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TECHNI CAL FI ELD 5 The present invention relates generally to
marine riser systens and, in an enbodi nent described herein, nore
parti cul aMO20p4$§208es an of f shore universal riser systRm/US2007/083974
10BACKGROUND Ri sers are used in offshore drilling applications to
provide a nmeans of returning the drikling fluid and any additi onal
solids and/or fluids froma borehole back to 15 surface. R ser
sections are sturdily built as they have to withstand significant

| oads i nposed by wei ghts they have to carry and environnental | oads
they have to withstand when in operation. As such, they have an

i nherent internal pregyWeERRAUNIVERSHOGVESERT grggm@am ty is not
currently exploited to the nmaxi mnum extent possible. Many riser
systens have been proposed to vary the density of fluid in the riser
but none have provided a universally applicable and easily

del i verabl e system for varying Eﬁ% ﬁf dr|I i ng nodes. They 25
typically require sonme specific arf 6ﬁtF6ﬁ Bf "the main conmponent s
of a floating drilling installation, with the result that they are
custom™solutions with a narrOM/range of application due to costs and
design limtatigns. For exa diff qpt dri st ens,

required for 3 HECER Elg??ﬂ:ﬁ%n %Easessu@ﬁn3§aﬁgﬁaé%d“% lens'“:lsur er

drilling, systems and, in an embodiment described herein, more

particularly provides an offshore universal riser system.

10 BACKGROUND

Risers are used in offshore drilling applications to
provide a means of returning the drilling fluid and any
additional solids and/or fluids from a borehole back to

15 surface. Riser sections are sturdily built as they have to
withstand significant loads imposed by weights they have to
carry and environmental loads they have to withstand when in
operation. As such, they have an inherent internal pressure

capacity.

20 However, this capacity is not currently exploited to
the maximum extent possible. Many riser systems have been
proposed to vary the density of fluid in the riser but none
have provided a universally applicable and easily
deliverable system for varying types of drilling modes. They

25 typically require some specific modification of the main
components of a floating drilling installation, with the
result that they are custom scolutions with a narrow range of
application due to costs and design limitations. For
example, different drilling systems are required for

30 different drilling modes such as managed pressure drllllng,
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drilling, partial riser level drilling, and underbal anced drilling.

An exanpl gu@®book/R2950St common current practice is ill usgratReh@yel G
1, which is proposed in U S. Patent No. 5 4,626,135. To conpensate

for nmoverment of a floating drilling i_ngtallation, a slip joint SJ
(telescopic joint) is used at an upper end of a riser system This
slip joint consist of an inner barrel IB and an outer barrel OB that

nove rel at} t h t ' t:he f I t S
fo 10 move it AT, o Bbe Rl ORI LG, bRk 1RO FHELE e
wel | head Wahdlitw mov ngdpobaladdéedrdwirllDngahi ch is where drilling

fluid is returned fromthe top of the riser R). Al'so depicted in
FIG 1 are a riAp stxageiler efSthei gost gepmon cwraeptt pbhet Rle whoke

mani fol d h 15.s Pj;t « VR i ne
L, kill %leé‘%ﬁ{g S Eﬁf’ﬁ%%h%‘éf{%?%ﬁsg%“ dnPb1aMea ERRK .
el enentis at g6 LordEnt iMonglompapkbbt&nbon nevanterde ofk il fédatbng hdr akkingnd

are not de i Urt her b | O& Nt Kk S,

1 ex_ o ntFrr e asrg o 37 dEoneint ool P SRR e IR o R med 2k o
from vertiaaluppéhe avhwdnii ohakr neydioemi Mhergpredtiy doynpresssist iaf t he
riser R dug,t ressurj;z i f | ] d S .
uncontrol | % gr\l/r{eénl?\%ﬁ%{rgﬁ) §§ h§El hi %gc((g)é#érlgls[fae%%bmy\b%l gggﬁgm%%% %tlve
(bl owout ptevesmtlerdtheint,heahubyal dosineg ourd flvettingubarsclére herted n, or

by bli r if..no t.ubul r r o Qr hear C | e of
cutti nlgrbd t hlgg[?%bujrtzq}oﬁt %I:e%ﬁ&fl? ?légpgjz%%l%q?eézr té%le%giecéf?%d e}%?l(aat% t he
riser R awelllsnl ivt arsl cbet movied byimt obivegtelre Ddi(whickri® Wveteh or

W Uhout Yol o AN ) o20d, L XER LG U Undestr . Low 30 hrough

di verter lines e concept “of "an annul ar” bl ow

out preventer %f%eﬁcfepﬁﬁ%% hangher {o,dlvert; § e Lew.8fggag;froma

wel | control inci
floor F, rotary table RT, choke manifold CM, separator MB,

15 shale shaker S5, mud pit MP, choke line CL, kill line KL,
booster line BL and rigid flowline RF. These elements are
conventional, well known to those skilled in the art and are

not described further.

A ball joint BJ (also known as a flex-joint) provides
20 for some angular displacement of the riser R from vertical.
The conventional method interprets any pressure in the riser
R due to flow of pressurized fluids from wellhead W as an
uncontrolled event (kick) that is controlled by closing the
BOP (blowout preventer) either by rams around the tubulars
25 therein, or by blind rams if no tubulars are present, or by

shear rams capable of cutting the tubulars.

It is possible for the kick to enter the riser R, and
then it is controlled by closing the diverter D (with or
without tubulars present) and diverting the undesired flow

30 through diverter lines DL. In the ‘135 patent the concept of
an annular blow out preventer used as a gas handler to

divert the flow of gas from a well control incident is



WD 2008/ 058209PCT/ US2007/ 083974 - 3 - described. This all ows
diversion of gas in the riser R by closing around the tubul ars

therein, Rud2009bsswden drilling, i.e., rotating the tubpddisodiskd &
1, seals between the outer barrel OB and inner 5 barrel |IB are

subj ected to nuch novenent due to wave,;nption, and this causes a
limtation in the pressure sealing capacity available for the riser
R In fact, the American PetroleumlInstitute (API) has established

pressure rafting r h En. its. j fi.catio 6F; i alls
Por 10 testrHarbs b gHis o1 E8rE Al S ar R e e s b T e
common uppetoding tarfommdnbbe debrlpmss i the&aG(mpsbutThetevher doiieling,

nodi ficatipng t b he slip joint SJ, an exanple of
which is d5eer] B‘ZO st _gpggg }é%?a bplication No. US2003/0111799A1,

to produce a 1 W}%ﬂ.”ﬁ_,r%%ﬂ&ﬁé’tﬁs RSe duielr ﬁgﬁ:i:gf’oé N&wd inner
limtation on the slipjoin $eals has also led to an accepted
standarid i baxtel iTReger pubfeched divenuar MOverent foentoBayalmeion,

somnet i mes I uni t . : f -] Qi a r parts
of the sys%%?n‘%ﬁﬁc ésgsvgl %éﬁﬂg%@%%g %va'éehfe;( r]'%fgh%?nggix)%lbfavi ng a
typi cal i ncapdgitwiadeidabilagfof B0 psiemdy.kilmg fpréssthe. Americafhe
outer barr t Li.p_] ol t LC 4 Ql S as
an ot tachrerEr e e isuPel SEL) Jad o ERITRE BB oL S L

ri ser R infoernsian gealsr éenentsi $p@&i f rambimuc Kl6FngwhThhscakbmstdthat a

| eak i, the slip j.oi eal s involves siagnif.icant downiine. in
avi ng ko TPTTThe % B8 LB HE rth cith e b5 Bopt ey htte s
prevent er)tls¢ askmmon epger fiomser foremddie ddsignsoiint 580. psn. practi ce
this has nmeant that no floating drilling installation service 30
provi der or operlaingreospanymhdst besniand [thedg tent bkemadie to sthd o

COnt  nouSLYs QU5 L LN ESHE Syl 1y BB B0l e

Patent Application No. US2003/0111799A1, to produce a

15 working rating to 750 psi. In practice, the limitation on
the slip joint SJ seals has also led to an accepted standard
in the industry of the diverter D, ball joint BJ (also
sometimes replaced by a unit known as a flex-Jjoint) and
other parts of the system {( such as valves on the diverter

20 line DL) having a typical industry-wide rating of 500 psi

working pressure.

The outer barrel OB of the slip Jjoint SJ (telescopic
joint) also acts as an attachment point for a tension system
that serves to keep the riser R in tension to prevent it

25 from buckling. This means that a leak in the slip Jjoint SJ
seals involves significant downtime in having to 1lift the
entire riser R from the subsea BOP (blowout preventer) stack
in order to service the slip joint SJ. In practice this has
meant that no floating drilling installation service

30 provider or operating company has been willing to take the
risk to continuously operate with any pressure in the riser

R for the conventional system (also depicted in FIG. 3a).
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No. 2005/0061546 and U.S. Patent No. 6,913,092 have addressed this

pr obl em bwgfepestidg t he | ocking cl osed of the slip joptiyuSde7/oskrgh
nmeans | ocking the inner barrel IB to the outer barrel OB, 5 thus
elimnating novenent across the slip_jgint seal. The riser Ris then
effectively disconnected fromthe ball joint BJ and diverter D as
showmn in FIG 2. The riser Ris closed by the addition of a

rotating bl owoyf, sor%%ah@rggﬂlpaaém Ro .t %ols%&e@s@éoa%ﬁai @ld.p joint
10 SJ. This effectively decouples the riser R from an I xed poi nt

bel ow t he Rafkanty Noablbe IRF, 092 haye saddrasisecedhiln Pr@?i/%m #¥ vertical
beans B, a#?c@%c?srm%r the0338¥ ¢ gzgloféﬁ yalhe Lhyl 3524 §suGh s drill

pi pe) and nnectors 26. These ements are conventional and are 15
not descr itheahs dadkénghéhe. imhes bateld Fadchébs quber aprirzgl dled

oper at isonsy yh & . i nl:..n'é‘tfm fm ?Qm@ﬁ*& éé?c?sré‘aéher 'simévg&ﬁéuéé‘al Wy, the

weak point stil el ng I'p joint seals. decoupling the
ri ser R fromgeth& fusx@étem gff.e@bxveﬂmqnmcteﬁ Esomntiye Zorle| pime

the tensioger, sysi€8 TeraBd,125n Thig: eans that the top of the
riser Ris no ongler *sel f c%nt?a ‘f%llnrb I%n S ‘causes the top of an RCD

80 (rotating COf}]t %%thgg oloLhe Moawtaa@l%\i%ﬁt 8% ;Oré@a@ﬁgoff

center as a resu ocean currents, ot her novenent” of
the fl oat |wgomum@trlﬁﬂr@nt¢m g0j mrmc@% tsl’legmofcﬂ@dnﬁlﬂé@‘ﬁ ohip Hpint

Sealiﬁ% e!§5¢”¥ﬂf§ e.FeEQQVBEg §Qcoﬂ$ﬂ QQEr nﬁ”%?&mtgh r%ﬁxe
pressure integrity of the ri so, riser temo
FIG 2 intpotucdelpw3dhei gntﬁrﬁa’mbl‘@fl@ty hazard si nce subst anti al
anmounts of easily damaged hydraulic hoses used in the operation of

the RCD 80, as AMkld depigtedsini FEE. hdsas)vegtignd SafesyBcordanter

or crossover 22, rotatable tubular 24 (such as drill pipe)
and T-connectors 26. These elements are conventional and are

15 not described further here.

This method has been used and allowed operations with a
limit of 500 psi internal riser pressure, with the weak
point still being the slip joint seals. However, decoupling
the riser R from the fixed rig floor F means that it is only

20 held by the tensioner system T1 and T2.

This means that the top of the riser R is no longer
self centralizing. This causes the top of an RCD 80
(rotating control device) of the blowout preventer 10 to be
off center as a result of ocean currents, wind or other
25 movement of the floating structure. This introduces
significant wear on the sealing element(s) of the RCD 80,
which is detrimental to the pressure integrity of the riser

system.

Also, the riser system of FIG. 2 introduces a
30 significant safety hazard, since substantial amounts of
easily damaged hydraulic hoses used in the operation of the

RCD 80, as well as pressurized hose(s) 62 and safety conduit



WO 2008/ 058209PCT/ US2007/ 083974 -5- 64, are introduced in the
vicinity of riser tensioner wires depicted as extending upwardly from

the slip jvab Bdos/fsk2000 sheaves at the bottom of the tenspenesmotissord?2.
These wires are under substantial |oads (on the order of 50 to 100

tons 5 each) and can easily cut througg softer rubber goods (such as
hoses). The '092 patent suggests the use of steel pipes, but this is
extrenely difficult to achieve in practice. Furt hernore, the

installatign and QWI%BhQ%dr SHULRE B%Lrgpc;y;%f 9 5T fc@ﬁé‘lngﬁ%g%ﬁe%und

the RCD 80, a hazardous 10 area Wt | ati ve novenent tween
the fl oatIW@ﬁﬁfﬁtﬂ:t@r @xsemdlngeupwﬁy tieon ither sRipAlPint $heto

equi prent goes, Jotf ichel BEUAR bBCckOtalys IR BT, aR9. BhNELS Gfires

housi ng D, |ng % Astallatton conpl'ex and hazardous.
resul t, userefunder spbséansiakl Bads heen bden drideirt ed £6 16 Uﬁér‘mnsons

N benlsgg %?ghﬂe evo ”éas&?%l & %ﬂféﬁgr}b‘r’&‘é@tel@&hgﬂera Sodt ngsure in

A sunmar ution ear 1 ng vmt pres
the riser &s kdsam) i Thel @9239aten’ecsu@®tsset®h@m Dlﬁestwll@npemal

an 16- 37 4 T eert B o5 R Phbdl A eR R P A R PP, Y
Package) added 4 ald:ai Al SERBNERLLOM AFbPIAYEY elrgﬁi oftl L g {1 om

the riser, a 21 marine riser, conlguralon nti cal
in princi pper$@m¢ﬂe ﬁmz&rﬁamntadkscm@eui aﬂw@CDZBOThashasaxms

confi at a_lar f £l r|IIing
i nst al Lqit i %%’s]a et q%en ggr?flL grgv %‘t%%@c%%@%% %g i % {t:]ry noved
t owar ds t hetidetu Eusriongtha SBER)ﬁstﬂné acesdxt (R/\.O@tllpDéVEheeequwmemta

floating d [ U. t 30

6,273, 193 géé%lrpustr r%tuggl E;{‘L %‘%ﬁ‘% fie @1a$§c %‘F%%?Ii S

repl aced y\htplhsanwml Itérushmghlpgessﬂtgll§$mi} cappéexwahll haSBtous.

package Slﬂélgrrééﬁf%,nQQ&Jk&a%hggsgééé$lé¥3ﬂf&*iy 5 glgeen limited to
15 operations in benign sea areas with little current, wave

motion, and wind loads.

A summary of the evolution for the art for drilling
with pressure in the riser is shown in FIGS. 3a to 3c¢. FIG.
3a shows the conventiocnal floating drilling installation

20 set-up. This consists typically of an 18-3/4 inch subsea BOP
stack, with a LMRP (Lower Marine Riser Package) added to
allow disconnection and prevent loss of fluids from the
riser, a 21 inch marine riser, and a top configuration
identical in principle to the ‘135 patent discussed above.

25 This is the configuration used by a large majority of

today’s floating drilling installations.

In order to reduce costs, the industry moved towards
the idea of using a SBOP (surface blowout preventer) with a
floating drilling installation (for example, U.S. Patent No.
30 6,273,193 as illustrated in FIG. 4), where the 21 inch riser
is replaced with a smaller high pressure riser capped with a

SBOP package similar to a non-floating drilling installation
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3b. This design evolved to dispensing conpletely with the subsea BOCP,

t hus renovwdehekhaeeed for choke, kill, and other |inegcfii@mnitdemsea
fl oor back to the floating drilling installation and many wells 5

were drilled like this in benign oceangareas. FIG 4 depicts a
riser 74, slip joint 78, coIIar 102, couplings 92, hydraulic
tensi oners 68, inner riser | oad bearing ring 98, Ioad shi m 86,

dri 'l piped2.s ffmu%gﬁ?géd L nerd 6 ol 188; 8000401014 19,

control head I nce ese elenments are known n e art, they
are not de@mpamairfwucph@&ehehe with thd rsué:{ae@mBOngth@Stm@o\tm the

concent ofp &S AL OB £S5 18PN Sl e D40 UDL ey o

envi ronnen ar’eas 4 subsea conp onent I sconnecti on
(known as mm&cemher drin:amag duf by dLrE@Jé_ﬁ@tLen) anddnaeye ufd INgs t he

wel | ih5 Case, Ofdr%nﬁre%egﬁéewgﬁié. ng L % eat?’]u Fg% as a full subsea

BOP. THis 1§ SHOWA ano evo Iron of running the

SBOP bel ow t he ﬁvﬁg Sﬁggcggd tg{lgépnﬁ{ St%q%:/ﬁiot eapﬁﬁw der { oF i}ﬁzg

on floating drillin installattons wi ear ance.
met hod of tb@lmserﬁZ,N@ydaaglmO@@nmomwﬁ&,n iEner Bésévr6é, load

compari Sof, .,y p rln o ylﬂga&osﬂ% fMgd Ofg gﬁ?&ﬁg&'%b'ysﬁkgggﬁ BOP
pressures as experie ce i N underbal ante ril wher e the
formati on &é&j ngirdy i714,edoldaal [ 66eand ordtaving tdwmthreldheadil - f |ddindet o

25 surf t he |ndu tr r i.ans i g I Egg- | ser
run vm]t |nt]il%e t 1?1%3‘1 syfl}l nchgwrrlgrlf%e&r?és%k q:th gsé%?bgﬁgi%g . .ﬂédg
Pat ent Appfun@hmmdmﬂﬁﬂG/OOZl?SS Al. This requires a SBOP as shown in
FIG 3e. Dr awbacks of the systens and net hods descri bed

above 30 i ncl uden tdtatenpitdyigr équiake st teontdegt wddief EB@PI and diidlhe
floating drilling Instal 1ALt 0 E03RLFe LR Y32 38K harsh
areas, a subsea component for disconnection (known as an
15 environmental safeguard ESG system) and securing the well in
case of emergency was re-introduced, but not as a full
subsea BOP. This is shown in FIG. 3c with another evolution
of running the SBOP below the water line and tensioners
above to provide for heave on floating drilling
20 installations with limited clearance. The method of U.S.

Patent No. 6,913,092 is shown in FIG. 3d for comparison.

In trying to plan for substantially higher pressures as
experienced in underbalanced drilling where the formation
being drilled is allowed to flow with the drilling fluid to

25 surface, the industry has favored designs utilizing an inner
riser run within the typical 21 inch marine riser as
described in U.S. Patent Application 2006/0021755 Al. This

requires a SBOP as shown in FIG. 3e.

Drawbacks of the systems and methods described above
30 include that they require substantial modification of the
floating drilling installation to enable the use of SBOP

(surface blowout preventers) and the majority are limited to



(surface bl owout preventers) and the majority are limted to WO
2008/ 058209PCT/ US2007/ 083974 -7-. benign sea and weather conditions.

Thus, theyy@48s/68koow del y i npl emented since, for exanpp@puéA@Hossors
require the floating drilling installation to undergo nodifications

in a shipyard. 5Methods and systens as,shown in U S. Patent Nos.
6, 230, 824 and 6, 138,774 attenpt to dispense totally wth the marine
riser. Methods and systems described in U S. Patent No. 6,450, 262

U S Patenf 7 U t ICc

envi si on se?%%g an %E% %83?@% o%él%l%oog&of %lg sghéga %%%%tojvgﬁ ve
pressure fimphenentesr snecei séor asamples, Whey PatgenreNohe 7f 0801885 BZ.
Al'l of thege, patent.s_are.n i del i vol v

substanti a rllloldmf(% casﬁgzéag%awa%#?%% gn%éi%?s%?ﬁéo}e]%u?ﬁnagnt to be
successful syimpptd.ed. 15FIG 5 depicts the systemdescribed in U S
Patent No. 6,470,975. Illustrated in FIG 5 are pipe P. bearing
assenblsy 28, ribsﬂrhda,s endkeybtems Cis $idvn liin@ .KL., PBOPnstlek. BOPS,

I B B
annular| O S Rind RERT3aTEP YELLSPLNANAREEOLE By F0ESne
provi ded heaeine riserA puecbbbém amd hsy:*pteanfsnrd@gsmmgeéy@emSt heetent
utilize a QI gh6 4'5?%%"2 a I’I\ll ser4 eﬁg)s'%gts h§ Bh nqcf t he
d

primary means Ilvérlng ad% Fonar Re“sex Ioor nanel y
t he boost expplieatBlont hza)toal/sIazB&mnaénmnoﬁﬁe@klhbeanonﬂlermem on

syste in FlG s removed. The hogster,line BL is
o0 I SR he aPepe, Aie b8 AETRHE xR int BRGf e b Ttk 3,
and 3c, whilseps s diceg sose Rdvant ages,7 tele 68\5a$20nelibfof hiehgwa mary
neans of deI veri fluid int the I ser ent

booster 11 Rteite ke siiequidely Ao i EE 45, TN NESRALE s AL,
whi ch neansodhédcdthieordelande addpoiohs i so fexieting equipment to be

successfully applied.

15 FIG. 5 depicts the system described in U.S. Patent No.
6,470,975. 1Illustrated in FIG. 5 are pipe P, bearing
assembly 28, riser R, choke line CL, kill line KL, BOP stack
BOPS, annular BOP's BP, ram BOP’'s RBP, wellhead W and
borehole B. Since these elements are known in the art,

20 further description is not provided here.

A problem with the foregoing systems that utilize a
high pressure riser or a riserless setup is that one of the
primary means of delivering additional fluids to the
seafloor, namely the booster line BL that is a typical part

25 of the conventional system as depicted in FIG. 3a, is
removed. The booster line BL is also indicated in FIGS. 1
and 2. So, the systems shown in FIGS. 3b and 3¢, while
providing some advantages, take away one of the primary
means of delivering fluid into the riser. Even when the

30 typical booster line BL is provided, it is tied in to the
base of the riser, which means that the delivery point is

fixed.
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in the industry to nove fromconventional drilling to closed system

drilling. wihemsgodsypes of closed systems are described ;,@r,ysﬁwdgggﬁnt
Nos. 6,904,981 and 7,044,237, and require the closure and (by 5

consequence) the trapping of pressure gnside the narine riser in

floating drilling installations.. Also, the introduction of a nethod
and systemto all ow continuous circulation as described in U S.
Patent No. 6,7 53088 B ILLLL L0010 WAl L8RuSYRY O LS £rom
operated at cons ant pressurée as ve to be

swi t ched ofdnwdrenianekl dgld\ﬂ.lbge’admcv@saed tﬁymt@m cdonhéttgonThade stypes
all ows the Po&& roﬁ%&%%l dgkgl &Qgc}_’\iﬁéh g %n%'éag ?‘Ff‘gsﬁ‘%e downhol e,

whi ch can e con pr essurt zed ¢ 1} ogé I'ng system The
industry c@9&4 t9ls dmagédu??.é%suam Drec_tdumag the5Wlbhut@eand (by

conventd on f ntlnu ) re,can be kept in

the ri sger g?n ﬁ"&% @2 tfilileSHgPF reesrsﬁlser sys?émg%? PG "3a is

schemat i catigexdeipi c&leda,tlhdgt drkhhing hmst&lélratslymisenﬁnsoop’ehnet o the

at nosphere. per end. Thu e, ri,ser .ca essuri zed,

ot her 20 t"hf;jltr?fs cJctj‘ gr sz“?\%:ﬂgapr% Stecr)rf ttohé;ﬂ?f)w ﬁoﬁgle?%?% Si nce

the fluid cénnd.;lachjzrdm@sdkilebbrmgasdl :nntthe%: |11$e:"ezityplbca5|,y39|a39‘a alielrsds y

equal to or only,.sonewhat .greater than that flupd external to

Che riser 1 <Rkt CiRnadhERhobyRERN it He Seerdcat biomiait

W t hstiand pressure as the pumps do not have to be switched off when
making or breaking a tubular connection. This allows the
possibility of drilling with a constant pressure downhole,
which can be controlled by a pressurized closed drilling

system. The industry calls this Managed Pressure Drilling.

15 With the conventional method of FIG. 3a, no continuous
pressure can be kept in the riser. In FIG. 6a, fluid flow
in the riser system of FIG. 3a is schematically depicted.
Note that the riser system is open to the atmosphere at its
upper end. Thus, the riser cannot be pressurized, other

20 than due to hydrostatic pressure of the fluid therein.
Since the fluid (mud, during drilling) in the riser
typically has a density equal to or only somewhat greater
than that of the fluid external to the riser (seawater),
this means that the riser does not need to withstand

25 significant internal pressure.

With the method of U.S. Patent No. 6,913,092 (as
depicted in FIG. 3d), the pressure envelope has been taken
to 500 psi, however, with the substantial addition of
hazards and many drawbacks. It is possible to increase the

30 envelope by the methods shown in FIGS. 3b, 3¢ and 3e.
However, the addition of a SBOP (surface BOP) to a floating
drilling installation is not a normal design consideration

and involves substantial modification, usually involving a



25 significant internal pressure. Wth the nmethod of U S. Patent
No. 6,913,092 (as depicted in FIG 3d), the pressure envel ope has

been t akeryd sof32q9si, however, with the substantial apchtisxaom@bors
hazards and many drawbacks. It is possible to increase the 30

envel ope by the nmethods shown in FIGS. ¢3b, 3c and 3e. However, the
addition of a SBOP (surface BOP) to a ?I oating drilling installation
is not a nornmal design consideration and invol ves substanti al

modi i cat i s el B8l ¥bAGoduedi 2A0BHA9G209RET LAISRO0RADEA0T4 -

9 - shipyar the consequenceé of operational downtine as well as
subst ant i aWekbsas sSubsdlpsdalasoats e vasti @sedlapade. nanieiangsd ens
mentioned garlier in U S Patent Nos. 5 6,904,981 and 7, 044, 237

di scuss closing the choke on a pressurized drilling system and using

mani pul ati on ofTﬁé%y%tE%% henwaﬁé&'eéhﬂqéaacﬂﬁ%e%s.u%st%ﬂﬁ@s.ﬁyst em

in order to control “the pressure at the bottom of the Thi s
met hod Swor &892 04 1 meidpl7e 04BuR 37 ndis@isk adgisiagt tbaschdke hesea 10
systens, 14Jd s I i Epuhati f
choke canmgg%’s%ﬁplréeésas]%rljelrislgpée?tgﬁ%rt%yZ%rgindlestl?%rrepﬁgggp t%tﬁg %ﬁr nge
of these |¢heke itthsontrel tpeebhickpresaunsd off thikeshstenm bl @rder to

pressure. fplrofd t@f‘ecgJﬂe%%hﬁ:)é of @hé'kﬂ@ééd}ﬂo@ it‘hhi leit‘s'&ﬁi%]ax\ﬁé'tq{bdw
is, that en a connection is nmade, the top of the pipe Is held

st at i onar ywprks hien rotiacjipilebl but Rin i HlAdGRppll igad i2ns Fhi hemans t hat
t he e | of_.ni R4t Il b S S..1 he
wive a3kt obt T, IR ST S, ' 3 RS RS VS e P

ef fects ofofurlye dlprkes same c20senpresserasiikespithetnevesdeénronanial

hol'e) and ?%ée d%%%tgee ¥ %Bg@?a%ﬁ?%ﬂf)&éxovﬁse.Ouk)rggiggec&%ée I of

This effec causes subs pressure variations In the
convent i onthe nedthomn dlollel Gre8aur¥hen the systemis closed by the
addition of an RCD as 25 shown in FIG 3d, this effect is even nore
pronounced by thssef fegecyfl ivgliorect hanflesthiyng ki idipegnbes eyl 1ot ion
out of fixed I . S e i Q. .
conpr els%edigf q%%/%t %%ésgéggggg¥8§§£%ﬁ (li%él’t Echt% ﬁ_‘l%a)uf)gésélﬁ? 119%1%‘? i'es
that the chekeé siystiemawmulicd kheerobabe wdle t(RT in FIGS. 1 and 2).

This means that the whole string of pipe in the wellbore now
moves up and down as the wave action (known as heave in the
industry) causes the pressure effects of surge (pressure

20 increase as the pipe moves into the hole) and swab (pressure
drop as the pipe moves out of the hole). This effect already
causes substantial pressure variations in the conventional

method of FIG. 3a.

When the system is c¢losed by the addition of an RCD as
25 shown in FIG. 3d, this effect is even more pronounced by the
effect of volume changes by the pipe moving in and out of a
fixed volume. As the movement of a pressure wave in a
compressed liquid is the speed of sound in that liquid, it
implies that the choke system would have to be able to
30 respond at the same or even faster speed. While the

electronic sensor and control systems are able to achieve



30 respond at the same or even faster speed. Wile the electronic
sensor and control systens are able to achieve WO

2008/ 0582 %é%g@O?l 083974 - 10 - this, the nechani C%Bg%i)ﬁdégﬁgi on

of the choke systemis very far fromthese speeds. opment
of RCD s (rotating control devices) gri'égi_nat ed from | and operations
where typically the 5 installation was on top of the BOP (bl owout
preventer). This neant that usually there was no further equi pnment

install ed gbove the . _As_access S, easy nos |1 _of, the
curr ont - deBrare T EORPAPACRT CNESHRLETS S5 o F R Bre RS PRg-Hh s
cool i ng beastngian rfridme tREBe epeéds. ot her utilities. These 10 require
the external attachnment of hoses for operation. Al though sone
ver si ons have Pogrlegsedtl bdnREDI§ aceotatpind @dneirng ddeptesl) f or use
on the bottom of ter}]e Sea g%‘ﬂ%h as_described in

IS

origin rat where U.S.aigteg% No.
6, 470, 975) ST THEP TH T8 | BRE" At VDI BLE Sy dPARPFEY Hefi eving
this. SoneissgisdEns: ith( ssachoastdpsef i tied BoP kS owBatepreNontay DSAHARH)
di spense with hydraulic ol i and_lubrigcation, but require a
hydr aul | ¢ BEHHeCTI T FO AN EEar e N A sNe iy TeT SAURETERG, HEPER L 19k
range of R&hbwe attte &Adrer pat avessaveas add ey nedmostthal 1act ushe mumcent
unit to hoyse. a 2 articular . RCD design is i,cal I, equi red (such
hs desori beerisns haies mragRLIS GaptReksTong b das A ahENg B des
only for acparindglbgaiinvgl iaf thBerR®ECD @S seyblothdreavingtide. brithseon

locatign. MaDY: 1 819a% AN RS bLLEMENd PALRILS RaYe peen [ od:

Although some versions have progressed from surface
type to being adapted for use on the bottom of the sea (such
as described in U.S. Patent No. 6,470,975), they fail to
disclose a complete system for achieving this. Some systems

15 (such as described in U.S. Patent No. 7,080,685) dispense
with hydraulic cooling and lubrication, but require a

hydraulic connection to release the assembly.

Furthermore, the range of RCD’s and alternatives
available means that a custom made unit to house a
20 particular RCD design is typically required (such as
described U.S. Patent No. 7,080,685). The ‘685 patent
provides only for a partial removal of the RCD assembly,

leaving the body on location.

