1 Safety joint and riser conprising such a safety joint FIELD OF THE

| NVENTI ON AND PRI OR ART The present invention relates to a safety joint
according to the 5 preanble of claim1 to be included in a riser between a
floating structure and a subsea installation. The invention also relates
to a riser conprising such a safety joint. Devel opment wi thin offshore oil
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capabl e of W|t stan erta| n ano bendi ng and tension
encount ered during normal conditions. However, in an enmergency situation,
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cause bending of the riser and influence the tension thereof. The
20 riser is designed to be capable of withstanding a certain amount
of bending and tension encountered during normal conditions.
However, in an emergency situation, for instance due to severe
weather conditions, the riser might be subjected to excessive
bending and tensioning with a risk of damage to the riser and to
25 the equipment connected to the riser. In order to avoid such
damage, a so-called emergency disconnect package can be used
to disconnect the riser from the subsea installation in an
emergency situation or if the operator predicts that adverse
conditions are imminent. The emergency disconnect package is
30 traditionally secured to the subsea installation below a stress
joint provided at the lower end of the riser. Such an arrangement
is for instance disclosed in US 6659690 B1 and WO
2008/051092 A1. When the riser has to be disconnected from the
subsea installation in an emergency situation, the emergency
35 disconnect package is actuated to release the stress joint and
the riser from the subsea installation. Normally, the riser also




2 conprises a safety joint provided with a weak link that wll
automatically break when subjected to an excessive axial force. Such a
safety joint may be | ocated at the base of the stress joint or connected
bet ween the stress joint and the |lowern®st riser 5 joint or between two
riser joints at the lower end of the riser. The safety joint of the
present invention is particularly intended to be used in a conpletion and
work over riceEmpridesorpl sdfedy poidt wordvidedr witlsea inealksdink nthiatewadlll and
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may be used to clean a well and to test and verify a circulation
path. The bore of the production pipe and the bore of the annulus
20 pipe of a dual bore riser may be connected to two corresponding
bores in an X-mas tree so that a wire line or coiled tubing can be
used to access plugs or other devices installed in the bores of
the X-mas tree. The bore of the production pipe of a riser may
also be connected to the production tubing that extends from a
25 tubing hanger all the way to the bottom of a well. Installing the
tubing and tubing hanger is referred to as completing a well and
is consequently a completion operation. When a well is com-
pleted, it is made ready for production of oil and/or gas or alter-
natively for injection of gas or water. If the well does not produce
30 as expected, it may be overhauled or repaired in different ways.

This is referred to as work over.

A completion and work over riser may be of the moncbore type or
the dual bore type. A dual bore riser comprises a production pipe
35 and an annulus pipe extending in parallel with the production
pipe. The production pipe is typically designed for taking a load
and has strength for lifting, whereas the annulus pipe may be a
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35 and an annul us pipe extending in parallel with the production pipe. The
production pipe is typically designed for taking a | oad and has strength
for lifting, whereas the annulus pipe may be a 3 pressure containing pipe
with no strength for lifting. A nonobor® riser conprises a production pipe
but no annul us pipe. SUMWARY COF THE | NVENTI ON 5 The object of the present

I nvention is to provide a new and advant ageous safety arrangenent for
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package in fdind saafingytheofgatuade defined &1 césian floi nt and not at the
conventional spot below the stress joint, the disconnection point of the
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ener gency dicsco,nne ackage is subjected to high bending nonents, which

requi res the aidigsbfisgr coupling at its 'upper end for'connection to a corre-
sponding riser coupling of a riser joint;
- a second riser coupling at its lower end for connection to a cor-
responding riser coupling of a riser joint or stress joint; and
20 - an emergency disconnect package with an emergency discon-
nect coupling arranged between the upper end and the lower end
of the safety joint.

