Figures 1-7. The guide lines are

anchor ed (g@t[ ({2369 -13-
illustrate onto well head structure 14B and upon |ifti ng-ofthe—gtH
li nes, skid 1%_%,&5/@; pulled and {4 fted into a dockef{fM@EMEKH BHEET

th the forward ends 34B 0of

IR A
In the Claims

1 A method for coupling a pair of conduits to each other subsea with one of

wel | head 14B W

27 NOV 197

=
e ——]

the conduits being relatively fixed and mounted on a stationary subsea facility on the
seabed and the other conduit being movable, said method comprising the following steps:

providing a structure having said movable conduit mounted therson;

providing a vertically extending flexible lift line device for said structure;

providing guide means on said structure to recsive said flexible lift line
device and to change the path of said flexible lift line device from a vertical directionto a
generally horizontal direction, |

anchoring a lower end of said flexible lift line device to the stationary
subsea facility; and : i

lifting said vertically e:_&tending flexible lift Iit}e device to move said
structure and conduit thereon into a predetermined docked position on said subsea facility

in which said conduits are aligned for coupling to each other.

2. The method for coupling a pair of conduits to each other as set forth in
claim 1 wherein said structure is a skid designed for movement along the seabed, the
method further including the steps of:

providing cooperating guide means on said subsea facility fo; alignmenf
with said guide means on said skid for guiding said skid into a docked position on said
subsea facility; and

moving said skid by said lift line device in a combined forward movement
and lifting mo;/cment with said skid first contacting said subsea facility at a position below

said guide means on said subsea facility and then moved upwardly into docked position.




E‘SZH nos !ﬁﬂllllﬂg#]%ﬁﬁﬁmgﬁ. &ZZ‘“ 5" 7' Gee for secur

posi tion df &1 gur h flowine hupgl6B positioned

beneat
flowine connecter 17B. In the positiomof Figure 15, shajtj5¢H iNOv t gd
by the ROV to raise flowine hub 1 6B into a coupl ¢djposition with
fl owine connector 17B as shown in Figure 16. The

movabl e skid of which the present invention is enbodied al_:__o_v\ﬁ_t_h.e_ﬁ.ki-d—-t—ﬁ—
10 f | oat Iaterall so that the condujts can _be easily allgned, and
coupl ed both fo?- a hbhs Rethedfor coupling a paisf eendyits S";@%ﬁq‘%%‘ foahin cal
connect or systgm Frther t lift line structure utilizes a three

poi nt spre'éla‘é‘i’ Engluding (e $te$ef an upper vertical lift line to a pair of

| over gui de providing an anchor member on said lower end of said flexible lift line

j

device; and
removably mounting said anchor member on said subsea facility adjacent

said guide means thereon for anchoring said flexible lift line device to said subsea facility.

4. A method for coupling a pair of conduits to each other subsea with one of
the conduits being relatively fixed and mounted on a subsea facility on the seabed and the
other conduit being movable, said method comprising the following steps:

providing a skid for being pulled along the seabed;

mounting said movable conduit on said skid;

providing a pair of vertically extending lower 'ﬂexib.le guide lines for said
skid;

providing guide means on said skid to receive said pair of generally

- vertically extending flexible gﬁide lines to change the direction of the said pair of guide

lines to a generally horizontal direction;

anchoring the lower ends of said flexible guide lines to a generally
stationary subsea facility; and

lifting said pair of vertically extending flexible guide lines to move said
skid and conduit thereon into 2 predetermined docked position on said subsea facility in

which said conduits are aligned for coupling to cach other.

5. The method for coupling a pair of conduits to each other as set forth in

claim 4 including the steps of:



|l i nes which are directed in a generally horizontal direction for anchorin

and rai Zéﬁﬁﬁuamm“ﬂ‘ Apverent .15 Such & novenen] G ERBEMENT 2ok
ﬂ:ﬂMﬁlt from puI ng or dragging a ski d
18 e® 71ROV 1987 c

m ght restrict visibility as mght be required fqr RO\/operatlon

resistive

across the sea floof ahd " ni nizes any=di st ur bance of the

L0,

h

v)

The present subsea connector system al so provi de§ & drVverress nean

for coupling subsea conduits together, and for dijsconnecting any

damaged flow ine conduits for installation of new flowine 20

VWi | e preferred enboubvidingsoogeriting gnide smmahs omsaidisibeea facility foeaignmentust r at ed

in

with said guide means on said skid for guiding said skid into a docked position on said

subsea facility; and

anchoring said flexible guide lines to said subsea facility adjacent said

guide means thereon for pulling said skid in a combined forward movement and lifting

movement into a docked position.