Many ideas have been tried and patents have been filed,
25 but the field application of technology to solve some of the
shortcomings in the conventional set-up of FIG. 3a has been
limited. All of these modify the existing system in a custom
manner, thereby taking away some of the flexibility. There
exist needs in the present industry to provide a solution to
30 allow running a pressurized riser for the majority of
floating drilling installations to allow closed system

drilling techniques, especially managed pressure drilling,



25 but the field application of technology to solve sone of the
shortcom ngs in the conventional set-up of FIG 3a has been |imted.
Al of theasdiBfishey t he existing systemin a custom mapagiszhHRESRY
taki ng away sonme of the flexibility. There exist needs I n the present
industry to provide a solution to 30 J[ow running a pressurized
riser for the mpjority of floating dri ing installations to allow

cl osed syst em dr| | 1'i ng techni ques, especially managed pressure
drilling, I o] j or
nodi fi cat i%n ]S)I )éa i %ﬁgé %1@% gpﬂ&%q glg'lt\gpr?hg 219% (ge%s

i ncl ude, l:m:bdaf:e:armiod itm ttéd lfiboathxeg ccpiald dlrict yms@arbr‘ieiswnr ze the
marine riser to the maxi num5 pressure capacity of its nenbers; the
capability to behesaf eie,edsnsnaﬂuéel usingrreomrel 1dpétatli boal the acti ces

e o & ggldﬂfr caﬁo TREE0% LR Pl .#ﬂ%g aceltﬁaghggmg}r( Bihe”

i nstal | ati o &S °8s requrreé or sur opera Ions or
sonme subsepréeswass qEpadidivngff ukk- beneedd; damaliapiebyllitketa mor nal

s ne 1156l SECL O e LSUL oDl YLD 1S JBELLE kLo, ige the
a ed node,

standard oper ng proceduré&s when ho pressuri
mai nt ai ni ngpéf@tembaishqu(‘wﬁorfdmatmneenis@mdﬂm)t epgr &ttbagimg ndow of

the floati t atio rovr A ean ot _15_d i g
t he pressu?‘g g{)}rk%s t flﬁ %6§Imhre“8gifresu g‘ re@&rlﬁgda’rg‘l F sl af?ce
fluctuati OBBP mmmm@ aarrreamee fsubse&umm;r r;gcdvhﬂlpgefamleb@pe kes

cause(rja(p he rotatable tubulars into g u
syste an‘aalf)?’ g1 SrEafS Fer BAEHTY ottt ﬁeﬁ&lfjﬁe Ge)ﬂsf??r Jolfe
fluid 20 iprohedingertheatakdny tgesor ede pohatstSlddiiR¥peratangyi ng out
t he princr resent .25 _invention

Ies (gf t he Al i i ser s¥stem an
associ at ed CHOYSAr e P BAtddE RAFER E%?%Imfiee oD pr o8I gﬁ% in
the art. Oeeatxenp{wind, destenkednbievave ) opdiahingheintdser osyshem
i ncl udes ﬁul ar_internal nent s.whi ch can..be conveniently
ot | od BAEELRS [ g dPRe LR BT 6 Fecvibing ORESRa R0

15 damping the pressure spikes caused by heave resulting in
surge and swab fluctuations; providing a means for
eliminating the pressure spikes caused by movement of the
rotatable tubulars into and out of a closed system; and
providing a means for easily modifying the density of fluid

20 in the riser at any desired point.
SUMMARY

In carrying out the principles of the present
25 invention, a riser system and associated methods are
provided which solve one or more problems in the art. One
example is described below in which the riser system
includes modular internal components which can be
conveniently installed and retrieved. Another example is
30 described below in which the riser system utilizes rotating

and/or non-rotating seals about a drill string within a



30 described below in which the riser systemutilizes rotating and/or

non-rotating seals about a drill string within a WO
2008/ 0582QqaP5ehéhse2fe07/ 083974 - 12 - riser, to thereby pefi§iohAdssors
pressurization of the riser during drilling. The systenms and net hods

descri bed herein enable all the syst_er? shown in FIGS. 3a to 3e to be
pressurized and to 5 have the ability tTo inject fluids at any point
into the riser. Any nodification to a riser systemwhich | essens the

nor mal ope [.ng ,enyel (1 . : {
ur vi val | cEpsB 1) e e tpf suf AL et Bl oS, PRE TLEET
i mtati ondarmirugelmofl litimgt. system 10 The riser systens shown in FIGS.
3b, 3d and 3e all lessen this operating envel ope, which is a mgjor
reason why theskhesygtsermmshavd methbdde degpptibed herhansaeable all the

envi ronmeng al ndj.t i on sysie i,ct in_E . d ot
| essen thié Sotpeg?satslhr?g‘i&wiﬁdg\?vggfg?\%fllg%g%)lty? %%utpgfetslsggjégg%o%fcgli{bow 15
for corvenhant thestaddilldttivohoandjeperftuists ¢t anRCPoiAk| intottiese

limtations. are im . .1 he, syst h e '
AR e b o A A G T
spi kes (negatmyk apenadsing eevelopea(desi mechthasygl| caekeht pnw@@:e varichi n

a pressurized riser.. a.danpi systemi rovi ded. benefi ci al
danpi ng sy% %?H‘i%uréfnl‘ﬁar%cg gg%il%ﬁa\ %u&oeo sta'scfa%rﬁnignéfﬁgg%n? he
i nt roduct i bnsedl atcionpriessisblke &l Limitatibr ect wsenbicthatt siy$ten.

i ncompressipble fluid. This could be S,..e. 0., N.troge 5An

| or oV abil Ere Lo Y SHEIRSOPER DS TR n P10 ARG d8eelh FEPURT ng

mechani sm thabsl @bsamtalnowaveydpayl weicloniec irenorbetesen vhe teewmd ar
ressure s wi.thin the rise so t hat

o hoses aFESTHREIETE (B RESF: SRPLL4R e deaiig. RECHERMEEFFaY be 30
subst ant i atbydi fi@inalTher sgxstemndbpiotédiein iIKRY.. 3¢ does not lessen
this operating window significantly, but it does not allow
15 for convenient installation and operation of a RCD. All of
these limitations are eliminated by the systems and methods

described below.

In order to reduce, or even optimally remove pressure

spikes (negative or positive from a desired baseline) from
20 within a pressurized riser, a damping system is provided. A
beneficial damping system in an incompressible fluid system
includes the introduction of a compressible fluid in direct
contact with the incompressible fluid. This could be a gas,

e.g., Nitrogen.

25 An improved annular seal device for use in a riser
includes a latching mechanism, and alsc allows hydraulic
connections between the annular seal device and pressure
sources to be made within the riser, so that no hoses are
internal to the riser. The latching mechanism may be

30 substantially internal or external to the riser.

The present specification provides a more flexible

riser system, in part by utilizing a capability to interface



WD 2008/ 058209PCT/ US20071083974 - 13 - an internal annul ar seal
device with any riser type and connection, and providi ng adapters

that are presdfishall ed to take the annul ar seal devi cep@pi§@oMERF4
These can al so have wear sleeves to protect sealing surfaces when the

annul ar 5 seal device is not installed.,|f an annular seal design is
custom made for installation into a particular riser type, it may be
possible to insert it without an additional adapter. The principle

being that_jt. i.s Si ve 1 hr nnk iceto
provi de t haerl flur{tler%%r ea%’%rlégu%%%ecﬁef‘;{%p?@%h %f@t Eg%g%l sé}js em and
install a safretot/iwemar agkdepvevidippsiddpisins itbetateeapyeporstsalileat tare

open and pr gyl q:%e[ma,%tn%(itai 0D L o1 gd e S48 1110 3. a0E3 - uhel, Lhe An.Ar
seal device s not dinstarl 8d. 1 HTone aspect, "a riser systemis
provi ded wreah sledves ddeprateat veeaichy euntfiackssehent thelanmpdran t s

and prevents fluid flow through | ow passa extendin . .
| ongi t udi n%'?éf]y ‘f%vrlé:ﬁgﬁsanf):i’:ségsgﬁi%c& fgtﬁ n\/\%%}qgli%rag???s?e%ln%%&rsl ng
devi ce rel @asain yegiec foes inhealhhvisomuidiice o parhéchlew passade/pe20! n

anot her aspect net hod, of pressure testi. a,riser,strin S

orovi ded whi A% b8 FOSSIPRE EPepaEert ndtiaiotig R sdbE MRl e i nto

an i nt er naddapgt & mhenalrihbapl paseshge whetendi ig phselighet be remgere
he val ve nodul o t her.eb [ even fl ow

tri X | i t flui
v ough {HET [ 18 ER0HIAnao3b PRI N S7BPGLELrBeaE b bR o
acrossiit h]?r@qlﬂ&&gnetai wypiedal ef th&ﬂls e;byse{r" @&;ﬂﬁm hadt i‘mtgtall Iae?rs]t OIa f
1 the r|ser string. .INn vyet .an er aspec a, et hoada o
D omst et SEESe i el Fropambt it (el ARRREEk s IR B v
nodul e i n Gpad dddwreassiagprextendongfdngid wdiandhby stbfatigh whed ser

string, the val ve nodul e _bei ng operatiyve. to | ectivel ermt and
orevent {1 GHE Tt Ahi50dh SERECP| b Pe SRR LHSE . Wo

2008/058209PCTﬂ%§%93¥@8§%%1€ a riser system is provided which

15 includes a valve module which selectively permits and
prevents fluid flow through a flow passage extending
longitudinally through a riser string, and wherein a first
anchoring device releasably secures the valve module in the

flow passage.

20 In another aspect, a method of pressure testing a riser
string is provided which includes the steps of: installing a
valve module into an internal longitudinal flow passage
extending through the riser string; closing the valve module
to thereby prevent fluid flow through the flow passage; and

25 applying a pressure differential across the closed valve
module, thereby pressure testing at least a portion of the

riser string.

In yet another aspect, a method of constructing a riser
system includes the steps of: installing a valve module in a
30 flow passage extending longitudinally through a riser
string, the valve module being operative to selectively

permit and prevent fluid flow through the flow passage; and



- 14 - installing at |east one annular seal nodule in the flow
passage, the annul ar seal nodul e being operative to prevent fluid

fl ow t hr oygh,ap.appul ar space between the riser stringﬁgggsﬁwﬁﬁgghar

string positioned In the flow passage. 5A drilling mnet s a

provi ded which includes the steps of: fﬁn_necti ng an injection conduit
externally to a riser string, so that e injection conduit is
comuni cable with an internal flow passage extending |ongitudinally

through the riser. string; installin n annyl ar_seal .nodul e. 10 in the
flow passabts 1 Ha Bh Al 4P 8EaP oL He g pOSE sl PIE (HEF | ow
passage bepawgeoppds banahdrcsaakatediis Meinlgeopesatigértdhirevent
conveyi ng tu ar %%%ing into_the flomg$as§9%e; segking.an annul_ar
space bet weet FUEETEEPIE PR G RN FEPFS S CEBPP NG Gt THT S iy ERe
annul ar 15as@al tadillag; stetiayi pgsitbonatbulrarchet Fibg passdes eby rotate
adrill bit at a distal end of the tubular string, the annul ar seal

nodul e 5seal i ng & hiridnrimgameghadeisiualsg dvy idedatvhighsiepl uddOwiheg
drilling fluid fromthe annul ar_space to a surface |ocation, .and

Cnj ecting BT CSTBOSCEABH AAVIMFPGE IR SORSIEY PEESTPRANY R of
the drillindséd witd-dinet,0 sbhehannthar isjaae on @chdaiknjecéommutioryhilid .
Anot her drill.ing nmethod i.s_provided which includes thggatggi}of:

connect i ng" 5t I%Qﬁfrpﬁ&iéePgtB?ﬁsT??mfﬁa 4 FYREH RISty string,
so that thehglhudd itg fdidiedt seting; | imecdlsl izh; eamaAutabl eeal tiod@ile

interngl flo assage extending | ongitudinally through the riser
ST gD i bt e T e sraPay | Lhe CHBAT Sarl RRSr BuPphedage. the
annul ar sepbsiibiler] Hel rRGepBEILW passhdd Bditrddnowppassageahet ween

opposite end connections of the riser.string; cagnveying a. tubular 30
String i ntCORHE IO o2eLhEer 188EI PHGiIG HYSA gy AcBBB Hb e 1 INg

tubul ar stinty o filker pPasehgst r E8FL Uld ldiZidithullde 3pABEABeERFn the
string to thereby rotate a drill bit at

nodul e; rotati t he tubul ar b

a di st al e’ﬁ‘%"b‘fnfgﬁ FETRGURER the SoDRY 0%@26@6‘}%/1%%6?/ phagyanulas
strings t hee@anmudr seaotaRdubetbeat g e tind &b sRasebeurdtd he
rotating st flowwng drilling fluid fromthe annul ar space to a

surface | o‘égfj-r]oﬂolﬁ &4 Re et /B 1 PLitths ettt ar ﬁEFiPﬂep’FIP%vﬁ“H@‘]ﬁrep

including yesyimsha  |s@41ing the annular space during the rotating
step; flowing drilling fluid from the annular space to a
surface location; and injecting a fluid composition having a
20 density less than that of the drilling fluid into the

annular space via the injection conduit.

Another drilling method is provided which includes the
steps of: connecting a drilling fluid return line externally
to a riser string, so that the drilling fluid return line is

25 communicable with an internal flow passage extending
longitudinally through the riser string; installing an
annular seal module in the flow passage, the annular seal
module being positioned in the flow passage between opposite
end connections of the riser string; conveying a tubular

30 string into the flow passage; sealing an annular space
between the tubular string and the riser string utilizing
the annular seal module; rotating the tubular string to

thereby rotate a drill bit at a distal end of the tubular



5 restriction through a subsea choke externally connected to the
riser string to thereby maintain a desired downhol e pressure.

Yet anot havo zhosH3seesg net hod i ncl udes the steps of: | nseel/usaogr/e3d7ir st
annul ar seal nodule in an internal flow 10 passage extendi ng

| ongitudinally through a riser string,13he first annul ar seal nodul e
bei ng secured in the fl ow passage between opposite end connections of
the riser string; sealing an annul ar space between the riser string

and ia tubugwlrs% r:tﬁi@ iaﬁnhb]err k@mp@@&ﬂgf si,@I:;\illlin/};ic Rget Qﬁnv\%ifﬁts%a&e
annul ar se m)uetesealn ein r.forme ile the
tubul ar stA¥n% dths EOtRELRPNSE %atg}illﬁﬁd ?H%ﬂ YRR fihg a
second annihm@ilfHedpaiedibeal Bt@fa@@ Idmmm@etﬁa {ifﬁlli&b}”@!’uld
string. A further aspect is_a npethod which includes the ste 20 of:

i nstal | i ngtSRHEN pri@emdtifes 1PHIRA $TRRAMILUNOG Fas¥ine 2xt¥li ng

| ongi t wdi nadd 4 tdViMIR hdoligEieh StbseW, cHdk Hde-as1hei Benhdstad Ied in
the fl ow passage between 0£p05| te end connections of the riser

string; inSRF tiiifTa Y EBBLarosthPHgPY Mbuthtidn & Aeaired SPvelett of the
nodul es; ddigh 25 sinultaneously retrieving the multiple nodul es
fromthe fl ow passage on the tubul ar string. Anot her drilling

net hod i ncl udesydthensic@ps akilsead ety atruhdlessphsesbebyesn: a
tubular string and a riser strin flowng drilling fluid fromthe

annul ar spja%%tatlohél%@ §&Ff5§c€nPBg%¥|W]\n“5’déﬂ&r il PRgiPFereet dihfvh

l'ine; 1and padHedd r@ﬁ{t%nﬁﬂlﬂgdléﬁﬁl?%cﬂiﬂmlhaz\ﬂr%gﬁ depstby s€8snd hahe
WO 2008/ 058209PCT1US2007/ 083974 - 16 - that of the drilling fluid

into the dft¥$h MPMILeTd SPetuPAIri AePRing e?r?q‘weé’ctlpoﬁhEOFlH%VtPassage

between opposite end connections of the riser string;
sealing an annular space between the riser string and a
tubular string in the flow passage utilizing the first

15 annular seal module, the sealing step being performed while
the tubular string rotates within the flow passage; and then
conveying a second annular seal module into the flow passage

on the tubular string.

A further aspect is a method which includes the steps
20 of: installing multiple modules in an internal flow passage
extending longitudinally through a riser string, the modules
being installed in the flow passage between opposite end
connections of the riser string; inserting a tubular string
through an interior of each of the modules; and then
25 simultanecusly retrieving the multiple modules from the flow

passage on the tubular string.

Another drilling method includes the steps of: sealing
an annular space between a tubular string and a riser
string; flowing drilling fluid from the annular space to a

30 surface location via a drilling fluid return line; and

injecting a fluid composition having a density less than



Yet another drilling method includes the steps of: installing an
annul ar seal nodule in an internal flow 5 passage extendi ng

| ongi t udi pRuUgh a riser string, the annul ar sea ng
R 2bs/bds befPBEHl APl

secured i 1om/passage bet ween opposite end connec 0 t he
riser string; then conveying anot her ul ar seal nodule into the

fl ow passage; and sealing an annular“gggdé between the riser string
and a 10 tubular string in the flow passage utilizing the nmultiple

annular nother .drilli t.hod i n¢clu t he steps
T Pt G S e At 1488, ERBE e, B R Rar "Fro et
extend|ng 1ﬂmgnhudmmahhgebh&ougboﬁdmiﬁer string, the 15 annul ar sea
nodul e bei ng secured in the fl ow passage between opposite end
connecti ons of tdie anod@erstiribling hﬁ@tmmwgwmgieenthet sthearosi ri ng
at | east one {i; i nto the ?nnular seal .nodul e; aling an

an
AUt o ot e, RATRTEE: S8E} TR S e ABGPERED £ 1 The
flow 2G palsamejte}duemdﬂggt heng eediclifdilel ys edirionghs e pibet ngt piid ored
while a drill Plt on .t he tubu ar strin %P These and
o her oo tPnean o Bocki8rbales | £ 8d MBSy Bassdss anpar ant
to one of m*@lwaa{ Yorsddslik el @nﬂheoﬁ:ﬁéc‘uﬂﬁms o afhel réensi deraxtgprttm‘n t he
detai |l ed descri ption 25 of g sent at odi ment g
ovent | on FETERFHS GORRE ABRHCE Bty 05 Ehea PG ERPE WY RS54 ar
el enents afgdidehicialedn BnhleaYashbus BaigHers thel rgsbhessAal®y and a

ref erenc nber s WO 2008/ 58209PCT/ US2007/.Q 3974 - IG.1is
an el elg)atlJE)ﬂD’\l/Jrae‘fN%frla"gpllpoit %Q?Wo%??%gedﬁ% AN %ﬁl T F S t h
a convent|@ﬂ@¢15ﬁ3§ﬁﬂsmﬁﬁambsFlG. 2 is an elevation view of a prior
art floating drilling installation in which a slip joint is |ocked
closed 5 and a xdEHdM@rdantingl méeNod einmliviied hel bEeHpspsessure and

installing an annular seal module in an internal flow
passage extending longitudinally through a riser string, the
15 annular seal module being secured in the flow passage
between opposite end connections of the riser string; then
conveying on a tubular string at least one seal into the
annular seal module; and then sealing an annular space
between the riser string and the tubular string in the flow
20 passage utilizing the seal, the sealing step being performed

while a drill bit on the tubular string is rotated.

These and other features, advantages, benefits and
objects will become apparent to one of ordinary skill in the
art upon careful consideration of the detailed descriptiocn

25 of representative embodiments of the invention hereinbelow
and the accompanying drawings, in which similar elements are
indicated in the various figures using the same reference

numbers.

30 BRIEF DESCRIPTION OF THE DRAWINGS



diverts mud flow through hoses into a nud pit, with the riser being

di sconnected froma rig floor; FIGS. 3a-e are schematic

el evati ona,y(gﬁ@oﬁgogt ypi cal conventional riser systens psffsfoosson
floating drilling 10 installations; FIG 3f is a schematic

el evation view of a riser system and hod enbodyi ng princi pl es of

the present invention as incorporated into the systemof FIG 3a;
FIG 3g is a schematic elevation view of an alternate 15

configuration af A niger gyt em and, npth %fe’l.’g%géb 9, PLi pei bl gs, of
t he present invention~as i ncor pora?ed into a déep ocean ri ser
systen); drilliFdGindtiadlaniehevath on aoewrafioaafr rdsenrsysteer
systemsimlar to the systemof FIG 3b, utilizing a surface BOP;
20FIG 5 is an ElGvat ienavi ehevhtioprvimw arft ar preprsystefdmvimy a

rotating contypol_ device.attached to a .to f. a. e ck,
FIG Ga i SOb Lo E SHTRREBE PPuTKET] O s JBP Car EoRRRLaoss
convents onahd i i tddatgng2obh@robbdéesi@ schiertmting viewroprasswe eptd of

cl osed systemdrilli enb iLn rinciples of the esent. i nvention;
SRR TN L A LS R S LR v e W
al t er nat e ebeédr demialg diisebnaectsér fsystemiand13drret hod enbodyi ng
principles of the present invention; W 2008/ 058209PCT/ US2007/083974
- 18 - IS, Ba-& arschehathaticralssraddon gnalvsvoEweybiaaiot her

alternate configuration.of a_riser syst and..net hod enb i ng
principlesc%?v? éu%ngéﬁFanégﬁ ?%%; seé”@or(¥loa&1ng grlfgyng
10 installations;
FiG. 3f is a schematic elevation view of a riser system
and method embodying principles of the present invention as

incorporated into the system of FIG. 3a;

FIG. 3g is a schematic elevation view of an alternate
15 configuration of a riser system and method embodying
principles of the present invention as incorporated into a

DORS (deep ocean riser system);

FIG. 4 is an elevation view of a prior art riser system

similar to the system of FIG. 3b, utilizing a surface BOP;

20 FIG. 5 is an elevation view of a prior art riser system
having a rotating control device attached to a top of a

subsea BOP stack;

FIG. 6a is a schematic view of fluid flow in a prior

art concept of conventional drilling;

25 FIG. 6b is a schematic view of a concept of closed
system drilling embodying principles of the present

invention;

PIG. 7 is a further detailed schematic elevation view
of another alternate configuration of a riser system and

30 method embodying principles of the present invention;



FIG 9 is a schematic cross-sectional view of another 5 alternate
configuration of a riser system and net hod enbodyi ng principl es of

the presegfq gayRtdoon; FIG 10 is a schematic cresgySReidssial
view of a riser injection systemwhich nay be used with any riser

system and net hod enbodyi ng princi pl_es]té)f_ the present invention;
10FIG 11 is a process and instrunentation diagram (P& D) of the
riser systemincluding the riser injection systemof FIG 10;

FIG 12 is a s i ¢_CLOSS: j VJ f. t e t
configuration of 'hte8 chlssér gég}%?%r%(‘g%Or?e%_%\gggfgﬁggbg%‘fﬁ%f pa{rﬁchl%’gl es
of the preskrdrrianecmbndngushbiwmgof rstwldeat isgsteh andaheharbdul e in

the riser system . Fl 13.is_a schemati. -sectional view
of the ri s%rpr(b%;sﬁngrnpgﬁgc%‘g?ﬁ%do%f @reff%sﬁ'g%%%gi?ﬂé val ve nodul e
after installatjon; ,2QEl ' schemmt | r - [ Vi of
the riser systeﬂn%ca;'n %’t %oﬁéﬁ?ﬁ‘%f% ]%J%ﬁgv%tgag?';s?gﬁg a ?galnnoo%h%\gn
annul ars sealtamidee conftiberatsenr sffsd emser system aRfiGretiliods a

SR SRR LRARLaYL P I LR SksbamAnd rothod of Al

12, showi ng ar ’sea ins ation;

FIG 16 is a s inC sGI QSS: i Vi e f s rj st emand
met hod of FIG 1IZ," S Oov%n%ng ?ﬁggrgﬁg{'{%ornogo _\gg%gflﬁggla{ﬁ%%a(?ys%gm
modul e i n ihgectiiser sypseanyhivid BOYSIH582BDRATHUSRH0Y 1688 9Fvis terd &ind

FIG 17 is sccsie tiL .Crosss % nal . vi.ew_of tP’ | tem and
nmet hod of_rll‘? © f,%’ﬁw vlm%ﬁg%?ﬁlségg %‘g? art e pqrr'-[{)a G g %b?ﬁ%g&% after
lnstahhﬁtlon; FIG. 11 is a process and instrumentation diagram (P&ID)

of the riser system including the riser injection system of

FIG. 10;

FIG. 12 is a schematic cross-sectional view of another
alternate configuration of the riser system and method
15 embodying principles of the present invention, showing

installation of a valve module in the riser system;

FIG. 13 is a schematic cross-sectional view of the
riser system and method of FIG. 12, showing the valve module

after installation;

20 FIG. 14 is a schematic cross-sectional view of the
riser system and method of FIG. 12, showing installation of

an annular seal module in the riser system;

FIG. 15 is a schematic cross-sectional view of the
riser system and method of FIG. 12, showing the annular seal

25 module after installation;

FIG. 16 is a schematic cross-—-sectional view of the
riser system and method of FIG. 12, showing installation of

another annular seal module in the riser system;



FIG 18 is a schematic cross-sectional view of the 5 riser system and
method of FIG 12, showing installation of a riser testing nodule in
t he ri ser vay3wgns209 FIG 19 is a schematic cross- seCT/Uspen/o3s97¢w
of the riser systemand nmethod of FIG 12, showi ng a configuration of
the riser systemduring a riser pressure testing 10 procedure; FIG
20 is a schematic cross-sectional view of the riser system and net hod
of FIG 12, show ng conveyance of an annul ar seal nodule into the
riser system OlfFla;.dfli7| E_SSEY E8Bem#t {z cﬂﬂoéss-%c&gbﬁaﬁabtewfof the
cross-sectipnal view of the 15 riser_systema net hod of FIG 12,
showi ng Sk T AT AT AGE BPS <35 F T dh 15$8W11Pﬁet€‘?s%?m§fs’i &ificdn

a drill sthédte of Fre.Fh& a2lei SimsLlleswmildng cross-sectional view of
the riser systemand nethod of FIG 12, showing a configuration of

the riser systemalurigngsdeai bbhagabperatdmissec2@bh&l #23ewsof tSohemati c
cross-sectipnal view of the rjser system.and nethod of FI 12,

Chow ne 5 T1a8% TIShAge CBEnREERPerof TEkn Drofgoring Sasoallatiineot g,
FIG 24 i saarsehermddtd ngl evatilenini eie of i ddie shissef; system and
met hod of FIG 12, showi ng an external valve 25 manifold
configuration; r1G. 19 FksGa 2bhéfatis dusrE-isectionaiseieyonslthd ew of

the external valve nanifold confi ration, taken.along |lipe 25- 25 of
FG 24 SOOI 00RCTPRI80% ldur a2, Shonifs d oonPiadiiich

of the riser system during a riser pressure testing

10 procedure;

FIG. 20 is a schematic cross-sectional view of the
riser system and method of FIG. 12, showing conveyance of an

annular seal module into the riser system on a drill string;

FIG. 21 is a schematic cross-sectional view of the
15 riser system and method of FIG. 12, showing retrieval of an

annular seal module from the riser system on a drill string;

FIG. 22 is a schematlic cross-sectional view of the
riser system and method of FIG. 12, showing a configuration

of the riser system during drilling operations;

20 FIG. 23 is a schematic cross-sectional view of the
riser system and method of FIG. 12, showing a riser flange

connection, taken along line 23-23 of FIG. 18;

FIG. 24 is a schematic elevation view of the riser
system and method of FIG. 12, showing an external valve

25 manifold configuration;

FIG. 25 is a schematic cross-sectional view of the
external valve manifold configuration, taken along line 25-
25 of FIG. 24:



- 20 - FI GS. 26A-E are schematic el evation views of various
positions of elenents of the riser systemand nmethod of FIG 12; FIG

27 is an i @?élﬁ%ﬁw\/i ew of a riser section of the 5 riﬁ@fm%ﬁ(ﬁ@ﬁnd

nmet hod of showi ng an arrangenent of various |1nes, valves
and accunul ator external to the riser; FIG 28 is a

schematic cross-sectional view of an a%q ernate annul ar seal nodul e
for use in the riser system 10 and nethod of FIG 12; FIG 29

is a schematic ss-sectional view, of a.nethod whereby | ti.ple
annul ar seal mdddias 2y EbREEnSTATTACT] £ APl YRt R A et hod
of FIG 1Z%ositions of ElEmenOsisf atlsehengin gypaeh ahdymethod of FIG.

cross-sectJ[o_naI view 15 of a nethod whereby multiple nodul es may be
retrieved 147 the riser system and nmethod of FIG 12; FIG 31 is

a schematic partially cross-sectional view qof a_nethod ereb

Tar i oue qui oaEACd) BE PR ISP T R A capel, St o0
of Fl G5 12;i28F|(yst3th andamsthedudf Bl evat,i ghalvivgesn odrsaoidremt
alternate confiqurati.an of the riser,system.DETAlI LED DE | PTI.ON 251t
s To be. UBerUtonE dndeSy nitiuet SRS ARHEIEEE. SRCEFpr e te

i nvention gisefi bed herein may be utilized in various orientations,

such as inclined, inverted, horizontal, vertical, etc., and in
vari ous confi gumEd. @8s,iswat Bohémaepardtorg-foeamivhelprioei ef em of the

present 30 jnvention. The enbodi nent e descr.i b nerely as
el o5 P SOODSBIOLPE TP ORL OB SamAr o in BheFLELY &fatem
12;

10 and method of FIG.

FIG. 29 is a schematic cross-sectional view of a method
whereby multiple annular seal modules may be installed in

the riser system and method of FIG. 12;

FIG. 30 is a schematic partially cross-sectional view
15 of a method whereby multiple modules may be retrieved in the

riser system and method of FIG. 12;

FIG. 31 is a schematic partially cross-sectional view
of a method whereby various equipment may be installed using

the riser system and method of FIG. 12;

20 FIG. 32 is a schematic elevational view of another

alternate configuration of the riser system
DETAILED DESCRIPTION

25 It is to be understood that the various embodiments of
the present invention described herein may be utilized in
various orientations, such as inclined, inverted,
horizontal, vertical, etc., and in varicus configurations,
without departing from the principles of the present

30 invention. The embodiments are described merely as examples



- 21 - of useful applications of the principles of the invention,
which is not limted to any specific details of these enbodinents. In
t he fol | owmgposiesemi pti on of the representative 5 enboBcTrESM67/038978 he

i nvention, directional ternms, such as "above", "below', "upper",
"l ower", etc., are used for conveniencg in referring to the
acconpanyi ng drawi ngs. In general, "above", "upper", "upward" and

simlar terns refer to a direction toward an upper end of a marine
riser, andofOusdy]10Wpplikawebns oflovwwairi'nARdesi Bl het Shiv@ntRFIEr tO
a direction toward a [ower end of a narine riser. . In the

drawi ngs, BRFR nts mOtdd4Bitpei B matSRA H ok detrréspaft EPeFR mar ked
t hr oughout b Seegid.i cati on and drawings with the sane reference
nuneral s, respectively. The 15 drawing figures are not necessarily to

scal e. Oe_rtai n freatny %1QBwB_ﬁ§ H8YER] pOTLHITRYE %éﬂ@weﬁéﬁﬂﬂﬂ\% _Ed in
scale or in somewhat schematic form and_ sone details of conventional

el ements nBRPAHAMIESs REWHFIPN IRRRLE HeRr ¢S4 SSFE1OMAL| EHTRRd BYTEideness.

20The presegmboddWV e~ SUBEERY | bt P -enhadi.nerks eéedifderent
forms. Specific enbodinments are described in detail and are shown in
t he draw n‘@%‘,‘v%%q{lcﬁénuﬁ&é%lféﬁai 9 "E%ta‘-’tor%“l’&r“é@é‘ﬁt dgpeLrFBur & s

to be consgeese an Pl i Hupabton Alpd @I PHRCIRhe3a0f téhfs refer
invention, and is 25 not intended to |l'imt_the invention_to that
i |1 ustrat el ahdd HeasdriioBedonardi Ar FRPES Y B PuMPY1PRcEYRPEZedthat

the difd er epbidpachings of, vheyarhedh nBi S GliSGusednbBelaverayo he.
enpl oyed separately or in ani sui tabl e conbination to produce desired

resul ts. 3BRRSCEHEY! dfovaRyd RORAVEE M Perdnardden&deer - engage, "
"couple,” "attach" or any other termdescribing an interaction
bet ween el enent®? it irayaaqge t 8¢ Htthhdeagyiption that follows,

2008/ 058209P6T/ {SAMN UB3AT4er RRroud b A0ld Qpeo sdbheEbn| Ab@r act i on

bet ween the el enents and may al so include indirect interaction
bet ween t héraverghtsitdeddiei GeBS TRECTRRTD RIS Sct EFFREFESVRRENt i Bifed

above,19s MeLliRe Piifled @3kUhes ABdSharAG) &1 Sdage.degerhbed in
nore 5 detail belTow,” wll be readily apparént to those skilled in the

art upon réa@twees IRf 19 dRVREtderanre Y chITpIeFGIIeratad in scale
enbodi ment g aR0s e dnBaat 9t PErRCEQIPANE R +dHaW BYS.

conventional elements may not be shown in the interest of

clarity and conciseness.

20 The present invention is susceptible to embodiments of
different forms. Specific embodiments are described in
detail and are shown in the drawings, with the understanding
that the present disclosure is to be considered an
exemplification of the principles of the invention, and is

25 not intended to limit the invention to that illustrated and
described herein. It is to be fully reccgnized that the
different teachings of the embodiments discussed below may
be employed separately or in any suitable combination to

produce desired results.