The safety joint of the present invention is to be located in a riser
25 above the stress joint which connects the riser to the subsea in-
stallation in question. By providing the emergency disconnect
package in this safety joint above the stress joint and not at the
conventional spot below the stress joint, the disconnection point
of the riser string is moved to a location where it has appeared
30 that the tensile load is the dominant load even when the floating
structure is offset to a large extent in the horizontal direction. At
the conventional location for the emergency disconnect package
below the stress joint, the emergency disconnect package is
subjected to high bending moments, which requires the use of a
35 rather complex and bulky emergency disconnect coupling de-
signed to be capable of disconnecting even when subjected to



"~ 35 rather conplex and bul ky energency di sconnect coupling designed to be
capabl e of disconnecting even when subjected to 4 high bending nonents.
Wth the | ocation of the energency disconnect package in a safety joint
above the stress joint, it will be possfble to use a nore sinple and slim
energency disconnect coupling with limted capability of disconnecting
under high 5 bending nonents. Hereby, it will be possible to give the
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According to an embodiment of the invention, the safety joint
also comprises a weak link arranged in series with the emer-
gency disconnect package between the upper end and the lower
end of the safety joint. Hereby, the riser will be automatically dis-

20 connected from the subsea installation when subjected to an ex-
cessive tensile force.

The weak link is preferably arranged between the emergency

disconnect package and the lower end of the safety joint.
25 Hereby, in case the weak link is broken, a possible retainer valve

unit included in the emergency disconnect package could prevent

pressurized fluid in the riser above the safety joint from becom-

ing a jet that may introduce undesirable and dangerous move-

ments to the part of the riser which is left hanging from the float-
30 ing structure.

Further advantages as well as advantageous features of the
safety joint of the present invention will appear from the following
description and the dependent claims.

35
The invention also relates to a riser having the features defined
in claim 9.



Furt her advantages as wel| as advantageous features of the safety joint of
the present invention wll appear fromthe foll ow ng description and the
dependent clains. 35 5 BRIEF DESCRI PTION OF THE DRAW NGS Wt h reference
to the appended drawi ngs, a specific de®cription of preferred enbodi ments
of the invention cited as exanples follows below. In the drawings: 5 Fig
lis a schematic illustration of a riser arranged between a subsea

i nstal | ati orBRIEFaDEISGRIPTIGN O¢t THE DRAVANGSi s a schematic | ateral
view of a safety joint according 10to an enbodi nent of {he present
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Fig 1 sgows of prdfetrded @imboaﬁnéﬁmb‘ﬂgh? Metnﬁmfrfcaegnasiemmplemf% .
arranged in | : . between a floating structure 2 and a
subsea inste{swﬁsgf?‘éiWﬁ%l‘ﬁéwﬁggtrat ed exanple, the riser 1 is a

conpl eti bn and work over riser. The floating structure 2 is for instance a
vessel and qygyq part sist yeyfmatie MlsusiticH od & eiskrerhangedceéiwedén Fig 1.

The i -
e illustrated partsa osfubtsheea Hs?gh'angnséﬁclfca floating structure, and
Fig 2 is a schematic lateral view of a safety joint according
10 to an embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF
THE INVENTION

Fig 1 shows a safety joint 30 according to the present invention
15 arranged in a riser 1 which extends between a floating structure
2 and a subsea installation 3. In the illustrated example, the riser
1 is a completion and work over riser. The floating structure 2 is
for instance a vessel and only parts thereof are illustrated very
schematically in Fig 1. The illustrated parts of the floating struc-
20 ture 2 are a drill floor 4 and a cellar deck 5. In the illustrated ex-
ample, the subsea installation 3 comprises a guide base 6 rest-
ing on the seabed 7 and a subsea tree 8 supported on the guide
base. A well control package 9 is mounted to the subsea tree.

25 The riser 1 comprises a stress joint 10 at its lower end, through
which the riser is connected to the subsea installation 3. The
stress joint 10 has a flange 11 at its lower end 12, which flange
is secured to an upper part of the well control package 9. The
stress joint 10 tapers as seen from its wider lower end 12

30 towards its narrower upper end 13 and provides a gradual
transition from the relatively compliant riser to the much stiffer
well control package 9. The stress joint 10 is provided with a
riser coupling at its upper end 13 for connection to a corre-
sponding riser coupling of a riser joint 14 or safety joint 30.

