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| This application claims the benefit of provisional application serial no.

60/058,629 filed September 10, 1997.

Technical Field of the Invention
This invention relates to a device that may be integrated at various points
5 along the length of a flowline as the flowline is laid to provide tie-in points
(typically hubs) for later use. the tie-in points may be accessed by a flowline or
jumper of some form to connect a xmas tree or manifold system thereto, for

examp!e.

Description of the Prio
16 | ot is desirable for some applications that “tapping points"'be provided at

various pbints along the !ength of subsea flowlines. An obvious approach to

| '.'satisfy this desire would be simply to weld in hubs along the length of the flowline

et ‘fhe desiféd Iocétions as pén of the installation process. When installed
sﬁ;;ea, however, there is n'o‘assurance that the hubs prmiided in this manner

15 o wm end up vertically oﬁented, such as is desired to facilitate subsequent subsea
| interfacing. Non-vertical positioning of the hubs may occur as a result of residual

torque in the main flowline, unstable soil conditions on the sea floor, a non-leve!



subsea, however, there is no assurance that the hubs provided in this

manner 15

wll end up vertically oriented, such as is desired to

facilitate subsequent subsea interfacing. Non-vertical positioning of the
hubs may oc¥P9¥B288 result of residual torque in the main f|RH/VHAB/18856

unst abl e soi

ot her conditi ggg filoofcand etivst chiditiths evesuritered di

conditions on the sea floor, a non-|evel sea floor, and

ioweindg of 8 folWipeSeifto

!
fl oor. Cbhect of the Invention A primary object o?ﬁ?he I nvention is to
provi de one Oﬂgggésf@{rangenents 5 by whi ch tapping points along a

subsea fl ow i

anrovided with hubs or simlar interfacing facilities

whi ch are assured of being in a substantially vertical position after
conpletion of the flowine installation, stabilization and comm ssi oni ng
processes. SUWMMARY 10 For this invention, the object of providing

:66f b the el chieved even if the flowine "twists" as it
is laid on the s€ , if the _

a vertically

10

15

20

- A primary object of the invention is to provide one or more arrangements
by which tapping points along a subsea flowline may be provided with hubs or
similar interfacing facilities which are assured of being in a substantially vertical
position after completion of the flowline installation, stabilization and

commissioning processes.

SUMMARY

For this invention, the objgct of providing a vertically accessible hub is
achieved even if the flowline “iwists” as Iit is laid on the sea bed, and even if the
sea bed is not level.

Two separate embodiments of the invention are illustrated. A first
embodiment includes a hub fixed to a flowline, which in turn is rotatably carried
in a cradle fixed to a mudmat. Hydraulic jacks reacted against the mudmat are
actgated to twist the flowline én ar_ﬁount necessary to orient the hub vertically.

- A second embodifnent ls provided in which the hub is secured to an outer

swivel sleeve or collar which itself is secured to a mudmat and receives the

flowline such that the flowline can rotate inside it. With the mudmat supported

_on the sea floor in a generally horizontal plane, the hub extends in a vertical

direction from the mudmat while the flowline rotates within it during its
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sea bed is not level. Two separate enbodi nents of the invention are
illustrated. A first enbodi nent includes a hub fixed to a flowine, which

inturnis rotatably carried 15 in a cradle fixed to a
Hydraul i c j ¥R&M2&ted against the nudmat are actuated to ty\ﬁgtagg%le““

flow ine an anmount necessary to orient the hub vertically. A second .
embodi nent i sinstallatien phasgas it relieves builup dostaation tarqusut Of caurse| sealing
sl eeve or collar which itself is secured to a nudnat and receives the

flouline suchnigdis bR proddelit theintehlatedof tﬂéiqB;Ianitﬁ’YHé‘ﬂ?Mné!Jd”at

supported 20 on t sea floor in a general horizontal plane, the hub
extends in a vertical direction_fro he mudmat whil e the flowine rotates
within it during i Ascombinationaf e g&ﬁg@ﬁ\dﬁmdagmmdﬂ@ﬁﬂéix@sa @i disciased.
instal lation torque. O course, sealing means are provided at the interface
of the collar w thByhemkirtalning. the clawliimst iappied kol fr rat vertitat eoriadtation,
enbodi ments is also disclosed. By maintaining the flowine tapping hub in a
verticql oriegahbefions to Christmas trees or other subsea equipment may be more easily