30 Any use of any form of the terms “connect,” “engage,”
“couple,” “attach” or any other term describing an

interaction between elements is not meant to limit the



An of fshore universal riser system (OURS) 100 is 10 di scl osed which
is particularly well suited for drilling deepwater in the floor of

t he oceanw@'ﬁdagmz{s%at abl e tubulars. The riser system 190.H$B6R3074
uni versal riser section which may be interconnected near a top of a

riser string belowthe slip joint in gztsubsea riser system The 15

ri ser system 100 includes: a seal bor o take an inner riser string

(if present) with a vent for outer riser, a nipple to receive

pressure test adapters, an_inlet/outlet. tied into e rjser_.choke

P bes ki1 | TRt ol 3o, BPrpPhot a52iactian FRayReB Lhg S IEHn T ol o

Bl ow Qut Rifigyediiry Snadude safetyctemiorsctdun eetapehothprebawntzed

mud return wth a val x%(zl), .an _optional outl.et for r.iseci ver pressure
aalt 1

pr ot ect i ordeHHE 5 1B eREXAT 1 AP CEr TePRAPRR Cept?ta
vari elt ybofwéﬁg e tgRs, flalapﬁewf is&ml dzgsrradwﬁl iiRgisal deR@_(b 159d i;}‘n m{o&(dé&
a sea ore adapter. to allow a 5 utilities e tr rre
ol R orgateth Balash n ai L naoVFeaTh B AP hg) FHOSE ekl Srridn,
riser sectiipd dRclipdes rakldihfetnsupblIdwsialg ectagctboassa@ntbtion of
attachnments required for a riser section. Additionally the, riser

syst em 100tict MG s PBR PHrT ey Bh tREc AREPEPIRY K9

provi si on degwidyaaccepting instrunmentation for neasuring pressure,
tenperature and any other inputs or outputs, e.g., riser |evel
indicators; a lime(f)shoakl 0giPeessuri zas mitdes {DERBEX100| 5&r

section abgve or slip .joint; Energency. Shut. _Down. WO s
2008/ JdB208FEs ARSI iR 8 74P a- 3CU AU GRS Shrifrefle o bR d

val ve(s); adedyewat iig huwrdifeobi-ner t e Ng-deD udtiinyi tbeatapte control s;
an electric bundle line for inst rurrené@ti on or other electrical

requi r ementePUIR oSy TdPere Ry FES™ al &0 B Rs &PLEETPALt hESHd return

line 5 thatedsiGapatilcd aayb8endnterdbehdctdn musrorRtbpabkya riser
controlled. The riser system 100 may al so have a second redundant
return |inBt¥$n9 e RAYBH thAs SpaPt I8t R & TWIRCPOS ISRReRYEERT 1 e an

i nj ectipn syséen @il NeloudhBIudel PVErsdd S0 eld @axeOoHR! efhakth a
conposite pfgg}(égrfﬁén?if present) with a vent for outer riser, a
nipple to receive pressure test adapters, an inlet/outlet
tied into the riser choke line, kill line or booster line(s)
as required, one or more integral Blow Out Preventers as
20 safety devices, outlet(s) for pressurized mud return with a
valve(s), an optional cutlet for riser overpressure
protection, one or more seal bores with adapters that can
accept a variety of RCD designs, a provision for locking
said RCD(s) in place, a seal bore adapter to allow all RCD
25 utilities to be transferred from internal to external and
vice versa. Externally, the universal riser section includes
all the usual riser connections and attachments required for
a riser section. Additionally the riser system 100 includes
provision for mounting an accumulator(s), provision for
30 accepting instrumentation for measuring pressure,
temperature and any other inputs or outputs, e.g., riser
level indicators; a line(s) taking pressurized mud to the

next riser section above or slip joint; Emergency Shut Down



10 delivery system) for delivery of fluids may be included with an
inlet to allowinjection of a different density fluid into the riser
at any poiwd 2debsse®n t he subsea BOP and the top of thepci/gstnorokbi7g
allows the injection into the riser of Nitrogen or Aphrons (gl ass
spheres), or fluids of various 15 densjjies that will allow
hydrostatic variations to be applied to the well, when used in
conjunction with a surface or sub surface choke. There is

flexi bilityydfod i HdrifhrehsbeBbdPLd® NA vt )i;N aCAPLEAGT IO
conventional annular pressure control 20 equiprent, nultiple

adapt ed t oliRe ta%ina RCE Sthlihies card raontneds ispat ehechELothindld gh

pressure rigsed A%SUGHR RERAdakoRT bAGIHE Uddie 10Ul BT t&hdHiE A
3b, 3c, or 3e. Instead of the standard 21 inch riser syStem any
ot her sizeChPkIngEYsHpst avcahsal B squtast da fthe Byé yetwrn helng ser

25 system 190: afdllloacetlel 831 8¥5t &M A0 (IS GuReRg-tusiher bel ow),

whi ch can be placed at any depth”in the riser depending on
requi r enent@ntrolledy (Thf gagexndydee Shdiay wdseoherel angeet f or

MPD ( Managegs R @SSl @iy hiifg) i Wi Ldgbee .hiA%V%%rQyokh@héi Lt

system 100 systemw th the introduction of Nitrogen in to the riser
bel ow t he ROD: Wiis deisliirelde fhor inhechlepaxstem Sffothrhgdowy & ukayess

Cushi oni ng ETTacte or Thé o BB S00b Dob0BNET U207 08ab7 A ne g -
Ni trogéh idelheery sastem)wdbl delavenyi oy fioriglst may ber indbuddrbkeith
mani pulatign 1,0 Gonty %ﬁ%éﬁ%&@ﬂbﬁ%? aPrcﬁséférr%nfteglaH‘s’i{é{r dﬁ'ﬂfﬁ)ee”

denonstrated on nany obs“carried out on non-floatin ng

i nstal |l ationee theatrised rg ang pbhyt coptwesn fihel duvakesBOP amd eche
difficult cont : HR, Wi, t [“SQ ati.on. ;
floating d#??l%g&i@nsﬁ%]%llgt Eg%a%%/iékgsr 31294;? S\r/%l/atglé'ltn h%ggghtﬁe% has
a nore di reftNiffeasn or ApdrBEP Wikss epheresphasirc fdysdsnvhsvatidus

not p ib C a i e A h riser
syst e%%ioo%ig?%%t%%%%g%gﬁ E@&‘r’ll“ églégn}t&%%%ﬁb%{ S\%%%%EP% g%é‘? or
aut omat i cadpylivkd Hta righet weddm Bbeh ssed ace andivecthont withoh esutafare

acquisitio T i sgr.,system 100 allows Nitrified fluid
drilling t Ets?l?s St Jéo?leﬂ)%l'anced to the formation, inproved kick

pressure. duri ng el SoRtraibhveyarh LY S REe B0 LI wun

al l ows a safkeroniwtciict Wwithasonheneiosahoamhdrge presaoraatoptract i ce

when rnni ng, NG Hd S&lultiple RCDs, adapted to use with 13 3/8 high
pressure riser systems or other high pressure riser systems
based in principle on the outlines in FIGS. 3b, 3¢, or 3e.
Instead of the standard 21 inch riser system, any other size
of riser system can also be adapted for use with the riser

25 system 100 and/or injection system 200 (discussed further

below), which can be placed at any depth in the riser

depending on requirements.

A refined and more sensitive control method for MPD
(Managed Pressure Drilling) will be achieved by the riser
30 system 100 system with the introducticon of Nitrogen in to
the riser below the RCD. This will be for the purpose of
smoothing out surges created by the heave of the floating

drilling installation due to the cushioning effect of the



system and all functions remain for subsea BOP control, 20 energency
unlatch, fluid circulation, and well control. The riser system

100 i ncl udgs, ﬁ&hﬂgore protector sleeves and running tpe} ko074
requi red, enabling conversion froma standard riser section to ful

riser system 100 system use. 25The rigf system 100 al so may incl ude
the addition of lines on the existing Slip joint which can be done:
(1) permanently with additional |ines and gooseneck(s) on slip joint,

and holl o i pes far feeding throu ydrauliic.or electyical_hoses;
or () 1 onbErERTa, Yy HBB ke hotRalen i Mo el BfP A i iR
joint if acioepd aldrd pudmtdbwi toncentabl cdredidotans. hoW® pressure
2008/058209PCT/U859?%(08 974 - 25 - & A s%%;e Eﬁ diﬁclosed.f r
drilling oeeptlter Aoth&SPPoBPmers TR st &h &P’mj‘ of BPARTE T+
t ubul ars. Jit sorcansi-Sisatfingharil bhtg sksftabhlb@Gocas] thaechavingyst em
200. TQF two com nent% cag be. used toget her__ar indggendeg I 5The
ditdde t £

t .

i nj ectivon Y& § Lakes L™ ot end H38 EP%ﬁije
ri ser systemp beittg thgedhokbBusanep@latidn.a il a HabaMingnér R 5&ig Syst em
it will have connectors to suit th articul ar .connections for that
System PabERG GG R A1 POREDcAaT | STl LSO CHES RGPt ALhel TS

t hat arfa r@ﬂt@dtﬁcbﬂﬂbcftobnathbsslﬁpaeﬁﬁli Ft([jhdJ@ddH&pHaﬁiEI is?si:@;h nisd Sk il
a normal 21 inch rjiser systemthis wou e one_choke line a ne
kill |ine &gt aP?ﬁSrﬁb??ﬁnthSOB‘PﬁB?ét?i%ﬂbdgﬁ &hoken Y§harorh rtg*tﬂ ic

| i nes.1¢For r 8@t hefstarpa 0of, theethok&(H) .cah bd PoBteasiag based riser,
it would t¥ icall have no other,lifes 15 attache otgﬁr t han_t hose

Yl ?

particul ar PER/O8r hempFLeR L LY SRR feRRt Trom RREh ugface

system 100a8€tSr ot paRS1vedatsehac§erdiwibrduri ng normal drilling
operations. \Wen pressurized operations are required, conponents are

inserted into ithes i eguiteRd100 £DBME Nits iffuled Fuocdi @paliing The

et on of FA el uaed f or L1261 2yst el 400 fY, g rnufactyr ed [om 2

15 detection and control, and the ability to rotate pipe under

pressure during well control events.

This riser system 100 allows a safer installation as
there is no change in normal practice when running the riser
system and all functions remain for subsea BOP control,

20 emergency unlatch, fluid circulaticn, and well control.

The riser system 100 includes seal bore protector
sleeves and running tool(s) as required, enabling conversion
from a standard riser section to full riser system 100

system use.

25 The riser system 100 also may include the addition of
lines on the existing slip Jjoint which can be done: (1)
permanently with additional lines and gooseneck{s) on slip
joint, and hollow pipes for feeding through hydraulic or
electrical hoses; or (2) temporarily by strapping hoses and

30 bundles to the slip joint if acceptable for environmental

conditions.



Referring to FIG 9, this shows a detail ed schematic cross section of
an enbodi rent of a riser system 100. The 25 drawing is split along
the cent ew020&0809W th the | eft hand side (| hs) show PGI/USZ0¢7¢&EI74
configuration of internal conponents when in passive node, and the
right hand side (rhs) showi ng the typizal- configuration when in
active node. In the drawing, only nmajor conponents are shown with
details 30 |like seals, recesses, |atching nmechani sns, bearings not
being illustratredgysteasesdai arlssed efdheirdtiandar debypetéound e

typi cal we bore tallations.,and co en at c be WO.

2008/ 0582 335 bsaehais15g cSIBE G Hhrunare; op X at@istto.

Their exacét dﬁiealﬂls@ep@pdseﬁmodnearp:tarinjndtabnrrayutemt mm@r Sthee gisicpment

that is adapted for usen}Dntherlser steml% Aa ustrated in
PPEREEDH

FIG 9, tHETRUOSGESySEEMPEOBSPACTIRD 30 with end
connectors 31 and a r.otatabl e tubul , hown i n typical position
duri ng5the dri Iy engmﬂre(?gégg s F%mt&% eissasﬁbégrf%‘?cglon that
i1 lustratiDn wabdlees thet rieem ppstemibding nisedr. syebeneldD, ither 21
section 30, i ncl ude ,a conbi nati on of..c onent s or exanpl.e, .the
10 sborT ont N A AneG FigE anY ARG O Ko R BPPIBC T rars s de
section t]?pé)ﬁtiiidl&&h@@nh@ctmenél S6F Ssd epsteth. ffhrﬁhesmdsm ithevill
pur pose of_ raising e overa ressur ting of the riser system
D P b ot gty s uRUgT 0 i L P B L Ok b et S VS E
rating eof ﬁ&@oa Asils A0 slelcG opr BE B&H echd 5 1S tialilitngga 2n 54 Sndaifdl 21
casing riser 36 wll allow the riser_internally to_be rated to a

hi gher presRh 584 FySFePerteft "oRld e GRS FFof8ed1nendnT | R em

100 sectionine lds tay piigakhin Badeothdt gheikepnRosiee N1ahbngndorl | ow for
this option. 20The section_30 may al so include adapters Bl and B2 for
enabl i ng ph¥dEritelt ddesof FPﬁeaPPEIé‘Fr AP s P8t esBi Agr thel3 278

conponent schasi@ldbddwiised, i nst abhBd | ©fpiRNaraAhaes ﬁadoﬂi@ﬂbiﬁies
The section_30 may al so include adapters O, and 25 C3,

shootin
whi oh T ofi-Faaend | GHFHGR BBPR, BRoGE (PR PraUeHg, Foaiied fof &

riser system 100).

The riser system 100 acts as a passive riger section
during normal drilling operations. When pressurized
operations are required, components are inserted into it as

20 required to enable its full functionality. The section of
riser used for riser system 100 may be manufactured from a

thicker wall thickness of tube.

Referring to FIG. 9, this shows a detailed schematic

cross section of an embodiment of a riser system 100. The

25 drawing is split along the center line CL with the left hand
side (lhs) showing typical configuration of internal
components when in passive mode, and the right hand side
(rhs) showing the typical configuration when in active mode.
In the drawing, only major components are shown with details

30 1like seals, recesses, latching mechanisms, bearings not
being illustrated. These details are the standard type found

on typical wellbore installations and components that can be



conmponents and RCD (Rotating Control Devices). A typical riser system
100 wi Il have at | east one RCD device installed with a back-up system

for safet i uld be a second RCD, an annul ar BCP or
¥vo I(B!;,@ssﬁ@ gcfrg%%??grﬁggﬁ |

anot her device enabling 30 closure around the rotatabl

In the configuration shown in FIG 9, Zt;:Gvariety of devices are
illustrated to show the principle of the Triser system 100 WO

2008/ 058209PCT/ US2007/ 083974 - 27 - being universally adaptable. For

exanpl e, but not. .intended to be |imting, G, is a schepatjc, depigction
of “an anndiid BT ioen SageE ST atel, 10 D are et Brfietr febRL L yaEiidhno
It is al scopossd Paatiieuhayemanusadithdr BORq@aS phctevinet f D8 ddapted
insertion._C2 shows $ hemat i cal I%Ban ]goco'ii ve (requires external input

to seal) REYF dthfpeidti EngSE3°ERH VR ypi cal passive (mechanically

sealing all the ti, RCD, adaptatjon with dual seals, Th i ser
systemgloo has%é\i’g}:lés%ﬁfﬁ t n?#(ghaﬂ ety GIater f%i.\ includes
I/\E'nchi @lnialat:yisxfr teetdewi Geswﬁt?]Ben@rtdjlrﬁbcf&rsTbeselﬁﬂn@ ﬂﬁl&ﬁfaﬂeﬁt 33
ich allo co | tion.to the nul us .between the, | npner. and outer
fiser (if FHRTH etf) SAPHPeiPobYPEES AR PR EEARS BRI ERETh i nt o
the riser pebeysd herhsafl etpuleyi 82 isnsdmdveddm iChusevst £bn ddndvhicds i s
15 avail abl e for use as an energency vent |ine itr’heSUCh a systemis
Foquired TRYE LT BACH 8T GBE BESTReYTd Aot THP1BOCEER | 14 A ot

44 whi ch wohd thde 4 RenBanatibavspuidiiordaaly .alree brawpsed, ashan inl et
for equalization), outlet 45 which can be used to provide a redundant
flow ot | e¥75 At ShMeYetnssu8a Whi FFPREET e TeLeGn 281 4RI 37 MY ve

outl et/inl eis@ntsentilodt t6lbvhhebasied beo usrd rdsednsiyBten/ Dold ) ethisThe
particul ar, confi gﬁfat' on and use of these inlets_and outl ets depends

on the appts cEY o'e BITPERENBE er 2+ fi Mo PVFFEdduPECHFTF ¢ | FREINY O

outlets 44tpade Aer @yisdeRebUSRE 49edi Vior WMot 1e6dHNdANE n Okl thet ihe | N
the case of ,nmud-cap drilling, outlet, 44 would be ysed as an inlet

tied into BHEHAIHTRP 893t BAVEnd bating o AR00 @Shevaskina sPEERIE up

inlet ifpr gnseLONhPWTBI BYsSYBERMadi Ay PHiGRlr BEOKAUR SENSFBLAL FiSer
illTustrated in FIG 11, which will be described |later. 30The details
for the de¥fe¥anally ﬁ'é’\/vbﬁi vehetotal ¢ Rfa Fugheegr PEREEREE aRYFHRF of t he

typi cal fusspémnait toh @het BEsih§eissyst®B WQerTRostbiciosysdOm 00
is designed to allow.insertion of itens as required, i.e., the
cl ear ances%hl}l } giwpically have a higher pressure rating to allow for

this opticn.

20 The section 30 may also include adapters Bl and B2 for
enabling pressure tests of the riser and pressure testing
the components installed during installation, operation and

trouble shooting.

The section 30 may alsc include adapters Cl, C2, and
25 C3, which allow insertion of BOP (Blow Out Preventer)
components and RCD (Rotating Control Devices). A typical
riser system 100 will have at least one RCD device installed
with a back-up system for safety. This could be a second
RCD, an annular BOP, a Ram BOP, or ancther device enabling
30 closure around the rotatable tubular 32. In the
configuration shown in FIG. 9, a variety of devices are

illustrated to show the principle of the riser system 100



WO 2008/ 058209PCT/ US2007/ 083974 - 28 - access to the | owernost
adapter to insert itens as required, with increases in clearance from
bott om t o W@pN08/058209 Device A is the inner riser adapt ePCHOSRINHIZIITS
specified according to the provider of the inner riser 5 system On
the lhs (left hand side) item 34 is +he7 adapter that would be part of
the riser system 100. This would have typically a seal bore and a

| atch recess. A protector sleeve 35 would usually be in place to
preserve theiseainiateaaalDy bHeptiisld s imgu &@m@l&i,dﬁhtth@ziﬂﬂﬂfndécﬁer
is shown 10 install.ed. Wien the inner riser, 36 is run, this sleeve 35
woul d be rEFRA Y e tat thi g TR HE [GRRaEtiPRert 387 | FRTHAL
adapt er 34pow tdhduie dsatamh iandgseanl paee it FiseTheyexaat 10®s aid iand
operation degends on .t he sggggi er of the inner riser assenbly. Once

i nst al | ed, 2t92 BMifePLE S&r pPRvIREElar U 8§ RoH8UFES ef i nati ng

the pressuigsaeidies¢20khbhie oghefatiserlsest ieride. (Foguiteer system
100 may be manufactured to a higher pressure rating so that it could

enabl e t heS¥tFINYr R4S &0 FRESSUREP ARG IAR 6Pdt fid PRNEF 3 ser
system Ancppid#l phydiveP(BvtHefié QLB | 0 1IMRY AN REe20i0é) thep
annul us between inner riser 36 and outer riser 30. Devi ces Bl
and B2 ar 2P (B JY43pt 8831SNormal Iy in conventi onal

operations the riser, i s never pr@isure tested. All 1eressure tests

take place in tT SU5EEa SEERCL: 48R N3RS EAdu LG tEpEP st iTee 1l

pressure tesé¢ o5 b reMeiedadityhes fehd ddwiRlesSyst e ahdieti-c3.
installation to ensure integri t?% For. thj s“gsgessure,test, adapter B2

i s requir etS#F cHGIL9 48 PRIRI pHOYSS comEugdseripri b Hs e

for pressusgntBsd maaRicer tBe. ifherras@rostest amsbeo (hRCk HEES1 By,
adapt er 38,foryt he purpose of accepting a 30 pressure test adapter
r

39. This ptetRudtIedt *Qa¥prel adLaAVF FrRPHLEICAFEOOf 1Rhe FRRi FASRT
cl earance pepbt ratk BYHRG 1RO i BEESRLFATZRE OREIAAL T @RS lett aCaphhen is

P;gb:Eé%élggg%ﬂ%iggégghhgg ggfggeegégggﬁgééﬁgRPQEBgt&gngugﬁea system
is required for a particular use of the riser system 100,
outlet/inlet 44 which would be the main flow outlet (can
also be used as an inlet for equalization), outlet 45 which
can be used to provide a redundant flow outlet/inlet, outlet

20 54 which can be used as an alternative outlet/inlet and
outlet 61 which can be used as an inlet/outlet. The
particular configuration and use of these inlets and ocutlets
depends on the application. For example, in managed pressure
drilling, outlets 44 and 45 could be used to give two

25 redundant outlets. In the case of mud-cap drilling, outlet
44 would be used as an inlet tied into one pumping system
and outlet 45 would be used as a back-up inlet for a second
pumping system. A typical hook~up schematic is illustrated
in FIG. 11, which will be described later.

30 The details for the devices are now given to allow a
fuller understanding of the typical functionality of the
riser system 100. The riser system 100 is designed to allow

insertion of items as reguired, i.e., the clearances allow



WO 2008/ 058209PCT/ 1JS2007/ 083974 - 29 - test is required, an adapter
39a is attached to a tubular 32 and set in the adapter 39 as

illustrat bishiyges hs of FIG 9. The adapter 39a will Pcﬂﬁ%ﬁnmssm
positively to accept pressure tests from above and bel ow. e same

description is 5 applicable for device EPZ which is installed at the
very top of the riser system 100, i.e above the outlet 61. Wth B2,
the whole riser and riser system 100 can be pressure tested to a

t est b b d t M
overal | pr &SNS TLEPS SONERIBOEAUTIF SN CoBse 16ouabtequRtired.

pressure testls Wddedssisaliny clisardeyéd CErdh Hdaftdfretbr espure testing the
integrity of the systemafter maintenance on RCDs. Device d 1is
a safety devi cendwhiate @arisbehel !Dﬁﬁdr ar Danel atda@tre@t anhabheytidul ar 32,

for exanple but_not bein 15 to r BOP 42,.a ram BOP
adapt ed forPpas %Jaed% 6%161' E]B‘f' aﬁ”ilo‘f F%gnlBB?vaélﬁfb devi ce
| i ke t gt dﬁ@tm.edan RHE2 lhEthdEt’l k&nd s Ry b_e:emnsmahbedhe n&@aptadﬂ y
li ke C2 and C3 or can b tegral part of t ser

nsGept ot otth Hd ¢ edh, 33 HI PSRl abfes Thig v S an
annul ar BCRypdddmnt aaldeaih®odet ahdisa MWierh naicdsd .Usepastehenn Hede
| hs, the seal ele a.rel axed state 43a. en required, it

i
can be act?vaf®H rﬁf%@y EalPaPOeRe ThPUASTHVEr t88 582 L ndtRe okt he

rhs with repsesent@igit 43bd Eodepathé Clhdr apRlerCaki BASwnE. . ,
under bjsoeanced f{ ow. 25 drilli ng wher e, h%;f;lr ocarbons are.introduced into
g8vt ckss

the ri Es e Hiko 1§ pe U nmayihE FReRWR IRY to

provide a ﬁ@@idh@émeerroved to @cybﬁelézcﬁmmt it¢@l liyndepkcssr a¥6 in
active RCD.. An adapter_ 46 is part_of the riser. system 100_to allow 30

i nstal | ati bR cFd3RFSdaift é’ﬁtl??tﬁﬁt hateR andsady TeERRNART P4t cHhe

systens thatadt edstesigned bperkBeonadépentdAloRERbeURG 1 HELoF NLRAIE
ri ser system 100. Both 46 and 47 have ports to allaow the typical

supply of HYRPAUFited IAREEPldquired $optalfed, the inner riser
2008/ 0BB209P6H1 462 A HNARA7 donddde - el heiober] it phecaBuastivex Iy A

seal protector and hydraulic port isolation and seal protector sleeve
48 are nor fhl P8 i M ATade ShFe FeERECRCE Y veTICT 5RY SYSGEM heP drdedPas

shown on thgnhfgetihan dhe usenet phssaetd venB3Ed 20 ikhab i@%'cbﬂif‘ci’

t he seal protector sleeve 48 is %Ied out with a running tool
attached t®neREe ridiatianile OtruBGFéiLaézer% r@?&&%}éy Bhej snner

instal | ed ags&PoLQN.t h& ro'@l%lee\ By df aubit Sy RERPLLS aMaBY AbAi Bdring
provi des conmuni cation fromthe
20  of the annulus between inner riser 36 and outer riser 30.

Devices Bl and B2 are pressure test adapters. Normally
in conventional operations the riser is never pressure
tested. All pressure tests take place in the subsea BOP
stack. For pressurized operatiocons, a pressure test is

25 required of the full riser system after installation to
ensure ilntegrity. For this pressure test, adapter B2 is
required which is the same in principle as the description
here for pressure test adapter Bl. The riser system 100
includes an adapter 38 for the purpose of accepting a

30 pressure test adapter 39. This pressure test adapter 39
allows passage of the maximum clearance required during the
pressurized operations. It can be pre-installed or installed

before pressurized operations are required. When a pressure



hydraulic supply (not shown) to the RCD. Schematically, tw 10
hydraulic conduits are shown on the rhs. Conduit 52 supplies

hydraul i c W Yiodis9eeener gi ze the active el ement 49 and pygidehis
conduit 53 typlgca?? y supplies oil (or other lubricating ?’I %‘M 3974

bearing. A third conduit may be preseny (not shown) which all ovvs
recircul ation of the 15 bearing fluid. Ebependl ng on the particul ar
type of active RCD, nore or fevver hydraul i c condwts may be required
for other nctions . Bres catlon an r Iatchl n
functions. { wice usl&%gr’ra cq 1?%Irepl C ssaaﬁtécgg é RO s blgltar? 2
t wo passi vene| sstenirs t519: aﬂdpﬁ@rasmess cn]rﬁrmﬁr;at@siedn Bheadaptet L. S
instal |l ed

he r tem 0., It O.SSI ble to nake ada
t hat prot e%t CIE}I‘ﬂee Cie‘z“aﬁ i ng urVa%Q Jt‘)?/‘ﬂf)013’rc’es’l Aricar %ﬁsa‘éﬁaﬂ %?%%urf
case for ateassiisonheddvieegutr bajlomo Thé |ddnecsiessatiptiequise
utilities for. bearing 25 lubric ol.ing) no.seal pro ector
ol eeve S o FRRLTTAS ot ded bachl i ftuld P radB 58 ab' PAS Vi tomy
di rectly iafothderiadaptsgrstbn asoshbm.pmhrdﬁ& wihish ol @egeal | Ngith B2,
el enents 59 an cant i nuo in contact th the tubular 32. Thjs
Sehormt ;¢ TRe TR ber eat s anbeSTRST el Soni BEC P RESREe rE
for the ROEbS@ HSesﬁﬂl’ tprefsstulre Rsaranﬁlmcgueaitecﬂﬂdﬁ?egl pﬁéﬁﬁuﬂy ddm.
running to The ri ser stem 100 ma ude. ot her |te
T achad tonde)ine el pHERRaTs  Con e, ML ES B EP A8V iqe 52
2008/ OB209ie8e 00 prRB839 74 tedds-wiDl fwddlejy mrs@t dblratbonl agdit wd-y
once installed in the r.iser. These ot herqét%s i ncl.ude
i nst r unent BFFoHEhd SAHNSs t&?t BRI t BEESPM AFERE 33, 40,
41, 44, A5pabdtedncelhesacase described in conjunction with FIG 11 5

bel ow. To enable full functionality of these outlet utilities and of
t he devices i nstatied q(1A,isBh, sBEetﬁ defise @hat Banr beeelsysd eamrciiA

activi 11 eothh THE SRS Wyeieh 160 M DRIFFeLu AEabPERR PHERYD

the fligativg an annular BOP 42, a ram BOP adapted for passage through

t he

the rotary table, or an active RCD device like that depicted
in C2. The device Cl can be installed internally like C2 and
C3 or it can be an integral part of the riser system 100 as
depicted in FIG. 9. Item 42 is a schematic representation of

20 an annular BOP without all the details. When not in use as
shown on the lhs, the seal element is in a relaxed state
43a. When reguired, it can be activated and will seal around
the tubular 32 as shown on the rhs with representation 43b.
For particular applicaticns, e.g., underbalanced flow

25 drilling where hydrocarbons are introduced intoc the riser
under pressure, two devices of type Cl may be installed to

provide a dual barrier.

Device C2 schematically depicts an active RCD. An
adapter 46 is part of the riser system 100 to allow
30 installation of an adapter 47 with the required seal and
latch systems that are designed for the particular RCD being
used in the riser system 100. Both 46 and 47 have ports to
allow the typical supply of hydraulic fluids required for



10 drilling installation. The riser system 100 includes another
control system 55 that provides for control of hydraulic functions of
the vari oys, dgybes® and an accumul at or package 56 t hat p@Fg¥bemsd7he
reserve pressure for all the hydraulic utilities. Oher
control/utility/supply boxes nmay be added 15 as necessary to mnim ze

t he nunber of connections required back to surface. Referring to
FIG 11, this shows the typical flow path through the riser system
100 and inj ectlon stem200 |II| f|UI 11l he

rot at abl e }tﬁ)Lﬁ ar 28fe§f1tla% é"rﬁ%raugnSLBgi\‘Q@%‘gP CEen t he

fluid i s ahydpeulrie: @fordr nbblaglcﬁﬂa uamti &mhlcmbrtegsorhalee‘se rég wmne ng
in the annulus etween.the rotatable t ubuI thedllled ol
The fl ow %ﬁé’ué’ﬂfages gg%a% %l nsggl 8d™a dllflsh ﬂ of as

pr ogr essesshdwm drhe:hrel d@k.sWhengtidd. us',léhe:ﬂ I‘tjh@C'ab@ﬁlVQSRS]yS5@rﬂE‘200 can

inject variable d ty fl diptotthl return f.l ow. ghgflowﬁ‘:g_1
conti nles BRIUTH t 3 EFaErPF? HGEPT TPV AGsPRAREI VAT abi i 2
density fluighimy redicedthyhtletd ntle@trmm)babem:uﬁﬁmanpi%z herhérs ethe

into the riser system.1Q0. .Ther esthro h t esf V. ces
d, @, an¥sy” ?:y%acg)ng’]oprlﬁcéﬁﬁg f?}\?‘g %) 10| fi‘ %rao“i‘ the
devi ces I Saddpset ma@itfloaty 41 pSOQDcﬁlé’te(}icﬁdndrﬁ_cﬁt&aheEyoﬂevh@e 104 t hat
allows for essure relief back othefl i

2008/ 0582 S50 GrPBaT0 Ot 3Bovn] kg dih ﬁr&%n ﬁLSﬂaﬁl?%‘/ﬁé’ QEEWO
Thi s 5130; Etlyydiﬂldl icie Xhdmysbara sabei yo:fcI edHeefrheal rozlenaﬁl@t ners@ppnﬁ;i e
system for i eving pr.essure. Deyic , G2, a C3 are copnecte

i bugh ¢ TSt HREE RE Ene PRYE S S Tlaer T 31 e abg 450
respecti vehydiesx:n_ccezmizfdalllteBsct;yplaaxi:r}atdd;;pm@st thL wst 61%18194 t hat

al so i ncludes accunul at.or,s. has an el ectric i

hydraul i PiinelGar e & 1 Dot FBat PeRr 91 17 AT SPARRRLT ofeY e
concept, tprossge it hewdi)f {781 8At a L0owHNMRGICRNStiSnSHAI tRe so the
foll OWI ng description for
bearing fluid. Depending on the particular type of active
RCD, more or fewer hydraulic conduits may be required for
other functions, e.g., pressure indication and/or latching

functions.

