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The riser is a key component when drilling in deep waters, and a major concern for

20 the drilling operator is the ability to efficiently run and retrieve the riser, and to
operate it safely in deep and ultra-deep waters (e.g. 1000 - 3000 metres). Severe
weather conditions often develop rapidly, leaving only little time to secure and pull
the riser.

Whenever a floating drilling unit experiences severe weather, it must at some point

25 disconnect the riser from the seabed and suspend the riser from the floating rig. The
disconnection from the seabed is normally done because the rig’s vertical heave
motion 18 too large for the tensioner system stroke capacity or because of the
excessive load variations this would cause on the wellhead or the riser.

In the traditional “hard hangoff” procedure, the riser (disconnected from the seabed)
30 is suspended from the rig, while the telescopic joint between the riser and the rig

has been collapsed and locked, and the tensioners released. Thus, in a hard hangoff,

vessel (rig) motions are transferred directly to the riser and may induce severe

loads. The hard hangoff procedure is not applicable for deeper waters, as the riser

length becomes considerable (e.g. 1000 metres or more) and the riser is subjected to
35 high compressive loads which may cause buckling.



| engt h becones consi derable (e.g. 1000 netres or nore) and the riser is
subj ected to 35hi gh conpressive | oads which may cause buckling. WO
2012/ 016 A86RCID/EFPZO11/ 060756 2 I n a "soft hangoff' procedurmeP2e11nbi7sh
particularly applicable for deep waters -5t he tensioners and tel escopic
joint remain active with the tensioners supporting the free-hanging riser
wei ght fromthe tel escopic joint. The telescopic joint and tensioners
absorb vertilaal “softchanpuipndcdusd gnibi¢tcparticylarlgdippliogble @@ddee@rvbz&blisonmeon

the riser 5Systigs I Ierlgéldéfc 6{8 ntq?ﬁlllaﬁeefcéi%%%ggt t%ﬁﬁ@ﬁ'&gtsu rﬂﬂg'ﬁ?&! f¥e tO

have the tensioner cy e r retract t1on
(retracted f Pgalgd‘lsreé&el%!& oy t]E%F?%?SGH%lFJO’éBEtE%@ge gpicdoipt prd fgngponers

t ensi oner) Atbsothi wrpoilntg tlogemes®r sigsigpoty ecluoyng loed tvensiiamesn gyesiem w | |
have tognove,tegether with the rig as the tensioner cylinders are in an
10endstroke position. The riser will have a fairly large nmass, with

b uoyancy el eﬂ?enlle§ult Eph ‘?15 ?&1% e& 'a?s%ohltlec\f“lg 1101'11195[1 \'heavh Qﬁe ?elﬁ'sﬂoh&y csyslﬂlde% Jlt

down in the water as gr
appl i cabl e aasﬁlélbfeexmd@fi O(Hé?ﬂr#ée‘bﬁ‘éﬁltﬂ?% Ftl’la%tﬁétfﬁrsaidﬁé?té’éél@g tWﬁé‘?ﬁf’Ehe rig

heaves downwataslcdifdiha - Beatentioac)i stethisnest thiclrischavwppdoediy phesteasiodawn
In the sea witfif Q\‘F“i sl 0 e%@%}th%%&ﬁé ng lﬂ{lé {%gsﬁﬁert QRintiefd a%%rm ahn @

t ypi cal,  soft “han r.oc t ensi on ers are nor
stroked%o & glg%m’fféorb CArissh RGP R (P Bel B Ry PTG SRECHRIeBERE 1 o
be suppor t edlhy ntches than &i willere have shpasbiye fatidoonevhatwaterconuidily ed
manner. The thé% rdo%srlﬁs Ipﬁé&?rn&?o’iﬁ{s"ﬂﬁéreﬂgg%‘éblé at iR \%‘Qr @.@ﬁlh?@ﬁdl hgelbuckl e
when subj ect1 Eg/ a\rx&ie (%ﬁ%nP gﬁm on 9{3 &u% Y, he riser ﬂg
end havi ng to"§ F’&R?%Sﬁ g "Mot'e aV@Ph‘lPswn‘%ar 8&8% Heéﬁﬁ?’i Hg>%aV5of t
hangof f pr odedarte bi pushedadoymintherstoaditg e rheli @fsﬁnallewus;@tdr bycklmggy the
domwarlgs ageeleration that could buckle the upper section of it. Another
concern is to prevent the tensioner cylinders fromhitting endstroke.