6. The method for coupling a pair of conduits to each other as set forth in

claim 4 including the steps of:

mounting said movable conduit on said skid in a generally horizontal

direction; and

mounting said relatively fixed conduit on said subsea facility in a generally

horizontal -direction for coupling to said movable conduit on said skid.

7. A method for coupling a pair of conduits to each other as set forth in claim

4 including the steps of:

mounting said movable conduit on said skid for terminating in a generally

vertically facing direction; and

mou:iting said relativeiy fixed conduit on said subsea facility for extending

in a generally vertically facing direction for coupling to said movable conduit.

8. The method for coupling a pair of conduits to each other as set forth in

claim 4 including the steps of:
connecting a single upper lift line to said pair of lower guide lines for

pulling said lower guide lines vertically upon lifting of said single upper lift line for

condui ts.
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movement of said skid.

9. The method for coupling a pair of conduits to each other as set forth in
claim 8 including the step of:
providing a three point spreader bar between said pair of lower guide llines
and said upper lift line for connection of said upper lift line to said pair of lower guide

lines.

10.  The method for coupling a pair of conduits to each other as set forth in

claim 4 including the steps of:

providing cooperating guide means on said subsea facility for alignment
with said guide means on said Skld,

providing a guide surface along a side of said subsea facxlxty and below said
guide means thereon for contact of said skid during docking of said skid; and

lifting said skid for generally vertical movemgnf along said guide surface
until a docking position is achieved with said guide means on said skid and said

cooperating guide means on subsea facility coming into an aligned position.

11.  The method for coupling a pair of conduits to each other as set forth in
claim 4 including the steps of:
providing an anchor member adjacent the horizontal end of each of said
guide lines; and
providing a remote operated vehicle to lift said anchor members and

position said anchor members in a location for anchoring said lower lines to said subsea

facility.



In the Cains 1. A nmethod for coupling a pair of conduits to each
ot her subsea wth one of the conduits being relatively on

a stationjmmﬁmmqmwmry on the seabed and the othe Rﬁm i
novabl e, Ml sing the f_o&ow ng steps:

provi di ng a" struétufe havi ng said novabte conduit nount éd tlég.?emqégg‘?
providing a vertically extending flexible lift |ine devilc sal L
structure; provi di ng gui de neans on said gtr ive

said flexible lift line device and to change the path of] said flexible LiJt
line device froma vertical direction to a generally hor¥zontatr direction,
anchoring a lower end of said flexible lift line device to the stationary
subsea facility; and lifting said vertically extending
flexible lift |il2e JEw methodofumuplirga paisof contuitsto 2ach aispds b fortheinetimi nto a
predeterm ned docked position on said subsea facility in which said

condui ts afdnclpdingthe seeps oft oupl i ng to each ot her. 2. The met hod

for coupling a pair of condujits t ach other as set forth in
pting.amp provid%g releasable ocef;ing members for releasably secuning said guide

means on said skid to said subsea facility when said skid is docked; and
providing a remote operated vehicle to position said locking members into

releasably locked position with said guide means on said skid and said subsea facility.

13. A subsea system for coupling a pair of conduits to each other comprising:

a generally stationary subsea facility mounted on the seabed and having 2
conduit thereon;

a movable skid having a conduit thereon and supported for movement along
the seabed to said subsea facility for coupling of said c;mdufts to each other;

a flexible lift line structure extending from a surface location to said skid
for exerting an upward pulling force; |

line guide means on said skid for directing said lift line structure from a
generally vertical_direction to said skid to a generally horizontal direction from said skid to
said subsea fﬁlim

means on said subsea facility to anchor a horizontal end of said flexible lift
line structure; and

coacting guide means on said subsea facility and said skid for positioning
said skid into aligned position with said subsea facility upon pulling of said lift line
structure upwardly for docking of said skid to permit coupling of said pair of conduits to

each other,



claim1 wherein sald structure is a skid designed for npvenent al ong the

seabed, thiffi I pr i ncluding the steps of: h
cooperati nﬁlunﬁuu:uli“‘!ﬂ sai d subsea facility for alig ET )
gui de means' ofi shi d' sKid for guiding _sgigd_skid into a dofckled position o
sai d subsea facility~and —“novi ng said skid 23 8ONi 18971 i ng
device in a conbined forward novenent and lifting novenment} with said skid

first contacting said subsea facility at a position below sard guide nean}
on said subsea facility and then noved upwardly into docked pasitiaon

a4

14.  The subsea system of claim 13 wherein:
said subsea facility has a side thereof defining a guide surface for contact by
said skid for movement of skid upwardly along said surface into docked position upon

lifting of said flexible lift line structure.