Device C3 schematically depicts a passive RCD 58 with

20 two passive elements 59 and 60 as is commonly used. An
adapter 57 is installed in the riser system 100. It is
possible to make adapters that protect the sealing surface
by bore variations and in such a case for a passive head
requiring no utilities (some require utilities for bearing

25 lubrication/cooling) no seal protector sleeve is required.
In this case the passive RCD 58 can be installed directly
into the adapter 57 as shown on rhs with the sealing
elements 59 and 60 continuously in contact with the tubular
32. This schematic installation also assumes that the

30 latching mechanism for the RCD 58 is part of the RCD and

activated/deactivated by the running tool(s).

The riser system 100 may alsoc include other items

attached to it to make it a complete package that requires



itens 40, 111, 112, 113, 114, and 119 is the sane as for: 44, 118,
117, 115, 116 and 119; and for 45, 124, 123, 122, 121 and 120; as
wel | as fovo Zdg/03B3, 132, 133, 134 and 120. How many oPCT/hge7/@seqrs of
connections and valves are 15 installed is dependent on the planned
operation, nunber of devices (O, C2, 3nd-C3) installed, and the
degree of flexibility required. A simlar set of itens can be
connected to outlet 61 if required. Taking outlet/inlet 40 as a

typi cal exgophe-tert R&s2812B0V6n | 4S5t B 1SLIchceAAnkRSL IEAEN @CRAPt er or
sensor 111 which can neasure. any required data, %¥Bicallg, ressure

and t enper&t¥f%, Thesg CXBREJIEENE HRAY i HE FI9Smigstr BreRE F1w

then goes {ar@ughdthiched B8 ¥had auehodd Ndmysisens}l2of hat, is, 45,
hydraulically or otherwi se controlled, then thrqugh 25 two

hydraul i calty TontTEsCedraroesr 128d oy ORI UsCtiRAcHiER TEastlbne is

fail Pkpseﬂelaﬁmfﬂd<éﬂd%@@ Eh@m Eﬁﬁ%%ibﬁhlﬂtﬁidfetﬁﬁséa§ﬁt1@che
floating drilling installation.. Flow can also be initiated in reverse

down this Frhblte®es ende@di 8. daVEres | Histaldedidd i BlprBéi delr €2/

connect ed ¢9) otid elilddd @ystam 30FeNsOTuddsl L£ABnFRBILL 8 sPam B
(such as pressure and/or tenperature, etc.) in the interior of the

ri ser sectfoRtBdlizassellsthpngoBitefring Gtistitisg oo6thaest$$hed WO
2008/ 058209F4H4VS20 Gr28 341¢1e§3a‘d5)t% oMn @ tBergangl sa+ BP 42

or the valve nodul e 202 described bel ow (see FIGS. 12 & 13). Sensors
118, 1% c@Rlhod drsiadantiers TRACHLWRT FYeEdsl é CAndretudespiiaithnt,

etc.) in thgntflerdy el sENenhtSprovfidd b3 rbh S8k Rydt&hg: 84 or
206 between the annul ar BOP 42 or val ve nodul e 202 and the active RCD

50 or annuf@rcians mfdiibe Y2ripyes@eYiRRP KEIhWn Seeuppbstoy prriage

Sensor 1315 gap MDNARF RA’ *ABL BLSek S4CH- S W LFIH 818NEAO hydraylic
tenperature, etc.) in the interior of the riser section 30 or riser

10 string 8albitiwe Kiheeeronkeodlet Vbl RO BIPler beraal BrY seal addrfll e
220 ang ! Ngs PASH S B P RiRinAPDBULRL SEfelMIIBnaEe: ORSCEAGR T ea
17) used

bel ow, see FIGS. 16 . Further or different sensors may
to nonit orbagkore BHdese-transnit data

Referring to FIG. 11, this shows the typical flow path
through the riser system 100 and injection system 200.
Drilling fluid 81 flows down the rotatable tubular 32,

20 exiting at the drilling bit 82. Then the fluid is a mixture
of drilling fluid and cuttings that is returning in the
annulus between the rotatable tubular and the drilled hole.
The flow passes through a subsea BOP 83 if installed and
then progresses into the riser string 84. The injection

25 system 200 can inject variable density fluid into this
return flow. The flow 85 continues as a mixture of drilling
fluid, cuttings, and variable density fluid introduced by
the injection system 200 up the riser into the riser system
100. There it passes through the safety devices Cl1, C2, and

30 C3 and proceeds into the slip joint 91 if none of the

devices is closed.

Outlet 41 is connected to a safety device 104 that

allows for pressure relief back to the floating drilling



i ndi cative of any conbination of paraneters, as desired. 15As
depicted, FIG 11 is a typical process and instrunentation diagram

and can b%vd%?,fﬁs%&t ed as such, neaning any variation PET/{IéﬁWOSS%’
patterns as required can be obtained by openi ng and cl 0sS1ng o{ Val ves

in accordance with the required operatjon of the devices C, C2, and
C3 which 20 can be cl osed or opened | ept, for exanple, the passive
RCD 58 depicted in FIG 9, which is normally always cl osed).

The contro|_ syst.e 55 descrj bed above are depictedq in fu er detai
norr o et chERhh Tief Mo s Sy tenter of 0L yarb e
119, 120, 30amsy leqdeedvaubsear 25tiext eyyidlavie thetehSesr Skdl gy iy
or 206 and centralize electrical and hydraulic connections to the

subsea val®R&ETHF 114, 115, 116, 121, 122, 133, 134, so that fewer

el ectrical and h draulig Iiges are_ needed to the s %face. .
Control system 98¢ Conmn&ér e o”21F& [FENECHEI188TIBI RN HYr aul i ¢
suppl y 9 i nendifrfdifalc @anteblli pgdacsemt i 30e ,ofandal’ves rédgecdidd1d iy al16

and chokes 112, 117. Control system 119 al so receives data signals
from senscretal SLASETORAYSEON] bE ITRer BES66T dRovhat aLec
Control sighdlsddy eBdufflsubkacertayadenimdlidphrexedings shead ectric
line 186, and data signals fromthe sensors 111, 118 may al so be

mul ti pl exéW SRS PPcPRFhetagele IFLRtdng: 21 ingsed for return

flow of drihdé4mgddiwinds 12 duhbagt fritd idihgd en tabokerid7enmy be used
to regul ate back pressure.in_the riser string 84 for pmanaged pressure
drillidfy tPMETHEN d5dEIMELET cBRSERMEDL WBING FPFEF YPYEPY i Hef

downhol e pressdire (fiar ,exanpl e132 boi | aidlie PrigssHeesahetiie i |
bit depicted in FIG__6B). The choke 10 117 may be autonatlcally
control | ed*%i a t%ve Iddnt MdPrsydfedpd 119; and for 45, 124, 123, 122,

121 and 120; as well as for 54, 131, 132, 133, 134 and 120.

How many of these sets of connections and valves are
15 installed is dependent on the planned operation, number of
devices (Cl, C2, and C3) installed, and the degree of
flexibility required. A similar set of items can be

connected to outlet 61 if required.

Taking outlet/inlet 40 as a typical example of the

20 above listed sets, an instrument adapter or sensor 111 which
can measure any required data, typically pressure and
temperature, is attached to the line from outlet 40. The
flow then goes through this line via a choking system 112
that is hydraulically or otherwise controlled, then through

25 two hydraulically controlled valves 113 and 114 of which at
least one is fail closed. The flow can then continue up line
88 back to the floating drilling installation. Flow can also
be initiated in reverse down this line 88 if required. A

similar line 194 is provided connected to ocutlet/inlet 45.

30 Sensor 111 can monitor parameters (such as pressure
and/or temperature, etc.) in the interior of the riser

section 30, riser string 84 or riser string 206 (described



119 in conjunction with a surface control system 18 (see FIG 10),
for exanple, to enable automatic control of the choke w thout need

for hunanvhghﬁéygﬂ%lon (al t hough human intervention My e ﬁ%b

for, if desire 5Control system 120 is connected to éelectric |ne

192 and hydraulic supply line 93 for ggytrolllng actuation of val ves

121, 122, 133, 134 and chokes 123, 132:” Control system 120 al so

recei ves data signals fron1sensors 124, 131. Control signals fromthe

Si'gnals [ THo RedRorberafnulds Hb &Y enifirs 8ablor Che

el ectric |deecdiBbd below I(fseéUFt@$ 42 or 13 . s sesedrkorig ety ddrow
of drillin fIU|ds durlng dril t hen choke 3 or 132 nﬁy be used

to regul at®® r?n(?H% r?%é?r%ﬁﬁqﬁﬁ;@§ PEr RSy

pressure dstdl | rngq tﬂherﬁlnlﬂaﬁhﬂraoﬂeﬁihé eldls:egn%te@r&tloar 3gebeciivety
varyi ng downhol e pressure (for exa a bottaomhol e Eaessure at the

driil bit ¥eptRd &t i9F FP& PBBYSHh %r&ﬂéﬁllf"& BOF $320Rmyabee module

automati cappy Lanture laed ivearthesoost rodnslest @@alZaoaﬁléomwnctl on
with a surface control _30 systen1%not shown far exanﬁﬁ} ?to enabl e
e

aut omati c ESRRFOIPSS Belovensre BEfhout? Heed or SRARAR ¥ention

(al though hshBror HalanRitleran (Ba¥hbes PSR Aad 01/ of tdRpefire, WO
2008/ 058209PCT/ 1J52007/.083974 - 35 - Contral s stem 304 is

connect ed B el ekt (5He 15kEragTaRl WRIratist SSFHIPP PPner obley
contraold i ngeepes afd Ut et BetGeBh! The PASISI RO RCD383, 0303nnd s Couy T Ol

pods 301, 302, 303 include val ves, actuators, accunul ators, sensors

for 5 act UBPFRLE A%t 7 tBEi R ésﬁbﬁ?a¥¢Qn§QﬁoﬁIﬂ?nyéﬁFoﬁ§aﬁtﬁﬁﬁ¥%ﬁ 222

(e.g., annva@éc%dl%el@eﬁl “eeRER:S0, 1passiMe RERr28erval Vel fpsd s
202 and/ or annul ar seal nodul es 222, 224, 226) which may be_installed

in the risePRaREY iRy 3@ @ﬁeﬂ|§8rm§P%F%@ g e 206/ CT0BARYNERLE HEata

subsea conih@lcsysie®E bhY céi%gméeﬂoﬁa@f henFRiesed by aBaS.@f a
subsea renotely operated vehicle 320 (see FIG 30). Thus, in the

event of failurgs Jmifdmet, enc.updating ofpiequigerest Laa
mai nt enance of any of the control systens 119, 120, 304, this can be
acconp||Shéastrumentatlon diagram and can be interpreted as such,
meaning any variation of flow patterns as required can be
obtained by opening and closing of valves in accordance with
the required operation of the devices Cl1l, C2, and C3 which
20 can be closed or opened {except, for example, the passive

RCD 58 depicted in FIG. 9, which is normally always closed).

The control systems 55 described above are depicted in
further detail in FIG. 11 as control systems 119, 120, 304.
These control systems 119, 120, 304 are located subsea
25 external to the riser string 84 or 206 and centralize
electrical and hydraulic connections to the subsea valves
113, 114, 115, 116, 121, 122, 133, 134, so that fewer

electrical and hydraulic lines are needed to the surface.

Control system 119 is connected to electric line 186
30 and hydraulic supply line 87 for controlling actuation of
valves 113, 114, 115, 116 and checkes 112, 117. Control

system 119 also receives data signals from sensors 111, 118.



15 without need for disturbing the riser string 84 or 206.
Vari able density fluid is injected down conduit 11 to the injection

syst em 20Qy@bfds/biaggedet ai | ed description for this operapgfisodriossors
described nore fully below. The injection system 200 consists of a

riser section 20 (usually a shorter segtion called a pup) which has
an inlet, and a conposite hose system or other suitable delivery
mechanismto allow injection of different density fI ui ds into the

[ te ub h
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of fluid i h}%cirect;ormnmc'rtdpecwmh a ader froteh cdowroflheydteml 18t (sewg and
into the I thr h. the.injectio st ection
system 200 Lt e 19 RarHBRE T aEe oReb T A TREr conimal i dhe g
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bundl e and hydraulic supply line 93 for controlling actuation of
valves 121, 122, 133, 134 and chokes 123, 132. Control
system 120 also receives data signals from sensors 124, 131.
Control signals from the surface may be multiplexed on the
20 electric line 192, and data signals from the sensors 124,

131 may also be multiplexed on the electric line 192.

If outlet 45 or 54 is used for return flow of drilling
fluids during drilling, then choke 123 or 132 may be used to
regulate back pressure in the riser string 84 for managed

25 pressure drilling to maintain a desired constant or
selectively varying downhole pressure (for example, a
bottomhole pressure at the drill bit depicted in FIG. 6B).
The choke 123 or 132 may be automatically controlled via the
control system 120 in conjunction with a surface control

30 system (not shown), for example, to enable automatic control
of the choke without need for human intervention (although

human intervention may be provided for, if desired).



20 line supplying hydraulic fluid, hydraulic pressure and control
signals to the valve, and choke systens may al so be included on the

i nj ection vyssenksds0. The injection system 200 may be bappghoinisdd¥ oOn
a hydraulic system a hydraulic and electric bundle |line for
instrunentation or other electrical cogdrol requirenments, or a full
MUX (Mul tiplex) system A choking systemmay al so be inserted in the
fluid injection conduit (shown) that is renotely and automatically
control ed. Control s%bﬁeﬁoﬁeﬁé'éghéecﬂga‘ﬁa g&%c@?ig i%ﬁ§r8§n§hd
of the 30 sane dOESIgI’l as the riser systemwth thée sane en

connect i onbydBawkia mapplyed inpsPenfos eontyddiisigobpenetion eof i tte

system 200 1S rlser cti 1. hncl i,d

S hos 1058308 T TLdisE) 5387, 382, 7305 nj BES, Aol poll 201, 302, 303
conmuni cat Ponlude thel vassi detohtohs, raseumsledtdrsn sen$hrs fonnection 2
can be d so t I N flui hydr aul i cal

act uat eéd v%?%‘g%t%{ago arglr%;1 %E)%fl f&“t(8 % éhgwgé‘%%}v rnau%l clic)ﬁaec%(%g? %?% %é%ltlneas 4b.
The 5 injeCeion, raxtreilcan 80P é3nt potied BN Iy pessivbaBeDcoHdt radlve
system 19 r r r te per at.ed
choke 4. MEUEER AL ARRGR ABHAERL S0EL MORERSY D B0 oL LSy
be i ncl udeday nbe hengledilgrt inThbecohsker t s¢akisup @0y orheisay estyimg fd4i d
from surfa&g %)Gthe injection 10 system 200 is shown as a spool abl e
conposite ¢onduit 11, which can be easily clanped to the riser or
subse OP gui [ i f [ I he re,i | ace) .
Corrpog% e pi pedlgIL rbsef;g'oel r?\g%tg’?/gt gﬁls%g%fs‘iﬂg%%ngsgqﬁ%’t %%aFi %%?s‘gaanr Cbe)
Cor por at i oneplzcaxilityallesinfsopft hi subped | catetorly Dperdbedompbsele 320
conduit 11 Ls suppli on pool a reel, 12, _Th onposi te condui t
11 can be &%’é‘?l y c'utﬁgn’d ggihl%éc?%rgﬂ%f Tt eogf ifr?-lsiu%ﬁ’olﬁia% oAt ng
drilling inpdatimtian fegruitremeneatior adaleigidncelld aper ati tige

hydraulic fluid for_ the actuat 4 nd_4b of subsea contral yal ves
5 and 35 SIS AT d 1ohoRe0 14 8En HE A RGYR oo RCORBET hTREY | on
syst em200withacc umddtians disandbibg tlespeidarwaltyinghey oean2 be.

i ndi vi dual , independent accunul ator systens or one comon supply
system with el eddrimhle censicy ¥ahiésiasisimplddedown aoMIXisysl et

The fluid %Qet{ﬁﬁég%§g3“§§% %% éoolgnésthe detailed description for

this operation is described more fully below.

The injection system 200 consists of a riser section
20 (usually a shorter section called a pup) which has an inlet,
and a composite hose system, or other suitable delivery
mechanism to allow injection of different density fluids
into the riser at any point between the subsea BOP and the

top of the riser system 100.

25 The injection system 200 can be used independently of
or in conjunction with the riser system 100 on any floating
drilling installation to enable density variations in the
riser. In managed pressure or underbalanced drilling
operations, the injection system 200 may be used to inject a

30 fluid composition 150 into the riser string 84 which has
less density than the drilling fluid 81 returned from the

wellbore during drilling.



25 supplied and mai ntai ned through hydraulic supply lines 9 from
hydraulic hose reel 10 supplied with hydraulic fluid froma surface
hydraul i cysy/Rladyssaed surface control system 18. As di spessedoARME,
the surface control system 18 nay al so be used to control operation
of subsea control systens 30 119, 120,,304, although additional or
separate surface control systen(s) may be used for this purpose, if
desired, aydraulic fluid for the valve actuators 4e and4 from

t he accunul at or_,5 i.s .supplie e 7 A ic .
0051086200 pC R0 (7REER9h “Er S EER D DABLE BRE HACEUILE (8 che
suppl i ed thismglothes&lhidt oohyds atdorc IGokiacladiklyecfon- dwatmeld,i c
control valve 6a for actuators. 4a and 4b all ows cl osing.and, opening
of val ves SaSHP 38 g UEG S P LRCT 1SS SRRATESP £ oRF ShF i OF
suppl i ed byabhi®ledansd tiesewROchandi El ecilroor hydraskbticondridtivalsyvecbb
al l ows clasin nd eni of .t he hydraul jc choke 14 simlarly

Suppl 1 €0 b3 GRS SPg i PPt StTACE S, Sm He IBRSERPT it
convent i onahr fdd ldmgubpenafaoascholhe. vl iessc3dbea andvdbusle, dhesed
and the injection system 2 acts like a standard sectjon of riser.
Uhen var | abTEoHE) B B58r A0PoRS AreoRGH FIFORRT: PP o8/ VAR 3a
and 3b ar ecuiieiad dayulldy beabppl i 6@ndd | mairct & riekiuitd abbpwshdreon 150
including, e.g.,. Nitrogen_is.injected by the surface ste 9

e ough SESHEHols 10 BEE HE A He LA £ Frenehe PGS rPRge A nl et
connecto ondensifie gfmatf uddn ihgec 088 | cdhddirtfedti®ns watacBosly Sd@m ke
and/ or by the downhol e choke 14 as requjred. One of the hydraulic
cont Lol yalUEL: RN EnS s EE HAE A THEH UGN AnTRGET Ha® |
pressure igysosh 400t he hydraulic 20 supply line it will close, thus
al ways ensuring the integrity of the riser system Simlarly, when a
return to converid Qnglecepehatiye86mi 300 egttigrathl 1l und1hag€Cchi Dneties
stopped and the val ves 3a and 3b aéﬁ? cl osei_ld. he ighect(iio syst.em 200
may i ncl udeSU%s 5499 PAPEF HANS 52 RY @RS sard ahgt et at'die
sensors 2lgedtitsn I MRIdieqwnkedyC OBRE Cin Patst iaf s56seanB0goingl ides
central contro] pox 142€%see_Fl G 11% to transm:t tﬁgse to surface.
The val vesPTISKH £ ORUREIES AByPHEYBHE A EE )by SRYUF Aal PEOBISLOR

el ectric sigpadcadit Inl 39S rriflehbat Wbh hedhendRelrihg pkebyudd, acoustic

signal or other system enabli ng Lermte control from surface.
temperature, and any other inputs or outputs. Emergency shut

down system({s) remote operated valve(s), a hydraulic bundle
20 line supplying hydraulic fluid, hydraulic pressure and
control signals to the valve, and choke systems may alsc be

included on the injection system 200.

The injection system 200 may be based solely on a
hydraulic system, a hydraulic and electric bundle line for
25 dinstrumentation or other electrical control requirements, or
a full MUX (Multiplex) system. A choking system may alsc be
inserted in the fluid injection conduit (shown) that is

remotely and automatically controlled.

A riser section 1, which may be a riser pup, of the
30 same design as the riser system with the same end
connections 16 as the riser system is the basis of the

injection system 200. This risexr section 1 includes a fluid



WO 2008/ 058209PCTMb2007/ 083974 - 39 - In FIG 11 the variable
density fluid conposition 150 is injected down the conduit IIlr

t hrough a non-return valve 8, two hydraulic renote controlled

val ves. 33 and 3b then through a renote controlled choke 14 into inlet
2. Sensors 5 21 allow the nmeasurenment of desired data which is then
routed to the GohiiRisSystem 142 which consists of acgggkhﬁﬁﬁbﬁ,
controls which receives input/output signals fromline é

hydraulic fluid fromline 9. An @xanpl e use and operatlng
procedure are described 10 here for a typical floating drilling
installation to illustrate an exanple nethod of use of the system
The riser systémergdomidopngretionn? geith Jrompricaséen itonthd inpsda ofhr ough
the rotary tabkge REset estnad 1exm&dbmebhﬂmnorém{ HEBXd IR OB bRr a
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drilling, the rlse temXT I njection system 200
with all oft% héY%“)?E“e? I ScHPRIBNERtS SPﬁ%taaF? EPPIHiES PeRidy Elrem 100
and injection systenm20@ whéilypelametiatd ete wiishr sealsubseeae BPP Ot ect or

sl eeves 35, 48.j1hdhkace a@dware%swt% ;ﬁ%bgdarlaeftgéﬁ 3@ i0s8ptdon into
riser. During conyentional drilling operation inlet and outlet

val ves wi || beCRTRS&EE Md°Ldih SPﬁ ”lgs@’rgtg’i}%taé’nf’i@)uﬁﬁdby fP8ct i on
system 200 wi | Fiotpras dropaedtioW(x2008110582 0BRCTHIISAPDYIBRIQTYA4 The 40 -

5 composite condult 11 is supplied on a spoolable reel 12. The

1t

composite gonduit 11 can bs easily ocut and connectors 13
fitted in-situ on the fleoating drilling installation for the
reguired length. The operating hydraulic £luid for the
actuators 4a and 4b of subsea control valves 3a and 3b and

20 hydraulic choke 14 can be stored on the injection system 200
in accwmilators 53 and 15, respectively. They can be
individual, independent accumulator systems or one common
supply system with electronic control valves as supplied in
a MUX system. The f£luid to the accumulators 5, 15 is _

25 supplied and maintained through hydraulic supply lines 9
from hydraulic hose reel 10 supplied with hydraulic fluid
from a surface hydraulic supply and surface control system
18, 2as discussed above, the surface control system 18 may
also be used to control operation of subsea control systems

30 119, 120, 304, although additlonal or separate surface
control system(s) may be used for this purpose, if desired.

Hydraulic fluid for the valve actuators 4a and'4b from
the accumulatoy 5 is supplied through hose 7 and hydraulic



riser pup joints. The riser system 100 will be prepared with the
correct seal bore adapters for the RCD systemto be used. Wen
pressuri zed operations are required, the injection 5 system 200 is
prepared and run as part of the riser inserted at the point required.
The necessary connections for control lines 9, 20 are run, as well as

the flexible cqopdyi , for injecting fluids of vari Lty in
the fluid corrp(bl)déhgg%n 150. The cables and lines ar g&g Zg? Zﬁa‘}to

the, 10 riser or to the BOP guidelines t§ present. Valves eid 'and 3b
are cl osed. The riser system 100 is prepared with the necessary
val ves and controls as shown in FIG 11. Al]. the valves are closed.

The hoses and |ilwad %o sorwmetred 3% iveswpdaey thmougbShbsighte back to

the floating drigabbiiGicl 888 hal im9Betro-hyaRubEe WohtrdleviLiRe kB ARl e
with a BOP testac%glagt eraa'é%% %gsatllgda% er. | sas(ﬁt int hgf svté?.geea

vel | head and t h€ ARRUI ar SO GSRY PN T hEPRI g %I LR 180. A
pressure test iz BePypery GEnetPatsledls 6LyRORkIIng preEssaranPpiies by

annul ar BOP £3 2Qctitid hend i29eans ¥sbetholAfiras1 iheBnopanesiandst he
pressure test Satlrllogg c,!l%sgﬁl%llagg o%"é}xin:% foft &eé ?9&?&%&?%0&2@%& ans that
can hold pressuré fromabove, a sinpler test string can be run
setting a test Pidaily adrpied Pr3gopirolheldpsefroBy i ¢arady ¢ FI G
9). 25When the zd.ser system 100 is required for use, an adapter 39
will be run in the lower nipple 31 of the riser system 100 to provide
a pressure test nippengjearvapticpel atllding ReeFaPT&s the a41N8S Stri ng
in the wel | bgadas03t hat sulseqaenthpregstriont eattendonatty aque re a

trip to subsea 3Q,BCE se¥>ﬁ&09§/£§§29%@/\%§2% Q833 €4 operdtions
The seal bore protector sleeve 48 tfor the RCD adapter 02 may be
pul | ed out. The¥Fe RBIREEF 5T &R BeCSet"HeTI® Etﬂ‘flcgb FEE, CPHERSD 50 i s
functi on test eduydfhel icotatiaklicatdibufbwid3onpesitien t3h inpliing, Wit h
the 5 pressure test adaphel 398 {Rket e Ehs L SR 8/B:EA018INrbudhe
15 the hose reel 12 down the conduit 11 into the riser inlet
connection 2. The rate can be centrolled at the surfacg
system 19 and/or by the downhole choke 14 as required. One
of the hydraulic control wvalves 3k is set up as a fail-safe
valve, meaning that if pressure is lost in the hydraulic
20 supply line it will c¢lose, thus always ensuring the
integrity of the riser system. Similarly, when a return to
conventional operations is required, fluid injection is

stopped and the valves 3a and 3b are closed.

The injection system 200 may include, as illustrated in
25 FIG. 11, pressure and temperature sensors 21, plus the
required connections and systems goling to a central control
box 142 (see PIG, 11} to transmit these to surface. The
valves3ﬁ, 3b and choke 14 may be operated by hydraulic or
electric signal and lines 9, 20 zun with the reel 10 or by
30 acoustic signal or other system enabling remote control Ixom

surface.



adapter 39a is set in adapter 39 (already prepared as part of a
previ ous step). The ROD 50 is then closed and, for active systens
only, fluid is circulated through the riser system 100 using, e.g.,
outlet 44. The outlet 44 is then 10 closed and the riser is pressure
tested. Once pressure tested, the pressure is bled off and the seal
el ement on th is released. The test assenbly | 'l ed
out of the ri g%%}'}og &m 100. A sinilar nethod may be li:%fr?%%ag@sesgﬁto set
anot her ROD 58 in section 03. 15The driggl ing assenbly is then run in
hole and circulation at the drilling depth is established. The punps
are then stopped. Once stopped, the RCD 50 seal elenment is installed
(only if needed fornttig.pat tineurariabypaiepéitRODBuidandrdsetRODIBD i s
activat edt (f Og_igcj:[nij\égtﬁeﬁ’ %E@rﬂﬁzhg ru:é(f)]_)iuia_ Ihq » 26 ugh ;&th@reﬂérbrlo&a%\hﬁ g
ri ser system is 2N _opened. rcu ion is then e i.shed an
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al ternativel y, thtmgbhokerae conbediiled theke g butd éplgy 2.| fengoghange
hn _dgnsi ty iss _rz@qaﬂlggdcﬂenm'é&@réin&w okldasdrTqZE_yeA V@idR is kSewpened. A
ui d conpositio i.nc i.ng, i t : trogen is
circul ated at fﬁ%e e& r'eg cr’%{}dué:olgn?‘%g%%p%%n‘f%yvg%gggg? %fl ish a
cushi on for daspemiAgtqiceseereodpiibéeh JepelipgulthurdCappiteti €8 t hat
Ni trogen i s onlgyoranigxaphkes nydraindct faiicoftear 1sid tabl e flui ds may be
used. For exanple, a fluid conposition 150 contai ning.:conpressible
agents (e.g., solid® e¥mplei e AROSReTHIRAPIPar{EE SFYMeFPER® Iy with
WO 2008/ 058209R&H4 US200D #8307 410aiidg- dfinessti i egtalAytben itaj ected into
the riser at an . 0] i i i anpi ng.
Drilling is  hakt e il éﬁmpl%h%@éét%%u%%\séhg%wts? lrsné‘aF“fI'ca 3f and
depi ct ed schenati cahkyrigtrFifscebbifokiTOmparinsSas & aobhel ceavient oDnal

5 systemof FIG, @tbﬁb%ﬁ%ﬂw&éﬁ g%géiﬁ%m%qgnygg e;gée&igg G 111 ng

operation using thi s n C e 1 ntroduction of Ntrogen
under pressur e "PFRE PHETBE P FOdr £ 12% ARPT FUFY YOS OF 3o ng up
the riser. {Bhi Sntsesachi @vadeine thefqunesentbyerdgsesiadrédn i fivehingon by

the 1011 nj ecti oy eyshe/a ANl iRsank ALLAC etk RLBE SRl osaB bR RasT |y

run as part of any of the systens depicted in EI C? .3a-g.

for 18-3/4 inch BOP stack systems and be designed ta the

same specification mechanically and pressure capability as

the heaviest wall section riser in use for that system. An

20 injection system 200 will be run in the lower part of the
riser with spoolable composite pipe (FIBERSPAR(TM), a
commercially available composite pipe, is suitable for this

application).

In noxrmal drilling operations with, e.g., a plan to

25 proceed to managed pressure drilling, the riser system 100
and injection system 200 will be run with all of the
external components installed. The riser system 100 and
injection system 200 will be installed with seal bore
protector sleeves 35, 48 in place and pressure tested hefore

30 inseriion into riser. Duriang canyentional drilling operation
the inlet and outlet valves will be c¢losed and both the
riser system 100 and injection system 200 will act as normal



Vari ations of the above nmethod with the riser system 100 and
injection system 200 will enable a variety of 15 drilling
permutations that require pressurized riser operations, such as but
not limted to dual density or dual gradient drilling; nanaged
pressure drilling (both under and overbal anced mud wei ghts);
under bal anced gpbjphbspgo Wi th flow fromthe formation ipta.d, sao7A
wel | bore; nud-cap érllllng 20 i.e., injection drilling wt

little return of fluids; and constant_hgttom hole pressure drllllng
usi ng systens that al | ow continuous circul ation. The riser system
100/ injection system 200 enabl es the use of DAPC (dynam c annul ar
pressure contr giyemmp SECURE. (Frassioeal esdem dvill vi¥gye 25:es9radebthand
techni ques. ThenéiGekresy e sLRQ/ ddtpeeid GBr Syhet 'eD 206cadl g6 ®Nnabl es
the use of preggukized riser systens with surface BOP systems run
bel ow the water Iine. The riser system 100/injection system 200 can

al so be used to enaks phesRIS(sReptinLanrd |r$§1li:.3:%)ﬁ$t’@f3 injH@ion
ability to I{It 99.98%@2&9 1.'!' }#%%%Qd%%dargaaggeyar%go tlﬂ!edri@elrl i se(:t%ﬂ

first tine give'a nmecha enoving or-very nuch re dumr;g
pressure spi ke$t( &tk Q@—%&eg’%ﬁ?}i %é@%?a%é‘?@%lﬂ%afﬁn@ F*4 1ing
instal |l ations. 1Thes m©i, SBY &St 490/lD] £CcthorElsysiienc2hit WD, for

2008/ 058209PCT/;\/ f@@:‘lﬁéoﬁ%ﬁ E 4,§¥laé,%ga&a§§§a % he lfgg the interior

of any of the ri stens aIIowsthe

pl acenent of t WP@P?ﬁlﬁé"%tl58nyTtﬁoF?’hleﬁe%’Weéhmf%§x% L?rtFa'E‘éedaﬁﬂ 6t t om of
the riser. ihe ribeenrsystewm 480 gahiblingedti preseyst oml2€03& amddbused

S without a SBQR. 4iuggsubstantially reducing costs and enabling the

technol ogy shown in FIG 3g. The riser systemdepicted in FIG 3g

al so illustrates novengiddresysyeacttonssyshernd @0t acha ieqgherzypoi nt in

the riser. As dgsgdd Bed ahe¥sis taQestwﬁefn %§f§t%‘ 190, and aa@b@é:tawn 10
system 200 may be 1 ntercaonnected in an ot herwi se conventional riser

string. The ri scePs%%/sFE‘?nthG?Prﬁdecﬂeéna’s%@%?ﬁ“fﬁé B GGFREETH Fhans
for pressurixzi gotdhe hark e rlneséﬂ-o@tﬁ;ngt@rMXanﬁpﬂéssmre capability
and easily allows variation of the fluid density in thﬁariser. The

injection 15 syst el 280" Hc PRISS 57 ACd& Y i5ap? (B8P nteshi £APR5PEVIT on for
injecting a fl uedtimbptehesrsserinwiieh suls&wlaawmevalanéstheThenwliager

system 100 i nclﬂ@ﬁ@@a asréﬁ%redpgp th@'ﬂtsew éﬁtéﬂ fopnex prrb§@£rea@l@e;?ct g5, a
pressure test ni

out
diverting the EQ fﬁ%\f/mérﬁ% E?p’fﬁs&" ‘%km? ﬁrgﬁgéﬁrebo'?nees n&aﬁc%dgp f ng
RCDs. The e#by idethwerigenfsybien d60tis then lopared ionfl édei pressupe jTebnt

(inj ecltl on sKstséemzz@Q)s p@u@assxm bed.trA sBiRadRirS heetrahk &hal:Ocan

mani pul ate t he Sit n t e riser to r

operati ng press"’ﬁ’?g %ﬁu?ensfj?l SR hezi'bF’Pm irh%es%o\rllwée Fsgﬁ?%naxﬁlg ed
setting a test plug in adapter B2 on the r;ser system 100
(see PIG. 8).