The present @RALLRANoMRmIYiroQAuRN Rt kA droONgRAIg ML Ay ar come

th 25shor t b th th
et - on THRERoBRRp ch 9B R et B ST o YA ' oF i
whi | e the dépsiterinelmabyisc desomdydabuiventrobet mennesr.i Brciresr bfs alargei nvent i on.

30It ist herrﬁés@/rv@t Rlehit Sterd a@a ca@ @@sﬁl@tw&klé Hheh @ﬂﬁ]é&bdl bylﬁherr@ag@ @Bit@lbiesg&tl aI t
n a eas

freeh gin bul ar ended via

one corrgensg B sn‘g P’lﬁ? i PRI S %%\(I:P%go fon%gl erl an? 10\}1€JST§%§ AP tubul ar
ext endi ng i rrOBCEN Yoy @ﬁofv\h@@ofmp@ﬁﬁ?mqﬂé t%\g%@pverkmdmgéh@ﬁwg@ausw by ilgree
sensi ng nean®wndrardeitsélogticy tanteul@dbadkos the pphéaectidr GiTe tAaioshedolideen is to

conpensat or ehy %&%lot[@y?ylg{&@lts ﬂ)&‘mh{gﬁl}%ggﬁg{ﬂ%eé%second sensi ng neans for

sensi ng dynam c an q/or spat parane

The present applicant has devised and embodied this invention to overcome these
25 shortcomings and to obtain further advantages.

Summary of the invention

The invention is set forth and characterised in the main claim, while the dependent
claims describe other characteristics of the invention.

30 It is therefore provided an apparatus for controlling movements of a free-hanging
tubular suspended via at least a connector element by at least one compensator
member which is connected to a buoyant vessel, said tubular extending into a body
of water below the vessel, characterised by first sensing means for sensing dynamic
and/or spatial parameters of the compensator member and thus that of the vessel;

35 second sensing means for sensing dynamic and/or spatial parameters of the
connector element, and thus that of an upper region of the tubular; data processing
means for processing data supplied by said first and second sensing means and
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It is also provided a method of controlling movements of a free-hanging tubular

30 suspended via a connector element by at least one compensator member which is
connected to a buoyant vessel, said tubular extending into a body of water below the
vessel, characterised by collecting motion data for the vessel; collecting motion data
for the upper region of the tubular with respect to the compensator member;
processing said motion data for the vessel and said motion data for the upper region

35 of the tubular and determining one or more parameters regarding the movement
between the vessel and the upper region of the tubular and, based on such data,
controlling at least the stiffness and dampening of the compensator member;
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the tensioner cylinders are using a lot of their stroke capacity. If the relative motion

between the riser and the rig is too large the cylinders will hit endstroke for each

wave top and bottom. If the air volume is reduced, the riser motion will increase.

20 This is not favourable for the riser as a high vertical acceleration may lead to

buckling in the upper part of the riser.

By setting up the system correctly with the possibilities given by the tensioner
system, it will synchronise the rig and riser movements and create a dampening
effect to the riser. This is done by finding the correct combination of:

25 - Air pressure;
- Air volume;
- Choking of oil flow to create a dampening effect. This can be done as a fixed
choking or it may be varied over time based on known parameters, such as:
o Variations in system pressure

30 o Cylinder position
o Cylinder speed
o Accelerations
o Or other parameters based on measured data
35 The control system may be set up to self adjust or it can be a fixed solution for all

combinations of heave and riser configurations.

