205984_NETHCD AND. APPARATUS FOR COVPLETFNS DI VERLESS SUBSEA FLOW.I NE _
CONNECTI ONS-This inventi'on relates to subsea flow ine con- necting sy%@ﬁg534

and.nore particularl’'y to-a renote control systemfor precise alignnment and
connection of .a plurality of bidoes A, ivdizdirdus) 1fowWiMigstig@ single

| ar ge, di aneter bundl e of fl owDIVERLES!Se SBSHAC oW1 ANEOIdo drom 18
of fshore wel | s has devel oped into a major endeavor of the petrolelmin-

dustry. Wells are conmonly dri:l |-€d several hundred or even several thousand

f edt—bel ow the surface of Thiis dosemtikivesce hakes estsutoseankyold idei koed

wi thout the use of divers at the greater depths, but the connecting,
testing and semeichingg ofys$ hempi papdambnd paytiguilag sl vesanpemobe control
performed on these wells during and after the drilling process. One of the
maj or probl ens sgk tewbsfr | psealse- aliignnen t handogpaaisdiion ¢f oal phusalaty
transport the oil fromthe well after the wel|l has been drilled and a
subsea Christnaé buadlasanb| indaviguad (fawkingadtrast aiegle barge on
the well. A plurality of short flowine |oops are connected to the
chri st mas treediadsersry Muidke efeflpwd iR nbly is lowered into place atop
th® well and the free ends of the flowines are gathered together and sup-
ported above the sea floor to facilitate connecting other flowine | oops to
t tree side flowine | gops. Anpt her gluralij of _flowl ines have the first

erf8s t hereof con- - nect ed ¢ PXAWEEROROA A apd gas LEodh PRI arebks

athered into a bugpdle_and Jqwered to the sea floor far .
g has geveloped %nto a ma%or endeavor og the petroleum in-

dustry. Wells are commonly drilled several hundred or
even several thousand feet below thé surfaée of the ocean.
These wells must not only be drilled without the use of
. divers at the greater depths, but the connecting, teéting
: 7 and servicing of the pipes and of regulating valves ﬁust be
perforﬁed on thése wells-during énd after the drilling
process..

One of the major problems of subsea installa-
tion is the conhecting of flowlines to.t;ansport the oil
from the well after ﬁhe well has been drilled and a subsea
chriétmas tree assembly has been lowered and fastened in
place on the well. A plurality of short flowlihe loops
are connected to the chrisﬁmas tree assembly before the
tre? assembly is lowered into place atop the well and the

* free ends of the flowlines are'gathgreé.togetﬁer and sup-

- ported above the sea floor to facilitate connecting other
flowline loops to the tree side flowline loops. Another
plurality of flowlines have the first ends thereof con-
nected to a storage container and the second ends thereof

gathered into a bundle and lowered to the sea floor for



19 - - connecting to the flowine |oops on the tree assenbly. _The . ;

r

Ll'owtine bundle is then pulled across the sea floor into alignment with the
ﬂnflomgtge | oop so that the flowline bundle and the flowline-l oops can be

-connet¥ed together 5 in a fluid-tight connection. In locations where wells
provide .a large flow of gas or oil, large dianmeter flowine bundles, such
as those having 24 inch. C6lcns) dianeter or |arger, are 10 connected Y

bet ween the underwater facility and a storage-container or tanker at a

| oadi ng arRmneBihg targe (1wl Mbshe srrdeé beedaagsefibiyhe el  \J
barge,. but is usually fabricated on shore and installed by performng an
"of f the REidwinine Bundlesiiyg then apulledrndcricss tiee obéa fidodp snspend the
bundl e just above the ocean floor while the flowine bundle is pulled into
position alitdraneret vickhd. thdheBlowhine Ioopl socthatidtiks fihgwlinéude-.control

| i nes, production |lines, sensor lines, steamlines and other lines, "all in
one | ar ge bundllee . ar) the nblowbindcloops t¢an| berconseéched etogebhproy a

single multi-bore flowine connector, as it is undesir- able to break al

of the Bedins & FiHAVkIconIrR@t N service a seal for a single line. Aso
the force required' 25 to connect a pair of large dianeter connectors woul de

be so large as to he inpractical. A e practjcal soluti IS {0 connect
each of the inmxﬂ(ﬁﬂﬂaﬁiﬁﬁﬁ;WﬂEQFrﬁéiistﬁ%%yl ea fa;ge Flow ot

~gas or oil; large diameter flowline bundles, such as
thﬁse_haviﬁg 24 inch (6lcms) diameter or larger, are
10 connected betwéen the underwater facility and a storage
container or tanker at a loading area. Such a large
flowline bundle cannot be laid off the reel barge, but is
|2 usually fabricated on shore and installed by performipg
an "off the bottom"-pull using flotation and dead weights
15 to'suspend the bundle just above the ocean floor while the
flowline bundle is pulled into position at tﬂé wel;head.
These large flowline bundles may include control lines,
production lines; sensor lines, steam lines and other

lines, all in one large bundle.
20

It may not be practical or desirable to emplof
a single multi-bore flowline connector, as it is undesir-
able to break all of the seals to the various lines to
sexvice a seal for a single line. Also the force required =
25 to connect a pair of large diameter connectors would be so
large as to be impractical. A more practical solution is

to connect each of the individual bores of a multi-bore



20 -3 -:flowine to individual connectors or to connect a few of the bores
to"a.connector. Sone of the prior art nulti- bore flowines use a

hori zont al’ groupi ng of one set of cbnnectors nounted on a sled-type
.structure mhlch is 5 pulled into connectlng alignment with a mating set of
connectors. " This arrangement requires. very massive receiving and arzﬁnlng
styctures and requires two pull- in cables. If one of the two cables
breaks the remai ning cable is usel ess;™ #nif the sled of the dual cabl e
~unit 10 flips_overthe praqblem, of rlghtlng the sled is r ous.

Aot her sol uEleWliger §0sdadividlado FREAEGTEOLSH X0k &&W%’% %Pq n a
verti cal grouEie % with the axis of the connector belggﬁp IIeI Thi s
results in athPgROZESt Lo & COPRECEPTror ST &5 t ¥t of 15

o provi ded BOuR SIPRISRERUSE A SIS t@%qtqti’er&/ﬁi ' nve‘?t dhg o
fluid I 1 ect and t ] t Q i i f

col | ect i ng. f PORCAECETIRESHTIE: S oot S (e e s ?c!ng par at us
for connecg % 13QU59S %fontnre@:ﬁn%roa' 'l%nfnle%“g W% %? d %t &Pl lecting

fLow line7e connectors, a manr avi ng connec respectlvely

connected to |n I a first
coRnee &hlsa:&ﬁn(?‘;énftégiﬂt ﬁxﬁ%ééﬁ l?dHEHﬁre

running tool arranged to be gu ase from™a surface vessel for
cgnnecting thaceiving and aligning structures and requires two pull-

in cables; If one of the two cables breaks the remaining
: cable'is_useless, and if the sled‘of the dual cable unit
10 flipg over, the problem of righting the sled is very
serious: Another solution is to stack the connectors one
on top of the other in a vertical grouping with the axis
. of the connectors being parallel.. This results.in a high
centre of_éravity for the assembly and the problem of

15 access to the bottom connectors.