15. The subsea system of claim 13 wherein a remote operated vehicle is

provided for anchoring of said flexible lift line structure on said subsea facility.

16.  The subsea system of claim 13 wherein:
said lift line structure includes a pair of generally parallel spaced flexible
lower guide lines extending between said skid and said subsea facility and anchored to said
subsea facility for exerting a pulling force on said skid for movement of said skid toward
said subsea faéility; | |
said coacting guide means on said subsea facility including a pair of guides
positioned above said coacting guide means on said skid for guiding said skid into docked

position,

17. A Subsea skid operable for movement along a seabed adjacent a generally
stationary subsea facility having a conduit thereon and operable for docking on said subsea
facility; said skid comprising:

a conduit mounted on said skid for movement with said skid for coupling
with the conduit on said stationary subsea facility; and

guide means on said skid operable to direct a lift line structure for said skid
from a vertical direction to a generally horizontal direction toward said subsea facility for

docking of said skid on said subsea facility and coupling of said conduits upon lifting of



3. ° The nethod for coupling a pair of conduits to each other as set forth
i.n claim2 including the steps of: provi di ng an anchor
menber on sai r end of said flexible lift line ot -Sr-1a 10|
removably no m lﬂr\m’ﬂ I menber sai d subsea fac W
sai d gui de mﬁ j nchorlng—-a—galdflembleI|fR MGE ET
sai d subsea fatilGty. : A net hod for coupling ésakr of

conduits to each other subsea W|th one of the conduits Qvlm'(y
fixed and nounted on a subsea facility on the seabed and tlhe

=

said line.

18.  The subsea skid of claim 17 wherein,
said guide means includes
a rear guide portion for receiving said lift line structure from a vertical
position and directing said left line structure in a generally horizontal direction, and
a front guide portion on a forward end of said skid for receiving said lift
line structure from said rear guide portion to provide guiding of said skid toward said

subsea facility.

19.  The subsea skid of claim 18 wherein:

said guide means includes a pair of J-tubes each having a generally vertical
portion and a generally horizontal portion and operably arranged to receive and direct said

lift line structure to said subsea facility.

20. The subsea skid of claim 17 wherein:

said lift line structure includes a pair of lower flexible guide lines mounted

on said skid and guided by said guide means; and

an anchor member is secured to horizontal end of each guide line for

anchoring on the subsea facility.



other conduit bei ng novabl e, said nmethod conprising the follow ng steps:

pr ovi di ng@. gl{i%zigr bei ng pull ed al ong the seabed;
[

nmount i ng
pair of vert

provi di ng g§

vertically extending flexible guide lines to change {hg QISQ:@B 1087 of

said pair of

anchoring the | ower ends of said flexible guide |ineg —o—a"g‘mm
stationary subsea facility; and liftipg said pail. an

abl e conduit on said skid a
@E'H% extending lower flexible guide Ii MWENENW E.|pul;

ans on said skid to-*eceive said phi} of generall Q
he

fecti on;

guide lines to a generally horizontal i

vertically extending flexible guide lines to nove sard

SUBSEA CONNECTOR SYSTEM AND METHOD FOR COUPLING
SUBSEA CONDUITS

ie the Inventi
This invention relates generally to a subsea connector system and method for
coupling a subsea conduit to a conduit on a émerally stationary subsea facility. The
subsea system and method includes a skid on the sea floor which is movable bya
flexible lift line from a surface location into a docked position on the subsea facility foji' :

coupling of the conduits to each other.

jack f the Inventi

| Heretofore, subsea connector systems t‘o;' connecting subsea conduits to each
other have been provided and oftentimes ilave included a diver to assist in making the
connection. A diverless subsea connector system has also been provided heretofore in a
so-called "lay-away" flowline type subsea christmas tree. Such a system utilizes a
flexible flowline for making the connection between the flowlines and the subsea tree at
the surface prior to installation of a subsea tree on the subsea wellhead. This eliminates
subsea flowline connections and permits the pressure testing of the connections in the
moonpool of a surface service vessel., A bundle of flowlines are connected to a primary
flowline hub which has a flexible flowline connected thereto for lowering of the hub
subsea. The hub is connected to the tree before the tree is lowered from the rig to the
sea floor. The flowlines are pressure tested with the subsea tree in the moonpool to
assure reliable operation once the tree is placed in fac;sition. The flowlines may be
hydraulically unlocked from the tree at the same time the tree is unlocked from the well

should a tree have to be retrieved during a well workover. The flowline bundle may be



skid and conduit thereon into a predet erm ned docked position on said
subsea facility in which said conduits are aligned for coupling to each

ot her . 5. The nethod for coupling a pair of conduits to each
other as set forth in claim4 includipg the steps of: -16-
2 7 NOV 1997 —