With the invention, it is possible to monitor and control the movements of a free-hanging
riser, with respect to a moving rig. The motion of the riser may be accurately measured,



300 Cylinder position Cylinder speed Accelerations O other paraneters
based on neasured data 35The control system may be set up to self adjust or
it can bewea2hizmaerésol ution for all conbinations of heaveCamp2011960756
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illustration. e- gg! riser suspended froma floating rig via
conpensator2?£¥bgb£H§§IS$? |§%%e 2 is a schematic illustration of a nunber

of conpensation systens 15according to the invention, connected to a riser
via a tensioner ring; Figure 3 is a block diagramillustrating the

conpensation, § em and net hod of .t he invention; Figure 4 is an
illustrati o[b'ﬁ%lls‘iesﬁﬂpé’é’t“ ‘Hléﬁlﬁglgafvé'}&% oni ng system with which the invention
may be carried out; and 20Figure 5 is a schematic illustration of a
Wi ?’/el ine t er{%l}eé?l?ﬁ% o@sﬁgpgﬁac%iﬁﬁcs Wilfbe clear from the follow?ng description of a

10 preferential form of embodiment, given as a non-restrictive example, with reference

to the attached drawings wherein:

Figure 1 is a schematic illustration of a free-hanging riser suspended from a
floating rig via compensators;

Figure 2 is a schematic illustration of a number of compensation systems
15 according to the invention, connected to a riser via a tensioner ring;

Figure 3 is a block diagram illustrating the compensation system and method
of the invention,;

Figure 4 is an illustration of a direct acting tensioning system, with which
the invention may be carried out; and

20 Figure 5 is a schematic illustration of a wireline tensioning system, with
which the invention may be carried out.

Detailed description of a preferential embodiment

Figure 1 shows a drilling rig 2, floating in water and generally being subjected to
25 water waves W, water currents and wind loads. A free-hanging riser 4 is suspended

by the rig 2 via compensators 7. In the illustrated embodiment, riser tensioners are

used as compensators. A telescopic joint 5 allows relative movement between the

riser and the rig. The movements (e.g. heave) of the rig is illustrated by the double

arrow denoted H, while the riser dynamics is illustrated by a double arrow denoted
30 R. Figure 1 thus illustrates a soft hangoff mode for the riser.

The compensation apparatus 1 which controls the stiffness and response of each
respective compensator 7 will now be described with reference to figure 3.
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dotted Ii NeSv li hich fcloﬁects and processes data and controls the system. Data lines between the
25 CPU 22 and the various components are indicated by dotted lines in figure 3.
Control input data to the CPU is provided via a user interface 37 (a terminal or
similar), and pertinent data (e.g. rig and riser dynamics) may also be presented via

the user interface.

In operation, rig motions are calculated by the CPU 22, based on e.g. position data

30 from the position indicator 21 and motion data from the MRU 36. The acceleration
is calculated by the CPU based on data from the MRU that basically indicates the
motion of the cylinder tube plus or minus the motion measured by the position
indicator 21. By adding these two motions together, the motion at the top of the
riser is calculated.

35 The user interface 37 may display e.g. acceleration of the riser top and the
maximum/minimum stroke of the compensator cylinder 24b.

By using the collected data, the CPU may (by itself, or assisted by input via the user
interface) provide control signals to the system (e.g. valves 25, 29) and thereby
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to bottom out of stroke if the weather is too severe. With fewer bottles open, the
stiffness increases and the riser will follow the rig movements more.

30 Referring now to figures 2, 4 and 5, the dynamics of a riser is preferably
compensated by a compensator system, comprising a plurality of compensation
apparatuses 1 as described above. Figure 2 schematically illustrates one such
compensator system, where six compensator apparatuses 1 with respective
compensator cylinders 7 are arranged around the riser in a symmetrical pattern, all

35 being connected to a riser tensioner ring 8 which supports the riser 4. The
mechanical and hydraulic systems for each compensator cylinder 7 are as described
above, but are preferably controlled by a common CPU 22’ and a common user
interface 37'. The dotted lines in figure 2 indicate data transmission lines. In such
system, the number of pressure vessels 33 within each apparatus 1 may vary. For