23 When the riser system 100 is required for use, an
adapter 39 will be zrun in the lower nipple Bl of the riser
system 100 to provide a pressure test nipple similar to that
of the smallest casing string in the wellhead so that
subsequent pressure tests do not require a trip to subsea

30 BOP.



25 pressure drilling, dual density drilling or dual gradient

drilling, and underbal anced drilling. Referring additionally
now to FIGS. 12-31, an alternate configuration of the riser system
100 is schematically and representatively illustrated. The riser

system 100 of FIGS. 30 12-31 includes many el enents which are simlar

in many respegfssdsBshiaose described above, or which akemsddzetsmat i ves
to the el enments descri bed above. WO 2008/ 058209PCT/ US2007/ 083974 -
44 - In FIGS. 12 & 13, install atdiam of a valve nodule 202 in a
riser string 206 is representatively illustrated. FIG 12 depicts the
val ve nodul e 202 bei ng conveyed and Qp05| tioned in a val ve nodul e

housi ng 280 of the™if S8R AFPNRFSEBECRRITE oFF & *o1 3 e PR P val ve
nodul e 202 af ter majr tea pubien osec thed tardree &0 echmnbe hiat ttheldhobsieng

280. The ha %gg re805] 5.5SHOWR 1 8S Retag a separate conponent of
the riser strlng 2 but i n other enbodi ments the housing could be

integrated with othes xepdidiechousiingsi2Z68, thbd 282in284e 806 the
(descri bed pel %)ssﬁémege%&&& Sjgg' W £ho A188: GQBELS U.L(E)Tol Q:Elﬁf t}:}ehe

ri ser section own 1 n

erlseéystrlr% coul d
correspond to THELRF st éfreieﬁgi%zfdiaﬂ“‘iﬁégp?a&cﬁi Bhobd &?%r?gﬁ?[' ation
di agram of Fl Gf klprdhevhoisiplg BROREY 6¥i tedhan [deakd orpd248exf or 15

appropriately 9&%&' &FH«:@HS theyV a%l%@arﬁmehﬁcﬁ%ea n,-hw@gﬁ k86l rigkfi NQ
206. In this exanp t he,  housi ng nal _l at ch

t
profile 262 an%V%e?eci;ﬁo 15‘8?%‘3'3?8gf’01°u§3eec ??h& Sn‘ﬂ’ g 46{16'5 W&V al ve
modul e 20210n theedi aet tieriimgr 206 prgereatessedopdare 2OEsiEe| udes an
anchoring devi gg208 an Wed dbu-adi Al ¥a Qiﬂew@dcﬂltye exkenstalnleat | @t el

nmenbers 254 for_en t he praof Ie 3 r._se n
in thesseal bote 35% 1‘%&%%?‘8 e &uf EIgbriS’ gg%lh%fl Iéﬁleg % QLI ?
after the nmenbehe rasdr ywechddf . e&tsémﬁait# Tﬂﬁ’ﬂ@deﬁﬁhé‘én%?ﬂipl\ﬁf?% tE’he

profile 262, apg t-he:s8aksp 3 iaracseahicigly 25 engaged with the seal
bore 328. O her configurations of the valve nodul e 202 can be

used, if desired. Poep dxddpie asasndgpiettagnimnFiaholgarg
circulation at the drilling depth is established. The pumps

are then stopped. Once stopped, the RCD 350 seal element is
installed {only if needed for the particular type of RCD},
and the RCD 50 is activated (for active systems only). The

20 mud outlet 44 on the riser system 100 is then opened,
pirculation is then established and backpressure is set with
an automated surface choke system or, alternatively, the
choke fIT connected to the outlet 44, If a change in density
is regquired in the riser f£luid,

25 valve 33, 15 _
opened. A fluid composition 150, ircliuding, but not limited
to, Witrogen Ls circulated at the desired rate into returﬁ
flow to establish a cushion for damgening pressure spikes.
It should be appreciated that Nitrbéen is only an example,

30 and that other suitable fluids may be used. For example, a
fluigd composition 150 containing compressible agents (e.g.,

solids or f£luids whose volume varies significantly with



31, the latch nenbers 254 could instead be displaced by neans of
actuators 278 positioned external to the riser 30 string 206, in
order to swbowbhisedoy engage the |atch nenbers with an extresineds3o74
profile 270 formed on the val ve nodul e 202. Qperation of the
actuators 278 could be controlled by_tse - WO

20081058209PCT/ US2007/ 083974 - 45 - subsea control systens 119, 304,
control pod 301 and/or surface control system 18 descri bed above.
The val ve 0 c e verpt §nf

hrough a FTow ads ey 58 PeEctadriing Tt 8% Rn o Bbin
string 206Ln farapspite egovade| Eeis 19amp iy - hd lJdnge 1fpEhee pepumed.
includes a ball valve which is operated by neans of a hydraulic
control |ine 3hadvstes iy sbavecied % t3He MWGuseRgch8d, but ot her

types of V%H&nm%amys% Fschgpseds a&tﬁ@aﬁ%l oHego %ggeegﬁ@e&@ﬁrﬁéled
10 val ves, etc.) may used, if desired. Operation of the valve

nmodul e 520251(431@#1“ é?(far’fﬁJGe 680 Bp‘éﬁpb?ajelm’s%fec%@@m@@)ﬂlﬂﬁytb‘éor the
control | edypy; { ify YRR i6ANLEQh SYSLE M AhaRA o0k HO0be POge 301,
and/ or the surface control system 18 descri bed above. 15A variety of
oper at i onsimeyOHE et Gfndd tupBehzRpdey Heragguwre Apdel 8heoopetys:
exanpl e tfe; VAIN® (A ¢1202 HRYR 4R, b RS $4EErL O2hiyald OUS
portions o e riser string 206, to pressure test the annul ar seal
nmodul es 22achpeved Ipe t@@e@@ﬁﬁ@éﬁlbe@ﬁrﬁ)ﬂh@ fiagienitianebpr 88 ur e
contr in Bod gaMnger 0 n ressure
drill ?ﬂng (sﬁ%%& d%%:t%é‘ﬁ%n I F&E%?ta%48 c@n%g?g%gt rgh%sggﬁg?% 22),
or during easihy |2 G slartomfl eny opf eths mmen%@eegeéeﬁl & Bugs-
Referring g V\%to FIGS. 14 & 15, an annul ar seal nodule 25 224 is

v

representati Ty i I | ustrated being installed in a housing 284 in the
riser string 208,44 @ #th&hsb%@%@éhé@%l@%@r?c%ér' §y§€érﬁ'9
conveyed into t Jhou5| ng 284, and in FIG 15, the annu seal

modul e is depi @m@dllaifet@ldlﬂaﬁwﬁgebeéﬂo setlf exhadrl@ sexpsdedtdfn the
housi ngs 38!‘1‘% %ﬁé#ﬂn&%ﬁ%@‘éﬂﬁé %242‘1 'Eﬁges%%‘hz% apReppriately

pOSI tl oni ng t sea
operations, such as but not llmlted to dual density or dual

gradient drilling; managed pressure drilling (both under and
overbalanced mud weights); underbalanced drilling with flow
from the formation into the wellbore; mud-cap drilling,

20 i.e., injection drilling with no or little return of fluids;
and constant bottom hole pressure drilling using systems
that allow continuous circulation. The riser system 100/
injecticn system 200 enables the use of DAPC (dynamic
annular pressure control)} and SECURE (mass balance drilling)

25 systems and techniques. The riser system 100/injection
system 200 also enables the use of pressurized riser systems
with surface BOP systems run below the water line. The riser
system 100/injection system 200 can also be used to enable
the DORS (deep ocean riser system). The ability to introduce

30 Nitrogen as a dampening fluid will for the first time give a
mechanism for removing or very much reducing the pressure
spikes (surge and swab) caused by heave on floating drilling

installations. The riser system 100/injection system 200



riser string 206. In this exanple, the housing 284 includes WO

2008/ 058209PCT/ US2007/ 083974 - 46 - an internal latch profile 266 and
a seal bome 3B&o0f8009 securing and seal ing the annul ar seet/usaonises7224
in the riser string 206. The housing 284 nmay be a separate conponent
of the riser string 206, or it may he 4mntegrally 5 forned with any

ot her housing(s), section(s) or portion(s) of the riser string. The
annul ar seal nodul e 224 includes an anchoring device 250 with

radi al |y osiawued v exihendabbethat chederdiersy 29§ ber tRE0ANESY s ems
profile 266, and seals 352 for sealin ﬁ_lo in the seal bore 33 The
3

annul ar seStPHIAH TGS dep¥ cad PG Ehes PAREERER RO frebiet & 158

have been gxtgndeghiint @e%agageeﬁ@tsw:fabé hedPelkicbf 466cnansk ddie,
seal s 352 are sealingly &gae with the seal bore 332. O her

conf i gur at Tmsrisier FSEARULAD Sedl LRiRRINODEYSEaN 280 peahde, used
desired FpltEXATR S$podS @ﬁﬁ'scé@ﬂstéhﬁ. fy%%d&c%g bBeed akgh menbers

258 coul d |nstead be dISp aced nmeans of actuators 278 positioned
ext ernal tenapeing dhe §1e|‘3rhﬁ@1293 S]F%W%rjd'érﬂt@o S6l-eEhpvELSL B REE™ he

| at ch menbggs; Widd @D radt., 9@6313196Oili@sgﬂa&é‘s%ﬁ%@hngnthéelﬁ #dp seal
20 nodul e 224. Operation of "the actuators 278 could be controll ed by

t he subseaSYefrnt A0k st amhigber 3painhdiedie glisgdd 302, and/ or
surface control system 18 descri bed above. The annul ar seal nodul e
224 sel ecti vel YPHetafiardbeddappEgente fIiRar HYSWwerh 80 gAndnlaiffl an

space 1328 LQL®E 200 may be interconnected into an otherwise

conventional riser string. The riser system 100/injection
system 200 provides a means for pressurizing the marine
rigser to its maximum pressure capability and easily allows
variation of the fluid density in the riser. The injection

15 system 200 includes a riser pup joint with provision for
injecting a fluid into the riser with isolation valves. The
riser system 100 includes a riser pup Jjoint with an inner
riser adapter, a pressure test nipple, a safety device,
outlets with valves for diverting the mud flow and nipples

20 with seal bores for accepting RCDs. The easy delivery of
fluids to the lower injection pup joint (injection system
200) is described. A method is detailed to manipulate the
density in the riser to provide a wide range of operating
pressures and densities enabling the concepts of managed

25 pressure drilling, dual density drilling or dual gradient

drilling, and underbalanced drilling.

Referring additicnally now to FIGS. 12-31, an alternate
configuration of the riser system 100 is schematically and
representatively illustrated. The riser system 100 of FIGS.

30 12-31 includes many elements which are similar in many
respects to those described above, or which are alternatives

to the elements described above.



25 radially between the riser string 206 and a tubular string 212
positioned in the flow passage 204 (see FIG 22). As depicted in

FI GS. 14 &doeshfageeannul ar seal nodul e 224 includes a pegusdobyossors
ext endabl e seal 218 which is operated in response to pressure applied
to a hydraulic control line 318 30 extggnally connected to the
housi ng 284. The annul ar seal nodul e 224 al so includes a bearing
assenbly 324 which permts the seal 218 to rotate with the WO

2008/ 058209PCT/J520@:8/ 0839¢41 3, 4Znstammul% %ffr bngaiég wogm & %zseﬁl

i s engaged with the tubular strlng and the tubular string 1s rotated
wi thin thea fToppasddgs 204 eguéﬁpﬂa%semﬁlﬂglar ALERagraped at i) 12

The bearing, Re 324 veSmBURPL | £6h Wdihd WYHEaRk é{iég ﬁ%\srﬁ[é ydLant

supply line 322 externally connected to the housing rlcant
return i n@l:ﬂ%fé(ls@emldglezspuﬁayg be8 Gigafd  thief l"dé@ifr gtring Moviate f or

circul af | gﬁ?é’f % %?s ttBeaGQ FEom i beaar 'a'%%egsiﬁnﬂéy %@e“h The

annul ar is an a ternative for e used in
pl ace of, $¢ﬁ#¥ﬁﬁ|&ﬂ§ RED15d wathin bk dvird.ng03éPat i on of t he annul ar
seal nDduIe 224 (for exanple, to extend or retract the seal 218) may
be control | ed Fhardwysialy A8 sabskere o rhﬂlngyglt €/P3DAtaneomrInas

pod 302, ang/of tﬁeseau t2G84C90E ! ObusSYS) %?s%hﬁsﬁtétl@{@
15Referr|ng nom/to FIGS. "16°& 17, an annu sea e 222 is

representah¢ﬂ@ﬂ%g|QQQkﬁlhﬁtédtberﬁgedrmnthIQﬁbarnm@dhéashﬁgSEnHE|2683he

e 0 Gl b SR, e 13510 e

conveyed into” the 'housing . . e annul ar sea
modul e i s elepsioruatizm afft dhehaibey veeigedd edowndneBLed- Wi thid t he

housing: E}EEJ“@%?l % 28¢ BBQY?q&érfb%ﬁgﬁ%g%%ntéézrigér string 84

approprlate y positionin he annul ar sea ul'e the riser
string 206in|he Proomesneind, inhbrawestaglagiagsleondes ERGE ntkr nal

| atch profile 266 and a seal bore 330 for 25 securing and sealing the
annul ar seal nothg¢ 2@ nign 26Reprpyedesta i inpaden PHE Fousing 282 may

be a é# c%&{f?aodéﬁﬁl o i kB8n eEhétJ 2021 Q" 2bb FRYLDE

i ntegra % W t ny otﬁe ousi ng(s q%f sectlon?s) or porﬁ%%ﬁﬁs)

of the r|3§trgmq|2Qﬁ In this example, the housing 280 includes an
internal latch profile 262 and a seal bore 328 for securing

and sealing the valve module 202 in the riser string 206.

The valve module 202 includes an anchoring device 208
20 with radially outwardly extendable latch members 254 for
engaging the profile 262, and seals 344 for sealing in the
seal bore 328. The valve module 202 is depicted in FIG. 13
after the members 254 have been extended .into engagement
with the profile 262, and the seals 344 are sealingly
25 engaged with the seal bore 328.

Other configurations of the valve module 202 can be
used, if desired. For example, as depicted in FIGS. 30 &
31, the latch members 254 could instead be displaced by
means of actuators 278 positioned external to the riser
30 string 206, in order to selectively engage the latch members
with an external profile 270 formed on the valve module 202.

Operation of the actuators 278 could be controlled by the



30The annul ar seal nodul e 222 includes an anchoring device 248 with
radially outwardly extendable |atch nenbers 256 for engaging the
profil e 2660 2msosss®al s 354 for sealing WO PCT/US2007/083974
2008/ 058209PCT/ US2007/ 083974 - 48 - in the seal bore 330. The annul ar
seal nodule 222 is depicted in FIG 17mfter the nmenbers 256 have
been extended i nto engagenent with the profile 266, and the seals 354
are sealingly engaged with the seal bore 330. 5CQther configurations

of the annghidesaddntFRAuLes224sCcang besw,e%oﬂtfrodegbaegm Fora xanpl e,
as depicted in FIGS. 30_& 31, the |atch nmenbers 256 could instead be

di spl aced BYEFREMSBIEIRd: GIFEPR DY eipwaiiheshedosgternal to the riser

string 206, in grder to selectively engage the |atch nenbers 10 with
an external profid @272 FeAHRE 6Pt FRLGFINYISHY PEEMIABJARE REgyvents

Operation pfuideriasi 4ateugh248:cow! sadon LOnto0lehedelY160g: subSea 1y

control_ system 120, 304 and control god 303, and/or surface control
syst em518 BREQYGIhddeaBdver ThEIRANIer Jenidapigiied 2D0FEEH ectd viellB .

permts anghdSrdrnayefanill dod Lhevadds ool tiheaaRBul AL cBPES opddted
formed radially between the riser string 206 and the tubul ar 'string

212 positi BREBFINE 1He & hyRrpadsagec) dedaer 336 gajperngligpicted in

FIGS. 16 &:dinedtit®s aR4hdl n883king0slth & KA2 diheldesek! gxi Pheyseal s
216 which are for sealingly eEgaglng 20 the tubular string 212.

The annul areckanisiisdlsgchasafiarpat| (rRives Fedenrddasperdtsd 324

whi ch jer my4 soddie sgalys ddbpbousehat £r Vaddy Ae t'ebB%B:QEiéﬁréf‘gtl?é-z
when the seal is engaged with the t ubul ar string and the tubul ar
string i s Yot@® StPailehi2? 2t HEOK| BRARBLYastaPer0PY( sheReathe diglvRy

drilling opesatd %%)brom%dbsgr ?cHQ 85880 31334 1MRY, s SHRPEh £ th

| ubricant via a lubricant supply line and lubricant return 1 ne as

descri bed apeveck grod B lanpaldprsth¢ swefidde Zpptrol system 18
described above.

15 A variety of operations may be performed utilizing the
valve module 202. For example, the valve module 202 may be
used to pressure test various portions of the riser string
206, to pressure test the annular seal modules 222, 224, 226
(described below), to facilitate pressure control in a

20 wellbore 346 during underbalanced or managed pressure
drilling (such as, during drill bit 348 changes, etc., see
FIG. 22}, or during installation of completion equipment 350
{see FIG. 31).

Referring now to FIGS. 14 & 15, an annular seal module
25 224 is representatively illustrated being installed in a
housing 284 in the riser string 206. In FIG. 14, the
annular seal module 224 is being conveyed into the housing
284, and in FIG. 15, the annular seal module is depicted

after having been secured and sealed within the housing.

30 The housing 284 provides a location 244 for
appropriately positioning the annular seal module 224 in the

riser string 206. 1In this example, the housing 284 includes



The annul ar seal nodule 222 is an alternative for, and 30 may be used
in place of, the passive RCD 58 described above. Operation of the
annul ar seab 2000088k@ 222 may be controlled WO PCT/US2007/083974
2008/ 058209PCT/ US2007/ 083974 - 49 - by neans of the subsea control
system 304 and control pod 302, and/ors¢ he surface control system 18
descri bed above. Referring nowto FIG 18, a tubular string
anchoring device 210 is depicted as installed in a housing 268 5

i nt er connegf ed, i dy-de 1%ice8r p§BE!LﬂQ 266 anH‘ea ARGHAOLLRY 9§yl £8y 210
i ncludes | atch nmenbers 356 eng age wth an internal profile 358

formed in $®@URbEiaNg 2681ling hbdi enmlas dsed eguipe2dfaiedtia a
seal bore B60.f aryedd Qot6he hRUSHOG: 208 2O TS Reusl 98839&@” be a

separate conmponent of” the riser string 206, or it my be Integrally
formed wi tecmpgneRthert h‘@@smgeg) stgmu%ﬁﬁ(rs)ororltp@ﬁm bA( sytegraliy

riser ri a e Iy t
housi n? 26%8?%42%&11[%? ggg,n lpl):%su |Et fl%ﬁghgé oVe Sréc%q] oca? I gg]sg’%gtlz%g& )242

244, 246 pebvikrdissr ﬁﬁélégher modul es 202, 222, 224, 226, so that
t he anchoring device 210 and seals 214 may be used for pressure
testing the r|§%he§¥ﬁﬁﬂ@12ﬁsaén@0@ﬁ%6cﬁ%ﬁﬁlqﬁ%ﬁﬂaésanlﬁnéh@rbm@ssure

testing procer osd e Ancaanhagy deylee A0 AR oaplyIeah scdl b

conveyed into an In t e riser string 206 with a portion of
t he tubul af58tfonEEming theerrehdbte dammwand webdem3bRefanceralimg

devi Cejh(ﬁ”dlﬁh&[f[’vg&eaﬁt”%o%%”g%@ seab £S5 Sl rrt%%ﬂ%§2§§4 pyt not

t hr oug he va nodul e 2 This configuration Is
repr esent a@?n@@ed iy dtiGat 4§ pAtFrGhagrembers 219§t bavhRabeen neFtahderd,

the tubulaf,s ré &%X%g)@ﬂstﬁgmﬁi“ﬁf% z‘ereoma%etﬁecggg%ggséif;afg

210 (not visi e ‘annul ar seal ul es
224, and |ﬂe@&xmﬁiﬁIanaqgaggagéhzghea@@wb hdre \Bd2ve nodul e 202. The 30

tubul ar string 212 does not extend through the val ve nodul e 202.
Other configurations of the annular seal module 224 can

15 be used, if desired. TFor example, as depicted in FIGS. 30 &
31, the latch members 258 could instead be displaced by
means of actuators 278 positioned external to the riser
string 206, in order to selectively engage the latch members
with an external profile 274 formed on the annular seal

20 module 224. OQOperation of the actuators 278 could be
controlled by the subsea control system 119, 304 and control

pod 302, and/or surface control system 18 described above.

The annular seal module 224 selectively permits and
prevents fluid flow through an annular space 228 formed
25 radially between the riser string 206 and a tubular string
212 positioned in the flow passage 204 (see FIG. 22). As
depicted in FIGS. 14 & 15, the annular seal module 224
includes a radially extendable seal 218 which is operated in
response to pressure applied to a hydraulic control line 318

30 externally connected to the housing 284.

The annular seal module 224 also includes a bearing
assembly 324 which permits the seal 218 to rotate with the



WD 2008/ 058209PCT/ US2007/ 083974 - 50 - The anchoring device 210
functions in the pressure testing procedure to prevent displacenent
of the tub¥Pas8i89ng 212 when pressure differential s BEEUBIHPIASEY4
across the annul ar seal nodul es 222, 224, 226 and the valve nodule 5
202. The seals 214 on the anchoring de47ce 210 al so function to seal
off the flow passage 204. Pressure can be delivered froma renote

| ocation (such as a surface facility) through the tubular string 212
to the flotnpabyagdriy BéPowhehethacherl rig dae»giagedzwmth 1f)H'é1etumi}we:

nodul e 202 u e PRl i p ure renti al
across t hesgff%(g}%le%é% rmghﬁékug}h‘%}/n$ % t'ubu t%rd S r| ng QL n t he
confi gur at passafe FUGE (B@phpaessdummyd}tnellamg iopetraicdohbp. t Ubhg ar

string 212 arti e.riser strin 0 et.ween the cl osed
val ve 15 nd ’T%ncgc?ft f%@’l&hgtzgnﬁﬁl Are %fl é#%&u%ﬁg 24°EFn Which the
seal 218 hh@bbhmnm@wlgdlﬁneséamemttqrreﬂgqge:dhectabutart]smi ng) .
This appli ul ause l.i ca n of es
differenti g acr% ?a%ﬁlﬁ’? c'_i{%ea:\“yC ﬁel nd>ERe g%rt?%)n i
the riser bé rms&gﬂ,Z(l& ietsveed, t he ﬁﬁo@icﬂ}seﬁbn/ail\teurmdmbﬁ 2021 aisuel dre:
annul ar segl &it%rom Zc%e ﬁ(% Erg;gu%%&lr&a e observed woul d be

i ndicative of ructura t he val ve nodul e 202,

riser string 2 artli or nodul_e 4.
pressure test eelo<';{ir?trll-1 q%rr ?8% %u]r %42 5 aé‘nﬁﬁ% Ensgﬂf? oﬁo%‘f b
riser Mtri m@ym Md/vaeln Hlhecaonfiul ale saa:aﬂm'mdaﬂjDeSOZaéscfﬂléedtem:nﬁsﬁal

218 of the.a nul mn ?glth]réogl{{hglgl% can mopd %}?egst ?I g%as%ﬁg etegrom

t he tubul acr}p T ng
tubul ar stexten@ % tretiretf kbew pes]sag:es )ZGp{hyv\mei d:o&amsasledaﬁ)y [feeatr e

R R A I T
224. WO 2008/ H582RIPCHnUS2A0€/ 88380748 described above.
15 Referring now to FIGS. 16 & 17, an annular seal module
222 is representatively illustrated being installed in a
housing 282 in the riser string 206. 1In FIG. 16, the
annular seal module 222 is being conveyed into the housing
282, and in FIG. 17, the annular seal module is depicted

20 after having been secured and sealed within the housing.

The housing 282 provides a location 242 for
appropriately positioning the annular seal module 222 in the
riser string 206. In this example, the housing 282 includes
an internal latch profile 266 and a seal bore 330 for

25 securing and sealing the annular seal module 222 in the
riser string 206. The housing 282 may be a separate
component of the riser string 206, or it may be integrally
formed with any other housing(s), section(s) or portion(s)

of the riser string.

30 The annular seal module 222 includes an anchoring
device 248 with radially outwardly extendable latch members
256 for engaging the profile 266, and seals 354 for sealing



- 51 - Alternatively, or in addition, the tubular string 212 could be
positioned so that its lower end is between the annul ar seal nodul es
222, 224, wo2odkwszocase operation of the seal 218 may poirusdbesbors
whet her a pressure differential 5 is applied across the annul ar seal
modul e 222 or the portion of the riserggtring 206 between the annul ar
seal nodul es 222, 224. |If the valve nodule 202 is opened, then
pressure applied via the tubular string 212 can be used to pressure

10 test thfnp'&{é'éE&lOfboEcl%e:*:@bserTﬁéréx{}gﬂ?aQﬁ s%llowohh@ea@@ylfg seal
nodul e 222 and/ or annul ar seal nodule 224 his manner, the

pressure i#erifiad iof Filke é@r?f%ﬁroﬁhQrW?thﬁﬁf2§§rhﬁ§ezb%BQWﬁ%ﬁenﬂﬁﬂ d
e subj ect ; 40, SLARIJEAR! WRERSEHE e bf R ofid alnadvhbnodderhal anced

or managed pressure 15 drilling can be veri fi'ed. te that the
pressure a@@ﬁl%ﬁﬂ%X)QﬂﬁgqﬁﬁoWﬂbbséb@esﬁﬂklhﬂnﬁ 3R€ - tubular string 212
may be a pressure increase or a pressure decrease, as desired. In

addition, the ﬁﬁé?éhﬂ@né#ﬂﬂéﬁéthﬁl@fdéU%éﬂnﬁ@aé peall rodyle 22 can

appl i catiops Ofsed, RIEHRMISUL A FOE Sxiad, Sy 'd%%&i:éd”ﬁx){ PLEP. bR 5

used for pressure testing various conponents of the riser string 206,

i ncl udi ng Bt ¥ lateht agmbgrealhescoylhdgsteecupal dispsacedhdkes,
seal s, conjrgls QMft Ouaﬁ%&%S§5§GF8éft18HEdﬂb é%n%§538'§£§d&¥%§f‘the

riser string. 25A 19 configuration depicts t
annul ar seﬁtrmuﬂ%ez—@ peday posselenfevtel ewdelse dhehbetely Mwars

210, the aﬁﬂHﬁ%&z%ﬁgkr%%qukﬁo%gfebﬁ @95 kﬁﬁ%ﬂebﬁhﬁﬁiéPQ%%?gu'ar

seal nndule 222 the val ve nDdu 202 bei ng positioned w t he
annul ar seaddwrIAZ2 22Pperatinpoubd bhe:m:feﬂlaéra;rmy 2(8depsidoee t hat

G e KRR Y e aamenict s, AU B oo pe et
prlnC|pIespQ¢ 303, and/or surface contrcol system 18 described above.
The annular seal module 222 selectively permits and
15 prevents fluid flow through the annular space 228 formed
radially between the riser string 206 and the tubular string
212 positioned in the flow passage 204 (see FIG. 22). As
depicted in FIGS. 16 & 17, the annular seal module 222
includes flexible seals 216 which are for sealingly engaging
20 the tubular string 212.

The annular seal module 222 also includes a bearing
assembly 324 which permits the seals 216 to rotate with the
tubular string 212 when the seal is engaged with the tubular
string and the tubular string is rotated within the flow

25 passage 204 (such as, during drilling operations). The
bearing assembly 324 may supplied with lubricant via a
lubricant supply line and lubricant return line as described

above for the annular seal module 224.

The annular seal module 222 is an alternative for, and
30 may be used in place of, the passive RCD 58 described above.

Operation of the annular seal module 222 may be controlled



WO 2008/ 058209PCT/ US2007/ 083974 - 52 - the invention. For exanple,

instead of one each of the annul ar seal nodul es 222, ' ed
in the ri ¥&208868¥M 100, only one annul ar seal nndule%%gfggbggﬁgﬁf

coul d be used, two annul ar seal nodul es 222 or two annul ar seal

nmodul es 224 5 coul d be used, the annul4dr —seal nodul e 226 (descri bed
bel ow) could be used in place of either or both of the annul ar seal
nodul es 222, 224, any nunber or conbi nation of annul ar seal _nbdul es

coul d be hsedeanise oinhbeas BeEe 4£0nasdr SYEGeRE0E 2RI TPHE Us 3G n
place of OEmhb%FaEﬂéléﬁrﬁéﬁg maulAas s1428a, 1824esd2thedldbove.

Referring additionally nowto FIG 20, thé annular seal nodule 222 is

depi cted as beifigh-R3hal hed {9 #18. rigen sublunbr286r LoNVAYAbAMt he
tubular string 212. Thé drill bit 348 on the |ower end of_the tubular
string 21dewisee?ld 15 dreighedl s Nedialdsduie 22D0¥$HR9 1289 i ng of f

of the sl Oy SbrdleckB §HDLhAY r8dd Mbring 208L€l @habhisndiimg at ch
menbers 2 an profyle 264 are of the type which selectively engage
with each datiare 240t Hachvdaselabeh qrapiatEes S6headgact neLtl At string

206. That |52l b deahichsgpnbor 5256 206 poabihg 264. My be "keyed

to each other, hat the menbers 256 w .| “not ogeratively

engage anyadditgiomr siealles 2L4uahe agepkest iles 262l bese 3o@)foypaddn

riser stri . e profile 264 will not be operatively engaged
2685

by any oth@%aﬁgggﬁ' nbers (such as 25 latch nenbers 254, 258, 356).

A suitgple " ke?ﬁ'@&ﬁ%@%@rm& | Se PUTNE3E-t% RAPSELECTo 20

system mar ket e ) urton Engi neering Services, Inc. of Houston,
Texas USA riser string @fé,a@VahtaBey ofe udiipgrsden &0rReyetitlyditem i s

that a 30 pmpi | | dbAenshps) 18 Potdien(s5ebesthengigdb at
each of thg%ﬁ%du ékﬁ%gggﬁdngbggo, 4&, 2 i? 24§fcgn be at Itast as
great as astihigumimtdrigalcodifignspbionfof Hag rdeer gpstem 100, the

2008/05820§£E§lAJ5299@kp%é%%érab§§ positioned above the locations
15 240, 242, 244, 246 provided for the other modules 202, 222,

224, 226, so that the anchoring device 210 and seals 214 may
be used for pressure testing the riser string 206 and the

other modules.

In one pressure testing procedure, the anchoring device
20 210 and seals 214 can be conveyed into and installed in the
riser string 206 with a portion of the tubular string 212
which extends downwardly from the anchoring device and
through any annular seal modules 222, 224, 226, but not
through the valve module 202. This configuration is

25 representatively illustrated in FIG. 19.