and reliably achieved.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagrammatic view of a prior art flowline/hub arrangement
which illustrates possible non-vertical orientations of hubs which are fixed with
10. - respectto a flowline;
Figure 2 is an end elevational view, partly diagrammatic, showing a first
embodiment of the invention in which a flowline/hub arrangement includes
- means to rotate or twist the flowline a limited amqunt with respect to’'a mudmat
to facilitate vertical orientation of the hub;
15 Figure 3 is a side elevati_onal view of a second embodiment of the
invention in which the fiowline is free to rotate in a collar relative to the hub and
a supporting mudmat; and
Figure4isa perspecﬁve view of a third embodiment of the invention which
- combines features of the embodiments of Figures 2 and 3.
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5 connections to Christnmas trees or other subsea equi pnent may be nore
easily and reliably achieved. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is

a diagrammatic view of a prior art flow ine/hub arrangenment which :
i 11 ustrat esW®4¥Be non-vertical orientations of hubs whi cRCEEP888Y wit h
10 respect to a flowine; Figure 2 is an end el evational view, partly

di agrammatic, showing a first i NoOR TEE I N N n which a

fl ow i ne/ hub arrangenent includes neans to rotate or twst the flowine a

of the hub; 15 - As SR8RA, i Fighed T bl AL VIR, fo Ve @ lreity & «Bhait

Col Var 1ol at1 poits witorudmalsct 4As 4B 4Crand buba16A ABE 146 spaced along it
perspective view of a third enbodi mrent of the invention which conbines
features of thgaRbOdBRSSar mitmatRtbarfithemerChas provided for a substantially
5 fixed connection between the flowline 10 and the hub 16 as it is installed on the
sea bed. Flowline 10 may extend to a suitable subsea production or gathering
facility, or to a surface facility for storage or transport. Each mudmat 14A, 14B,
14C is of a size having sufficient surface contact area with the sea floor to
provide adequate support to maintain hubs 16A, 18B, 16C of flowline 10 above
10 the sea floor. Each hub is fixedly unitized in flowline 10 and has a profile for
connection to a Christmas tree (not shown), flowline jumper, or other subsea
pF§GUCtion arrangement.
Three mudmat/hub examples are shown. The mudmat 14A/hub 16A
- afrangement is installed correctly with hub 16A extending along the vertical, V.
15 The mudmat 14B/hub 16B and the mudmat 14C/hub 16C are shown misaligned
relative to vertical as a result of twisting of the flowline 10 during the instailation
process, or because of a non-level sea bed, etc.
Embodiment Of Figur
Reféerring to Figure 2, a mudmat 14 is shown on sea bed S. Flowline 10
20 _ is supported within a cradle/collar 22 which is secured t§ mudmat 14. Flowline
10 may be a metalfic tube or it may be a flexible hose or pipe well known in the
art of subsea oil and gas well production facilities. Flowline 10 is free to rotate
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DESCRI PTI ON OF THE | NVENTI ON As shown in Figure 1, a prior art flowine 10
has a plurality of tapping points-with nudnmats 14A, 14B, 14C and hubs 16A,

168,.160'qu98gw3%§€g its length. The prior art nudmat/hub a;F?§g$§§§%6has

provi ded for a’s antially 5 fi xed connecti on between I ne g
10 and the hub .16 as it,is installed.on the sea bed | ow i ne, 10, exten
to a suitable @%‘Bs@épﬁ%aﬂﬁrﬁak j?. Wlﬁeﬁi'ﬁgs“l'%’ﬁq ﬂ;efﬁori'o "é %‘U%@éﬁ‘)p IS
facility for storage or transport. Each nmudmat 14A, 14B, 14C is of a size

havi ng suf fi ciprovided émeaic-fowkine 16rorcomsaid ¢radles22 t6 ipreventorebative ngitudinal
adequat e support to maintain hubs 16A, 168, 16C of flowline 10 above 10