30Referring nowto figures 2, 4 and 5, the dynamcs of a riser is
preferably conpensated by a conpensator system conprising a plurality of
conpensatwonoeppereat uses 1 as descri bed above. Figure 2Ppsthrowtiiocwrss y
illustrates one such conpensator system ere six conpensator apparatuses
1 with respective conpensator cylinders 7 are arranged around the riser in
a symmetrical pattern, all 35being connected to a riser tensioner ring 8
whi ch suppordxamiphe ifi tisetordigufiteo mehh@rinealongiedsdtyd? autdmraesttgntout or each

conpensat or dﬁé@shfp@éssgls %@% da(g‘}g%?é 89, tﬁ@gtlﬁ}?&\éednd%hﬂ)%ﬁﬁlfg%% §%%Bﬁt¥%ﬂed in

controlled ?tt ed
lines in fi ga?rémfnt ttha CPP%I&%W@%H%WW%@ 1$we§uéwr§v§mérﬂ

nunber of praespossebleaetsahsappdramdt hcompasts moparatws vessmy MeargomfeasatoidD
2012/ 01§765P§T{1£E’§P&éﬁt% ﬁszﬁo?Wéﬁses‘ Ha} BE cSﬁ’t‘?&l‘l&i%ﬁ%b&fHeﬁﬁ? ro? oﬁ@e
conpensat or ntr B‘é our g\{ ess%e vesse e%t g t he
stiffness arfd Frplg‘rﬁrﬁgn YPHEtEBh{PSIEY %C?IHB?Ié*ﬁ{é’ﬁﬁéreo‘Pp HE9 W "h t he
configurati cmrtlainl mmmattrgdbwt the gieeeaxds. i ncrenments of 1/24 are possible if
each apparatus 1 conprises four pressure vessels. The conpensators 5in the
di fferent cditpershisan dlppaitddrusts diregt aseng ontsicolel egstemdeqdndeich lte of one

another. In 1H€élﬁ¥o'ncrﬂ£y BQ%EﬁEé@?nuﬁ%‘Péfﬁens&H@r é‘;@fﬁﬁ@&s %?crhsmat!h H@ﬁlat ed

W th a ertain sym’re

rrser axis sanl atlon
of a dilPect aae?ﬁ%tewg.l%mwg §F%tﬁﬁn%‘i°r¥lk’/%s%tﬁrf%}ﬁ{% @qﬁ%éﬁw éwpﬁa
utilised. Aafuabe23ofhickenssupperted plyithadridl, fladri%c kach cyhedsyed @b fﬁ?ammldrldl ng

to the lnve%hﬁ@ctwwu&ﬁm& ﬁag@ewﬁﬁhQﬁ gl ik RESR St @rtﬁe%ép@n}zl@c% froma
frame 23 which is su

n

froe end | o OOMBtBROTEGET 7ok epBivered rm N R e arR S LonhBtheta t o
the riser 4.coEgohenismaiaserind abphvi mddyreferesccionimgwedd to a syst em of
pressure vessels 33 and ot her conponents as descri bed above wth reference
to figube 3.Fightei guran iblubsatam of 4 wsichiat itoniofin@sytters) wite wlenks itloninvgntsyst em
%t EhVVh'nCPhtrﬁ@y g@ﬁﬁﬁﬁédggxr gﬁﬁb&ﬁ)ﬂ&‘ﬁfﬁ%wﬁ%ylﬁd@ﬂémﬁacgfﬁ Ot%@ @?ét%eicc&bdhﬁg‘flﬁf S,

| | | | nv fu |
Cyl i nders. 7 15 BVSRONG BN AROUEBTR PO T 4F Uiec i IBRURC Ly P KFiller
rod 24b fredloon@ dngl eashrgbnder nod 2dhdsseeendwiicohnensed tx sheaves wh@hmtp;trm aw res
10, running ﬁltﬂfamggbfwﬂleﬁnoShﬁaﬁﬁgsm%augmdlér@h&msthlcan@rtd thé tdph@ldQ(fothéer 4,

in a ner whi

e
conneceda 0o ot AR VREN 4 Rao R A Y RS RUiRSH DAL TS S Peer 4
Each conpens@tagcted fq pésioner singdnwibichdd twr@ ia conyrecsen @fthﬁrf@%ﬂlr]éa%ssel s 33
and ot her caepgRandtsr afinlRsoris bethaabav®e adyiskent of prenge vieoselld gR1aed thefhus,

each conpensg da%@eﬁ‘&%@d%&cﬁ?oeﬁ%%%%% refoBhdll @l fif e Qf Pressure vessels,
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7. Th nb [
Fot ettt e ERE A RRE PSR PRy o PR PR, Lo
coul d &pf ectqn\yt:hlgg ﬁr@]nfy‘gyo to eight pressure vessels per compensator cylinder 7. The

number of pressure vessels open for each individual cylinder 7 will not have to be
the same throughout the system. By this combination, one could effectively adjust
the system stiffness in smaller fractions of the total system pressure volume.