Note that, in FIG. 19, the tubular string 212 extends
downwardly from the anchoring device 210 (not visible in
FIG. 19), through the annular seal modules 222, 224, and
into the flow passage 204 above the valve module 202. The

30 tubular string 212 does not extend through the valve module

202.



string between the opposite end connections 232, 234 of the riser
string. This would not necessarily be the case if progressively

decr easi ngvm@oog0ssdivanet ers were used to | ocate the nodpbessd0ns3d2,
224, 226 in the riser string 206. 50nce the annul ar seal nodule 222

has been installed in the riser string@Q6, either conveyed on the
tubul ar string 212 as depicted in FIG 20 or by using a running tool
as depicted in FIG 16, the seals 216 can be installed in the annul ar

seal nodul e or et r&ﬂ%@_ﬁ@,o%gh@e a@ﬂwﬁfmr@a.%'semytﬂzxg?ﬁ?@g/&ng the

seal s on the tubular string Lat ch nenbers permt the
seal s 216 teshingapmcscirg taspuevert ihisnlacemendved thentelhwlamnnul ar

| dul 5 .d - f e
Soon nodu| Setify 2P I BrERERFL S Eore Bbitn of raCUplbLEa Qe
annul ar 15teeainmudy sepd2mpdulhe 22%er2xlridig 206. the valve movbile
pref ergaed ﬂ@%ho%hé he,.aanyhar 8§e@£e ooy & 5 g%%cgezhgﬁﬁéé ed and

secured in"the riser string 2 using a run tool, out the
seal s 216 beneigigny dsemealnoffiethediley FasngeMdéd .t hEresbutarcat heng

212 with t é}%&%ﬁ%ﬂ?ﬁ%ﬁb%h§5ﬁ8@ei o%%Mﬁ%gqf%E%f%ghatEErELégr string

206, the se e conveye ar string and
i nstal | ed &&dikiguy edrowghhshanbubatasestirimgp@lle 222th#héhow hemssage

t ubul ar stﬁb?gmg%%gqm% g%%hgﬁgpgreﬁég%égﬁMpd fromthe riser string

206, the sea can be retriev 25Thi s nethod can al so be

o her Shnul ar s e BEHGLE 208 LAE S HiL AR RE8:08 ARG

provi di ng &apxdesmrehelis fercothel anchos ity deviseds vhdvet hedgkalwssiing

the annul ag, seal,Rcbl s i g geal 3,200, 245 220,30, coul gl s, be

par at el y conveyed, installed and/or retriev on other types of

conveyancesressigte asy beniapgltiedl giatdst itndpuleal stratbel 12 ubular

strings, eﬁ&rtion of the riser string 206 between the closed valve

15 module 202 and the annular seal module 224 (in which the
seal 218 has been actuated to sealingly engage the tubular
string). This applied pressure would also cause application
of a pressure differential across the annular seal module
224 and the portion of the riser string 206 between the

20 closed valve module 202 and the annular seal module 224.
Any pressure leakage observed would be indicative of a
structural or seal failure in the valve module 202, riser

string 206 portion or annular seal module 224.

In order to pressure test the annular seal module 222
25 and the portion of the riser string 206 between the annular
seal modules 222, 224, the seal 218 of the annular seal
module 224 can be operated to disengage from the tubular
string 212. In this manner, pressure applied via the
tubular string 212 to the flow passage 204 would cause a
30 pressure differential to be applied across the annular seal
module 222 and the portion of the riser string 206 between

the annular seal modules 222, 224.



WO 2008/ 058209PCT/ US2007/ 083974 - 54 - The annul ar seal nodul es
222, 224 and/or 226 can be installed in any order and in any

conbi nat i on) 2@vdsstdye seal s 216, 218 and/ or 220 can be pepasmbrdsygor4
installed and/or retrieved fromthe riser string in any order and in
any 5 conbi nation. For exanple, two ampular seal nodul es (such as the
annul ar seal nodul es 222, 224 as depicted in FIG 21) could be
installed in the riser string 206, and then the seals 216, 218 could

be conveyed on ;tlhﬁaxtdatwk@nystbkngnZéé’di@léﬂﬂerthfeog%h@arogtﬁﬁ@rﬁzel y)
and secured in_the 10 respective annu] ar seal nodul es, The use of

sel ective Faith hemnsidiogedpapnihat tHes dpiedpems: ésskafFvean e 218

to be sel eghhyely d3at alkpdekn2bds 325G Imﬁc@ne%ér op€fhe MUl €
222, 224. Referrlng%addltlonall¥fnow1to FIG 21, the annul ar seal 15

modul e 222the SRl Al8dmay Befnatfect i eveidian GmprresHrSedi Efevent izds
by the g ubulag GPfﬂédwg\c%%s %Ehaﬁﬂﬁléﬁté?ém%ﬁ% 396 kamg;g?&ofcfnom

the profile 2 t he annul ar seal nodul e 222 can be retrieve

Wit hin theoﬁlﬁkﬁ Bhseh G208 9aP BAgLokYeRR Hea Whpudprssephgnodwles or
exanmpl e, 29,3 t4p4he drill bit 348 preventing the annular seal nodule
fromfalling off of the Iower end of the tubular string), so that a

separate trip dﬂestﬂ@tva'i%dmheu?@ peslei d Qdfidd, etachnpragautar seal
nodul e. This nethod will also pernmt conveni ent replacenent of the

seal s 216, applirthetishepitibahakcet¥bnd e Perdedr edusadt he BreRe e
seal roul ge@R2nHYNRERN LiEPSHAS i ey tabL Ay 2%%r a8 o lend nwn&:%er

wel | (such as, during replacenent of the bit
any of t hesea herodiidu1222 209/ opoannpber c%ﬁﬁlam@@iutl@ é8Avey®d tlinto the

riser stripgn206 qhd fgﬁets%wlea&néggﬂ{}» % 2t [pg{}féleﬂyoeftﬁgﬁﬁ

nodul es can also be retrieved fromthe riser s ng on the t
string. | nsbhbn%x%ﬂﬁpl‘@l{@éls@Ppbédb@eﬁwét@eé:qzlsggnwycanﬁI Pigsgure

modul es Vi 2084058 AQ9GT: HS2Q04L P83Pteea or managed pressure

15 drilling can be verified.

Note that the pressure applied to the flow passage 204

via the tubular string 212 may be a pressure increase or a
pressure decrease, as desired. 1In addition, the pressure
differentials caused as a result of the application of

20 pressure via the tubular string 212 may alsc be used for
pressure testing various components of the riser string 206,
including but not limited to valves, lines, accumulators,
chokes, seals, control systems, sensors, etc. which are

associated with the riser string.

25 Although the FIG. 19 configuration depicts the annular
seal meodule 222 being positioned below the anchoring device
210, the annular seal module 224 being positioned below the
annular seal module 222, and the valve module 202 being
positioned below the annular seal module 224, it should be

30 clearly understood that various arrangements of these
components, and different combinations of these and other

components, may be used in keeping with the principles of



- 55 - can be retrieved fromthe riser string 206 sinultaneously on
t he tubular string 212. Referring additionally now to FIG 22,

the riser waysdogiRsld0 is representatively illustrated wagtesdobRsszors
tubular string 5 212 is rotated in the flow passage 204 of the riser

string 206 in order to drill the wellhpre 346 during a drilling
operation. The seals 216 of the annul ar seal nodule 222 sealingly
engage and rotate with the tubular string 212, and the seal 218 of

the annul alysenlydRdehe 2#8-Sepuifnly Gia0a 18 R Lolgle Wid ! he

tubul ar string, in order to the annular space 22 this
respect, tdmnalmlsselsegiuiedul?2 22224vdeiagt uasdaibatheprisgr tdustem

annul ar - seal Mle 224wt 0z ThEa frhddid 10 UG 0k UER 1 1S 342,45
inthis exanple' i urd comuni cation wth the flow passage
bel ow t he & sammillar seall modules 2220 dir itvia pgnilardsehsl codsles 224

circul ated ﬁ?ﬂ{'th t ubul _ar i 2 i S retur - WM
cutti ng’s, The Iblﬁ Elsggﬁpggfat ?%ﬁug%(’) %ezna& aocﬁl&lréng?lgo&g%?%igﬁéﬂ,& (rabtecl.ciw)
during t hecauld [hengsgderat pbayevof ¢ihehdy me 342ht oft hke samfwlce: 2GThe

line 342 on o] I 8. .or i hed V.

var ous vARREL B G2y R SR o0 ot pRIG BETLBR0NE, RS,
chokes (e.mpduld®mlcenltl2e ©43d, 123 d4BR)lars@&0P0A8 (esgribsdrsmrwe 111,
118, 124, 13 etc., connected t e _|i 342 for regul ating
flutd o8 (Tomd ibused ot PRRES PEcth by e iatadr s mifies

t he flldw p2z3zag2 204260 eacntai n a constant or selectively varying
pressure in the wellbore 346, etc. The line 342 is depicted in FIG
21 as bei ng corfkeidmedngo atbéetponal bn wiw thre AliGsel0st thaga2dbl aetassdn

the aHHU|a$o€§fg %ge%ezzéte§24sgﬁgi£](¥ﬁ% %l&%ddggng ér@{gé}hai
various | ocations For I 66at ng the TFh may bé used in Keeping with
t he princi ptesnof2thecnvegetli on. thd\r 20080 S32098CT A RS2 00 B34 -

56 - Anothgf, 1iNe 352 1TPY oB8r' Bnk! Yk ARG QR WL D1 S NS cvents
15 the annular seal module 222 from falling off of the lower

end of the tubular string.

Preferably, the latch members 256 and profile 264 are
of the type which selectively engage with each other as the
module 222 displaces through the riser string 206. That is,

20 the latch members 256 and profile 264 may be “keyed” to each
other, so that the latch members 256 will not operatively
engage any other profiles (such as profiles 262, 266, 358)
in the riser string 206, and the profile 264 will not be
operatively engaged by any other latch members (such as

25 latch members 254, 258, 356). A suitable “keying” system
for this purpose is the SELECT-20(TM) system marketed by
Halliburton Engineering Services, Inc. of Houston, Texas

USA.

One advantage of using such a “keyed” system is that a
300 minimum internal dimension ID of the riser string 206 at
each of the module locations 240, 242, 244, 246 can be at

least as great as a minimum internal dimension of the riser



fl ow passage 204, for exanple, in conmunication with the annul ar
space 228 between the annul ar seal nodul es 222, 224. This line 362
may be us&OEWEOIEYssure relief (in which case 5 the | PAREUR{)7/083974
correspond to the Iine 95 descri bed above), for nonitoring pressure
in the annul ar space 228, as an alternate-drilling fluid return |ine,
or for any other purpose. The line 362 could be in comunication with
the fl ow passage 204 at any desired point along the riser string 10
206, as destrbmy betweeReftber pbpgoadtk témhaldnnegdwone FBG, 234 @ the

exanpl e of qpl_q;ej nnegt.i.o e riser..string 6] .
representa j??/ée y i n‘égtrgﬁé ,Q?ﬁigp%@% r}feo(-’red%rrffr% r% etﬁ%vf%%‘é Ji/fari ous
| i nes can pecgiccormmedat égcnbibiéngt nd+galdiemetgriswehe nssértsykiarhe o
fit throug ent i-onal tagy,t RT.,.This view.is_t al ong
[ ne 292958 TR 705, 22 hat t net oot o g thL L e ERRRe T e @
kill lipne KL, tr i LLcal ;g% e , | C
supply 1ines 3%@%} g%c%oﬁ\%éﬁ#?gn%%ggn ) eﬁgﬁéﬁg%ng?ggéggg%%d in
further 20thereiser strifige2€6i | eibigef|eonrayetduom thretB8d@las string

conveni ent i hst ed in. i cal l qg% orti t | ange
connect i on# i/%'h‘ggidn%g]Eiel‘(;%?ﬁecc)in l%o%ﬁftﬂhg%why r"g"uﬁ %agﬁ%f’yp‘ﬁ?j;\e% as
wel | as théepidredtatn MIGsuppl, ythadseaizriild igses b251i83R2alBed, ipridssur e

relief lin | ectrical _|] . 8 186, 192 are positiqned
ext er nal t%mt%}?ﬁal?rsgenage%gg#rll(eéc Fo%tgg%h%‘p%c% i%omw%?’ﬁi APan- ehver 01|10J1‘ee i ch
per m ti) t heonveeingtithenge206 bo bkei tshwldredtitingugh2t he rotary table

RT. A hydraulic return or balance line 182 may al so be 30 provided
external to thedtdngerberseebliopermit ddse reeshls 216 tRebersepmrately

addi t i onal Fl S .24 er in i.ch e nal
connect i on?{?JEC1)E?¥\if1éeCPfJInovf/(E§ pé‘é%%‘égf%@é?}\o?ﬁ‘%sn?qb%ﬁ%%f / 5@%888‘%@%%? -* 57
- 204 in theerlsigrh stambegs2@67canubd, aboompiamglied bs thpreseatad el y
illustrated, In this exanple, nmuliiple nnecti.ons _are e bet ween
the ari 111 RgHaR S &S TR Pupbo R 56 AL 1 3e84Ee "B0S. ARt
shoul dithe sealkrmsédode 222hdh sbehrisanestrions 206y be nade between the
fl ow passage

In cne preferred method, the annular seal module 222

can be installed and secured in the riser string 206 using a
running tool, without the seals 216 being present in the
module. Then, when the tubular string 212 with the bit 348
20 thereon is lowered through the riser string 206, the seals
216 can be conveyed on the tubular string and installed and
secured in the annular seal module 222. When the tubular
string 212 and bit 348 are retrieved from the riser string

206, the seals 216 can be retrieved also.

25 This method can also be used for installing and
retrieving the seals 218, 220 on any of the other annular
seal modules 224, 226 described herein, for example, by
providing latch members or other anchoring devices for the
seals in the annular seal modules. The seals 216, 218, 220

30 could also be separately conveyed, installed and/or
retrieved on other types of conveyances, such as running

tools, testing tools, other tubular strings, etc.



and any one or nore external l|ines, such as the pressure relief |ine
362, injection conduit 11, etc. Not e that three conbi ned val ves
310 and agigiadoshs20914 are interconnected between the rettruseobioaser342
and 10 respective angled riser port connectors 366. These val ves 310
and actuators 314 may correspond to fhg various valves (e.g., valves
113, 114, 115, 116, 121, 122, 133, 134) and chokes (e.g., chokes 112,
117, 123, 132) described above. By arranging the valves 310 and
actuators 314 asdepjchad geai%ga%s 2% 2o LAA/bESE ¢ SLdd 14k 206
is made nore conpact and able to displace through a conventi onal
rotary tablestlled in Raveprfiny awediin Gy [aprwdwataor) GRd 28k Eeals
various ar et A c I t are
represent a%%gl y 11 stratag 85@0@%@%%&[@% elhggérl%?a%g& 20 t hat
the i nventr@hrmvenbtfnqnmth@dr@@eansytsmufn @r@y@ﬂfﬁeé dnd cki by

her ei n 2 t srodyl L.Ag 3

284, 2850 ar%m]%io]{r:atiji:lé)u%ous?é C%I‘F](%]Ié] %eédhﬁﬂéar ar@&%ggr% o3 Qoégﬁ?%ep%cs}ﬁ%%
string 206thé'm1'5me3rar1ar$@@ﬁ®mpdhéssth%2be2?eﬁ‘ iass d@ﬂ?leeﬂeé]ui FIGg &horter

hydraul i ¢ I ty he r , d
pormits ¢ noORLE A8 LS 1R LBE FORRP St G0 aptl LAGE o
const ruct eseabs a1 .nHA1S seuiilohe otoneyed suy titer ithguand $or Shardl2
conmponent s | at V. .ar ortion of
Cher T sor Uik A BERUELE ShBar EhEL ) JRIRsR 181 8RB0 08
woul d Ide presisert ized aduwilag, skel ma@mb¢$ Miaged pfessleetdve |lated
and this ir i 0 S

5008) 050200l TRTaty Esd Sy EngglBorob AT ARGS %évpf e oiRifys
280, 282, QﬂuedtmvaﬂkennﬂbmiladdmhelQ®2reﬁphqﬂnwﬂ amngéalr seal|eslPiz?,

224 are poshii qﬂgg approxi mately mdway along the riser string 206.
Thi s reduces the" portion of the riser string 206 which may be

Referring additionally now to FIG. 21, the annular seal

15 module 222 is depicted as being retrieved from the riser
string 206 by the tubular string 212. With the latch
members 256 disengaged from the profile 264, the annular
seal module 222 can be retrieved from within the riser
string 206 along with the tubular string 212 (for example,

20 with the drill bit 348 preventing the annular seal module
from falling off of the lower end of the tubular string), so
that a separate trip does not need to be made to retrieve
the annular seal module. This method will also permit
convenient replacement of the seals 216, or other

25 maintenance to be performed on the annular seal module 222,
between trips of the tubular string 212 into the well (such

as, during replacement of the bit 348).

Note that any of the other modules 202, 224, 226 can
also be conveyed into the riser string 206 on the tubular

30 string 212, and any of the other modules can also be
retrieved from the riser string on the tubular string. In

one example described below (see FIG. 30), multiple modules



5 pressurized, but increases the length of hydraulic and el ectrical
lines to these nodules. In FIG 26C, the housings 268, 306, 282, 284,

280 are diygd sdobdsesd al ong the riser string 206 i n anot BefuRARE74
whi ch pl aces the val ve nodul e housi ng 280 just above a flex 10 joint

FJ at a |ower end connection 234 of thg riser string to the subsea
wel | head structure 236. This arrangenent allows the valve nodul e 202
to be used to isolate substantially all of the riser string 206 from

the well belowe 130G 260, the POUSI NGS-i3) Qegogimgﬁgangﬁlﬁslylzz?ﬁ

are arranged contiguous to each other just abdve the tlex joint .
As with thehednfigwaratsitgangf 2E2G 26C, this arrangenent allows the
val ve nodul e 202 to be used to isolate substantially all of the riser
string 206 fromafernigg agdibépoad lanmPvaltso FdGhsEadnt the| yigew resseihe

portion Oflétf‘eiéil%%fre%teﬁait'agi\’}’@& hi O - AR PLAITH A8 GHE1 N9 JBNaged
pressure drilling. The arrangenent of FIG 26E is very simlar
t o t he Sar rahgeremotefted ¢dn 28D, fexeapasagust A0Me off| skej biser FILYiNPS5

posi ti oned, @bone c;ggﬁelh%g_sidgg?l?@ﬁe woPrb ,34%845“%%8- a8 B11ing

arrangenment may be beneficial in that it does not require
pressuri zi prpodtidre f |The serht FJ6 dof i Fie remmaded peessuedulleilidl ng.

The fl | QL1 - I I | L 3 f
(he housi nae bl BldAgR) SREERbEYG ket IR e e B T PP
riser stritge 296l @8 advaheagenolar heeal sedudpgs@h $001isgihandage
enabl esy utylhzati an Qfi 3 Y €QBE10P820RG/ 820040833 74eaP% s the

annular space 228. In this respect, the annular seal module

222 may act as a backup for the annular seal module 224.

The drilling fluid return line 342 is in this example
in fluid communication with the flow passage 204 below the
15 annular seal module 224. Drilling fluid which is circulated
down the tubular string 212 is returned (along with
cuttings, the fluid composition 150 and/or formation fluids,
etc., during the drilling operation) via the line 342 to the

surface.

20 The line 342 may correspond to the line 88 or 194
described above, and various valves {e.g., valves 113, 114,
115, 116, 121, 122, 133, 134), chokes (e.g., chokes 112,
117, 123, 132), sensors {(e.g., senscors 111, 118, 124, 131),
etc., may be connected to the line 342 for regulating fluid

25 flow through the line, regulating back pressure applied to
the flow passage 204 to maintain a constant or selectively
varying pressure in the wellbore 346, etc. The line 342 ig
depicted in FIG. 21 as being connected to the portion of the
riser string 206 between the annular seal modules 222, 224

30 in order to demconstrate that various locations for locating
the line may be used in keeping with the principles of the

invention.



pressurized riser in deepwater drilling operations where an
internediate flex joint FSis required, and where a riser fill up

val ve s kasithosedooAl t hough each of the housings 306, PESRusSHssal
the 5 annul ar seal nodul es 226, 224, 222 are depicted in FIGS. 26A-E,

it should be understood that any one conbi nati on of the housings
coul d be used instead. The various housings 268, 306, 282, 284, 280
may al so be arranged in a different order fromthat depicted in FIGS.

26A-E. 10Ref er rd h%‘}dilﬁhQ”%&ym %Ir{: 1£9: 167 o ﬁmﬂﬁiéé@%@%&f thize

riser string 2 I's representatl ustrated 1 n an I sone
view, so thew tmsmlepa@ﬂrcéﬂstemnm gfn ceermungestsoniwpth witiech

enabl es 'taﬁx?ulbﬁq: %Jc%' h8d LQE%%P“«Q}%%%%%&OB% 1r8&§15e¥e§ fﬁljize b4

may be nore preC| ate IS View, e ex
connect ed T/IaiwdsuG&GGZam’auaberes@dﬁcamdammet @e$1866 dlesﬁmctiecbase

above i 5N Ci?tpé Lﬂq{' %Xt Sbﬁ_lﬁégndmo 8{:1%5 e 3 ades? %& dg?o‘;é;’H for

addltlon an accumu 'S shown ex ernalya
riser portmmutimnngrssaucanuhatm firfu rsery S@@DEeQEBndaQOamo any of

t he acc d b errin
addi ti oﬁal %?/té\%%ttse dgtéﬁgg %?’%{e&aﬁ% r\ig‘éla rd??% éé% (igtsher
repr esent apmx/gm@e J | Thst Aahed368 bdenhd baesimaldosdunithtnon s tiar e

334 in a h 306, a ar of t riser strln 206, . The. annul ar
seal rmdulgﬂi‘ég%ssa 5 599 usean}’ gle addi T J’[nt n?nth?’ace of Std:nlﬁlgof
t he otlter a0yl MaJrem)dul es 222, 224, the actl ve RCD 50 or the
passi ve RCD 58 descri bed above. The annul ar seal nodul e 226 i ncl udes
mul tiple sets dfefsgaling220dfioiosahly nybw ten@Fdadi.ng 3t hent ebarh@le sifr iang

'ZI%E,\ ggamitg%‘%% O%%C%&Ogte; o?f%%"%e lasn@nruIs[a)tclrrriélt ggggl 3\% passage 204
2008/05820@@&ﬂéﬂéﬁﬁhlﬁ&@839leusﬁﬁated, in order to demonstrate how
the various lines can be accommodated while still allowing
15 the riser system to f£it through a conventional rotary table
RT. This view is taken along line 23-23 of FIG. 18. Note
that the booster line BL, choke line CL, kill line XKL, well
control umbilical 180 and subsea BOP hydraulic supply lines
364 are conventicnal and, thus, are not described further
20 here.

The drilling fluid return line 342 is conveniently
installed in a typically unused portion of the flange
connection. The injection conduit 11 and hydraulic supply
line 9, as well as the lubrication supply and return lines

25 322, 326, pressure relief line 362 and electrical lines 20,
89, 186, 192 are positioned external to the flange
connection, but still within an envelope which permits the
riser string 206 to be installed through the rotary table
RT. A hydraulic return or balance line 182 may also be

30 provided external to the flange connection, if desired.

Referring additionally now to FIGS. 24 & 25, a manner

in which compact external connections to the flow passage



228 both while the tubular string 212 rotates and while the tubul ar
string does not rotate in the fl ow passage 204. In contrast to

t he seal s WP 240B/8583%%her annul ar seal nodul es 222, 224, PEEUSWITAB8ITRCD
50 and the passive RCD 58 5 which rotate with the tubular string 212,
the seals 220 of the annul ar seal nodue 226 do not rotate with the
tubul ar string. Instead, the seals 220 remain stationary while the
tubul ar string 212 rotates within the seals. A |ubricant/seal ant
(such as vi&toixs tg'reeas'seretstringagloa_mdre henjaeched Lbshedéens t he seal s
220 vi a por L e8n ri.ser stri T% 206 to ther eby

r

Lor. o
provi de | uf) 1t onﬁ Ve%é’dg)é%g I’al:‘%-%l on bent thlr? fre"8e sm%\
t ubul ar stmmmgai’dﬂgnsaradet oadahbateedmnetith fdrmi&rihigatﬁlpmessmmxse:lalnmg
capability ea Sensor s 34 be ,u 5 nonitor téJ;
per f or manc%&)%f e%se Y5657 89g. 2 6)/% n%o/}leii eléct %ﬁ’é@ﬁe% a'ﬁﬂ}g?]é%{fg’a
occurs,5 etthgt such cﬁemle&ts‘.brrslmaylbem I‘l:&ﬁ:pz@@tnsthé £ hew sead sa g2 0
of the annulcﬁIO seal nodul e_22 n furtgg’rE detail in PCT

bl et R s o GE8 8 Ehfat Ealinald ulino 85, 655 e SHure,

publ i cat i onelset rciotep@eat, ednheceion byorndiix raf,eeence. Al t hough
three sets of the seals 220 are depicted in FIG 28, with three seals
in each set, angotrmrﬁjm‘t ehreeatsmaimedna v ern fohndetstvditceal Bl amy

be used in_keepin rinciples of the in tion.
Anchor i ng devi Igzs%n&c e&sgat‘?%?ns% r]?%tdlrtrhglgﬁné?g 28¢al nodul e
226 i g heré\ﬂbmmgr&%gatedt Iﬂesappp@pﬂslcactrmdd:mtsl 056246ThE§@hvalves
anchoring %g@gl ce 25 q@l udgﬁ an_act uat or g atch merner 260
for engage é‘}‘—f‘ ariay ‘b‘?%}feﬁpeo Pﬁeﬁaﬁﬁo‘fﬁ Y ar
seal m)dulee2é.6, va\A@e%DQ&BOS&?@QPﬂI’ESUSQLE)?/I@ﬁ39142, 133, 134) and
chokes (e.g., chokes 112, 117, 123, 132) described above.
By arranging the valves 310 and actuators 314 as depicted in
15 FIGS. 24 & 25, the riser string 206 is made more compact and

able to displace through a conventional rotary table RT.

Referring additionally now to FIGS. 26A-E, various
arrangements of the components of the riser system 100 are
representatively illustrated, so that it may be appreciated

20 that the invention is not limited to any specific example

described herein.

In FIG. 26A, all of the module housings 268, 306, 282,

284, 280 are contiguously connected near an upper end of the
riser string 206. This arrangement has the benefits of

25 requiring shorter hydraulic and electrical lines for
connection to the surface, and permits the housings 268,
306, 282, 284, 280 to be integrally constructed as a single
section of the riser string and to share components (such as
accumulators, etc.). However, a large portion of the riser

30 string 206 below the housings 268, 306, 282, 284, 280 would
be pressurized during, for example, managed pressure

drilling, and this may be undesirable in some circumstances.



- 61 - The use of the actuators 278 external to the riser string
206 provides for conveni ent securing and rel easing of the nodule 226

from a rermh gokozadol on. | n one enbodi nent, one or norepEf/utdaecsetul es
226 can be conveniently installed 5 and/or retrieved on the tubul ar

string 212 with appropriate operation £f 1he actuators 278.
Operation of the actuators 278 could be controlled by the subsea
control system 120, 304 and control pod 302 or 303, and/or surface

control systemgf desc r2i6g§dtggols{gus%8%%0a't @, 0h gl Neo AN 8Fa 192

nodul e 226 (e.g., injection of the ricant/seal ant, nonitoring of

t he sensormoddle 20 apdrapnbéatopeablnadnlas F@ans26f ¢he rRemsdpned
control sy I : ndLo he ace
cont rol sy%‘%i{n%]%gn%ﬁsl%r ﬁgggggbgv@g %g%e%ﬁs%?ﬁgtgégét ?%ﬁél Igﬂr!nsfbw to
FIG 29, areducamltdeofroriraoni sérthystianrl Giringr éffewbhthatnak|be

i |1 ustrat i | i dul installed
0 the i cope Sy, o, BhE B0 dnd Oind T YeoRydzRaRls dde ol @
annul ar sealestotidad AZdess thethgseomydydersi nto the riser 20 string

206 on the tubular string 212. The upper nodule 226 is supported on
the tubul ar st r¥md@IBL2 28¢,athadheks inegnl e d0fex82nak By, uptktare

joint 370. : | e L QR 1:at i 'Ig_{bqﬂin
t he housi n%%gl{]%gj%g?&g{rggg g%ég]\?\n %{%%g‘qo.()z%(eér é?legh%%ﬂggc%érle t he
upper 25 nwdidke plegsosithieoralve modyie vildusiygy ZBPr dubht edovdaa s
met ho |1 install ati.o f . OrB, ,aniu n&ﬁpjl

226 ugllgra]lg ﬁ)(\fgl\%n,%u Julag'? astlroi%%s gﬁg,c%&?ﬂg{ﬁ&?e%&i ;&?nlgtﬂ%dg?tg‘%%na trﬁsps
into the rtserthstsibnp2@@llanddostdaeiyice ioitnval THisl Bkhgh@@ment

oper ati ons exam) i LN i A rat. it is
observed t%%tjf:&%%e sealaglvfz%'ogpig ?%\%egé rr%%tﬁ]%dgg% g%geg%:éor near the
end of thesvwbprajteictldd leilfle ofpehhapssenfoymied W6 Woom the well

2008/ 05820%% V/]U82007/ 083974 - 62 - indications received fromthe
sensors 340), an additional nodule 226 can be conveyed by the tubul ar

Stri ”91h5212 | ntopt herd | s Stt%”ﬂo&%?n@é’ el e Nokal | E?Q theo npal e
onto the tubul ar stiing Wien a next joint 370 i's conhectel.
arranged contiguous to each other just above the flex joint
FJ. As with the configuration of FIG. 26C, this arrangement
allows the valve module 202 to be used to isolate
substantially all of the riser string 206 from the well
20 below, and alsc substantially reduces the portion of the
riser string which would be pressurized during managed

pressure drilling.

The arrangement of FIG. 26E is very similar to the
arrangement of FIG. 26D, except that the flex joint FJ is
25 positioned above the housings 268, 306, 282, 284, 280. This
arrangement may be beneficial in that it does not regquire
pressurizing of the flex joint FJ during managed pressure

drilling.

The flex joint FJ could alternatively be positioned
30 between any of the housings 268, 306, 282, 284, 280, and at
any point along the riser string 206. One advantage of the

riser system 100 is that it enables utilization of a



.5In this manner, the drilling operations are not interrupted, and the
tubul ar string 212 does not have to be retrieved fromthe riser
string 206, in order to ensure continued sealing of the annul ar space
228. This nmethod is not limted to use with drilling operations, but
can be used 10 during other operations as well, such as conpletion or
stinmul ati on ORRY8dskRNS . Referring additional |y mewwe7Rpa 30,
the riser system 100 is representatively illustrated with nmultiple
nodul es 202, 222, 224 being retrieved §8¥multaneously fromthe riser
15 string 206 on the tubular string 212 Use of the external

actuators 278 is particularly benefi t t hey
permt all of Qq&;@smﬁpers_s?ﬁz_n flﬁﬁpw ﬁ qul%mbdq opg%iaﬁ.qglig Jrh%k@ca‘:ﬁ

conveni ent |y ralteasatefe oihehioimitsBF ist ¥¢Gr296 af‘ér“’}’teé?r? &¢8F° 20As

depicted in Fl &30, ali€e Al bbqliirka348 supports the nodul es 202, 222,
224 on the tubular string 212 tor retrieval fromthe riser string

206. However, otheriwmeans sebhseppoetiargindie 3abd7Bés 2832icnFhe 224 on

the tubul arg %ﬂn’&gagjs%aﬂ%dlﬁgeé'%‘éy 44,095 ced asbrecannemmgency
situation, 3uch as in sever e, weat her. candi Lions, Lt, quacge?ﬁrabl e

to retrieve t h&AaputtaP et R PP ETH ck Fand RSt 3l 1o hang- 0
tools. Use of the&heximishags aotbdither 8527 gngipagh e§hﬁh‘i’%ﬁ€t}érh§t‘1ﬁ6ﬁg*’to be
acconpl i shed qygbckbys angzcopden @by .a180|ve bhtampeenin of df ticrane of

one or nore of t e actuators, 278 to.funetion,properly, a conventional
subsea renotel § eF’é‘?"}aggveﬁegi"‘:’C %gb may be used to operate the

WO 2008/ 05§§WPU/ H@B&%ﬁ@%’éﬂéma@y nGACEIAtIGL S2278. poAs idesosi dd
above, the

320. may al.so use f ' e; PRt he
subsea control tg?/&sgrfmstﬂgg 2%2015 ff?resf%%"?g{ g‘"{%lg% or?ﬁ of her
tasks. Al so shosemetnidivGev3(Eoakhas &hsgToEPesh COBBECERRP & P

riser string, which enables it to be ingtalled through a
conventional rotary tahkle RT, may be more fully appreciated.