priof 116 for conREctelt Bf s8id 1ot vl iesE8%t i saief I A 18 mRunted g

ot her subsea production arrangenent. Three nudmat/hub exanpl es are shown.
The nudmat 14Alawiine 6l anchpievides fluid wommusication adth flowline H 10pposed
extendi ng along the vertical, V. 15 The nmudmat 14B/ hub 16B and the

mudmat 514G hulyifiiment api@\e4 a2 isedNrel 18! Rub VIB/MBwIiRE! 1 9%nd exteh8SIdtérRl
a q) or

twisting of the flowline 10 during the 1nst at1on process, ecause o

a non-|evel S%%h%%?d t‘ﬁte?éfrom. Hub 16 incorporates an upper profile which facilitates

| interfacing with a suitable fluid conduit 20 normally extending to another subsea
facility.

Hydraulic jacks generally indicated at 26 each have a lower cylinder 28
10 secured to mudmat 14 and a piston rod 30 secured to an alignment arm 24. The
jacks could be inverted_ as well. Furthermore, one of the jacks 28 could be
replaced by a “hinge” to interface one of the arms 24 with the mudmat 14,
~leaving the other jack as the single active element available for twisting the
flowline 10. Hydraulic fluid connections 32 are arranged and designed for
15 interface by a diver or a remotely operated vehicle (ROV), etc., for actuation of
jacks 26 and leveling of arms 24. As a result, hub 16 may be rotated or twisted
to a vertical positioﬁ even if mudmét 14 is positioned on a sloping sea bed S with
respect to a horizontal plane or if residual installation torque in the flowline

| causes the hub to naturally point in a non-vertical direction.
?0 . . Means may be provided for selectively locking the flowline 10 against axial

or rotational movement relative to the mudmat.



Enbodi nent O
bed S. Flow i

Figure 2 Referring to Figure 2, a nudnat 14 is shown on sea
ne 10 20 IS supported within a cradle/collar 22 which is

secured to nudnmat _14. Flowine 10 nay be a netallic tube or .t be a
f1exible ho¥PW1P%he well known in the art of subsea oil a ET@M?%P

production fa
to cradle 22

said flowine
novenent of s
on flowine 1

cilities. Flowine 10 is free to rotate -4 - “with respect
whi | eln summanyihererabodimeerntof.thé invention o Bigape 2sispharadtatized
10 or on said cradle 22 to prevent relative |ongitudinal

Bt e efister iSERBAR MR ARE! .54k Soect 1P udttal T4 R Gl

al i gnnent arns 54 are secured to hub 16/flowine 10 and extend laterally

outward there

hu

M6.Hub 16 i ncorporates an upper profile which facilitates

interfacing with a suitable fluid conduit 20 normal |y extending to anot her

subsea facili
| oner cylinde

10

ty. Hydraulic jacks generally indicated at 26 each have a
r 28

Embodiment Of Figure 3
The rotatable fluid coupling arrangement of Figure 3 permits unlimited
rotation of flowline 10A relative to a stationary, vertically oriented interface 16A.
interface 16A (hence forward referred to as hub 16A) is secured to an outer
swivel steeve or “collar” 21A which is secured to mudmat 14A.
| Thus, hub 16A, collar 21A, and mudmat 14A form a fixed structure, yet a
structure that it is arranged and designed such that flowline 10A may rotate

within collar 21A and thereby with respect to vertically oriented hub 18A.

'Anﬁu!ar seals 23A are provided between flowline 10A and outer swivel sleeve

15

20

21A. A toroid 25A or similar arrangement is provided between flowline 10A and
swivel sleeve 21A to provide fluid communication between hub 16A and flowline
10A. Suitable stops within outer sleeve 21A prevent relative iongitudinal
movement of flowline 10A there-within. Seals 23A may be elastomeric seals
effective at all times, even during relative rotation of flowline 10A within sleeve
21A. Upon pressurizing of flowline 10A, metal-to-metai seals may be energized
o provide enhanced sealing. A suitable metal-to-metal and elastomeric sealing
pipe swivel joint, with integral selective anti-rotation capability, is shown in U.S.
Patent No. 5,044,672 dated September 3, 1991, the entire disclosure being

incorporated by this reference for all purposes. A suitable sealing compound
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10 secured to nudmat 14 and a piston rod 30 secured to an alignnent arm
24. The jacks could be |nverted as well. Furthernore, one of the jacks 28

coul d-be rep a "hinge" to interface one of the arns

nmudmat 14, Mﬁnsp%éhe ot her jack as the single active el ement avaﬂf %ﬁ%
for twisti ng the flow in Hydraulic fluid connections 32 are arr\%&%&
and desi gned frB?y,llf;des"'efjnbér"ﬂlﬁggdo"}“'@u@h aBrarsangemend sehemaiically dad