According to the present invention there is provided
a diverless subsea flowline connecting system comprising
a.fluid collecting and transferring base supporting a
20 plurality of collecting flowline end connectors and
supporting a'conngcting apparatus for connectiﬁg a bundle
of transferring flowlines to respective collecting flow=-
- line.end connectors, a manifold having connector hubs
réspectively_connected to corresponding transfer flowlines
25 in the bundle, a first running tool arranged to be guided

on to the base from a surface vessel for connecting the



231-14- mani fold to the connecting apparatus, the connecting apparatus , ;
havi ng a funnel portion for guiding the connector hubs .into axial “aligriment
with the respective collecting flowine end connectors and .a second, runni ng
tool arranged 5 to be guided on to the.base fromthe surface vessel for
connecting the respective flowine end connectors and connector Hubs in .
sequence to each other in fluid tight relationship. 10 Accordi Nng t O et
anot her aspect,the present inventien4provi ded"a nethod of connecting a _

| arge dianeter flow ine bundle to-flowline connectors on a plurality of "
further flmanifeldvia thencennechiby appanasng,pbhei connecthiad | ow i ne
bundl e, 'said nethod conprising the steps of: 15 1) connecting a pull-in
cabl e to t®RPYERFBEr REvingt aefBnnedi portdan| £ay puiddiag The commedboy said
flowine bundle into a position wth _said_connector hubs adjacent .

sai d. f| owl RS chRERcEBEal 3)igmapli withatheoresapgtivencoddecting

connectors,|nt ,2C}g£gcise axi al alignneht W th a cqorrespondi ng_one of said

connect or htB¥-+2F sEEBRFAGOESCAD fas§F8°PFoﬁPPﬁénSbﬁﬁE@t@F?ﬁﬂgﬁﬂ:
cenl “botheeh Bciufrediph £8"ERS BogR haomo Hhec A Saska vers S0 RA% pond ng

connect or éﬁﬁhégting the géspedtive-flowline eﬁd connectors and

' connector hubs in sequence to each other in fluid tight L
relationship.
{
10 According to another aspect,. the present invention

provi@ed a method of connecting a large diameter flowline
bundle to flowline connectors on a plurality of further
- flowlines via connector hubs on an end portion of the

flowline bundle; said method.compfisipg ‘the steps of:

15 1} connectip§ a pull-in cable td the geometric centre
of said flowliﬁe bundle;
2) pulling said flowline bundle into a position' with
said connector hubs adjacent said flowline connéctors;
3) moving each of said flowline connectors.into

2Q precise axial aligmnment with a corresponding one of said

connector hubs;

4} securing each of sald@ flowline connectors to a
- eorresponding one of said connector hubs; and’ -
5) setting an individual seal. between each of said

25



provide -a fluid-tight seal between each of said flowine connectors and its
connect'or hiib. The invention i¥ illustrated, by way of exanple, in the
acconpanying drawi ngs in which:- Figure 1 is a diagrammatic isonetric. view

of an offshore fluid connecting and transfer system with a {arge dianeter

f1 owl i ne blhpdilénexcenaesgomsomnd filts connasppnding | ¢eynecter chitkction 22
area, and having a flow.ine connector of the present invention between the

| ar ge di aPr’é?E?'-dgl awElnddotighs 862 la batwean ekt ofrgaid flowlimes

extending fromthe collegtion area to individual subsea wells. Figure 2 is

aﬁ“rgonet??%nQFEﬂFBfaﬁddF§érF8§§e§GS§é§qhwwwine connection system
W th a fonnel THe ERERRELPRCNE0  LEFEGFETEY o B v gk TS ortd AW al ong
i do of VAT OREe BT IRBCUERHARBR AB HBASPArLS of Figure . show ng a Sequence
of operat on gl pceg uini 00, A5LoblkA .U LS BT KO ge el S dekeee
Cqnnect e R T oL el CErB e bR el el 1AM S el ence
Connect | o AHHGBENIS SRCeripLhy, EEATAT (AR SbiRCTAMTRY < ©f TR
8 _toacollection area, and having a flowline connector of
the present invention between the large diameter flowline
'bundle and a plurality of smaller flowlines exténding from
the collection ‘area to individual subsea wells.
Figure 2 is an isometric view of a diverless subsea
flowline connection system according to. the present
- invention, illustrating the connegtiﬁg apparatus wiﬁh a
funnel portion detached.
Figure 3 is an enlarged section takén along line 3-3
of the connecting apparatus of Figure 2.
Figures 4-7 ﬁre enlarged side elevations of the
connecting apparatus of Figure 3, showing a sequence of
operation of a running tool which pulls the flowline
.bundle into position for connection. |
‘Figure 8 is a section taken along tﬁe line 8-8 of
Figure 9.
- Figures 9-13 are plan views of a rﬁnning tocl which is
‘used to connect the smaller connectors to the flowline
bundle, éhowing-a sequence of operation.

Figures .14 and 15 illustrate alternative embodiments

of the connecting apparatus shown in Figures 1 -13.



23 An offshore fluid collecting and transferring systemenploying the . _
diverl e subsea flow ine connectors illustrated in detail in Figures 2f13 " °
is diag tically represented.in Figure 1. Thirs system conprises a
plurality of small flowines S™\¥ach ext endi ng between one of a plurality

of subsea wells Wand a gathering zone G and a large dianeter flowine

bundl e B extendi ng, g pfuhdhe aean dd0ctidg enRd heagatreeriing zone G 1o a

storage reservoir or termnal _R The gathering zone G conprises a I'andi ng
base 105}(&@5.3;&:145?1\&4 hehe [divedlidsys afubgeaddElpedisel canhkétoasd a gui de
line 12a-12f extending upward fromthe top of each guide post to a sur f ace~—
“vessel M ussdatteddiine de tadiindst Fdgunes 2eldi d¢ dpegzpmoasicalivie | andi ng

base 10. A flow ine bundle hub assenbly 16 connected to the end of the

flow i rrepResended i Floyee® ilnt o THISr SYEHETpESPPFoAeEng BERERELEY 0 the

| andi b 0 Ri | moly 17. ted on the | i base. A ré

et it Sealoslintingar 8, BR5R RutonfafBnBeErsRi phE o8] 19 babe. A LA
d | | er . i ot akab t sh ilitat

venorlusRliky b Supdkal Qe300 B 6dtABring) Bohe 197 48 T2

menber § 2025208: bhbHer?F16Wigak blifdlbonl bRechagy ea oy agsenbl y 16 into
the funnel assem bly 17. Afirst end of each of the small flowines Sis *

connecbedahofboerofF firphuthéi ggthérihgi sonasGt tees 4B xaden the flowines S

each being in the formof a [oop havi ng sufficient radius so that
convenresaavoinreugherninal| Rep ThrELgathering #ene H\F#OmR%FSFass t hrough  F

e eI ot SR e Aol oA ECPBh & B e N 1S 1
1lla-11£, and a guide line 12a-12f extending upward from the
top of each guide post to a surface vessel V used to direct
connection and service operations on the 1andihg base 10.

A flowline bundle hub assembly 16 connected to the end of
the flowline bundle B is guided into dperating position
and secﬁred to the landing base 10 by a funnel assembly 17
mounted on the landing base. A ramp T between the ocean
floor F anq the upper portion of the landing base 10 and )
a roller 19 (Fig. 3) rotatably mounted on a shaft 19a
facilitate movement of the flowline bundle into position
on base 10. A pair of cam members 20a,20b (Fig. 2) direct
the flowline bundle hub assembly 16 into the funnel asseﬁ-
bly 17.