15 In this view, the externally connected valves 310,
actuators 314 and connectors 366 described above in
conjunction with FIGS. 24 & 25 are again depicted. 1In

" addition, an accumulator 312 is shown externally attached to
the riser portionm 308. This accumulator 312 may correspond

.20 to any of the accumulators 5, 15 56 described above.

Referring additionally now te FIG. 28, the annular seal
module 226 is representatively illustrated as being
installed within a seal bore 334 in a housing 306 as part of
the riser string 206, The anhular seal module 226 may be

25 used in addition to, or in place of, any of the other
annular seal modules 222, 224, the active RCD 50 or the

passive RCD 58 described above.

The annular seal module 226 includes multiple sets of
seals 220 for sealingly engaging the tubulax string 212
30 while the tubular string rotates within the flow passage
204. The seals 220 can, thus, seal off the annular space



5 respective nodul es 202, 222, 224. The sensors 230, 336, 338 can be
used to nonitor paraneters such as pressure, tenperature, or other

char act er iyd bdpgodsdoch are indicative of the perfor mancecpbsRegizzers
nodul e 202, 222, 224. External connectors 372 nay be used to connect

the sensors 230, 336, 10 338 to the cosnjrol systens 304, 18.
Referring additionally nowto FIG 31, the riser system 100 is
representatively illustrated during installation of conpletion

equi pnent h i i 206.5 13
222, 224 p?%%i%‘%rr%rgﬁ 1'%k vgﬁ§u?£a#g€9r115 ézrlg ggggtscggtﬁ%u%glﬁﬁt‘;h%%e

ri ser strivgpRl: stariyg dess obtcorprie iign tdguifpewnprasangde2ihst al | ed
t hrough t he nodul es. As depicted in FIG 31, the conpletion

equi prent 350 iHtlagddgagtsitot the $enks ofHIhey @thert appulapeseal

appr eci at By agbher p 9@% 15@573; Lig0R§ 0 Pk et dons 20
equi prrent elg%c?\ e | nst'al%l?gd £ %oﬁ%ﬁ the no .uOP%s dgoz,e E%%Q 2(1224 in
keepi ng wi viricherqratecivgltds toe thbulawerittiag 212, tbareagls 220 of

| nstal Tat | e ofn i, QIRLCkba0) 8045 PRI O Gordalie YakKer OIS, 1
can be initially closed while the conpletion equipnent is asse ed
and conveystrimgo thet2ed,i $&e sealngl 206raldve sthsionhve wdle ethe

After the gcopplgti i&%’"‘izﬂ'ﬁe%ﬁ@Q i@iig{‘j[r{ ;%@%‘25’” ser string 206,

and one or nore of t annul ar seal nodul es 4, 226 seals off

t he annul ar Spa&%ﬁ?ﬁc‘%{i}%‘ﬂseﬁkﬂﬁn&“ %ll%@g gr\}fg%o%ﬂggégggs,tg@c.) Jay

conpl etion equi prent, the valve no e 202 can be 30 opened to
t he cokpl ebé ohniepiigshdetverd the sebls a2Z&twiangordsbébsafedy awnveyed

|10 the gl bers: 5., 0. 200810580090F 1 ISAA0T103014,167 -

In this type of operation, e spaci tween the nul ar seal
modul e(s) awmdridwcic v meduce 202cthowlkbtiwedronyeeseadh and the

accommdat hf:!eékgﬁ”}a fz 1€ A GAMRL L) R &AY 220 tgg %5&‘%31

a confi gurg?%%nasi m largoto t'h(?ff1 5 shovvngrlln %%T%%% coul l[)eﬁuse ]Teeor

this purposealing capability of the seals. Sensors 340 may be used to
15 monitor the performance of the seals 220 (e.g., to detect

whether any leakage occurs, etc.).

Seals similar in some respects to the seals 220 of the
annular seal module 226 are described in further detail in
PCT Publication No. WO 2007/008085. The entire disclosure
20 of this publication is incorporated herein by this

reference.

Although three sets of the seals 220 are depicted in
FIG. 28, with three seals in each set, any number of seals
and any number of sets of seals may be used in keeping with

25 the principles of the invention.

Anchoring devices 252 are used for securing the annular
seal module 226 in the housing 306 at the appropriate
location 246. Each anchoring device 252 includes an
actuator 278 and a latch member 260 for engagement with an

30 external profile 276 formed on the annular seal module 226.



Referring additionally now to FIG 32, another configuration of the
riser system 100 is representatively and schematically illustrated,

in which §hedébRedl on conduit 11 is connected to the gfhddoftnsidrui d
return line 10 342. Thus, instead of injecting the fluid conposition

150 directly into the annul ar space 2 or flow passage 204 in the
riser string 206, in the configuration of FIG 32 the fluid
conposition is injected into the drilling fluid return Iine 342. 15In

this manner, pr, sofLa i o0 i n {gqé_.inthe
riser string 2 n%%gbg’%a%{ad%%&%%&suzg]ssgéaxgtﬁg&gk1?[%?&%%1 123 or
132 can ststdirdge A9$edrovidegufar ecdracknimngs secerongt ded arelgaringpade
228 and, t o L l,I.b 346 | ducin - sure
20 drilli n’%’)‘? T\ elte\fquge%cé T8 %‘%Jl%l[)%l ensl?)fny a% %r&al gra |H%F1r%tets'
drilling came sin Iroree odbthenedduies AR ddrowengovaenadhiel Wehsittal led
fl uids .or t.hr o b . i d ip F . 1.he
fluid éorrp%?ftcflgr{ e%%g eikig(ai %ﬁegﬁgd{; rom %}rﬂ%%e%?oﬁig%nﬁﬁﬁf‘ a:;tn%t o]
the drillioge2iifdruicd téeuanthanersd42/&lownst ream of the choke 117 and
val ves 115, 116 at outlet/inlet 44. However, this could be

acconpl i shed ddpestrtdam of dhy aftwatdms 7hlceudd4be dénorobikd &y

well. In g at nf4 guraf il t i | G
32, the fI%?%hsg{)bn%(;%sic%%ﬁ8&5%9§%§ﬁbieé{?’njﬁf}t Hhd coHErhE ﬁ‘?%?‘%%}f | ui d
return |i ng03A2mat/ocrasiugtdscdi ¢ortemt soitens 18 degctrhbed edbpyved i ne.

Val ves, 374, are .interconnec 58209BClL I US2007/ . = -
bet vvezlr%) t h%p%rrﬁ‘telccﬁ gﬁoéggdélgguifxtpa%%aofﬁo retu r2%6l k§é83ﬂ29rgfe9%%§cnec6?%
apart | ocathensulaticrgt/lseaientiy ménimeorifgusf &hleasgesdegr 240 pfetc.)

flexibility is avail.abl.e i.n.the riser.system.l f.or -l gt r
ot herwi se 1Y 175 R AT oory FoAhs o 1R SRk rEhaf BT igte B
t echni quesand tdpridgl @odad@2port Bk, cdndAdre thet sumfhaec8dl2rdiet ween

t he outletéilfsn,éeer;t1 1A84 C%ns%rti eeds%é‘%:-e rig structure 238.

15 Referring additicnally now to FIG. 29, an example of
the riser system 100 is representatively illustrated in
which multiple annular seal modules 226 are installed in the
riser string 206. As depicted in FIG. 29, a second upper
annular seal module 226 is being conveyed into the riser

20 string 206 on the tubular string 212. The upper module 226
is supported on the tubular string 212 by a radially
enlarged (externally upset) joint 370. When the upper
module 226 is appropriately positioned in the housing 306,
the actuators 278 will be operated to secure the upper

25 module in position.

It will be appreciated that this method allows for
installation of one or more annular seal modules 226 using
the tubular string 212, without requiring additional trips
into the riser string 206, and/or during normal drilling

30 operations. TFor example, if during a drilling coperation it
is observed that the seals 220 of a lower module 226 are at

or near the end of their projected life (perhaps informed by



The val ves 374 may be controlled utilizing the subsea control system
142 descri bed above. The injection system 10 illustrated in FIG 32
may take th@a0okakeu00f the injection system 200 descri bpgrabavtosseh
the two could operate in conjunction with each other. The injection
systemof PIG 32 could utilize valvesggimlar to the Valves.3a, 36/
chokes simlar to choke 14, non- return valves simlar to the non- 15
return valve 8, and sensors simlar to the sensors 21 descri bed
above. ndidde G 19 r}%\é!e%ea%wmap@é% AL B8 1B 488¥€ onal
descrlptlon provi nprovenents 1 n riser system
constructlmmdukH|326rqymm@@hgdsveﬁed bﬂTﬂbeltnhulzw §ystaﬁ110blaﬁkbms

t he tubul t e X t

pressure ?% %.%%%%%%&%j%%d?ﬁﬁ nﬁe%gggngl qlg @ﬁeﬁﬁéég#?%ﬁg such
as underbathac@mb(lﬂﬂﬁﬁtrmagaghdnpaessxnEﬂQﬂMﬂQB7@ndsngpna¢cthd4I| ng
operations. The riser system 100 allows for various internal nodul es
202, 2% 222, 22d¢n @206 mnamhbhéngrﬁbllir@ @mattdom pua et on

t ubul ar sty I
means. Thelt PR S dtad to s IoBYEE Y S Bl R e e
i sol ati on, re@iievadnﬁﬂnnowheprpeerosaxlmgl2Qﬁaumﬂ|qm§e@ftOI@mﬁqunanic

control of o hotha@n b Ao Lledyd0 Lht] € 1 561 19 1 Nifs LR LRSS

line 342 an G Ser rin
2008/0582Oﬁéfﬁlhsaﬂﬁfﬁ@83&é4w1t66drllllng1&penaﬁiamssybuentd@Ob@nahkbs
utilizgfio er i epvaher, dr erations
mhere an 3 IﬁgdBjF§§#1e§%%59h? éﬁ ?%ﬂfed%?%% hkhgg%ggaégiser

fill up vasVEmuSatxmnquaiaﬂibhe riser systen1100 alloms i sol ation of
the wel | bore 346 fromthe surface by closing the valve nodul e 202.
This pernits inmeiﬁhniﬂgmad@ﬁtﬁongltpn@¢@tﬁanRGyﬂ30stthagsiﬁsuc$ws§em

the conpl e n, ggggp e
still naln@g?n%%gaﬂﬁﬁgﬂévéég%ewg ﬁ%Q éf%&i su gﬁgom%%ﬁi%%ue
managed pr283ur222iri3d4 rgpimgeraticoaged 31munﬁ&naaua$y Syomethd Ofiser
permts. flexibili in n | anged g ure
and ndﬁ%alggrl??l%%séﬁ%ra |5%%E@A?thﬁgQ§ ﬁftng% ﬁgcgﬂghggtégﬁgg,
117, 123, a3Ruposid i Died sspieseacandrin bémefistialn ini ndis48xample,
since they permit all of the modules 202, 222, 224 to be
quickly and conveniently released from the riser string 206

for retrieval.

20 As depicted in FIG. 30, the drill bit 348 supports the
modules 202, 222, 224 on the tubular string 212 for
retrieval from the riser string 206. However, other means
of supporting the modules 202, 222, 224 on the tubular

string 212 may be used, if desired.

25 In an emergency situation, such as in severe weather
conditions, it may be desirable to retrieve the tubular
string 212 gquickly and install hang-off tools. Use of the
external actuators 278 enables this operation to be

accomplished quickly and conveniently.

30 In the event of failure of one or more of the actuators
278 to functicn properly, a conventional subsea remotely

operated wvehicle (ROV) 320 may be used to operate the



15 as well as the surface choke manifold CM The subsea and surface
choke systens can be |inked and fully redundant. This renoves the
conpl exi t W@RBAB2@ual gradient fluid (e.g., the fl ui dPCOHRWET/ASBUH
150) being in the return line 342 during well control operations.
20The riser system 100 all ows dual g«aghi ent operations, wthout the
drilling fluid having to be punped to surface fromthe sea bed,
renovi ng the back pressure fromthe well, with the ability to have
mul ti pl e | a¢gecdters Eaignt s pal degethieed edbove | ithe 342 BDO SuAT also aed
the flexibility to ﬁ§ition.2§ t he interqfl dul es 202, . 222, 224,
226 anywhel®® |fo‘?1d"{@r &I DaHNEPPRRGE 206 F1omMUPTE2sFPREF ST ntY ¥ % t he
| ower marine9yisry, package4dl.VRRd dbhepditsaim Dtdeem:=28Q@shas t he
capability of having nultiple annul ar seal nodul es 222, 224, 226
installed in thels30 ghcser iat FIGY 206ard saapreoniBionassen sheredfthelhe
seal s 6, 218, 220 in the |l e 22 24, 226 may be tive or
passi ve, chRtRTTERiRs men Fsczﬁgboiégpr?e?sé‘urém@pé%ﬁéﬁ? %\ﬁ r NS 338
2008/05820&B£ﬁ&U32QQﬁhﬂBﬂﬁﬁétorGﬁaraméﬁéﬁdlﬂmomga%tgkbﬁsuﬁgﬁdngdule
housi ngs 268, 280, 282, 284, 306 can accept, nodul.e rovi . any
manuf act ur BPTPRHTH Sro i SENST cCBREPGHTT ST CONFRgaF B ROFoT e

respecti veof ntigs nadr fredainkes ofseath bs@sle €202, 3Bhe pbser sSysdwinil00
allows for full borei%%cess %hrou%% the riser 206 when the
) v

strin
nodul es 20%°NRRBEOLH BT 58Y4PE P Q, st dhe, S%BFOFﬁp%%‘?ng”aﬁny

restriiati opss oftb RKHdRonepenakye8smer3gs oceglures froma floating
drilling vessel. In energency situations, the nodul es 202, 222, 224,

10 226 can be refddnineaddevednadly aflowpas atiey. Gan £HB £08WEN =il

hang- of f t s, through the riser string 206 . The riser system

100 a1 1 ows L8P TS AR e (Boht L bt agh AuFdad S06¢RAI BE PR Tyed

t hrough t heompletdor akfud piREnés 3501 8Btolidls &hes @Glsle@NStrTHEN 206 .

preferablysigcémiﬁgﬁaidules 202, 222, 224 provide for relatively large
15 bore access through the riser string 206, many items of

completion equipment can be installed through the modules.

As depicted in FIG. 31, the completion equipment 350
includes a slotted liner. However, it will be appreciated
that many other types and combinations of completion

20 equipment can be installed through the modules 202, 222, 224

in keeping with the principles of the invention.

During installation of the completion equipment 350,
the valve module 202 can be initially closed while the
completion equipment is assembled and conveyed into the

25 riser string 206 above the valve module. After the
completion equipment 350 is in the upper riser string 206,
and one or more of the annular seal modules 222, 224, 226
seals off the annular space 228 about the tubular string 212
above the completion equipment, the valve module 202 can be
30 opened to allow the completion equipment and the tubular

string to be safely conveyed into the wellbore 346.



15 for personnel to nmake connections or install equipnment in the noon
pool area of a rig 238 for the riser system 100. The ri ser

syst em 100V(prag%d@2® f or continuous nonitoring of flow PEEES007/083974
pressures, tenperatures, valve positions, choke positions, valve
integrity (e.g., by nonitoring 20 pressure differential across

val ves) utilizing sensors 21, 111, 118, 124, 131, 340, 336, 338, 230.
The sensors are connected to subsea and surface control systens 119,
120, 304, 142, 18thi% tgpenofi dpsraigiand entspakbing Bétweemgridd cant

sopect Sludlind: ShSIRhEn 190 20T LAtk RAERLE Sanaresr
pressure diddgreatiigy teapabbhmddaod tie Ildrk@eh sfrthg 26mpbetiom t he

annul ar seal jpodul e 22, 224, 226, Th t 100, tili
ot eat i v TR 350750708 SRR IR nct TG IRE L CBar Ubiah Hpgnat

330, 332, Sdwn 360 Ar.t hecr bseld sbé i ugeR Forwienst Barpespect i ve
nodul es are not installed. The inner dianeters of the protective

sl eeves WO 20Q%f2h8A0GPEAAUE2O0d1 DBIFA4 to B8 G. 33, 4Boeher preferably
at | east as &geat t he inge% di apet er_ of th(saltO onventi onal riser:ﬂoints
used in t HECTTABI AP T268S THesT | $61° LY 080 PobeBEFRT T e thee 1Y
annul ar seahd iRt 122222, i224sansited, 226 whdchethasialéedidm any

order, and in_any conbi nati on, The annul ar, seal dul.es 222, 224
and/ or 226°¥AHH IllbéLsp8§’PPF8h§g Bl Cﬁel g jggflﬁ‘t" @?2“” Elnerhe

| at ching p3ofi | emact Uakeead248 anfedrindd leme 3538id2é0mposition 150
directly into the annular space 228 or flow passage 204 in
the riser string 206, in the configuration of FIG. 32 the
fluid composition is injected into the drilling fluid return
line 342.

15 In this manner, problems associated with, e.g., forming
gas slugs in the riser string 206 may be avoided. The
subsea choke 112, 117, 123 or 132 can still be used to
regulate back pressure on the annular space 228 and, thus,
the wellbore 346 (for example, during managed pressure

20 drilling), and the benefits of dual density and dual
gradient drilling can still be obtained, without flowing

variable density fluids or gas through the subsea choke.

As depicted in FIG. 32, the fluid composition 150 is
injected from the injection conduit 11 into the drilling
25 fluid return line 342 downstream of the choke 117 and valves
115, 116 at outlet/inlet 44. However, this could be
accomplished downstream of any of outlets/inlets 40, 45 or

54, as well.

In another feature of the configuration illustrated in
30 FIG. 32, the fluid composition 150 may be injected intoc the
drilling fluid return line 342 at various different points

along the return line. Valves 374 are interconnected



- 262, 272, 266, 274, 264 276, or latch and seal 10 bores 328, 330,
332, 334, 360 can be standardi zed to allow interchangeability between
different nodul es and different types of nodul es. The val ve
nodul e 202 nay be used in conjunction with a blind BOP at the
wel | head structure 236 and/or a BOP nodule 15 42 in the riser system
100 for redund&feotsseati on bet ween the wel | bore 346 FRRFSPHESr f ace
in the riser string 206. In particylar, the above description
provi des a riser system 100 which naY'ﬁﬁcTude a val ve nodul e 202

whi ch selectively permts and prevents fluid flow through a flow 20

passage 204 exiendi-ngidLnghididbRaldnuiiQUEAR 8nd i8OS LEheaB4206

An anchoring devi ce 208 can rel easabl ecure_t he_val nodul 02 in
the flow passa@Baofﬁh‘f“paﬁ’Fe?%?ﬁ?ﬁS?? ﬁgo'b%\}’liger%ﬁn nﬁ?ebe\%’g?ug)f elgr rom a

subsea | ocat i odespeeepf oflekEbiUiby riss availBbie rinnghegéser systemdfher
aEChﬂi ng devi ¢gr ?gﬂag-m?leihel&aaammig@wmmgmwmemyn@: 2021 i n
t he ow passage 204 g.anchoring devi, 0 reven

di spl acenent’ O%I?Weenf;u%ﬁﬁ“éf‘n%t“ra i n%"%ﬂ?[’i ereﬁazlljl\'/e(,gg?)én? gb\ér Pérérﬁét ring
206 when aness@h@ jegurn line 342 between the outlet/inlet 44 and the

surface rig structure 238.

The valves 374 may be conirolled utilizing the subsea
control system 142 described above. The injection system
10 illustrated in FIG. 32 may take the place of the injection
system 200 described above, or the two could operate in
conjunction with each other. The injection system of TFIG.
32 could utilize wvalves similar to the valves 33, 55, chokes
similaxr to choke 14, non-return valves similar to the non-
15 return valve 8, and sensors similar to the sensors 21

described above.,

It may now be fully appreciated that the above
description provides many improvements in the art of riser
system construction, drilling methods, etc. The riser

20 system 100 allows the tubular string 212 to be moved in and
out of the well under pressure in a variety of different
types of drilling operations, such as underbalanced (UBED},
managed pressure (MPD) and normal drilling operations. The
riser system 100 allows for various internal nodules 202,

25 222, 224, 226 and anchoring device 210 to be run in on
tubular string 212 and locked in place by hydraulic and/or
mechanical means. The internal modules 202, 222, 224, 226
allow for annular isolation, well isolation, pipe rotation,
diverting of flow, dynamic control of flow, and controlled

30  fluid injection into the return line 342 and/or into the
riser string 206.



30 increased in a portion of the riser string between the valve WO
2008/ 058209PCT/ US2007/ 083974 - 69 - nodul e 202 and a seal 214, 216,
218 or 22wdsbsweseost he tubul ar string 212 and the ri SePCHEUS200MPS206.
An annul ar seal nodul e 222, 224 or 226 may seal an annul ar space 228
between the riser string 206 and the. 5d ubul ar string 212. The
anchoring device 210 may prevent displacenent of the tubular string
212 relative to the riser string 206 when pressure is increased in a

portion of the wHesafissls bggtbﬂtm%ﬁMé@lema@hanQﬁ and the
annul ar seal nodul e 222, 224 or 226. 10As di.scussed above, the riser

syst em 100PFRESYHANMIE 16RE P ABPRVRAMIUIML 1ddAY RBAGREECDR Ve a6

whi ch seal ; {fe-midar fiB%C?o;ZR@ Pet W e duie-aldl, SBhdsthéRE 206isad a
tubul ar string 212 in the flow passage 204. The annul ar seal nodul e
222, 224 o?llzgelwwﬁclladwahér%ﬁi-rmre seals 15 216, 218, 220 which
seal against the tubular string 212 while the tubular string rotates

within=he floWiadssges sUFtemni0Qeallams 1splgtigy Pot Bhe WFtiPURe

tubul ar st3i0rd? thEh@useake2B) FBYsIQIMBIHE SaakeOnan 18 24 N the s
riser string 206 while the tubular string 212 rotates within the 20

seal 220. EfEseh|iredigiige Q| kerd viImPleldicn) FeoéxEERHRST el F4itho

seal i ng cogt agte Wdnp1he ohuBghapmeh£ | 380 Rldbottom hdE hiSERLBYSS eM
100 may include at Ieast one sensor 230 which senses at |east one

par anet er &7 - nofiiler istd ldpBRrARF AN BRI tHEl Rk ive ThBHBRERS ORRCk 50

met hod of i LESU &-d @itNdul hhigGed!Fdik B0 4133 1988Ncgesst i el
whi ch may include the steps of: installing a valve nbodule 202 into an

internal |ongitpgh Nalsdd @YsRaRSAG8 permits flexibility in dual
gradient, underbalanced, managed pressure and normal
drilling operations with the ability to have chokes 112,
117, 123, 132 positioned subsea and in the return line 342,

15 as well as the surface choke manifold CM. The subsea and

surface choke systems can be linked and fully redundant.
This removes the complexity of the dual gradient fluid
(e.g., the fluid composition 150) being in the return line

342 during well control operations.

20 The riser system 100 allows dual gradient operations,
without the drilling fluid having to be pumped to surface
from the sea bed, removing the back pressure from the well,
with the ability to have multiple injection points along the
return line 342 to surface, and the flexibility to position

25 the internal modules 202, 222, 224, 226 anywhere along the
riser string 206 from the slip joint SJ to the lower marine

riser package LMRP.

The riser system 100 has the capability of having
multiple annular seal modules 222, 224, 226 installed in the
30 riser string 206, in any combination thereof. The seals
216, 218, 220 in the modules 222, 224, 226 may be active or

passive, control system or wellbore pressure operated, and



204 extending through the riser string 206; closing the valve nodul e
202 to thereb‘ig2 revent fluid flow through the 30 fl ow passage 204;
and appl yi¥?2 Sf&sé‘!?sure differential across the cl osedPGHISEOHEHTH e
202, thereby pressure testing at |east a portion of the riser string
206. WD 2008/ 058209PCT/ US2007/ 083974 67 H) - The installing step may
i nclude securing the valve nodule 202 in a portion of the flow
passage 204 di sposed between opposite end connections 232, 234 of the
ri ser striygt20819 Tre sttener . enthe onpiickte drouddaosay68ecliB@, t382 5 A84ser
string 206 r
connect i on3§§2&rrrg>%§%% &%B?Eggglééé%%éﬁ %f%&g ﬁ%ﬂg%??ﬁﬁ% r'uc"f}{t}rg1
ggg tTh?humlmmmmmgghaﬁegy m?@mﬁdy fs:;ecu:lﬁ rhgpeecrisigwe ts';]ri ng
o the;ri r r. may further include the
step of i n§ %%I?&rllg%%%éﬁﬁél'a?eéga gﬂ%%’ul 2&222, 224 or 226 into the
fl ow passage 2 .t h t u my [ p ive to
seal aﬁssannul a?ﬂéep\gclésgfzggﬁg%@\egﬁétigﬁﬁ ser Lijsffru?ﬁgggﬁg %%c?jééaglt ubul ar
string 212tpomigh dived nviiselri atrhegf 24y Wessdde B04ulThe2ldB, p28ss B2 ,
differenti Vi ep i u i easi_ng e - 0. the
flow passagée6 ;%24 bf&eq{\g\)e%tr?’t ﬁ@%ﬁ%@% hDdlg?ﬁ e%@?%%lgﬁd aB ke§§%€lﬁlréé$nl(§s%alon
modul e 222noRdl gpe22G.ions or Theooedinoss nayorf ar ttherting| ddellivey st ep
of install] ot her I S dul e [ t
o 20 pacsiilponT heRbefersERbaiPinG SR atihBa L eleg T
oper atlive (26 smal Hehendeohkllarespacee? 2hdbetwepertherr cserretiri ng 206
and the tubul string.212 ifioned wthi.nh.the flow passa 4,
The pressur& TTEt 120007, FRg TS Bl T O Sl neThaes 0%
i ncreasing pre it | ow; pas 5,20 n
nodul e 202 and e%slgcggn%?g%ﬁﬁl é?es%gﬁsﬂrr%c?uﬁzle%?%%?gggﬁu%?g%%zi.él&e’
The net hod2®®y 8@t B84 ,i 30kbutle bhedspbpyad tilmonugasithg poessureable t he

riser Str'ﬂg %9%u9§&ﬂ?%&s%gesgh §5ngpd There preferably is no need

15 for personnel to make connections or install equipment in

the moon pool area of a rig 238 for the riser system 100.

The riser system 100 provides for continucus monitoring
of flow rates, pressures, temperatures, valve positions,
choke positions, valve integrity (e.g., by monitoring

20 pressure differential across valves) utilizing sensors 21,
111, 118, 124, 131, 240, 336, 338, 230. The sensors are
connected to subsea and surface control systems 119, 120,
304, 142, 18, 19 for monitoring and control of all

significant aspects of the riser system 100.

25 The riser system 100 can accept deployment of an inner
rigser 36, if needed for increasing the pressure differential
capability of the riser string 206 below the annular seal
modules 222, 224, 226.

The riser system 100 can utilize protective sleeves 35,
30 48 to protect ports and seal bores 328, 330, 332, 334, 360
in the riser string 206 when the respective modules are not

installed. The inner diameters of the protective sleeves



second annul ar seal nodul es 222, 224 and/or 226, thereby 30 pressure
testing the riser string between the first and second annul ar seal
nodul es. wWAQBQAB1®58209PCT/ US2007/ 083974 - 71 - | n t hBCPUSSESMISE74
differential applying step, the portion of the riser string 206 which
is pressure tested may be between the gepalve nodul e 202 and an end
connection 234 of the riser string 206 which is secured to a wel | head
5 structure 236. The nmet hod nay al so include the steps of:

conveyi ng 5 f ulilale $hbiFBgaRly ddtneddie dd Qwenasengei ¥dy antheial i ng
and securing the tubular string at a position in the f|l ow passage, so
that flui ¥ iconyeaténnall FhFDug dtsams§taln16he pateeD AF Hédeen
the riser s§g¢ing 206 and the tubular string 212, and the pressure
differential applying step may further include applying increased

pressure via thgd uhular sg5EbA01 @4 BHdanidie el bhal18F 481 M&Riles
string 206 which is di sposed between the val ve nodul e 202 and t he

positi on at2d5 dAfi end/rE Rabutarbetiisiglided i@ se¥ egdend &t urmediivn

the flow passddftdQh. The ARBuiBE hadh mabddidshebai nehudend e stoep of
utilizing at | east one sensor 111, 118, 124 and/or 131 to nonitor

pressure vWahialk fre Foserippedi baleriin 2He JrdssuPd- 20 differential
appl ying step. Al so described above is a nethod of constructing a

ri ser system 108:e HR&CRADAOBTAEY ISR ifte 407 <BEps26f: 0¥ ns?eF ing a

val ve nodul&c B4 2 ¢f Low passagss 207 exdending | ongi t gk naddy
t hrough a riser strlg%gzog, the 25 val ve nodul'e 202 belgg operative
t>>&nd

to selldct ikerss peddvi Blevadt: f3F o R thrsdgrdired frovi Padsage
204; and im&@é&ﬂamge%tbilmgt b@PFeR N Afc a8a myeduks 222, 22fe.angd/ or

226 in the fl ow passage 204, the annul ar seal nodul e being operative
to preventt¥Pes PF meRvlefeough an annul ar space 228

The valve module 202 may be used in conjunction with a
blind BOP at the wellhead structure 236 and/or a BOP module
15 42 in the riser system 100 for redundant isclation between

the wellbore 346 and the surface in the riser string 206.

In particular, the above description provides a riser
system 100 which may include a valve module 202 which
selectively permits and prevents fluid flow through a flow

20 passage 204 extending longitudinally through a riser string
206.

An anchoring device 208 can releasably secure the valve
module 202 in the flow passage 204. The anchoring device 208
may be actuated from a subsea location exterior to the riser

25 string 206.

Another anchoring device 210 may releasably secure a
tubular string 212 in the flow passage 204. The anchoring
device 210 may prevent displacement of the tubular string
212 relative to the riser string 206 when pressure is

30 increased in a portion of the riser string between the valve



30 between the riser string 206 and a tubular string 212 positioned
in the flow passage 204. WO 2008/ 058209PCT/ US2007/ 083974 - 72 - The
met hod maywo paoBozseot he steps of providing an internal POTHES$SI00M08290
for sealing and securing the valve nodule 202 in the flow passage
204, and providi ng another |ocation 24¢y 244 and/or 246 for sealing
and securing the 5 annul ar seal nodule 222, 224, 226 in the flow
passage, and wherein a mnimuminternal dinmension ID of the riser

string 206medubaciyofanidhesechdcala prz1RAQ 12472 2244beldébeh Stid | east
as great as a mninuminternal dinensjon of the riger string between

opposi t e ehWPEHNRIE T 22322183409 TR fF5"9er%8tring. The val ve
nodul e 202 and annul ar, seal dul.e. 22 2 226 installing steps may
D50 each i ncl b STHAL S5aAnIaRR Ty Gk OF 388, M3YgSSBEGN 52 T
secur e t heafispectdpeeddyl Betebahi vige 10 ddie StirSely 306I A8d 206 The
actuating ste 1SE¥$§_incl de enga ing a latch nmenmher 254, 256, 258,

t 1

260 of I hetMRRHRE 1T Ve Nodde 2608 $9T0Bay derdn oA 0ateh PERHHAI ng
internal paoéplacadeht 264 £hd66ubalaEdstFidNe i senasivengo 206 dheer
actuating step may include displacing. a respective |atch nenber 254,

256, 258, 26D Pt erGEFeRERESID W M 2CTEATES gdndi RETExPRr Rl the

profile 27Pis@Y striffy betGckar 8B a1 FdandRERE Cloi2vandDEHE CaO2La222,
224, 226, and.wherein a respective actuator 278 on an exterior of the
ri ser striﬁ@a%dﬁxggééégzdi§§ﬁa8§n%%§'of the respective latch menber

254, 256, 258, 260,, 25The net hod nmpy include the stegs of : |
interdH%neCtingA%idlSCUSSEd above, the riser system 100 may include

one or more annular seal modules 222, 224, 226 which seal
the annular space 228 between the riser string 206 and a
tubular string 212 in the flow passage 204. The annular
seal module 222, 224 or 226 may include one or more seals
15 216, 218, 220 which seal against the tubular string 212
while the tubular string rotates within the flow passage
204. The seal 216, 218 may rotate with the tubular string
212. The seal 220 may remain stationary within the riser
string 206 while the tubular string 212 rotates within the
20 seal 220. The seal 218 may be selectively radially

extendable into sealing contact with the tubular string 212.