(ROQy), etc., for actuation of jacks 26 and leveling of arns 24. As a

result, hub 16'“;:@?2@?\fd’bﬁé\ﬁde%lea!mgiﬁﬁﬁ'ete@eﬁtbﬁfélllﬁé\'ofmé'ﬂrirﬁﬂ neyéals! f
I

mudmat 14 is po i oned on a sloping sea bed Swth respect to & hori zontal

pl ane or if residu tallation | .he f ne causes. the hu
natural |y point i nalaﬁ%ﬁ %gaﬁmb Qé}'#’gﬁreéo\?{the Inv 'srﬁ%‘rﬁﬁ%nzed

provi ded for selectively |ocking the fI owl ine 10 agai nst axial or

rotational nobyrarmangemnentsesuch that thediowiine 30A is free dortwistywithin a “mudiine-
enbodi nent of the invention of Figure 2 is characterized by arrangenents

for tvviss_-ti ng %@_Iﬂygédaqw‘)‘pswebg JfRpect to mudmat 14 to orient

Combined Embodiment of Figures 2 and 3. . . . Figure 4

The embodiment of Figure 2 provides an arrangement in which a positive
action (i.e., the actuation of jacks 26) is required to position hub 16 to a vertical
refation if a vertical orientation is not achieved when the flowline is installed on

10 - the sea bed.

The embodiment of Figure 3 provides an arrangement in which no action
is required to be taken in order for hub 16A to be positicned in a vertical direction
if mudmat 14A is positioned in a horizontal plane. Any twisting of flowline 10A
due to residual torque resulting from installation will not affect the position of hub

15 16A. However, if mudmat 14Ais .positioned on an inclined sea bed relative to
a horizontal plane, such as may result from unstable soil conditions or because
of a sloping sea bed, hub 16A will not point in a vertical direction in the
embodiment of Figure 3. F<‘:r this purpose, the embodiments of Figures 2 and
3 are combined in Figure 4 so that the flowline 10B is mounted within a swivel

20 _21"B for relative rotation with respect to a collar’/hub arrangement as in the
embodiment of Figure 3. In the combined arrangement, hydraulic jacks 28 may
be provided as in Figure 2 to position the hub 16B vertically even if the
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hub 16. Enbodi nent O Figure 3 5 The rotatable fluid coupling
arrangenent of Figure 3 permts unlimted rotation of flowine 10A relative

to a stati onar%,wvert ically oriented interface 16A. Int erfac&éﬁ@%ﬂg%ge

forward ref eMY@¥/A3%8s hub 16A) is secured to an outer swive
"collar" 21A which is secured to mudmat 14A. Thus, hub 16A, collar 21A, and

mudnmat 14A f orgagddiateddmitidmiat & iclinetl witA Gespect & thetsgzeflobat Intaddition, or
arranged and designed such that flowine 10A nay rotate within collar 21A

and thereby w th respect verti.caglly or.ient hub,16A. Annul ar__sea
are provi ded t?e!%@ﬁ@h%ﬁ‘ﬁ&%@&eaﬁﬁ%‘ﬁﬂ%&%%gJB?Y9%%%'%93/?%@} Qﬁﬁ@@x
or simlar arrangenent is provided between flow ine 10A and sw vel sleeve