35



20 ture 2 are a drill floor 4 and a cellar deck 5. In the illustrated
exanpl e, the subsea installation 3 conprises a guide base 6 resting on the
seabed 7 and a subsea tree 8 supported on the guide base. A well control
package 9 is nounted to the subsea tree® 25The riser 1 conprises a stress
joint 10 at its |lower end, through which the riser is connected to the
subsea installation 3. The stress joint 10 has a flange 11 at its | ower
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ret aji ner second riser coupling 33 at its lower end for connection to a
corresponding riser coupling of a riser joint 14 or stress joint 10.
25 An emergency disconnect package 35 is arranged between the
upper end 32 and the lower end 34 of the safety joint. In the
illustrated embodiment, the emergency disconnect package 35
comprises an emergency disconnect coupling 36 and a retainer
valve unit 37 arranged in series with each other. The retainer
30 valve unit 37 is with advantage arranged above the emergency
disconnect coupling 36, i.e. between the emergency disconnect
coupling 36 and the upper end 32 of the safety joint, as
illustrated in Fig 2. However, the retainer valve unit 37 may
alternatively be arranged below the emergency disconnect
35 coupling 36, i.e. between the emergency disconnect coupling 36
and the lower end 34 of the safety joint.



30 valve unit 37 is wth advantage arranged above the energency di sconnect
coupling 36, i.e. between the energency di sconnect coupling 36 and the
upper end 32 of the safety joint, as illustrated in Fig 2. However, the
retainer valve unit 37 may alternativel® be arranged bel ow t he emergency
di sconnect 35coupling 36, i.e. between the energency di sconnect coupling
36 and the |lower end 34 of the safety joint. 7 The energency di sconnect
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@Haé Qtablse

retai ner vaPd.® yR?an&?"@‘FaEto@?b are normal |y mai ntai ned open.
In an eh®rgency situation, the retainer valves 37a, 37b are cl osed
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retainer valves 37a, 37b are closed immediately before the dis-

25 connection of the emergency disconnect coupling 36 to thereby
prevent the fluid contained in the riser above the safety joint 30
from being released to the sea. The respective retainer valve
37a, 37b is actuated by means of an actuator (not shown). This
actuator is with advantage a hydraulic actuator and triggered by

30 means of an electric or hydraulic control signal transmitted from
a control unit provided on the floating structure 2. Thus, the ac-
tuator is configured to close the associated retainer valve when
receiving a control signal from the control unit provided on the
floating structure 2. The production pipe retainer valve 37a could

35 for instance be a VetcoGray WITS retainer valve or any other
suitable type of retainer valve.



8 In case of a dual bore riser, a circulation valve 37c may be arranged in
a conduit 45 extendi ng between the production pipe 38 and the annul us pipe
39, which conduit 45 has a first end connected to the bore of the annul us
pi pe 39 above the annulus pipe 5 retain®r valve 37b and a second end
connected to the bore of the production pipe 38 above the production pipe
retainer valve 37a. The circulation valve 37c is normally maintained
cl osed and dancheeoptredusultsrqueserta chieutdtos ngloé 3he mapduetaren pi pe
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hetuator Jor Hank TR fibaERUsYARII 'O BRI I aa%ag‘?w%tyﬂs%%iéfet ai ner
val ve unit Zwading golatenmecoameadsiarhefatheusmenganaenidisamnnectacPbw t he
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actuator.