A first end of each of the small flowlines S is -
conﬁected to one of a pluralit& of christmas trees 18
with the flowlines S each being in the form of a loop
having sufficient radius so that conventional through-
flow-loop (TFL) tools (not shown) can pass through the
flowlines. A second end of each of .the tree side flowlines

S is connected through the landing_base 10 to a generally



cyti:ndri.cal tree side.flowine connector 2l1a-21d (Fig. 2) having a snmal
cylindrical. portion 22a*on one end and a | arger portion 22b on the ot her
end. Each of the fiowine connectors 2la-21d (Fig. 2) is Qe d in place by
a retaining structure 23 havi ng~tfe bottom portion nounted t he | andi ng
base 10 and havi ng an ‘annul ar sl eeve 24 at the upper portion thereof. The
f1 oW'i ne connectors 2la-21d each have the smaller cylindrical portion 22a
mount ed iqshideintive ls (taeee sidenifdnvwd igge gonprRtor Béemded {héds|feve 24 and

tHe‘Qonnectqr 2la-21d to retain the connectgé i n_posi - t'on<£dth the | arger
portion JAYis®g ghemaddnEyLdrdzdradeRPTERENsFERY B 2AMHNFTE 3HE Farge bundie

Curved sORFgRT ZOFSeRn: a28s Brye BrREhnaBE: o PRch 3L HAE FRIMEELD T,

curved s

SUpportsé%%%@cQFFéggé%$Q?§CR?F§2Sb?kgédheigeiﬁlﬁg98§n$yfé”¥gﬂafﬁiﬁ@Wb|y 17,

conprising an a nne _ 1gs. 2-7) and a nounting base 30, is
wel ded orgipibeuweS@3SREWIAE tReabpttdml boytddn mewkesd &, B2 wel ded to the
| andi ng base 10. The alignnent funnel 29 (Fig. 2) includes a slot 34

runni ng dkedgnghbaseny@handechavinagnanaanpnlar geteees |2HA%t e 29a

positioned to guide the flow ine bund|e assenbly 16 intaq ali nt_ with the
f1 owl i ne uPBREeRPBESOD 15boROL - At TBR hEloY HARh LISt %wﬁﬁm i ne

gt i PSREnESY Blethet rortittaitr] MR Hioh AR IRt LD 56 i s
Z: Lg”e‘j i‘h?.”gléé‘fe Sm&?ﬁ‘aaéhéi&? B9V s NS R erily1aeseTlly 16 and
g thelTine of a plurality of fl'owines 41 (Fig. 3)

and the connector 2la-21d to retain the connector in posi-

tion with the larger portion Zzp_of.the éonnector adjacent

the sleeve 24 while the large bundle hub assembly is moved

into position adjacent the flowline connectors. A curved

support structure 25 (Fié. 2) conneéted to the landing

base 10 supports each of the connectors 2la-21d.

The alignment funnel assembly 17, comprising an
alignment funnel 29 (Figs. 2-7) énd a mounting base 30, is
welded or.gtherwise secured to a plurality of brackets
.31,32'welded_to the landing base 10. fhé alignmeng funnel
29 (Fig. 2) includes a slot 34 running along the length
thereon and an enlarged bell portion 29a positioned to _

" guide the flowline bundle assembly 16 into alignment with
the flowline connectors 2la-21d. Attached to the left end
of the flowline bundle hub assembly 16 (Fig. 2) is a
puli—in cable 36 connected to'the geometric cénter of the
hub assembly 16 by a swage pin 40. The cable 36 is aligned
along the same axis as the flowline bundle hub assembly 16
andlalong the line of a plurality of flowlines 41 (Fig. 3)
which are fixed to the bundle hub”gssembly l6. Thus, the

force exerted by the'pull-in cable 36 is on the same axial



whi ch 2%e fixed to the bundl e hub assenbly 16. Thus, the force exerted. by
the pull--in cable 36 is on the sanme axi al
the flowines 41 when the bundl

alignment funnel 29. The flow ine funnel hub assenbly 16 incl udes
ar body portion 42 (Figs. 2,5) having a frusto-conical end portion 47

S ,5LahL ceqfl, éQgggaxékkeanﬁgtS tk8Y £#6wexhe8dh DowRh athy WiRNG the bodyi

annul
at it
porti

f unnel

on~toward a nose~por- .on

line as the drag exerted by
_hub assenbly 16 is pulled toward the

r

an

on its left end. The width of the

al i gnnank, KeY¥edB1iS18! 1ghbly18aBtbRard heRet ABighdent of utihel stat 34
29 The swage pin 40 is releasably secured in the nose por

of the '
tion 48\“‘J

by a mechani-sm withehflswibne fuhhgldeshrabsenmbhy Clb pbnclidaed dhited States

patent No. 4,161, 367,

If the pull-in cable 36 should break, the_swage pin

40 canahrulanvhedyapdr hierptdcthigs - pt 7L i FREIRT & N SERANF} n can be
secured in the nose_portion-48 of the bundl e hup. body 42. The swage pin 40
can beeR@|RexEiOD\AT REHERFTIFNE t%‘?fgp?rh ?Uﬁ’o?"'%%%ﬁiei{ %950 a. bore 52

(Fig.

afore

ERTIAR U o St O Y SGGT AR ESEhARE, o

| nsi de e J4ie! 1 09,106 0WAPS TRIGRNGL oF | IR indie dayndee hub .
y

assenb

6 as It 1s pu

ed into the funnel 29. The wedge-shaped key

port i ofk 46 e 1y esnid 1 QeyetHark eshe( i igl 12 )o £ diiencilo ta damfs thkace 54 of the

nul e

t he bufitireelh e .as Bnblswagey gein 40 Her deltensaid ¥ meawiredghdnkéhe46 ri des

shoe as the bundl e hub assenbly 16 is pulled into the funnel

al ong the surface 54 which rotates the assenbly 16 unt.i |

nose portion 48 by a mechanism which is miore fully described
in Cuiper et al United States patent No. 4,161,367,

If the pull-in cable 36 should break, the
swage pin 40 can be removed and a replacement pull-in cable
and attached pin can be secured in the nose portion 48 of
the bundle hub body 42. The swage pin 40 can be released
by inserting an elongated pin (not shown) into a bore 52
(Fig. 2). and activating a release mechanism as disclosed
in the aforementioned United States patent 4,161, 367.

A mule shoe 53, mounted insiée-the funnel 29,
provides rotational alignment of the bundle hub assembly
16 as it is pulled into the funnel 29. The wedge-shaped
key portion 46a of the alignment key (Fig. 2) contacts a-
cam surface 54 of the mule shoe as the bundle hub assembly
16 is pulled into the funnel 29. As tpe bundle hub
assembly moves further into th;;funnel the kef 46 rides
along the surface 54 which rotates the assembly 16 until
the key 46 is guided into the slot 34 and pulled toward
the left of the funnel.

A pair of spring-loaded latching members 58,59

are mounted in the cylindrical portion 29b (Fig. 2) of the

29. As



t he’ Key 46 | s~ gui ded |nto the slot 34 and pulled toward the left of the
funnel. A palr of spri'ng-loaded | atching nenbers 58,59 are nounted in g] S
cylindrical ‘portion 29b (Fig. 2) of the funnel 29 near its left end<#$
The l,atching menbers are each bi as@d‘radl ally inward by springs (not
showp). When the flowine bundle hub 16 enters the cylindrical portion 29b
of  the fuifeehe292bheeapuntiedlatseepdrt i ThedBabfhing members iare lwachl e hub

es .agai nst the latching nenbefs 58,59 and forces themradially outward
whi ,\f*e/t hebbaaed cradinlby cEPWRF@cRYt BREFIIT héne brshowm) | F.“B’e"z) NGt the

f | 29. V\h t f the bundle 6 h

the | at cnEAE RERBorend e, ROR B8] o B0 %ﬁ\%ﬁ‘f% 4 #ro:ocvae B2Bontt o hob
d | ock b d d