21 A to provi dené lonitwo) ofrthei opposed aemecdh Tite s6revajackd 281 serve iaione, or in
10A. Suitable stops within outer sleeve 21A prevent relative |ongitudinal

movenent of fl ' ; itk | | G
effective at a@h??@@mﬁ@ﬁ’ﬁg‘éb&%@ tr%@éa | oﬁ%{‘equla‘ ?V\:? ﬁﬁetbcllgéﬁq}ﬁhe
wi thin sleeve 21A, Upon- pressuri zi n%1of flowine 10A, metal -to- télétseals

may be Zner gi Z6tatianglesitian ehrwikal @18:aA $igp, ar eplargsd iameler 7og ik (2S ane
el astoneric sealing 20 pi pe swvel joint, with integral selective
anti-rotation eafapld)i prevents TERIWel IBnEitedinal movement of said flowline 10B with
respect to the cradie 22B and mudmat 14B. The outer end 40 of the swivel
sleeve also stops it and flowline 10B to which it is secured from relative
longitudinal movement. Thus, the embodiments of Figures 2 and 3 may be
10-  ‘combined, as in Figure 4, as may be desirable under certain conditions.
While preferred embodiments of the present invention have been
ilistrated and/or described in some detail, modifications and adaptions of the

‘preferred embodiments will occur to those skilled in the art. Such modifications

‘and adaptations are within the spirit and scope of the present invention,



Patent No. 5,044,672 dated Septenber 3, 1991, the entire disclosure being
I ncor porated by - thi s reference for_all purpeses—A-suitable sealing

conpound -6 - if desired, be in ec{éa t hrough an arr

schemat i cal IWOi 9WG$?é&t ed by fitti ng“mulﬁ]‘" ““Eﬂ fﬁﬂlﬁeal ing i ﬁ?ﬂ@@é}i}wﬁ of

failure of the primary seals. In s I ment of Figure 3 of the
that the flowine QA is

I nvention is %@hjﬁ#arrangemnts suc

free to tw st 'n a unudl T ne- angl e- based hub sl eeve 21A

Conbi ned Enbodi nent, of Figures, 2.a Fi The ., enb of
Figure 2 provides ah ar r’ﬁ%‘é’éﬂé tPH\Wﬁ"@hs‘épﬁé ?WU@ éﬁﬂi%@‘? _g?hﬁﬁga floor
actuation of jacks 26) is required to position hub 16 to a vertical

relatign if aamd ektendingigeneraliyin ahorizomahdiesctibnjtee selffuridnting amangement

install ed on 10 the sea bed. The enbodi ment of Figure 3 provides an
it Ul Oﬁgﬁkﬁrﬁog’}?\g%ﬁ éﬁénfgﬁr {g&%ﬂ%%uﬁt"atbﬁ préti&ferhiin8td6EafiGh dl6Rghe
4 length of the subsea flowline.
1 2. The combination of claim 1 wherein said combination includes,
2 a mudmat supported on the sea floor beneath the flowline at the
3 tapping point,
4 flowline attachment means extending upwardly from the mudmat for
5 - supporting the flowline thereon and for permitting relative rotative movement of
6 said flowline with respect to said mudmat, and
7 a fluid conduit connected to said flowline at said tapping location
8 and extending in a generally vertical direction.
1 3. The combination of claim 2 wherein,
2 _ a hub is coupled to said fluid conduit and mounted on said flowline
3 and extends in a generally perpendicular relation to the flowline, and
4.0 e an orienting means is operatively connected between said hub and
5 said flowline to position and maintain said hub in a generaliy vertical direction.
,;_.-‘2
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REPLACED ;%
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I f mudnmat 14A is positioned in a horizontal plane. Any twi sting of fowine

10A due to residual torque resultummmﬂm pifgpt i on will not affect the
position of hub 15 16A. Howev ' ngll i s positiqgned

i nclined sea™dM13¥Bative to a hori*zofitat p!are, *such as rraypggg{ﬁ%}]%?%m
unstabl e soil conditions or because of a sloping sea bed, hub 16A will not

point ijn a verticalg di r gHa @dmbihdtion hélam EwhefdinFi gure 3. For this
pur pose, the enbodinments of Figures 2 and 3 are conbi ned in Figure 4 so

that the flowine 10B is nt wi thi SWi s 4
rotati W th respect t§a£5) ﬁglﬁﬁﬁpﬂﬂﬁ}ﬁaﬁﬁf%q{gmhﬁgﬁ@gwﬁﬁ@sﬁ%&ﬁr@eﬂ’*‘%ﬁ 1S
Figure 3. In the conmbined arrangenent, hydraulic jacks 28 may be provided
as in B gure 2arregbyisaidmudmatand téeeives saicflowiine therein fongermitting relative
associated mudmat is inclined with respect to the sea floor. In addition,