The safety joint 30 is also provided with an accumulator unit 40,
which comprises one or several accumulators 41 for accumulat-
25 ing hydraulic fluid under pressure. In the embodiment illustrated
in Fig 2, the accumulator unit 40 comprises several accumulators
41 arranged in a ring around the production pipe 38 and annulus
pipe 39. The hydraulic actuator of the emergency disconnect
coupling 36 is connected to the accumulator unit 40 in order to
30 allow hydraulic fluid under pressure to be supplied from the ac-
cumulator unit 40 to the hydraulic actuator when the hydraulic
actuator is to release the two coupling parts 36a, 36b of the
emergency disconnect coupling 36 from each other. The hydrau-
lic actuator of the respective valve 37a, 37b, 37c¢ included in the
35 retainer valve unit 37 is also connected to the accumulator unit
40 to allow the position of the respective retainer vaive 37a, 37b
and the circulation valve 37c¢ to be controlled by means of



pressurized fluid fromthe accunulator unit. As an alternative,
pressuri zed hydraulic fluid could be supplied to the above-nenti oned
actuators from suitable equipnent on the floating structure 2. 5
Furthernore, the safety joint 30 conpri%es a weak |ink 42 arranged in
series with the energency di sconnect package 35 between the upper end 32
and the |lower end 34 of the safety joint. The weak link 42 is preferably
arranged betpressurizedefieridefroyn b ediaccamnmelatopackhgds3ammadterhativewer end

34 of the S%Ir%tsléulr‘%'e@t I? ddn'cUSﬁJ.atﬁ) 18 'ﬁegss%p B 210 HEYEVEbovEDE weak

link 42 may "al'tern range et ween t sconnect
backage 35’ dRANTRBSdAGLUBHRIS3 VO (HUTARPC@AYIBMANT e Wigad| 94400 45 | s
desi gned t o sAictoméiial |y break when subjected to a 15 tensile force
exceeding a predetermned limt. Thus, the weak link 42 forns a weakened
section of the safety joint 30. In the enbodi nent |IIustrated in Fig 2,

the weak |idiripewnarei 488 safatypiaint | IRgeomprises 8 Waa IMkadde &2 hol t ed
to each ot heangedharerefs hotH shoraviedgdney tdisaonadut et okiagses 3Sebek on

having a 20 GRIGDIAL ST AR, ST LT TowdlSeHE Yy b the el (BT et  vel ¥

be forned bﬁ;a sect] ITB.ChI ned
down to forrhhe weedediek 42cisi BFﬁfﬂﬁaWWMa%%P%We&%?%é@?m%‘ay| oad.
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fail-saf e-clfkagd 85 and tHORipEed Bﬁd392hdﬂﬁ@é'|§é¥e€3@2©¥rﬂ! THehgsedlet ween

t he accunul nit 40 .and .t tai lLve t he k,lipk 42.
o oby theﬁa\%@ur% S8R I Al BARR NainiBak wPrE sUBiRdlEH 14 des 37,
37b opehSwi tendileafgreear excerdimg avelatedetlettmlzeﬂsllwaEhuéndhﬁhéﬂlﬁﬁt ai ner
val ves wi | | |irfkerabeormné oarayéSREhEICL O8N &5théoséf@1t walm 80. In2tHerch

SR e e R S R T
bet ween t he ugtpegsflange 43 and a lower flange 44 bolted to each other

means of bolts provided with a reduced cross-section having a

20 calibrated breaking strength. The weak link may alternatively be
formed by a section of the production pipe 38 that has been
machined down to form a weakened section that will break at a
predetermined load. The weak link may also be of any other
suitable type.

25
The retainer valves 37a, 37b of the retainer valve unit 37 are with
advantage arranged to automatically close when the weak link 42
is broken. This could be achieved by designing the respective
retainer valve 37a, 37b as a fail-safe-close valve and looping the

30 hydraulic control lines between the accumulator unit 40 and the
retainer valve through the weak link 42. Hereby, the hydraulic
pressure needed to maintain the retainer valves 37a, 37b open
will disappear when the weak link 42 is broken and the retainer
valves will then be automatically closed.