System dampening can be adjusted on the proportionally controlled shut-off valve
30 25, arranged in the oil stream between the compensator cylinder 7 and the oil
accumulator 26 (see figure 3). The dampening effect will help in avoiding
resonance frequencies and force the riser to follow the rig motion. If these two
motions are not synchronized, the effect would be excessive stroke of the
compensator cylinders. Increased dampening will increase riser acceleration, while
35 reduced dampening may lead to resonance or synchronization error. The choking of
the proportionally controlled shut-off valve 25 does not have to be set at a constant
ratio, it may have to be actively adjusted over each heave period to either
acceleration, speed, cylinder position, cylinder direction or a combination of these.
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WO 2012/ 016765PCT/ EP2011/ 060756 10 CLAI MS 1. An apparatus (1) for
controlling novenents of a free-hanging tubular (4) in a soft hang-off
node suspwodert/oasmsat | east a connector el ement (8) by aCTIEPasii/060766
Sconpensator nenber (7) which is connecteg) to a buoyant vessel (2), said
tubul ar extending into a body of water below the vessel, characterised by
first sensing neans (36) for sensing dynam c and/or spatlal paranet ers of

t he conpensator rrenber and thus that of the vessel (2); second
sensi ng rrea for sensing dynam c and/or spatial paraneters of the
10connect or t (8), and thus that of an upper region of the tubul ar;

dat a proceSS| ng means (22) for processing data supplied by said first and
second sensing neans (36, 21) and determ ning one or nore paraneters
regardi ng the novenent between t he vessel and the_upper region of th

tubul ar; and-  AnapRfraiei(hhy OﬁéaﬂeO@marnever@eltS oba freg-hangiefyibylgy ()'in
control I i ng aadofl kawto ffmeodet sulsperaied vamndt Eastamuemicoigr efentdne (pgpenisadt @ne

menber 67) ; c‘é‘ﬁﬂﬁj’eﬁ of Hl%nﬁa?ét @fﬁ&ﬁ%ﬁ%s %foe'@teﬁrtﬁ atﬂlﬁ)@rﬁﬁ@vésﬁ BSLAREALLNE

a1 whendmdinine ol ol AR yasy CHAFSTRUSEERY  on sensi ng
means (36) f-dirssemsinggnemsddenta sofsingdysanpersiaompatiehpermateds @0thieus t hat
of the vesselyn{RhsatoBmei{hRr aRPaBtHSt afthehalsd @)of claim 2, wherein the
Zensi ng-the - ”%g?fﬂa Bl PR ahh e 3@?@%@?@50”@3 B TS0 EH of B,

upper hr 18gi owoeﬁeqthlezhem@m &), agzthm;;fwé@&g uppet fﬁflmﬁb@néa@dﬂr menbgr

254. The appardgtdiproebssaiymeags @R) fheplocesarh dda Ghsiingl by/\mwm andisdcéie or
mor € par amsts%rfm%%?%?lg éﬂg Zt lsgncrirlavteerrl% n1n %%m%?m le%jgz].ﬁ%%lse%ers r %atr 1nge[lg1el pper

regi on of t e ges “5¢tet any one
of the pr ecémwgn@ltévﬁwﬁeemmewm @%ﬂ@m@eﬁ%@r Oﬁﬂ}?ﬂébulébr%lﬁil ses a
hydraul i c cyl adg%mg(rﬁéamscmmabmﬁ 26i, @9 23 3d-d §tfoff ¢anitebllinget le3&)thé otiffAcss and

30accunyl at q{a UI f‘ﬂﬂe%ofﬂ §ﬁ§ati%¥ﬁbgp@s (25) for controlling the flow

in sai flrst i rst re sens ng means (27)

sensi ng t he ‘Hrasy e aa sl%‘ Whigh ¢ rrenff Pﬁpﬁbetweené ¢ $A@D é&raﬁeééL%f clai m
5, further dohqﬂarmayg)eaxontreﬂsd one pressure vessel (33a- d) fluidly
connected to the accumnul ator (26) via a second fluid Iine (31) and

35r egul at or 2reansTHe2fparadingdof ¢lainh e[ whorg tisd figt ferSapomdany @53 s BpEessi ng
means (28), mé%@g&%{n%%zggp@a Rt %gﬁéllflg 0 Wehehds of the compensator member and

20 thus that of the vessel (2).