(typi o1y onfolggiofoh ey TBRARE I ceft bates il iEal, Bd HALSRATER to and

alone, or in conbination with hydraulic jacks 28, to thi st the, swivel 21 B
and to 3 ock-i eingin fluid communication with said outer swivel sleeve, and

6 an annular fluid chamber between said outer swivel sleeve and said
7 flowline is arranged and designed to permit fluid flow between said subsea
8 flowline and said fluid conduit.
1 . 5.  The combination of claim 4 wherein,
2 S - said outer swivel sleeve is arranged and designed for selective
3 rotation with respect to said mudmat, and further comprising,
4 S means for selectively locking said swivel sleeve against rotation
5 relative to said mudmat.
1 6. The combination of c!aim 4 wherein,
2 | said outer swivel sieeve is arranged and designed for selective
3 rotation with respect to said flowline,

C4e o - means for selectively locking said swivel sleeve against rotation
571 - relative to'said flowline.
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rotational position of swivel 21B. A stop, or or enl ar arged di anmeter ring 31 (as
one exanple) prévents relative Ioj; Mmummﬁmnt of said rova I ne 103B
Wi th respect cradl e 22B an out er end

swi vel sl eev‘gbgPé%%gtops it and flowine 103BSto*which it is secure rom
rel ative | ongitudi nal movenent. Thus, the enbodi nents of Figures 2 and 3
may belcombi ned, aé.in Fhg@ombinationefciai; daxhetaine under certain
conditions. Wile preferred enbodi nents of the present invention have been

i |l ustpated and/or desC§aua€6hemun§crﬁeaﬁ§ﬁmshdeéracaréu%aformnae@ wbmmﬁg%a?d

the preferred enbodi ments will oCcur to those skilled in the art.

nodi fications,.apd adaptations are wi thin t i rit and, scope

presen invenﬂ‘i’w ne anajarms which extefich? a&f\%? %Pgﬁﬁgﬁﬁp% %ﬁﬁ?'f:’g"l’b' and
depl oyed on a sea floor and extending generally in a h 2 horizontal
directig4on with said fl oydraeliofiuvidmeansargiopetatively connected between daid amms
havi ng a tapping 3 axi s which is substantially perpendicular with said

flowippe axis J: Lo . 2 Or al ong the
| engt h~of sai aﬁg(}‘é@gﬂ?‘f’hﬁf‘?}%@ﬁ?@“@aﬁ ngé{)gq'gﬁcad ogré&éﬁélrr’ucture
coupled to 5 said flowine which allows said tapping axis to remain in a
generally vertical direction with respect

1 8. The combination of claim 4 wherein,

2 said orienting means includes arms which extend outwardly from
3 opposed sides of said outer swivel sieeve, and

4 hydraulic fluid means are operatively connected to said arms for
5... . positioning said hub in a vertical orientation.

1 - 8. The combination of claim 4 further comrprising,

2 a stop coupled with said outer swivel sleeve to prevent relative
3 longitudinal movement of said flowline with respect to said outer sleeve.

1 - 10. The combination of claim 7 further comprising,

2 a stop defined between said cradle and said flowline to prevent
3 relative longitudinal movement of said flowline with respect to said cradle.
I-=~5 - 11. A tapping structure for a subsea flowline deployed onto a sea floor
2 at a predetermined tapping point, said tapping structure comprising,

3 a mudmat supported on the sea floor beneath the flowline;

-11-



6 to said sea floor while prow the caﬁablllty of said flowmine to

twst with respect to said struct g«ﬂun ”Lﬂﬁld flowine axis. 1 2.
on include

The conbi nat,j o claim1 wherei a
mudmat suppyﬂ%(fgﬁ the sea floor beneath thé flowine at ta’CT?US%IJSSSG

point, 3 flowine attachnent neans extendi ng upwardly from t he
mudmatd for supporting aresadiesieeve mountedendbe raudmeg which reaeiverthesubsea
rotative novenent of said flowwine with respect to said nudnmat, 5 and 6
a fluig cond A ARISR @ridrRed BRddesijrigd 8P éﬂnitoﬁeﬁu\@é‘ Ritgtive
ext endsdng [ n“awmggﬁe?a ?y verti ca';flgédl recti on@ b he conbi nati on
of claim2 wherein .a hub is coupled to sai d flui d conduit and

nmount €& on s&ﬂ@vﬁm%fpﬁy‘%ﬂewgia?ends in a3 generally perpendicul ar

relation to the flowine, and 4 an orienting means is operatively
connect ed bet ween sai dahflridincorhiit! fixedwito neaido fipedinei for Buid acommuinication
said hub in a generally vertical direction. 1 4. The

combi nati on of »&lriedn Which Sktends generally perpendicularly to said flowline, and