35
The safety joint 30 is preferably designed to fit within a cylindri-
cal space having a diameter of 49 %2 inch (1257.3 mm), or alter-



5 joint 10 and the safety joint 30. In the exanple illustrated in Fig 1,
one riser joint 14 is connected between the stress joint 10 and the safety
joint 30. However, the safety joint 30 may alternatively be connected
directly to the stress joint 10, i.e. Wi&h the riser coupling 33 at the
| ower end 34 of the safety joint connected di- 10rectly to the riser
coupling at the upper end 13 of the stress joint 10. The |l ower part of the
safety j oi g_tnaﬁ)uelg 60 1/téricllc_hn(cllaiiﬂ.ﬁlg“ntrﬂn)s: ém\asrtocm&ﬂeihygbpaablest?bp?fsst heb
enmer gency di C ; : top end of a subsea
| ubri cat or ttﬁgguaﬁ %&E‘q’%\%%ﬁ?@eg&#&dﬁpﬁgél&%ggggﬁh@?gd to the subsea
| ubricator stack through a riser string provided with the renaining part
of the safet@npobnimdtk aisertjpintenes eig. bﬁOdeéd\/@%Mm itheo§tressr se not
in any way . rigt t.a t t I ntrary,
many possSi bijﬁﬁﬁti gg_?@d I’#@gl P?E%W@ﬁ@{rt%péﬁgoﬁ%wielxgﬁg%%aﬂ%gsrtreﬁéc% nﬁ:ﬁger son
wi th ordinarl, @areinisenjaint 14ris appAsaGtedbsiveengtie §H{)et3|$eloda§i1§ P0ea of
the inventi ghessgtetasodiefl 30eHowevde thgpsatiad joirati 38.majlaltdNavvely A

safety joint_to I 20 ] rjser a.hl i g uct.: and a
subses | nst e argtone ek Bk, Toiig j@%i%"ngr 107 o0 W apd T
coupl i ng (31goupling SJippdheclowgnends 34 ebiresafely 1ank commasspddi-ng
riser cqppl 'r%tl?ft@tlﬁéi‘r%erl_ 860pliagthtathe uppePnshd 119Lbf ChgEtregs (S at its
| ower end (Bﬁi or connection to a corresponding riser coupling of a riser
joint or stress joint characterized in that the safety joint (30)

conpri ses an energency di sconnect package (35) with an energency

di sconnect cpw@libRgr (Xt SFrthensfbthgbReso tie te/RPRY iridd(ndPthd Jewert he

| ower end (34) of the ty oint. 2 A safety joint é"i jm1
characteri ze%ali'Fﬂ“?g\é:lar?m%r@gnEW%@mn§&¥C%%g§g§§@ barﬁghggrrpri ses
a retai Aér g wseasthias ((B7}oprenchgdd isubsed bebrigatorttwbeenbryericpver
riser may then be connected to the subsea lubricator stack
through a riser string provided with the remaining part of the

safety joint 30 at its lower end.

20 The invention is of course not in any way restricted to the em-
bodiments described above. On the contrary, many possibilities
to modifications thereof will be apparent to a person with ordi-
nary skill in the art without departing from the basic idea of the
invention such as defined in the appended claims.



15di sconnect coupling (36) between the upper end (32) and the | ower end
(34) of the safety joint. 3. A safety joint according to claim?2
characterized in that the retainer valve unit (37) is arranged between the
ener gency 20di sconnect coupling (36) arid the upper end (32) of the safety
joint. 4. A safety joint according to any of clains 1-3, characterized in
that the safety joint (30) conprises a weak |link (42) arranged 25 in
series with ¢haigsrgency di sconnect package (35) between the upper end
(32) and the lower end (34) of the safety joint. 5. A safety joint
accor di ng t ol clAisaféty cleamtadoebezatcludedhan ahﬁser)vmeatweemka(%aating