?Ee cgﬁne%-ge %%sf%égld | oc eﬁg\?n %ﬂ?‘g%@ﬁ tor %sa%ES;J}%g(f%TLgn?ng ?Ee

bundl e of lfﬁé%d’lé-@niﬂﬁi&%s'i% aLhsidlegna Mcﬂmftﬁj“nféﬁl&@S@FBQS 2,3,7)
having a plurality of connector hubs 65a-65d (Fig. 7) (only two being

shown) easitd pfatdengiend aradhicntiee towtwatnd avicdier etszo fhrwdd. eohebol 6t he
flowline connectors 2l1la-21d. Munted in each of the connector hubs 65a-65d

i s®a repl coretiniuess ceagwastdatthendsfit and) @Hiq.Fi]. of) ther fynoeildRfg a
fI ui d- tlgpt seal between the connectors 21a- Zjlﬁghf-'g one or ig of the
g i nesTher the He &Y O’wﬂq ROTRAAR €% oPSPEMPEY Lo 4-7)

performsthefun uII| th rowI| e. d enbly 16 into
&q, glc %heghsna %%P ES Fﬁgufgé

the funndi®53 pro SCti Ve rou rom
groove 60 in the bundle hub and lock the hub in the funnel

29. The swage pin 40 can then be removed and the connec-
tors 21a-21d locked to the connector hubs 63a-65d.
The flowline buhdle.of assembly 16 further in-
cludes a bore manifold 64 (Figs. 2,3;7) having a plurality
T of connectbr hubs 65a-65d (Fig. 7) (only two being shown)
each positioned for connection to a corresponding one of
the flowline connectors 21a¥Zld. Mounted in each of the
connector hubs 65a-656 is a replaceable seal plate assem-
bly 66 (Fig. 7) for providing a fluid- tlght seal between
the connectors 21a-21d and one or more of the flowlines 41
in the flowline bundle B.
A running tool 70 (Figs. 4~7) performs the func-
tion of pulling the flowline bundle hub assembly 16 into the
“. funnel 29 and removing a protectzve shroud 71 from the
manifold 64 of the flowline bundle hub assembly 16. - The.
running tool contains all of the power operated devices for
performing these operatibns.and,the running tool can be
returned to the surface after the subsea opérations are
completed. Thus,'none of the éqgnectors which remain on

the sea floor contain any power operated devices which
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noved

nanlf%hg 64 of the flowline bundle hub assenbly 16. The running t ool
cont ai all of the power operated devices for perform ng these operatlons'
e running tool can be retyrhed to the surface after the subsea

ions are conpleted. Thus, none of the connectors which remain on the
oor c¢aqntain gny power erateg devi ces which 27 could deteriorate-

i FoE glgter 1otREe whdileg i d

onnect ed by

e7¥3EREr udes a sheave frame having a ‘wk

o P e, ThaCrIRARRGS efB1( 08! ¥n@DEashUThDa il 92rade Havisiis 76

| b Into a working

oge §EQWBS ?§§Qﬁ.gg E9gbhRenbdEs n:?ﬁmﬁsﬁli?ang'éﬁ&@n i running tool

I nes 12a-12b and gui deposts

0pigs! r4de) t bRtbrooRhedBed ThY & UPDirdliop! of Ccfoud hdmydi@l Uudes a pair
ching nenbers 82 (one shown) each of which is wel ded or otherw se

secured760 aA cpaiespbnsllegvesec7df (ehby e stevel s sicurebhetd &hehi ng _
s 82 each in- clude a pair of latching pins 83 (Fégi 5) which are

i pide drembrEs of 2 dbeRFhgtiRsTunmBing ot F& stava ddhehydr au-
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Id84ThI 83 fit int 88 (F th
ot e s S A et S o o deeRiatT unmi g oo
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72 by andind¥s W gt Pl 1deihind edbelai B2 crbneatssxom?p 285n(enl y

each pair of ears being shown). A pair of hydraulic rans 109 (only

A g?p%ea“vlé% B R T TR T P n e o0 ferEheE
which is welded or otherwise secured to a corresponding one
of the side members 72. The latching members 82 each in-
clude a pair of latching pins 83 (Fig. 5) which are moved
into and out of a-locking position by an associated hydrau-
lic cylinder 84. The latching pins 83 fit into holes 88
(Fig. 2) in the upper portion of the brackets 31 on the
landing base 10 to lock fhe runniné tool 70.in proper
operating position. Tge running tool 70 (Fig. 4) also
includes a_plurality of sheaves 89-92 each rotationally
mounted to the side members 72 by a piﬁ é6-99 and a plural-
ity of pairs of ears 103-105 (only one of each pair of ears
being shown). A pair of hydraulic rams.log (only one

being shown), each having an extendable rod 110, are con-
nected to the side member 72 of the running tool 70 by a
pair of brackets 111,112. One end of the cable 36 is
attached to the swage pin 40"1fig._2), and from this pin
the cable extends between the side members 72 (Fig. 4) of
the running tooi, over the sheaves 89, 90, 92, and finally
to a wineh (not shown) on the vessel V (Fig. 1l). The

swage pin and the attached cable are retained on board the

vessel V while the winch plays out the cable over the

i ncl udes *
menber s
one of
one

1)

\.)



bei'ng sﬁoWn) ,» each having an extendable rod 110, are con- nected to the .
si de nenber -72 of the running tool 70 by a pair of brackets 111, 112. On€, ;|
end of the c¢abl.e 36 'is attached tay{he swage pin 40 -(Fig. 2), and from

this_ pin the cabl e extends between the side nmenbers 72 (Fig. 4) of the
runging tool ., over e sheav , 90, .and. fjna t 1snch (not .
sho%ﬁ) oﬁgfﬁgeﬁegszé}gla\'/a?ﬁ%a. iérggTﬁggsﬁéglfg ntélr)]g %%‘gﬂa@%%c#elgﬁ cable are s,
retained 03hg.. muhil Sqhhén Wi Peiindl ays, out the cable over the
sh&aves gﬂsg %ggt %Bgo%‘?g?ﬁe}%’unni n%] tor(z)l down the guide- lines 12a-12b

toward the alignnephef §8§6&nc8. o F hep&eatibsit et pWPET thé Guridleptibb t he
bundl e hub assenbly 16 into position adjacent the flow ine connectors
21a- 21d é5sembRy A6dinborpositiomeadjataent itie shaukine daneegoestial |y
shown in Figures 4-7. The running tool 70 is |owered down the guidelines 12
over the2lardddpbBig.|2h-and o gpmove sSheyprgfetiiie Siwoadd 7tocked into
wor ki ng position Fig S%QV\A' th, Og‘e' end of4_€fe Iel - iun cabl % 3@ tached to
a wi nch ¥hdte PRI BHY OB (AL SF PG 14 (R DVUHES: FR%6t f%r end of
the cablg 3@»%{@&@&&%@ \IJé?%'x}-'i Qh@(gvee:h%ea G- 16 The sheaves
89% 90, 9_2_scon?/er the vertlcgq J'pu J'r{c])i‘%t e wnch on%t%he cég e 36 into a
Substantlﬁiwowfg%ltad,&)omé@ e Iaplld oW ang hwetled huboassenbly 16 and
py! the Body por- tion 42 (Fig. 5) into the funnel 29 (Figs. 2,4-7). The
body pomidrind? posimmiced (Fiign t3)e wlithnene2@ndnbifl theepspli-fg | oaded nenber
58,59 (Fig. 2) on the funnel 29 nove into the ?roove 60 to | ock the body
porti on c&blien Ih@ttached to a winch (not shown) on the surface
| vessel V (Fig. 1) and the other end of the cable 36

attached to the flowline bundle hub assembly l16. The

sheaves 89,90,92 convert the vertical pull of the winch on

the cable 36 into a substéntially horizontal force on
. the flowline bundle hub assembly 16 and pull the body por-

tion 42 (Fig. 5) into the funnel 29 (Figs. 2,4-7). The

body portion 42 is moved into the funnel 29 until the

spring loaded member 58,59 (Fig. 2) on the funnel 29 move

into the groove 60 to lock the body portion 42 in the

funnel 29. The bore manifold 64 is now adjacent the flow-

line connectors 2la-21d (Figs. 2,7). The hydraulic rams

109 (Figs. 6,7).are extended to move the rods 110 against

a pair of ears 116 (only one being shown) welded or othef—
" ‘wise connected to ‘the protective shroud 71, and thereby
move the shroud 71 away from the bore manifold to the posi-
tion shown in Figure 7. The swage pin 40 (Fig. 2) and the
pull-in cable 36 can be released from the nose 48 of the
hub assembly 16, and the running tool 70 pulled up to the
surface vessel V by the cable 36.