9 orienting means connected to said ﬂuid‘conduit to position and
10 maintain said fluid conduit in a generally vertical direction.
1 12. The tapping support structure of claim 11 wherein said orienting
2 means comprises,
3 arms extending outwardly from opposed sides of said fluid conduit,
4 and- hydraulic ﬂuid means operatively connected between said arms and
5 said mudmat for rotating said fluid conduit with respect to said mudmat in a
6 generally vertical direction.
1 13. The tapping support structure of claim 12 wherein,
2 said hydraulic fluid means includes a piston and cylinder
3 ° ‘arrangement for each of said arms.
1 14. The tapping support structure of claim 11 further comprising,
2 " - means for preventing axial movement of said flowline relative to said
3 mudmat.
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2 said orienting reans cc corrprl ises an outer swivel sleeve
which is 3 ‘carried by saldrm g said flowine therein
for permtt relative 4 r ot B I“E&W“Hvﬂlne W t ter
swi vel sl ee\}’g8 913238 hub secured to an Ing in flui dpﬁﬁ#&82¥l on
with said outer swivel sleeve, and 6 an annul ar fluid

chambes between sai§l ouThe tappmglsmpmwtraotd:remfdzlélm 11 fufthentconprising,
arranged and designed to permt fluid flow between said subsea 8

) ul e and sal O 111 GrgBiigr ety g selCTSAIRS 2l it

desi gned for sel ective 3 rotation with respect to said nudnmat, and
furtheé conprmovement relative to said mudmatans for sel ectively | ocking said
swi vel sl eeve against rotation 5 relative to said nmudmat. 1

6. The conbination of claim4 wherein, 2 , said outer
swivel sleeve is arranged and designed for sel ect i ve 3 rotation with
respect to said fl sai

ot
swivel sl eeve agai fév‘t r‘gttﬁPP'BS $t@°$|t'ﬁevg?taos fi e h@p‘gyeé)on 0 d sea fioor

2 at a predetermined tapping point, said tapping structure comprising,
3 a mudmat supported on the sea floor beneath the flowline, an outer
4 swivel sleeve mounted on said mudmat and receiving said flowline therein which
5 is arranged and designed to permit relative rotation of said flowline and said
6 outer swivel sleeve,
7 a fluid conduit secured to said outer swive! sleeve for fluid
8 communication therebetween and extending generally perpendicularly to said
9 flowline, and.
10 _ an annular fluid chamber between said outer swivel sleeve and said
11 flowline to permit fluid flow between said flowline and said fluid conduit.
1 _ | 17. The tapping strudiure of claim 16 further comprising,
2 stops disposed between said outer swivel sleeve and said flowline
3 to limit longitudinal movement of said flowline.
1 18. The tapping structure of claim 16 further comprising,
2 s means for seleétive!y locking said flowline against rotational
3 movement relative to said swivel sleeve.
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7. The conbi nation of claim3 wherein, 2 said orienting
nmeans includes a cradle for rotatively supporting said 3 ftowine and
arnms which exte twardly from opposed sides of said hub,

hydraulic fl ﬁ{oﬁ?}égs#s are operatively connected between sai d?g?@%wsss
and said mudmat for positioning said hub in a vertical orientation. 1

8. The conbi nation of claim4 wherein, 2 said orienting
means i ncludes arns which extend outwardly from 3 opposed si des of
said outer swvel sleeve, and 4 ,/ hydraulic flyd neans are
operatively connected to sald arns for positioning said hub i verti cal
orientation. 1 : The conbi nation of claim4 furthe
conrprising, 2 a stop coupled with said outer {s} grteve
to prevent relative 3F;,C; Iongltudlnal novenent of said flq )
respect to said out V, The conbi nation of cl g
conprising, 2 ﬁbﬁatﬁ?‘ﬁ?g}stop defi ned between sai
flowine to prevent 3 relative Iongvtudlnal novene
with respect to said cradle.