3. The apparatus of claim 1 of claim 2, wherein the second sensing means (21)
comprises position indicator means (21) for sensing the position of the connector
element (8), and thus that of an upper region of the tubular, with respect to the
compensator member.

25 4. The apparatus of any one of the preceding claims, wherein said one or more
parameters regarding the movement between the vessel and the upper region of the
tubular comprises acceleration.

5. The apparatus of any one of the preceding claims, wherein the compensator
member comprises a hydraulic cylinder (7) connected via a first fluid line (35) to an
30 accumulator (26), and a first valve means (25) for controlling the flow in said first

fluid line, and a first pressure sensing means (27) for sensing the pressure of said
hydraulic fluid.

6. The apparatus of claim 5, further comprising at least one pressure vessel
(33a-d) fluidly connected to the accumulator (26) via a second fluid line (31) and
35 regulator means (29), and further comprising a second pressure sensing means (28),



whereby the pressure exerted on the hydraulic fluid in the accunulator by a
pressurised gas in the pressure vessel may be controlled. 7. The apparatus
of any omnwoabizterspr ecedi ng cl ai ns, further conprising ach&eboieneitanger
(15), with a cooling circuit (16), thermglly connected to the first fluid
5line (35), whereby hydraulic fluid in the first fluid |ine may be cool ed
in heat exchange with a cooling fluid. 8. A systemfor controlling
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2510. The nmethod of ¢l | 1et Lan t he
Coecel Conprgrses 1{3 enetﬁ%o[%f%on%%ﬁ%ﬂm ﬁ]ﬁ% of % ﬁ?&lb% ”giubﬁ_lar ;%h‘égé;ft

cl ai m 950r diaapmafioo ﬁﬁéﬂ@inﬁe@ ME & ePECiH %@I}tdﬁ) b ehICRYrONCHOMARHEROF egi on
of the t ubulrﬁsfmbar(m) wéesh Banahoged hea pasydntarsel (20 ssigpebulpaciteading ieto a

t ubul ar MAtH) ﬁgﬂg&hegﬁaQthg&R%p%ﬂ%ﬂhn?HrstB%r3012 The met hod of plaim

11, further c risin I essure in_ a ydraullq

cyl i nder (7)°O gloséi@we!% 1%%68@%@09360 lieating mptiometale &rdhe ppper regiog
hydraul i ¢ cydfi tln@lm‘oubamw:lgh copoedbeblc vompenshiarsterhber grddeseng 34yl ati@ndata
accurnubygt or fﬁg@e vA ahlfaREMSHEEY d8fa t@r Clgfab@r Pégﬁ?é BF fhel b RE 2RFCUNMUI at or

exerted by aj | east one pressure vessel %é connec ed to, the
accunul at or CHEIVING WCLEBHE PPN FCBF L RHE ESE %%%FW%%J?F%’YQ?P ARSt 20) .

and the upper region of the tubular and, based on such data, controlling at least the

stiffness and dampening of the compensator member; whereby the axial loads which
are transferred between the compensator and the tubular may be controlled.

25 10.  The method of claim 9, wherein the colleting of motion data for the vessel
comprises sensing movements of the vessel (2).

11.  The method of claim 9 or claim 10, wherein the colleting motion data for the
upper region of the tubular comprises sensing the position of an upper part of the
tubular with respect to the compensator member.

30 12. The method of claim 11, further comprising the sensing of a first pressure in
a hydraulic cylinder (7) connected between the tubular (4) and the vessel (2), said
hydraulic cylinder being connected via a first fluid line (35) to an accumulator (26),
and the sensing of a second pressure in the accumulator exerted by at least one
pressure vessel (33a-d) fluidly connected to the accumulator (26) via a second fluid

35 line (31) and regulator means (29).