A plurality of short sections of flowlines 117

e



funnel 29 The bore manifold 64 is now adjacent the flow I|ine connectors
2l1a-21d (Figs. 2,7). The hydraulic rans 109 (Figs. 6,7) are extended to

nmove the rods 110 against a paidye@f ears 116 (only one being shown) ,wel ded
or other- w se connected to the protective shroud 71, and thereby nove the

shroud 7]. a fromthe bore manifold ta.t i -..tion_shown in Figure 7.~
The swa e"%‘},\ﬁ%mf’ﬁ:ieg?c )C%’hn Ea%eég -%lﬁqi“-eleﬁ‘ cgﬁog’% hga%mgzhlre ¥hsed 19 rom t hes
nose 4 %Qﬁﬁe _ 14NN ah@o Led up to the
_surfacg'h('\}{eess;‘2'1e y t e@%l%ﬁsggﬁ&% gmfal%int ;‘Wo?hghgr tzgggg%i ons of o,
flow i sndlihg one?2d £ RiHe Aowlrihecaohneetnest edabetde¢nigne3pf the small
flow lines S fromthe subsea wells W(Fig. 1) and a corres- pondi ng one of

t he f| Glidsee shomteseoytdionsg 117d agRi flezibleheseughothasethe dPRT117 are

f1 exi bl e enough that the paor- tions 117a (ELgs .213% adj acent the flowine
connect%szﬁmdf‘&ﬂé'egcﬁ)nﬁ@éﬁf"énitnt eslfélgwﬁgei °’Pﬂ%°'f‘%‘ﬁ3 of the I|anding

conne¢ = T | |
211 o r o 208 e RepoRRePLE e s 8TeEEE B R B8 4R e ran o o
64. A ndngsPg book 182ebFidsiiZeabs 1&npRuesngache Oboddik ot | or [l oW ine

connectors into a position adjacent the bore nmanifold 64 (Figs.
2,3, Ip=tpplacese téenerubag e 21 afes asseddnnab-dF =meeessary, connects

each of the flow ine connectors 2la-21d to a correspondi ng one of the
connecéia~-gidth s(Fisa- 68d andlsediard imanddimilectésr. el ements 21a-21d and 65a-65d -
together in a fluid-tight ) .

A running tool 122 (Figs. 2, 8-13) moves each of
the .smaller flowline connectors 2la-21d into a position
adjacent the bore manifold 64 (Figs. 2,3,7), replaces the
‘annular seal plate assembly 66 if necessary, connects each
of the flowline connectors Zlg-Zlg to a corresponding one
of the connector hubs 655—65q and seals the connecﬁor
elements 2la-21d and 65a-65d together in a fluid-tight
rélationship. The running tool contains all of the power .
operated devices for performing thgse operations and the
running tool 122 can be returned to the.surface after tﬂe.
subsea connections are completed.

Each of the flowline connectors 21a-21d includes
the large cylindrical body member 22b comprising a pair of
annular actuation sleeves 124,125 (Figs. 9-13) slidably
mounted about the body member 22a. The‘axial'travel of the
sleeves 124,125 is limited by~;n'annular fetainer ring
129 (Fig. 9) secured to th= body'member 22a by a plurality -
of machine screws 130 (only one of which is shown in Fig. -

9). A plurality of dogs 131 (Fig. 1l) mounted at the lower

end of the actuation sleeve 125 are-forced radially inward

when.the sleeve 125 is moved downward over the dogs to



rel ati enshi.p. The running tool contains all of the power operated devixes
for performng these operations and the running-tool 122 can be ret@3tfhed to

the surface after the subsea corpections are conpleted. Each of the
flow i ne connectors 2la-21d includes the |arge cylindrical body nenber 22b

conpri si;ng,a¢fRai LoRheBBBY! Rib2EE UShE OTosk CENER dE4tHE dc@ord- 13)

sl Nfabl? ngunt ed about the body nenber 22a. The axial travel of the sleeves
124, 1252i15-bi1g1 £60a byotie Spound Hig rigdli G2 ron | tge D29rd Manifdldsédured to the
bedy  menber 2Za by a plurality of nmachine screws 130 (only one of which is
shown i FhEi gle&¥e ¥4l imeludes #n crppulimn groeve 1436 RAAR EhealovaE | ower
end of the actuation sleeve 125 are_forced radj al I%ré)i nwar.d_when t he sl eeve

125 i s apdeandobhfattreverl3helnplides an anniar (FReWs+édt BR2Rub 65 and

| ock each of the copnectors_213-21d to a cprre ndi ub 65 on the bore ..
- mani f ol BhG4UPReR <} e@éerieﬁlfﬁ nc ﬁbeers ‘%F%’h%ﬁloa eoo’i}gw?'igenga?'t he | ower
endand th _].l_zrr%i l&ﬂﬁiﬁi O embnt (3885 Ghecapper end
thereoff‘e%%égeyd%'al =S Jokfcét e ﬁ%ﬁrﬁ% gt!ohnEEJ nect ors 211a-21d atr:e di-scl osed
in the afof tanedidni4 akiStages patent No: 4,161, 367. The running tool
132 (Figs. 2,3,10-13) includes a yoke assenbly 140 (Fig. 10) having a
general | y U shapethebathnmiord itmoll4R2 Wiigsa [23i3, 16~13) nin¢l@ddst3 ext endi ng

axially fromthe body portion. The running tool is secured to a spacer arm
197 ( Figsyoke ssepbd yphdi40 dFig.aqfd hayingo ac gemesrddyt B-shaPesbdy portion

by & p%:i:ordffpot;:'rtai%%s 141, with a pair of arms 142,143 extending
axially from the body portion. The ru’nning tool is secured
to a spacer arm 147 (Figs. 2,3) by a pair of clamps

148,149 connected tp'the body portion by a pair of braces
153,154. The spacer arm 147 is welded or.otherwise
connected to a pair of alignment sleeves:156,157 that fit
over the guideposts llé,ll; (Figs. 2,7) while connécting
the connectors 213,21§'to the manifold 64 and fit over the
guideposts llc,lle while the connectors 21g, 2'l_q are being
connected to the connector hubs 65a,65b on the manifold

64. The upper portions 148a,149a (Fig. 3) of the clamps
are secured to the lower portions 148b,149b by a plurality

of bolts 155.
A running string 161 (Fig. 3) transports the
running tool 122 between the surface vessel V (Fig. 1)
and the landing base'lo. A plgrality.ef contfol lines 162
® " enclosed in the running stfing 161 provide power to operate
a plurélity of hydraulic rams and/or electrical equipment
in the running tool 122 to perform various tasks such as
seal replacement and the connection .of flowlines. A

plurality of stop members 163 (Figs. 2,3), welded or

.