SUBSEA CONNECTOR SYSTEM AND METHOD FOR COUPLING SUBSEA CONDUITS

ABSTRACT OF THE DISCLOSURE
A subsea connector system and method utilizing a skid (18) on the sea floor (F) for

coupling a subsea conduit (16} carried by the skid (18) to a subsea conduit (12) on a
relatively fixed subsea structure (10). A lift line device or structure (24) has an upper lift
line (36) connected by a spreader bar (40) to a pair of lower guide lines (38) which are
directed from a vertical position to a generally horizontal relation by J-tubes (30). The
ends of the guide lines (38) have anchor members (42) thereon which are anchored to
guides (46) on the subsea facility (10). Upon raising of the upper lift line (36), the skid
(18) moves in a combined pulling and lifting motion to engage a side (52) of the s._ubsea.
facility (10) for being guided into a docked position with aligncd guides (46) on the subsea
facility (10). In this position, an ROV (26) secures the skid (18} into a releasably locked

* position by insertion of retainer pins (not shown) into aligned openings (35, 51) of the skid
(18) and subsea facility (10). Then, coupling (20) ori the end of flowline conduit (16) is
coupled onto aligned conduit (12) on the subsea facility (10). A preferred embodiment is
shown in Figures 8-11 for connecting horizontal conduits (12A, 16A). Another

embodiment is shown in Figures 12-16 for connecting vertical conduits (16B, 17B) on

skid (18B) and wellhead structure (14B).

REPLACEMENT SHEET
Fig 3
- 25 FEB 1397




provi di ng cooperating guide neans on said subsea facility for alignnment

W th said guide neans on said skid for guiding said skid_i <10 0
position on said subsea facility; and an .-qjgfwﬁﬂﬁ ilbl e
guide lines to said subsea facility adjacent said gui de¢' e

a docked position. 6. The /meg hod for coupl iing gom‘?g?
conduits to each other as set forth in claim4 includi t he DS~
nmounting said novable conduit on said skid in a generally horizontal
direction; and mounting said relatively f ' n said
subsea facility in a ge erﬂlly hori zontal direction for coupling to said
movabl e conduit on sai d]ski'd. I i o
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7. ° A nmethod for coupling a pair of conduits to each o yeﬁ@ m'f Eﬁ'

in claim 4 including the steps of: nount i v
conduit on said skid for termnating in a generally vertijcdlly facin%
direction; and mounting said relatively fi cphdFER B shi
subsea facility for extending in a generally vertically flcjng direc

for coupling to said novabl e conduit2/13 8. The ngt or couplin
a pair of conduits to each other as set forth in claim4 &ncl udi

steps of: connecting a single upper lift |ine te\said pair
of | ower guide Iine£ T OT PU T TS tri=taet—gUT UC ||ne5‘veTticaIIy upon

lifting of said single up@gr lift line for
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-17- novenent of said skid. 9. The nethod for coupling a

pair of conduits to each other as set forth in claim8 inc
of : providing a three point spreader bar be @QﬁgiﬂﬁfggﬁﬁET
of | ower guide lines and said upper |ift line for connectipn{ of said upper

lift line to said pair of |ower guide Ilines. 25 FEB 1897
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10. © The method for coupling a pair of conduits to each other as set forth .
in claim4 including the steps of: providing cooperating
gui de neans on said subsea facility for alignment with said gui de means on

sai d skid; providing a guide surface al op =
subsea faC| lity and bel ow sai d gui de neans thereon for c )ﬁEMmeﬁtl $Hild
during docking of said skid; and 4/13 lifting $afd Skird Tor
general ly vertical novenent along said guide surface unti 3q§3

) gé? ﬂg?