arranged bet veeiridiar&€ FHAe SV bdeaCiNISAAtiBACKRES 413D ol (1Y tomer end
(34) of the safeﬁ bOI rigt. 12 parts.éS?s ?égbl whi ch are 52 t?asable from
each other by mEEHEYRA TUSE Eissr LQUNINGI(PAY aldIs 4Pper end (32) Tar Lonat y
j oi nt accordi ngeaiicr & ra 6prespoactiegi iser caupliag ehadiser joint and a
5 second riser coupling (33) at its lower end (34) for connection
to a corresponding riser coupling of a riser joint or stress
joint, characterized in that the safety joint (30) comprises an
emergency disconnect package (35) with an emergency dis-
connect coupling (36) arranged between the upper end (32)
10 and the lower end (34) of the safety joint.

2. A safety joint according claim 1, characterized in that the
emergency disconnect package (35) also comprises a retainer
valve unit (37) arranged in series with the emergency

15 disconnect coupling (36) between the upper end (32) and the
lower end (34) of the safety joint.

3. A safety joint according to claim 2, characterized in that the

retainer valve unit (37) is arranged between the emergency

20 disconnect coupling (36) and the upper end (32) of the safety
joint.

4. A safety joint according to any of claims 1-3, characterized in
that the safety joint (30) comprises a weak link (42) arranged
25 in series with the emergency disconnect package (35)
between the upper end (32) and the lower end (34) of the
safety joint.

5. A safety joint according to claim 4, characterized in that the
30 weak link (42) is arranged between the emergency disconnect
package (35) and the lower end (34) of the safety joint.

6. A safety joint according to any of claims 1-5, characterized in
that the emergency disconnect coupling (36) has two coupling



S5actuator is a hydraulic actuator. 8. A safety joint according to claim?7,
characterized in that the safety joint (30) is provided with an

accurrul ator unit (40) conprising one or nore accunul ators (41) for

accunmul ating 10 hydraulic fluid under & essure, the hydraulic actuator of
t he emergency di sconnect coupling being connected to said accumul ator unit
(40) in order to allow hydraulic fluid under pressure to be supplied from
t he accunul at orpares t(363,t B6b)ydidch i arecteletsabid efno mhe dghdrathlerrcbgct uat or

is to rel ease trﬁgaﬁgztggaqg%tgogoﬁﬁéi%gﬁg@atipb) of the energency

di sconnect coupling rom eac ri ser extendi ng between a
floating structure and a subsea installation, the riser (1) conprising a
stress joi nt7 ( Weatéty [gint 2@cbedkrg endlaich®, acharacietizad tihahat lsaidi ser

Sat oty 8 ne . (FoCRENS SHVpE AROROHC ot Pece oint (10).  10.A Ti ser

according to claim?9, characterized in that one or 25npre riser joints
(14) are prayi gedetyvpsint tdecrtimg o] olain { 1@haractéfigethiretliat thot (30).

o el 00 8, oRATAEL i ot U S0 TRt
according to amProprising mne-orl Maigasscuamulagars 4 hdort aecumsdating) is a
conpl et ygn and WRIrkuR¥efiuld I/der pressure, the hydraulic actuator of the
emergency disconnect coupling being connected to said ac-
cumulator unit (40) in order to allow hydraulic fluid under
pressure to be supplied from the accumulator unit to the hy-
draulic actuator when the hydraulic actuator is to release the
15 two coupling parts (36a, 36b) of the emergency disconnect
coupling (36) from each other.

9. A riser extending between a floating structure and a subsea
installation, the riser (1) comprising a stress joint (10) at its
20 lower end, characterized in that the riser (1) comprises a
safety joint (30) according to any of claims 1-8, the safety

joint (30) being arranged above the stress joint (10).

10.A riser according to claim 8, characterized in that one or
25 more riser joints (14) are provided hetween the stress joint
(10} and the safety joint (30).

11.A riser according to claim 9, characterized in that the safety
joint (30) is connected directly to the stress joint (10).

30
12.A riser according to any of claims 9-11, characterized in that

the riser (1) is a completion and work over riser.