15 54. The spacer arm 147 is wel ded or otherw se connected to a pair of |
alﬁé nent sl eeves 156,157 that fit over the guideposts:lld,1f (Figs. 2,7)
whi | e connecting the connectors-gla, 21b to -the manifold 64-and fit .over the
gui depost s c,lle while the connectors 21c, 21d are being connected to the
connector hubs 65a, 65b on the manifold 64. Thf upper, port,ions 148a, 149a-~
(Fig. 3pthervhsecranpschied tRcthedt?rfing PRFRriQorisHhSI486E 2490 by a W

plurality of bol{s 155. A runnin i ng 161 (Fi,g. .3 orts the :
runni ngp?65+°’12‘2%b’é}i‘?\fe’é‘ﬁm?ﬂég s‘iﬁ‘?q“a?éﬁvetg%e?l#{#g?h )!t"{afll?i’g%?he | andi ng baggs
10. A plural £Ly, .%vfx?gtéﬂémlr' &N A5 eth i addihg WoRneatshgi g 161
provi de %ower 0 operate a plurality of hydraulic rans and/or electrical

equi p erdeidigsrunning tool 122 to performvarious tasks such as seal
repl acenent and the connection of flowines. A plurality of stop nenbers
163 (Figs. 2,3), 7w dgskerassendilyermnnse ldhidd® of igs -t 18e13) ahdcheddase 10,

rest against a portion of the running tool 122 to _prevent the running tool
fr om nowipeimbufitupper dpstrauldencydingassnd &@n £#g<bpePRReSHRd The yoke

assenbly arns 142, 143 (Figs. 8-13) include pai r__af e 9 draulic
cyl i nd&etwesTy 3 @Ry akich m@@@%gﬁﬁ&eﬁ"% A5\ elgﬁgf 55?‘: §68a, 168b and ¢
an end 1423, 143a ofl4t£1q_4%rr£% gné.%el%%et Qi %,?lﬁt H%BQLSLESQBSE%E&?l);GSb axially -

bet weer? epggrim[sl on ‘Yhown 1T n Figure 97an e poZitioff shownin Figure 13.
A pair b%ft‘,}@é?,f 3—54 AR ch63RobAIEnCORGREEed bagwena pbsipisions 168a,68b =
and a palr o 0ogs _

shown in Figure 13. A pair of hydraulic rams 169a,1695

connected between the pistons 168a,168b and a pair of dogs
170a,170b (Figs. 8,9,13) move the dogs 170a,170b radially
into the annular groove 127 in the actuation sleeve 124 |
when the ramsl168a,168b are extended. To move the connector
2lc (Fig. 9) into position adjacent the manifold 64, the
dogs 170a,170b are moved into the groove 126 and the
hydraulic cylinders 167a,167b are extended to slide the
piétons 168a,168b and the actuator sleeve 124 toward the
manifold 64. The sleevé 124 presses against the fetaining
ring 129 to move the ring 129 and the entire connectof
21c toward the manifold 64 until the sleeve 125 (Fig. 11)
is adjacent the manifold.

The yoke assembly arms 142,143 (Figs. 8,12)
inc}ude'a pair of lower hydraulic cylinders 1743,1749 each

connected between a movable piston 175a,175b and the end

3

142a,143a 6f the arms 142,143 to move the pistons 175a,175b
axially between the position shown in Figure.9 and the
position shown in Figure 12. A péir of hydraulic rams
176a,176b connected between the pistons 175a,175b and a

pair of dogs 177a,177b (Figs. 9-13) move the dogs 177a,177b



170a, 1¥v0b (Figs. 8,9,13) nove the dogs 170a, 170b radially into the annul ar -
groove 127.in the actuation sleeve 124 when the ransl68a, 168b are ext ed.
To nove the connector 21c (Fig. 9) into position adjacent the manifold 64,
-the dogs 170a, 170b are noved into +\¥8—groove 126 and the hydraulic
cyL;nders ﬂ67a,167b are extended to slide the pistons 160a, 168b and the
actwrat or sl eeve 124 toward ni _f 64.57T e ighesses agai.nst
the ret ai’?ﬁ‘ﬁd‘ﬁ%gml% o) #%1\?121]1%%2 grr?ﬁg’elg'g?aﬁg’ t%h% \ei%ttiq’rgglggnnect or921é

tugrd gy SN T0led Akl iibid rbie ahegya ERSakEl Gxtbhiieds adhavedte the
mani f ol d. e yoke assenbly arnms 1427143 (Figs. 8,12) include a pair of

| ower hydygyd i 1calcwlfii(r?@er 311149, 2Fébadjakeatntbet ednbethernheb ffabl e pi st on
175a, 175b and the end 142a, 143a of the arns 142,143 to nove the‘Pistons
175a, 175kt imnsy 176auddiTht ke epexitendsds fowmove thgufess dnte+heosition

shown in Figure 12. A pair _of hydraulic ra 76a,176b connect ed between
the pi st dmtol Bhe gFo9vend2d ﬁgFB'oﬂzgég§£egg¥éfi?%6c(ﬁV 9% 3) nove the

dogs 177 77 radi al Iy i.nto,th n rs Y [ tuation
ol cove' 13947 Bna Pa g Eean: shioPd ShEl 1HRAe  Gratve) o8 Mt e i gs.
1%-13) artﬁeaglogge?;ﬂ Qﬁdce'ﬂ_ﬁlﬁ?t ehehdBg85231 hgveaNEhd 76endddtvammext ended
to nove the dogds 7a, 177b into the groove 127 (Fig. 12); the hydraulic
cyl i nder §s5h74ad, sééQrar ehextendedtbp Bbwetdbhethenheb &5zeve 125 over the

degs 131 and clanp the dogs 131 over the connector hub 65a and secure the
connector 21c to thephib éSahydrpulicotyhindersi 833t 18 ANd & 3, 181b and a

pair of.stbrage brackeﬁs 182a,182b (Fig. 10) connected to
the body portion 141 of the running tool 122 are adapted to
replace defective sealing plate assemblies 66. Details
'of'the connections between the cylinders 18la, 181b and
the brackets 182a,182b are not shown and are not considered
- to be a part of ﬁhis invention.- When the'hydraulic
cylinder 18la is retracted the bracket 182a is rotated into
a position between the connector hub 652 and the adjacent
sleeve 125 with the hub 65a and the sleeve 125 being
separated. The dogs l70§,lf0§ ére moved into the groove
126 and the connector 2lc moved toward the manifold 64
until the defective sealing plate assembly 66a is pressed
on to the bracket 182a. The cylinder 18la is extended and
the_braéket 182a with the defective plate assembly rotaté
= to a position away from the connector hub 65a. The ﬁydraulic
cylinder 181lb is retracted to ;otate the bracket 182b and
a new sealing plate assembly 66§_int§ a position between
the hub 65a and the connector sleeve 125. The connector is
moved against the plate assembl& 66b to secure the plate

assembly to the connector 2lc. Details of the sealing

plate assembly and the connector are disclosed in the

-



pai r of335torage brackets 182a, 182b (Fig. 10) connected to the body port,on
141 of .the running tool 122 are adapted to replace defective sealing plate '

assenblies 66. Details of the cqgnections between the cylinders 181a, 181b
and the brackets 182a, 182b are not shown and are not considered to be a

part of this inventiqn, \We he hydraulic gylipd 1 Is retracted the -
br acket afS’f&“‘Fé‘tl’*BPﬁseHni"ﬁFa %tﬁéig\ét P8 eﬂgt éngt ﬁéltgézbctor hub 65a and

th dj t sl 125 wi t t"he; | 3
separat ed. The dogge156a0ebts 4F SHEranToRNGe AELELES Ehe AN e

connect +gPyed150wagdihoe pBRLEOLE Sdaustébrihe €ed adrinee-seal i ng
pl at e agggrgﬂ%ieyg%Ga B3 pr'éséed Og@fo t he bracket ?LS%%. The cylinder 18la is

ext endedoagdtdhendr esknect8rahubt 65t be alef followspl ate assenbly rotate to a

position away fromthe connector hub 65a. The hydraulic cylinder 181b is.
retracted to rotate tHeebrbahes 182hléfRxre mavekalong fhe&t e assenbly 66b
into a position-between the hub 65a and the connector sleeve 125, The

connect #pa¢er xR dlalalFkds « her 3 Hrthk i TrEERS Foode dr@ dfe pl ate

assenbly to fhe connector, 21c. Detail.s of the sealil | at.e_assenbly and
~the co tong 5 ATOEERF i T h°ef:Jl Ehe LR 6 erg eﬁtﬁlmgé'St at es

pat ent , - i SESHENGS; WwiPE! aty eglzglo ' the flowine
é\g}me%%o%l -r'nt%hg%m tion antg‘I P s EBEQ? '

connectors securil ng t he connec- ors to the

connecteyndud:dib Hub a5d Ol W6 ‘boll tsTNS o lavg x ibhtehé@d abesaeued al ong the
spacer arm 147 (Figs. 2,3) until the running tool 122 is
the clamps 148,149 on the spacer arm 147.