position is achieved with said guide nmeans on said skid &n
cooperating gui de means on subsea facility comng into ap &-greeg—pes+t+or.
11. The nmethod for coupling a pair of conduits to eachjother as set fortih
in claim4 including the steps of:
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provi di ng an anchor nenber adjacent the horizontal end of each of said
gui de lines; and providing a renote operated vehicle to
lift said anchor nmenbers and position said anchor nenbers in a |ocation

for anchoring said lower lines to said subsea facility. REPLACEMENT SH

5/13
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12. © The method of coupling a pair of conduits to each other as set forth

in claim 4 including the steps of: provi di ng rel easabl e
| ocki ng menbers for rel easably securing said guide neans on said skid to
sai d subsea facility when said skid is docked; and provi di ng

a renote operated vehicle to position said |ocking ne
rel easably | ocked position with said gpifge neans on sangE@NﬂaﬂﬂMTéﬂi

subsea facility. 2 5 FEB 1897
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13.° A subsea systemfor coupling a pair of conduits to e
conpri si ng: a generally stationary subsea f
on the seabed and having a conduit thereon;

having a conduit thereon and supported for novenent al ong e 286ab€8 1967
said subsea facility for coupling of said conduits to each pter;

a flexible lift line structure extepdiyag froma surface |ocptTon 10 said

FLACEMENT, SHEET

novabl e skid

skid for exerting an upvvaré?jlp |]ing force; . i ne |
on said id for directing | ift line strf® e froma general ly
verticalgNrectidn to sard pkid][O a Qg8 g[ horTggntal drrectror from
said skidt ) == 1 '
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sai d subsea facility; means on sai d subsea fac
anchor a horizontal end of said flexible lift |ine structure;

lity to
and

coacting gui de nmeans on said subsea facility and said skid

said skid into aligned position with said subsea facility EEL&G

ENDOHEET

said [ift line structure upwardly for docking of said ski o]
coupl ing of i%id pair of conduits tg/each other.
)
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- 19 - 14,

The subsea system of claim 13 wherein:

sai d subsea facility has a side thereof defining a guide surface for

contact by said skid for
lifting of said flexible lift

15. The subsea system of claim 13 wherein a renote oper

docked position upon

novenent of skid upwardly along said surface into
| i ne structure

REPLAGEMENE SHEET
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provi ded for anchoring of said flexible lift line structure on said subsea -
facility. 16. The subsea system of claim 13 wherein
said Iift line structure includes a pair of generally paral spaced

flexible |ower guide |ines extending between said skid and
facility and anchored to said subsea facility for exerting HEPL% WE&EET
sgg

it
35 FiB 1007

on said skid for novenent of said ski@/t8ward said subsea
sai d coacting guide nmeans on sai d subsea faﬁ?ﬂuy i ncl udi ng
ans on said

id for guiding

gui des positioned above said coacting
said skid into docked position. A1A A subsea sKi d operabl & TO
movenent al ong a seabSQ9A a(:fn :',;:J,,~-f"42A
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stationary subsea facility having a conduit thereon and operable for

docki ng on said subsea facility; said skid conprising: T 1
conduit nounted on said skid for novenent with said skid for REP!!LACEWNTWSHEET

the conduit on said stationary subsea facility; and gul de
means on said skid operable to direct a lift line structure foroz\gi T}Egkjgg'[
froma vertical direction to a genertl!9$3horizontal di rectiofn t rd said
subsea facility for docking of said skid on said subﬁ%f acj | ikty—and

coupling of said conduits upon lifti nj/of3OB /
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- 20 - said |ine. 18. The subsea skid of claim 17 wherein
sai d gui de neans incl udes a rear guide portion for receiving
said |ift line structure froma vertical position and directing said |eft
line structure in a generally horizontal direction, anfue -

front guide portion on a forward end of said skid for BgBLACI EuliSH j
line structure fromsaid rear guideippigion to providejgyi ding of said skid
toward said subsea facility. 19. The subsea {sKi @ §f FEBABS 1B
wher ei n:
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sai d gui de means includes a pair of J-tubes each having a generally

verti cal

to receive and direct said lift
The subsea skid of claim 17 wherein:
| ower flexible guide lines no

20.

structure includes a pair of
skid and gui ded by said gui de neans; 18dd3
secured to horizontal

facility.

a2,

portion and a generally horizontal
line structure to said sub

o Ot . VY S s Y it b St e i it s et

—_——

A
. @
% W

Syt

-

portion and op
S

an

end of each guide line for anchoring

-----------

e
W N

2

19B

56B

i

n
n
0

EMENY - SHEET]

ed PE

chor™

Tt TTITme

g%?is

18B

Seo
s
-
-~

F'Ila 15