FIG. 3




11. A tapping structure for a subsea flow ine deployed onto a sea floor 2
at a predeterm ned tapping point, said tapping structure conprising, 3

a nudmat’ supported on the sea floor beneath the flowine;

a cradle sl 0¥ Mthted on the nudnat ich receives the subgéél‘gm 98/18856
flowine therein and is arranged and2#@signed to pernmit relative rotative 6
novenent of the flowine, |/ a fluid conduit fixed to said
fiowine for fluid fomunifation 8 t het ebet ween whi ch ext ends
generally perpendicplarly ko said flowine, fand 9 orienting
means connected to paid fljuid conduit fo pogition and 10 mai ntai n said
fluid conduit in a jgenerallly vertical Hdirecfion, 1 12. The

t appi ng support structure pf cligim 31 ereln shid orienting 2 means
conprises, 3 ar e<te£2ing outhwardly from opposed si des of
said fluid conduit, {4 and draylicfflyid means operatively
connected between said ar and 5 Sai dinudpat |for rotating said fluid
conduit with respect}] to saifd mat i n\a '




68

tructurd of dlaim 12 vherein 2 saro oIS Y 67187856

i nclybudes a pi-ston and cylinder 3 arrangenent for Wﬂsai darms, 1

14. The tapping support structure of claim1l further
for preventing axial

- 4

ng. 021 JUNh

nmovenent of said flowine relative %12
15. The tapping suppoPt structure of claiml

ggg}):lisfi Pgt a?i onal 6 m)vegﬁ?sr el ative toizg! é Lﬁgﬁ;m,lnﬂlm,’!’/m@ﬂm
M *

16. A t apgiopAagM:ucture for a subsea flowine depl oyed onfo @ se
at a predeterm ned tapping point, said tapping structure conprising, 3

Cui ver sil3eve Thianp Bt Sl bk HonRTRpyET 6r h oAb S ARl aceraly in

sw vel
velch,
—

'.‘a"_""t

i

horizontal direction with said flowline having a longitudinal axis, a tapping device having a tapping
axis which is substantially perpendicular with said flowline axis and is positioned at a predetermined
location along the length of said subsea flowline, said tapping device having a structure coupled to
said flowline which allows said tapping axis to remain in a generally vertical direction with respect
to said sea floor while providing the capability of said flowline to twist with respect to said structure
about said flowline axis.
2. The combination of claim 1 wherein said combination includes,

a mudmat supported on the sea floor beneath the flowline at the tapping point,

flowline attachment means extending upwardly from the mudmat for supporting the flowline
thereon and for permitting relative rotative movement of said flowline with respect to said mudmat,
and

a fluid conduit connected to said flowline at said tapping location and extending in a
generally vertical direction.
3. The combination of claim 2 wherein,

a hub is coupled to said fluid conduit and mounted on said flowline and extends in a
generally perpendicular relation to the flowline, and

an orienting means is operatively connected between said hub and said flowline to position

and maintain said hub in a generally vertical direction.
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(54) Title: SELR-ORIENTING SUBSEA FLOWLINE TAPPING ARRANGEMENT

(57) Abstract

Figures 2 and 3.

A subsea flowline (10) deployed onto the sea floor (S) has tie~in points for interfacing other subsea facilities, Mudmats (14A, 14B,
14C) support hubs (16A, 16B, 16C) at the tic~in points. One embodiment shown in Figure 2 has 2 cradle (22) supporting flowline (10)
for relative rotative movement. Hydraulic jacks (26) are connected to arms (24) to position and maintain hub (16) in a vertical orientation.
Another embo@unent. shown in Figure 3, has an outer swivel sleeve (21A) which is mounted on mudmat (14A) and receiving flowline
(10A) for relative rotation. An annular fiuid chamber ot toroid (25A) provides fluid communication between flowline (10) and hub (16A)
connected to outer swivel sleeve (21A). Another embodiment, shown in Figure 4, combines the features and characteristics illustrated in