2. The running tool alignment sleeves 156,157
are threaded over the guidelines 1l2¢,l2e respectively
(Figs. 1,3) and the running tool lowered from the vessel
V (Fig. 1) until the running tool is astride the connec-
tor 21¢ (Fig. 2). A swiﬁch (not shown) may be ﬁounted.on
the running tool 122 or on the landing base 10, if
desired; to provide a signal to the surface vessel V (Fig.
1l) by cable or other conventional means to indicate that
the running tool 122 has landed astride the connector.

3. The hydraulic rams 1l69a,169b are extended to
move locking dogé 170a,170b into the groove 126 (Fig. 9).

4. The hydraulic cylinders 167a,167b are ex-
tended to move the connector 2l¢ against the cofresponding
conpectof hub 65a. . ' -

5. The hydraulic rams 176a,176b are extended to
move the locking dogs 177a,177b into thé groove 127.

6. The hydraulic cylinders 174a,174b are ex-
tended to move the sleeve 125 ové; the dogs 131 (Fig. 13)
to lock ﬁhe connector Zlg to the connector hub 65a.

7. The hydraulic cylinders 167a,167b are

.

o

~



positiened for noving one of the connectors, for exanple, connector 2lc,
~tnto connection with the correspondiyyg connector hub 65a. The bolts 1534;3re
tightened to secure the clanps 148,149 on the spacer arm 147. 2. The. .
runni ng tool .alignnent sleeves 156, 157 _are threaded over _t he guidelines

12(;;12e r espm@d tedl \tq Piqpe  thesslemya H24 tﬁ’r’\’mrnd'-hFoSP‘?ISO\?v@Pedgf-gom t he

vessel V (Fig. 1) until the_runni.ng tqol s astride the n - t 21

(Fig. 2). )gvﬁ% )éﬁ*t( e §ﬁ&%fshﬁ‘§gﬁ§’%ﬁgnt"gd§%ﬁ £ 8rreﬁlﬁﬁ?ﬁ§g§%ol Or122 gr on

t ke~ andi . %@eg¥gteEf8Q%35$eth%9 B@gyide a signal to the surface vessel
a ther ¢

V (Fig. 1) I"e "or ofvenfronal means to indicate, that the

running tool 122 hag| arﬁllgdrgﬁhg_hgetbag gonngst erisdd thethyddaek igx rans
169a, 169b are extended to nove | oCking dogs 170a, 170b into the groove 126
(Fig. 9). the sherhydr sekiselcyl (Rdgrsl167ahé6BblaselBss-atentiedsemedyove t he -
connector 21c ‘agai nst the correspondi ng connector hub 65a. 5. The

hydr aul i c thenelampa, 136bl4Pecaret vaved abdongvthehapraeeki aFgndbyd 177a, 177b

into the groove 127, 6. The hydraulic cylinders 174a,%ﬁb e ei%;! ended to
nove the 3p&eva Rosibien £AE BBEXLGEAT(ERG. €28FeFHOF otk t Het or 21c

(8, e, commscler BuPeS Riatuedlt BNOjallLs B! Qo IR IN R
The runni 1St SRTOT5FRY 2l 0o o the deck of o Po et HAERIET
: .9, The running tool 122 is lowered over the
guidelines 12¢,1l2e until the running tool is astride the
connector 21d and the connector 214 is éonnected to the
connector hub 65b using the procedure listed in the above
steps 3-7.
10. The rﬁnning tool 122 is again raised to the
: . surface vessel V, the tool removed from the gﬂidelines.IZQ,
12e and threaded on to the guidelines .12d,12f (Figs. 1-3)‘
and lowered to_service the connector .2la using the steps
2-7 above.

11. The running tool 122 is raised to the surface
vessel V and positioned to service the connector 21b using
the steps 2-~7 above.

Figures 14 and 15 illustrate other embodiments of
the flowline bundle hub assembly wherein the bore manifold

¢ are; is different than the embédiment of Figufes 1-13. In
fhe embodiment shown in Figure 14 a generally circular bore
manifold 64a includes a plu;élity of connector hubs 65 which
are spaced about the manifold 64a.- These connector hubs

65 can be connected to flowline connectors of the same type

as connectors 2Lg:21g of Figure 2.



. 148,1

the surface vessel V (Fig. 1), the bolts 155 are | oosened, the clanps - .

148, 149 -are noved al ong the spacer arm 147 into a positton for servicing

the c%gector 21d (Figs. 2,3) ang,the bolts.tightened to seeure the, clanps
on the spacer arm 9. The running tool 122 is |owered over the

gui del i nes 12c, 12e until the running tool is astride the connector 21d and-.

the connector 21d7nethefddoed-irg theddenhadr @sskablesbauBpPr§iene procedures

listed i tpe gbove te 3.3-%..' 10. Jge r.unﬁ]i a% too| 122 |s§g€én raised to

the surPackvE8saf ¥1°FRePobr9MEFoved HPEMERE GuPBERi MB8141%td 12e and

t hr eade n .1 he_ gy I d LgS 23kcza r to service

t he con%‘égt%%gléQaauéliﬁgg?'ﬁg?sg’(%pgéégl?ggbgvg?gi1¥5Tﬂgubg%\§i %g tool 122 is

rai sed {gptbRimaténgesyessgletsang PRSI hk9Bedrt EnECEYLGEiADEERIMECt Or 21D

using the steps 2-7 above. Figures 14 and 15 itlustrate other enbodi ments

of the Bl ovithéegbidebes bsibl Bsapabpysihtoned dbefépertbpntiian dirprea is

different than the enbodi nent of Figures 1-13. In the enbodi nent: - shown in

Fi gure e egmdirngny ef IRidgaredotel robn fordeste i prdprieby qiitral ity of

connector hubs 65 which are spaced about the. manifold 64a. These

connect@eh P FBMidih ROk It PR 1P HTR IR Ee dha he sanme type .

as conncectnor§ 2la- %]tg:eOf Fi ur e 2. ctoA o&bhser g'l onvg itee bﬂ%%'le hub assenbly,
aporti(S’r‘\’(Sirc M PG esh n?flu'tﬁureﬁ, haludes a~bore SariFol d _
connectors 2la,2l1b. A remaining portion (not shown) of the _ __i

assembly of Figure 15 may also include additional connector

hubs 65.

&



64b having a plurality of connector hubs 65 nounted Eﬁ_?ﬁﬁiﬁirrnater 45
degrees to the axis of :the flowine bundle B. Th?"ml“ﬂﬂﬂ e, :
positioned.differently than in the .enbodi nent of !4 'mm,”m'i’:)r&ﬁ to
properly posi-"tion a.running tool which would be uséd %o "conplele the
cormecti on between the connector hubs 65 akfl 4+he flow ine connectors
21a-21b. A remaining portion (not shown) of the assenbly of Figure 15 may

al so include additional connector hubsd@armMs -19- CLAIMS 1. A diverl ess
sybs€a flow ine connecting system conprtstmig-a fluid collecting and

transferringase ,supa- rtin | urgd i ty. O | Line end -
connectors S}and ﬁl?ﬁtyﬂt%ﬂrﬁfsa %tﬁ?&%ﬁ%r%@@ggé% o%kggf#nng a bundl e
of transferring flowines to respective collecting flow |ne end connectors,
a mani fol d h&emprisdngea @rl%scqle]sﬁfé'ciﬂ&é‘}‘fc %’Eir‘.LBgcﬁ‘?‘F@sﬁBHdi hg
transfer flowines in the bundle, a first running tool arranged to be

gui ded 10 on poxrttiimg magduradity of feaklecting flowkimecend ngonneckansf ol d
to the connecting apparatus, the connecting apparatus having a funnel
portion f@ ﬁlﬂdjisﬁ@ﬂdiﬁ:i&ﬁlwﬁonﬁcﬂt@ dpparaeus| for | gonmetctdhghat he
rgspective collecting flowine end connectors and a second running tool

arranged 15 mmegtap%ﬁﬁ%ﬁxfzﬁgg 11048 1Y Sedpeceivesesl1beting

czgnecting the respective \ € end connectors and connector hubs T'n
séquence to %%%}f%&gﬂéﬂd1égﬁﬂékééé§f Jeﬂéﬁifgfﬁ"ﬁhving connector hubs

reSpecti§e1y connected to corresponding transfer flowlines

_ in the bundle, a first rumning tool arranged to be guided
10 on to the base from a surface vessel for éonnecting the
manifold to the éonnecting_apparatué, the connecting
) . apparatus having a funnel portion for guiding the connect-
or hubs intd axial alignment with the respective collecting
flowline end comnectors and a second running tool arranged
15 to be guided on to the base from the surface vessel for
connecting the respective flowline end connectors and
connector hubs.in-sequence to each other in fluid tight

relationship.

20 2., A diverless subsea flowline connecting system

o -

according to claim 1, wherein each comnector hub has a
replacable seal plate assembly for providing a fluid tight
seal between the respective flowline end comnectors and

connector hubs,



%L dlver ess su km 1,
_wher 7n ea as a replacable seal plate assenbly tor

prow di ng mamﬂmwgr bet Ween the respective flowine end connectors
and connect or Rubs | verl ess subsea flowine connecting
system according to daim1l or Cla| wherein the manifold has a >
protective shroud protecting_the connector hubs which is arranged to be L
renoved byt hed idiserlass fyhsaa Flawldna Fonnagidng H#8%§™n of the '
mani fol d.to the connecting apparatus. 4. A diverl ess subsea flowine
connect i ngcepxddmg -toa €daris ry oxo Qlladiom23, wheexteign el dand fald draaini t
carried on the first running tool which when energized engages 10 with an

ear on tha prvtedtdvehshitbwrh prvtdadidg e e nidrab sdy b weyidH oi8 t he

connector hubs. 5. A diverl ess subsea flowine connecting system

oy oRTRaEEdch Ho nidhcl PRI LI MOl Ko} (CoLRELE ﬁQd
commectsy kBRI el aafdLE sl chd SRR PR 5

wherein the end connectors and connector hubs extend perpendicul ar to_the i
| ongi tudi nal axis of the manifold. - . .

4, A diverless (_subsea flowline comnecting éfétem-_ N o z
according to Cléim 3, having a hydraulic ram ﬁnit'carried | |
on the first running tool which when energized engages

10 with an ear on the manifold shroud and pushes the manifold

shroud away from the connector hubs. )

5. A diverless subsea flowline-connecting; éystem-¥.

according to Claim 1 or Claim 2, wherein the end connect-
15 ors extend axially on a horizontal plane and the funnel

poftion-axially aligns the connector hubs on the horizont-

al plane with respective end connectors.

6. A diverless subsea f1ow1ine connecting :system

20 ‘according to Claim 5, wﬁgrein the end connectors and

“u. oY)

connector hubs extend perpendicular to the longifudinal

axis of the manifold.



14111%1°112111 11111 11111 11 1111 * M 217 7.

diveri ess.subsea flow ine connecting systenla 5, mherein
t he.end connect ors' and connect or hubs extend mﬁwwmﬁ)mmﬂ] ongi t udi nal
axi's of the manifold. 5 8. A'diverless subseax L Ner connecting systq
actording to Cdaim1l or Caim2, whereiZd the second running tool is
sek€ctively posi-tionabl e over each end connector and connector hub to be

connect ed t dget hdr diverdess Audbisear ifdowlimes ednineetlinge sysbewrting system
acgcoefding to Claim8, wherein the running tool is secured by clanps to a

spacer arm geppedisg o €1adk 59 wﬂéz@i@%é'e@ﬂv%ﬁné&ﬂdﬂ Qg a pair of

gui deposts projecting from.15 the base. A diverless subsea flowine
-connecti ng c Vidg st @, on
hel b L BT ERRE Hll dold Bl E% s R
runni ng t ool m pi v - about the longitudinal axis of the spacer arm
during-conn@gtlﬁg Eﬂdiﬁﬁ 39 | - 11111111111 22 C L M.

S . *- 22 11. A nethod of connectlng a large dianmeter flowine bundle to-
fl ow i ne3connectors on a plurality of further flow ines via connector hubs
q@ an end portion of the
0 8. A diverless subsea flowline connecting system
according to Claim 1 or Claim 2, wherein the second running
tool is selectively'positioneble over each end conmector
and connector hub to be comnected tegether.
10
9, A diverless subsea flowline connecting system
according to Claim 8, wherein the running tool is secured
by clamps to a spacer arm comnected to a pair of alignment
sleeves fitting over a pair of guideposts projecting from

_15 the base,

10. A diverless subsea flowline connecting system
according to claim 9,.having a stop member carried on the.
base and abutting against the running tooi for preventing

20 the running tool from pivoting about the longitudinal axis

et

of the spacer arm during connecting operations.



-.flowi i ne bundle, sai d werhod conpri sing t he steps of: 5

sai, d ow i

1) cqnneciing =

£ a’pqg?-in ca ric centre of said flowine bundle; 2). pulling
’ I n ﬂlmll ﬂmﬁjﬂmosi tion with said connector hubs adjacent said
Cc . §

fl-oW j. ne conne

i f said. fl,owi t ; f said
comnect or nibs. AndeEnodopt| RoraRctin e, Jated, MM Tk pRe O B3 (T

or g,

ng each af 29ai-d flow ine connector$.into 10
preci se axial alignment with a corresponding one of said connector hubs; 4)

¢

flowine connectors and its correspondi ng connegtor hub to.ptovide a “/
f1ui d-ti ghtbundleptonEdawding sonpgckoms,An Re Pgld’rﬁ‘?éé‘tf& §%n%“¥¢§e’50nnect or

hub. 12. A

flow i ne cofhlewlines wihastenneeltoy hubscon an:fend

met hod for conpleting diverless subsea | arge 20 di angeter

to the acconpanyi ng drawi ngs. 13. Apparatus for conpleting diverless

subsea | ar gg1dixaTREebuhliae, i Baidometbiod eonpisiay ithe stepheoft nbef ore 25
described with reference t0 the acconpanying draw ngs. The text of the
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I contaln-a

2) pulling said flowline bundle into a position
with said connector hubs adjacent said flowline connectors;

3). mbving each of said flowline connectors into
precisé axial alignment with a corresponding one of said.
connector hubs;

4) securing each of said flowline connectors to a
corresponding one of said connector hubs; and ’

5) setting an individual seal between each i0f said
flowline connectors and its corresPonding'connector hub to
provide a fluid-tight seal between each of said flowiine

connectors and its connector hub,

12, A method for completing diverless subsea large
diimeter flowline connections substantially as hereinbefore

described with reference to the accompanying drawings.

13, Apparatus for completing diverless subsea large
diameter flowline comnections substantially as hereinbefore

described with reference to the accompanying drawings.

The text of the specification has been reproduced by photocopying the applicants original
typescript. It may .contain a few amendments which are diffioult to read. The original”
typescript containing these amendments may be inspected on the premises of the Patent Office
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