The riser system 100 may include at least one sensor
230 which senses at least one parameter for monitoring

cperation of the valve module 202.

25 A method of pressure testing a riser string 206 has
been described which may include the steps of: installing a
valve module 202 into an internal longitudinal flow passage
204 extending through the riser string 206; closing the
valve module 202 to thereby prevent fluid flow through the

30 flow passage 204; and applying a pressure differential
across the closed valve module 202, thereby pressure testing

at least a portion of the riser string 206.



val ve nodul e housing 280 as part of the riser string 206: and

i nterconnecting an annul ar seal nodul e housing 282, 284 and/or 306 as
part of teopiosess2®tring. Each of the interconnecting BCEPS200R083974

i ncl ude di splacing the respective 30 nodul e housi ng 280, 282, 284,
306 through a rotary table RT. The disp} aci ng step may incl ude

di spl aci ng the respective nodul e housi ng 280, 282, 284, 306 through
the rotary table RT with at | east one of a valve 113, 114, 115, 116,

121, WD 2008/ 0532092¢H1YS2Q04L 0838 # incihde bééurlidd end/ L1434 and

an accumul at or 56 externally connected to the respective nodul e
housi ng 288049k 203840 30§ rthenpEerhathliary Passanay 2P A clirrosed

portion 308e8fedn Qﬁﬁds&%e?’gnaa&bﬂﬁe@ilér%isztﬂong3\435‘£et§é0r1§é-13 114,
115, 116, 121, 122, 133 and/or 134, at |east one accumul ator 312

and/ or 56, SERERGAt2(feasThend OWeE UBRS reamEc@Nor 347 BaEX SRPHER | he

connectged iPséPesﬁfﬁgi 2R kboR é%s@&%@@l}%&&%t&ﬁétﬁ%vﬁs@”dalﬁi"’dﬂear
seal nodul es 202, 222, 224 and/or 226. 10 The nmethod ma also i ncl ude

the step OFPRISpIREIGRFNERE1PNSBB2 PBRY | BIFBTB the FaserontBong 246 tiee
ext ernal | y, copnect,ed\alev 23810, 7iid 3y renkl BonhdBt 1481231 4¢ay 133

and/or 134, accumul ator 312 and/or and actuator 314 and/or 278

t hrough a ¥b3idly tsfsiureRThel TRer ngt kbl mp itscltlige rifesSrepuns
connectingyfydraulic control lines 90, 316, 318 externally to the
riser string 206 for operation of the valve and annul ar seal nodul es

202, 222, 224 ofyH Qfetdf nﬁﬁ}dfﬁi’{?ﬂéftirﬂglﬁnﬁe t*?))édrs%'éF Sfci’ﬂééé’illﬂg}‘es

to a subsea hydraulic control system 20 304 externa he riser

string 20620 THENWERhG®atafodnde £Adt uthkd (e b gnsp FEEI é%@%goqer@ge
hydraulic sgpt rﬂtm@;ee@n%%ayss@gl %@&\Pﬁ&%éﬁﬁobﬁbﬁéa@@% a&@dsé/aﬁh'aCd e

320. The nmethod may include the step of connecting a hydraulic supply
line 90 an@n@nlal eadec28chatreen| the BF S5 safétlmeﬁoﬁh@n@u@s@ebular

hydraul i c €ORLES!2 B YAMARAAN o0 ST A0 TG C oDk L Ol may St e

18. Slgnals or~ oper t he subsea hydraulic co system 304 to
sel ectivel prespplrsy C?il}fcfr%‘l@lnlté»aﬁl aPHlY g peren daghdngalde angredsinar

seal modul §5.202re 222.+12241800pQL 220 FBY RSB iRke¥gdvembdeie

202 and the annular seal module 222, 224 or 226.

The method may further include the step of installing

another annular seal module 222, 224 or 226 into the flow

20 passage 204, with the second annular seal module being
operative to seal the annular space 228 between the riser
string 206 and the tubular string 212 positioned within the
flow passage 204. The pressure differential applying step
may further include increasing pressure in the flow passage

25 204 between the valve module 202 and the second annular seal
module 222, 224 or 226.

The method may further include the step of increasing
pressure in the riser string 206 between the first and
second annular seal modules 222, 224 and/or 226, thereby

30 pressure testing the riser string between the first and

second annular seal modules.



30 electrical control line 89. WD 2008/ 058209PCT/ US2007/ 083974 - 74
- riser string 206 for lubricating a bearing assenbly 324 of the
annul ar s&¢020880R3R® 222, 224. The nethod may i ncl ude tReI/E$807/458974
connecting at |east one lubrication return line 326 externally to the
riser string 206 for returning 5 lubriTlant fromthe bearing assenbly
324. The annul ar seal nodul e 222, 224, 226 includes at |east one
seal 216, 218, 220 which seals against the tubular string 212 while

t he tubul ar strimgheotpatesunet 8i Afétentdlaawapadydge 204p, Thiee geatt idh6

or 218 may potate with the 10 bul ar, string 212. The seal 220 may
Cemain Staet ol e e ieng ppEarh & i, Bids e SoehaS tuat h
string 21Zéobedreshd thilwet hedatal 2 @2Gndlhe @ c2di8ebByobe234 of

selectively radjally exten l e into. sealing contact wih the tubul ar
ooy biotng B LGANENIRR BB oL EE Sogovedbhadng | Hoe

i nst al 15 ngsstepsurayz3dencl ude sealing the respective nodule in a
correspondi ng seal bore 328, 330, 332, 334 formed in the riser string

206. The net hodrimyndticidhenyi atstdend helestidps safepkebft eydbge@ing a
respective

se bore pro tor sleeve .20 35, 48 fr Wi thin the
o e pondi e s 338, 2850 CRASt T PARTGE COLT hahe BRa T
i nstal | i ngatidies¢@spiert ithe Qﬁbu@&rt%}eri/r&j et l@éﬁao@ﬁ.ﬁmbﬁr iﬁeaﬂfxe My es
202, 222, 224, 226. T Tet npy i ncl ude t step o
POt oot paasads. inn avarorSentr Phreo pievearted MrabeR A (i
string@5 208cPrizy deawded sheprobet nstididd nyd hadvaheetapdlde 202.

The nethod may include the step of retrjeving a seal bore protector
sl eeve 35, SHBHY oman BHih HPReP ?E%?r%tfﬁ%%rfg’é‘lﬁii 8PPt 811 %S sTR It

i nst al || ngf&AenhanidandeappiPidlei #evsa gttt prédtura0the oré hoshumw
i ncl ude utilizingqat | east one sensor 111, 118, 124, 131 to ponitor
pressure i AtFHRI 141w FRaddigg 8Os 6 40B ePeElf e SFalsFE TREdaPe Wi t he

annul ar se@i sp®Edd @etween the valve module 202 and the position at
15 which the tubular string 212 is sealed and secured in the

flow passage 204.

The method may further include the step of utilizing at
least one sensor 111, 118, 124 and/or 131 to monitor
pressure within the riser portion during the pressure

20 differential applying step.

Also described above is a method of constructing a
riser system 100. The method may include the steps of:
installing a valve module 202 in a flow passage 204
extending longitudinally through a riser string 206, the

25 valve module 202 being operative to selectively permit and
prevent fluid flow through the flow passage 204; and
installing at least one annular seal module 222, 224 and/or
226 in the flow passage 204, the annular seal module being
operative to prevent fluid flow through an annular space 228

30 between the riser string 206 and a tubular string 212

positioned in the flow passage 204.



WO 2008/ 058209PCT/ |1 TS2007/ 083974 - 75 - 222, 224 or 226. The net hod
may include utilizing at |east one sensor 230, 336, 338, 340 to

noni t or atwo emsdsserve paraneter indicative of a perfor nRETES2007/083974
characteristic of at |east one of the valve and annul ar seal nodul es
202, 222, 5224, 226. Adrilling-nmet hod is al so described which
may include the steps of: connecting an injection conduit 11
externally to a riser string 206, so that the injection conduit is

comuni cabl e witHe aetdndienagl ihtDuapassaga o oexbesdiagnd Oan
| ongi t udi nal | throu%p t.he riﬁer string. 206; jnstalling an annul ar

seal modul B7¥22LIPCFIEN; 44PKEOF | T &JE 56589TLRE BRALTHI Seal

nodul e beingapnsidgoned the thew! bovepns SADE, keldvpebveppagi dcoBiu:
connections 232, 234 of the riser string 206;_conveyin% a tubul.ar
string 2121?%*61%1@4f2|r0\%4f53f}92859%4@0§8r ARG aRaRRorEIS e 228

bet weers t hgnhwbal AHeaSt Micdm13122and22he Jicem $hid #Aor0fasbade Zidig t he
annul ar seal nodul e 222, 224, 226; rotating the tubular string 212 to
t her eby roVR®ESHR o MLRiFM 3akezpal FHRengioathd Dot FBet HhEFArSSi g,

the annul aposespt sl 28ése224cad26n2 R ARaldang bhe, apnygl as space
228 during_ the rotatln%sstep; flowwng drilling fluid 81 fromthe

annul ar sph@aSR 2B 14 eRts @5f 4cBLPORER| vhtethfd [dimeasing aff i oriser
conposi ti 08¢ Apky ARG A RBeBSEEY EREScdhddttitals ot hesdrbklimg fluid
into the annul ar space 228 via the injection conduit 11. 25In the

i nj ectithg 5tepr FHeN9-ui d conposition 150 nmay include Nitrogen gas.
The fluid conposition 150 may include_holl ow gl ass spheres. The fluid
conposi ti on 150t HMayalya F@evaen? Rt uped ANMIRE FefddmgaeleThe? r st
string 2062p@yihdd ude @ Rebbi fBylalayi ddb@tinclude actuating an

anchoring device 208, 248, 250, 252 to secure the respective
module relative to the riser string 206. The actuating step

15 may include engaging a latch member 254, 256, 258, 260 of
the respective module 202, 222, 224, 226 with a
corresponding internal profile 262, 264, 266 formed in the
riser string 206. The actuating step may include displacing
a respective latch member 254, 256, 258, 260 into engagement

20 with a corresponding external profile 270, 272, 274, 276
formed on the respective module 202, 222, 224, 226, and
wherein a respective actuator 278 on an exterior of the
riser string 206 causes displacement of the respective latch
member 254, 256, 258, 260.

25 The method may include the steps of: interconnecting a
valve module housing 280 as part of the riser string 206;
and interconnecting an annular seal module housing 282, 284
and/or 206 as part of the riser string. Each of the
interconnecting steps may include displacing the respective

30 module housing 280, 282, 284, 306 through a rotary table RT.
The displacing step may include displacing the respective
module housing 280, 282, 284, 306 through the rotary table
RT with at least one of a valve 113, 114, 115, 116, 121,



30 | east one valve 8, 3a, 3b, 6a, 6b at |east one accunulator 5, 15,
and at | east one actuator 4a, 4b, 6b externally connected to the

ri ser porwomoedossomw controlling injection WO PCT/US2007/083974
2008/ 058209PCT/ US2007/ 083974 - 76 - of the fluid conposition 150. The
met hod may i nclude displacing the risersportion 1 with the externally
connected valve 8, 3a, 3b, 6a, 6b accunulator 5, 15 and actuator 4a,
4b, through a rotary table RT. 5The nethod may i nclude the steps of

connect i ngidwdriad iaeagert 10k hhdesn lacchimul Atext ebnakiyriLltshe riser
string 84, 206 for_controlling injection of the fluid conposition

150, and cimatEey tehEhryEpaReFel @ MaBILe hRES1RE 48Qy v fdraul i c
control sysdem 142 external to the 10 riser string 84, 206. The
met hod may i nclude replacing the hydraulic control system 142

utilizing a subsga dieeet akyinger @ athy elicah@e330pofbeonel @iy
i ncl ude connectin ydraulic_supply line 9 and an _electrical

h
control® | i%@@@%&%@ﬁipﬁe%ub@%t R AALVE SéArr b3 syttbmu> and a

15 surface;fwdraul i a20Qntngl a8pbemiB, 3 draks HaE apehmLldh:d a2
subsea hydraulic control system 142 to sel ectively supply hydraulic

fluid to coMs S6nj & 6% dratheond Aol BRAA1SD #E§ be
nul ti pl exegde@i-de Lleahebeal coNERS! riddie pd+i2QTher NBhERLk 1B of

include utilizing at |east one sensor 21 to nonitor pressure in the

i nj ecti on Eemdiakveland annulargsesl iTRAHESH A2 s 24P 502 4 s Adtfi-ch

may i NG UGEhd e tHRPHa9f a168ND5E1 LAY @hé”éd%? g BEHE@a&fﬁ&rﬁhéiﬁB%é%B,
194, 342 externally to a riser string 84, 206, so that the 25
drilling fPRFELITeL o) gect4or ontift Eabihe Gixteraal it ePraeciedw

passage 204, pxd endj ng al3onghyydipal | y1 ¢ hrough jbhe nhsepngfss Nk,
installing an annul ar seal nodul e 222, 224, 226 in the fl ow passage
204, the anecimEilatey 3dBdard/pei hg prdiadiawder Aléhanflf oy pddsage

bet ween opppsiis, eNd-21Qr50REEELI RAS 232, 234 of the riser string;

conveying a

15 The method may include the steps of connecting
hydraulic control lines 90, 316, 318 externally to the riser
string 206 for operation of the valve and annular seal
modules 202, 222, 224 and/or 226, and connecting the
hydraulic control lines to a subsea hydraulic control system

20 304 external to the riser string 206. The method may also
include the step of replacing the hydraulic control system

304 using a subsea remotely operated vehicle 320.

The method may include the step of connecting a
hydraulic supply line 90 and an electrical control line 89
25 between the subsea hydraulic control system 304 and a
surface hydraulic control system 18. Signals for operating
the subsea hydraulic control system 304 to selectively
supply hydraulic fluid to operate the valve and annular seal
modules 202, 222, 224 and/or 226 may be multiplexed on the

30 electrical control line 89.

The method may include the step of connecting at least

one lubrication supply line 53 or 322 externally to the



tubul ar string 212 into the fl ow passage 204; sealing an annul ar
space 228 between the tubular string 212 and the WO

2008/ 058209P@NsB2G07/ 083974 - 77 - riser string 206 uPCTiugiongosseve
annul ar seal nodul e 222, 224, 226; rotating the tubular string 212 to

thereby rotate a drill bit 348 at a disdal end of the tubular string,
t he annul ar seal nodul e 222, 224, 226 sealing the annul ar space 5 228
during the rotating step; and flowng drilling fluid 81 fromthe

annul ar spﬁt@e:?_?s&ﬁmgi 29061 Eaeelhbﬁa&&ﬁhg/iaa e idgi hksagbiy w3 zh reet urn
line 342, e flo S udj in fIOM/restrlctlon

t hrough a éﬂ%s%%P @efizmogfg égg g%%’ AP cBahett et d4% t he
riser strioge286ep oaﬂ&dnm@bebzﬁgnat Ni@ddt aorideJiubed cd @R O &L PF eSSl -

The step o aryin flow restriction may include automtically
varyi ng thé ¥ %%&?éhﬁﬂlbePoﬁ hGi Fhoet Tt 1490 £PENEPERTRINY her eby

nai nt aisn t bebepsdned dawhel Bepr 6§ Uisserdikhg oy, ser string 206 may
i nclude a portion 308 having at |east one valve 310, at |east one

accunul at or 312th@nthmilar easl mﬁ@ub@tm,orzzau 2%t ehahliys Conmasd-ad
to the riser poraﬂjlti {1 gpe 2@ t he s sea choke 112, 117, 123,
132. The nebRotEHRy? Yar 21 R SR et ORE R FuRETAT on b0
308 with therexd exrmling1eonnectebuyal Ve By reacuedl At ehislehand oy

actuator 314 thro:gﬁ a rotary taple RT. The net hod naéhinclude
connect i ngPAYHHUITY corftPoPePnéle 875 U SaYerRAPLG Yo RNEN® i ser

string @4, t@@@lzi@rsmﬁigr ehki.ngTRREsS41 oziszméyh&eﬁlaghes%aeloxléﬂy 123,
132, and 25, conpnectin draulic control lines_to a subsea

hydraul i ¢ EbhE Y| the, 3t r1f§¥lT§02%§t¥9%&ﬁ the (thHEULREeFtELRY Nt B4,

206. The nedheeedrByitHicl wde geamnegtong dhe Juedr aulgi gagopkrol |ine 87,
93 and at | east one electrical control line 186, 192 between the

subsea hydP&HPFEltet FRIdigyd¥ehigadable into sealing contact with
the tubular string 212.

15 The valve and annular seal module 202, 222, 224, 226
installing steps may include sealing the respective module
in a corresponding seal bore 328, 330, 332, 334 formed in
the riser string 206. The method may further include the
steps of retrieving a respective seal bore protector sleeve

20 35, 48 from within the corresponding seal bore 328, 330,
332, 334 prior to the steps of installing the respective one

of the valve and annular seal modules 202, 222, 224, 226.

The method may include the step of retrieving a seal
bore protector sleeve 35, 48 from within the riser string
25 206 prior to the step of installing the valve module 202.
The method may include the step of retrieving a seal bore
protector sleeve 35, 48 from within the riser string 206
prior to the step of installing the annular seal module 222,
224, 226.

30 The method may include utilizing at least one sensor
111, 118, 124, 131 to monitor pressure in the flow passage

204 between the valve module 202 and the annular seal module



30 120 and a surface hydraulic control system 18. Signals for
operating the subsea hydraulic control system 119, 120 to selectively
supply hydYQ1op/8s829%i d to control operation of WO PCT/US2007/083974
2008/ 058209PCT/ US2007/ 083974 - 78 - the choke 112, 117, 123, 132 may

be nultiplexed on the electrical contrtd 4ine 186, 192. The
met hod may include utilizing at | east one sensor 111, 118, 124, 131
to nonitor pressure in the drilling fluid 5 return |line 88, 194.

Anot her dr22%; igdetrth@@oi.s Bbescmebized vie e hinrdydenctudiez e st dpsasaf .
installing flrs | ar, .gea 222, 224 or . 2 inh an internal
e 2%941&0@@%& 3’%6 53?82?]4(?|11qu nl%or at Jz.gas{l

fl ow passage ext en Vné ngi na rough-a rirser %??ing 206,
the first pemmnererlnsidaltivdube dHepangfsmcurced charbheef i owi @asts age

bet ween opposi.te _end nections 232, 234 of the ri.ser_strin

Seal'i ng an SRHUIE Siacheosn Bt o pafile serlopPRREPsotiana 2
tubul ar5 st224hg 2462 in the fl ow passage 204 utilizing the first
annul ar seal nodul e 222, 224 or 226, the sealing 15 step being
perfornmed whil ed tdre ltlilmgl aetbodi by abiatdesomitbkidnwhihiehfhaw jpasisaie;

and then cgnveyi second _apnnul ar_seal dul e 222. 224 or. 226 .i.nto
the 11ow pois e P RSt ot st ot SoRRE bl S e SoR Y
212 may retmia risdihestiiay passage 2a20zhddngeen ithecopgpost tiss end

connectiOQ§I%%%H_Z%ﬁ_ofigﬁe £i§g strin 206 _contin S|¥ bet ween t he
seal i ng and convesing <teps? T rfgjtcf’i”oé’ar?gﬁgfangﬁgd% J%%I%é]f% t he
annul ao sphoey 2381 hetigerhtrtbaghi ske sigemgtddmgandet heénstdllbig stir i ng
212 11 25 AN SRR R0t L 18 BN B o e
fl ow passatfiee annular seal module being positioned in the flow passage
between opposite end connections 232, 234 of the riser
string 206; conveying a tubular string 212 into the flow
15 passage 204; sealing an annular space 228 between the
tubular string 212 and the riser string 206 utilizing the
annular seal module 222, 224, 226; rotating the tubular
string 212 to thereby rotate a drill bit 348 at a distal end
of the tubular string, the annular seal module 222, 224, 226
20 sealing the annular space 228 during the rotating step;
flowing drilling fluid 81 from the annular space 228 to a
surface location; and injecting a fluid composition 150
having a density less than that of the drilling fluid into

the annular space 228 via the injection conduit 11.

25 In the injecting step, the fluid composition 150 may
include Nitrogen gas. The fluid composition 150 may include
hollow glass spheres. The fluid composition 150 may include

a mixture of liquid and gas.

The riser string 206 may include a portion 1 having at
30 least one valve 8, 3a, 3b, 6a, 6b at least one accumulator
5, 15, and at least one actuator 4a, 4b, 6b externally

connected to the riser portion 1 for controlling injection



The second annul ar seal nodul e 222, 224 or 226 may include at |east
one seal 216, 218, 220 which seals against 30 the tubular string 212
whi | e t heviabubagsz®tri ng rotates within the fl ow passaper/86:607/68be4
seal 216, 218 nay rotate with the tubular string 212. The seal 220
may remain WO 2008/ 058209PCT/ US2007. 083974 - 79 - stationary within
the riser string 206 while the tubular string 212 rotates within the
seal . The seal 218 nmay be selectively radially extendable into

seal i ng copt agle Witi & BembBBEL 86N S15d NI B2 me2Tba By hog-T@Ye i ncl ude
utilizing at | east one sensor 118, 124, 131 to nonitor gressure in

the flow phisekpeizoy the waerrt Rertiontl aHdhs ddsngxhrrnp Aty seannected

modul es 222,71 v2%, 226 38,f Wkl h@B FESRRG d1Hrdescrisbadavhl cha tBY 4a
i ncl ude the 10 steps ‘of : "i nst al ling multiple nmodul es 202, 222, 224

and/ or 2264Wr1%hrqqﬂme@néptﬁrﬁmﬁﬁh%%a%%—204 ext endi ng Iongltudlnally
through a riser string 206, the nodules being installed in the flow
passagé bet weerlTlshF5s: BAY &BANEEE | i TP 984CEPNERRIRG ser

string; i tdg A adm_%ar 18hekng, 242 iﬁr@mnﬁ@ntbn&ﬁélﬁs&f each

of the nodul es 202, 2, 224 and/or_ 226: and then Si mul t aneousl y
retrleV|ngS¥¥kP§nﬁ%ﬂ[%Q§ Fodurestppbl ing inyent igngpér thost 1 t he

fl ow passaggm -@ﬂxih%otuﬁﬁha&oﬁﬁé&ﬁﬁx lde r%%&&be¥bﬂgr§ieﬂuﬂﬁy
i ncl ude operatin anchorlng 20 devi ces 208, 248, 250, 252 for the

respect i vetamRiud @@ohﬂﬁé@é%}cr@P%EE@Jt%ﬁ?ﬁﬁﬁddﬁ@seﬁGangbzto2@@? 226
for digpl agepentsel I8\4161 t2@6t heTﬁé Sfﬁétl%cf 'rrﬂs@r %Q@lugécgeﬁia&ﬂ?g? the

anchoring devices 20 50, may I ncl'ude an actuat or

ext ernal | yhx@me]eltce@qrwrtoﬁesw%@m M%ﬂﬁ'gﬂz%mgAta puksea2empieebf t he

anchoring gdeyi£65 2/ 8% %@oope&-ﬁQ'lﬁemo@ W%%%lﬁ@@&@hﬂe@@ﬁ{@taed
vehicle 320 froman exterior of the riser string 206. The dules

202, 222, bedravbie rmapnlycllage dtandazn @rﬁcféﬁmﬁ'llalc%éaplni‘amﬁ e2®22,
224, 226 “Qéf&béﬁ*ﬂﬁ%iEﬁb%@%Uh?ﬁraulic control system 142 and a

15 surface hydraulic control system 18. Signals for operating
the subsea hydraulic control system 142 to selectively
supply hydraulic fluid to control injection of the fluid
composition 150 may be multiplexed on the electrical control
line 20.

20 The method may include utilizing at least one sensor 21

to monitor pressure in the injection conduit 11.

A drilling method is also described which may include

the steps of: connecting a drilling fluid return line 88,
194, 342 externally to a riser string 84, 206, so that the

25 drilling fluid return line is communicable with an internal
flow passage 204 extending longitudinally through the riser
string; installing an annular seal module 222, 224, 226 in
the flow passage 204, the annular seal module being
positioned in the flow passage between opposite end

30 connections 232, 234 of the riser string; conveying a
tubular string 212 into the flow passage 204; sealing an

annular space 228 between the tubular string 212 and the



30 space 228 between the tubular string 212 and the riser string 206.
The nodul es 202, 222, 224, 226 may include at WO

2008/ 058208PLT#/BAQ07/ 083974 - 80 - | east one val ve noBltl/BS2Q2089¢7# ch
selectively permts and prevents fluid flow through the flow passage

204. A drilling nethod is described -above- which includes the steps
of : sealing an annul ar space 228 between a tubular 5 string 212 and a
riser string 206; flowng drilling fluid fromthe annul ar space to a

su][}‘acg | ocpdd0stidga 2061 LEiDgzihegithe efnvulaki Beadddodane 127 ect2ang
a uid co sition .150 havin density less th t hat of the
arilling 11205 THET iPRe thP FRPRGAT | T 1% An t; ABSTPAY A0 %t i on
condui t 11dr10iThei f 134isd agorpasstaDneddbirtahd rebuder Nstf DgeN Gas,

hol | ow gl ass spheres _and/or a_m xture cg%%i ui.d and, gas. TQ%%

i nj ecting ¥Ry redELset et | %%% r FRRuFRE pR R LN RIS
poi nt s shet yeengdhigdihlel FB8athHyds€&h Urahd inewd4d arditbegi et igan
conduit 11 for injecting the 15 fluid conposition 150 . into, th
drilling ffif@ tha gomalpgespace 23§ etond taee LREPELE t Pk sthps of

connect i ngaAyorady i vaentre@lurhi Nese 734D, the eUeiAg! b¥ep Oi AdBudirEer
string 206 for, contralling injection of the fluid conEosition 150
and connecT#REiRNhe HIGagesEreehiehl thronah s sphsgasGheka hidir ath i

control sysigm 2 SxledhRah yt BohREcteS o Hid M0 sd@6string THE to
injecting step may include injecting the fluid conposition 150 into

y inclu :
the drid I'i Bge¥eRN daiaGiA B AES349d AR ICamePEMTS - subsea choke

112, 117, 123 or. 132 which . . L ,
The step of wvarying the flow restriction may include

automatically varying the flow restriction without human
intervention to thereby maintain the desired downhole

pressure.

15 The riser string 206 may include a portion 308 having
at least one valve 310, at least one accumulator 312, and at
least one actuator 314 externally connected to the riser
portion for operating the subsea choke 112, 117, 123, 132.
The method may further include displacing the riser portion

20 308 with the externally connected valve 310, accumulator 312

and actuator 314 through a rotary table RT.

The method may include connecting hydraulic control
lines 87, 93 externally to the riser string 84, 206 for
controlling operation of the choke 112, 117, 123, 132, and

25 connecting the hydraulic control lines to a subsea hydraulic
control system 119, 120 external to the riser string 84,
206. The method may include connecting the hydraulic
control line 87, 93 and at least one electrical control line
186, 192 between the subsea hydraulic control system 119,

30 120 and a surface hydraulic control system 18. Signals for
operating the subsea hydraulic control system 119, 120 to

selectively supply hydraulic fluid to control operation of



25 variably regulates flow through the drilling fluid return line.
The injecting step may include injecting the fluid conmposition 150
into the &YQRIBPE2FI uid return |ine 342 at a position BETUBOAT/§3974
surface | ocation and a subsea choke 112, 117, 123 or 132
interconnected in the drilling fluid-r®@wn 30 line. WO
20081058209PCT1US2007/ 083974 - 81 - A drilling nethod descri bed
above includes the steps of: installing an annul ar seal nodule 222,
224 or 226then atokentlarznalllf7l, onz passaeniddbeextudndpigzédngn tiisk nal |y

through a rjyser_strin 06 he anpul eal nodul e being secured in
5 the flow %%%rafd:é"‘]b J&%&ﬁl E)bB% ?@ge%}%onnecti ons 232, 234 of the
riser string; then ol nd_.annul.ar a ule 222, 224 or
226 into the flow p: pass m?84lm5 "(58 eRr Y nnglan a%nhf“a?gs%a%e SHRPT

bet ween thelrj sers ,st]r.a4r)g landta hobiter mtadsuye?l? thet deifl wg pelssiahe

utilizing the first 1 g econd annul ar seal nodul es. The
seal i ng st Ep-Hey JlJrPcﬂ §é @aring the annul ar space 228 bet ween the

riser string 20A rlrluibul areéltm énjgs Zdleﬁscrlg p
ea u

iév I@assa

utilizing the f|rs second annu e¥

whil e the thlé)uhaerp$tdﬁ :ngnkhaidtagyes ﬁ\utﬁu rertrhe. afrl QWapJameag.‘ee 222
seal rmd | es i ncl ude at ast ong seal 216,

Each of th I
716 900 wAPAIORdS 0 arnanteRse ahtr e dsy 2 SHARE Re  abul ar
string rot admgwud:tna‘l]lyh&hfrbmymwssﬁ@@r Zﬂéll:}_n'ﬂ‘I@OSeah:halﬁlrQﬁ&m’aylar

t at th t t 20 st 212. Th 220
Coat oy Part et Haide, SebhPiy S8 et 104 maseagns JPEetetng 212
rotates w dtphposite arblconhbetseal 218, 34 hef aMeceticeel ytraggal |y

t endabl e i I t act t.he tubul t, 12. T
ot hod mySPRL e etied BReatl £ HeruaeH adte To5ehaEt e (10818,
124, 131 t@nmmmu]mzemagl mtahenftmw ﬂaﬁsmslaqtaweem ﬁheliﬁr&_i,
and second ﬁnn seal _nodul e Ano |ng

et hod desERT bEt: S a1 id] ﬁﬁé‘i PR u%?e%%z of 2% P&t &PP gﬂ%n %?.
seal nmElul etd@Zne 2, pea.»zf%m@dSQhamelﬂm@rmujalzo\at&aagagetaeés WlthJ_n
ext endi ng | ongi ]tcudl nal |y through a riser string 206, the_apnul ar seal
odule boi HaS SERHH 37450 AE oh B S C S DS T GRI0s FEBL b Seal

connecti onfodule 222, 224 or 226 into the flow passage 204 on the

tubular string 212.

The tubular string 212 may remain in the flow passage
20 204 between the opposite end connections 232, 234 of the
riser string 206 continuously between the sealing and

conveying steps.

The methocd may include sealing the annular space 228
between the riser string 206 and the tubular string 212 in
25 the flow passage 204 utilizing the second annular seal
module 222, 224 or 226, while the tubular string rotates

within the flow passage.

The second annular seal module 222, 224 or 226 may
include at least one seal 216, 218, 220 which seals against
30 the tubular string 212 while the tubular string rotates
within the flow passage 204. The seal 216, 218 may rotate
with the tubular string 212. The seal 220 may remain



WD 2008/ 058209PCT/ US2007/ 083974 - 82 - 232, 234 of the riser string;
then conveying on a tubular string 212 at |east one seal 216, 218,
220 into WR2WHAIEYr seal nodul e 222, 224, 226; and seBCIT/HBR0ATM083974
annul ar space 228 between the riser string 206 and the tubular string
212 in 5 the fl ow passage 204 utiliz+nfP the seal 216, 218, 220, the
sealing step being perforned while a drill bit 348 on the tubul ar
string 212 is rotated. The nmet hod nmay al so include the steps of

i nst al | i ngsemotdrerrvannighan sbeal rimelul 22 2084 wh226 thettebdlaow 10

passage 204, and n nveyi ng, on t.he tubul ar,.strin at_l.east
e other SIS 2 FracsshipEh, HE ity Tu PRRLET Roudre

The net hodsabgetalwdy neldidé lyhexséegalnfe siestld rgallieganontast spade 228
bet ween the riser striqg.ZOG Qd the 15 tubular string 212 in the

fl ow passag ezﬁé%%ﬁﬁﬁi52|ﬁﬁgt%z first annul ar seal nodule 222, 224,
226, ile the drill 348 notfﬁgg irs al. 216, 218, 220

i t .Jhe f t.,s
may sedl agains %tﬂ?#ﬁﬁgu Y %P?lng 2&5{£%ﬁﬁﬁg Fﬁe?8FF%|°EﬁtS?ﬁﬁ?r
rotates. The8201%4, sit3ls¢al mdhbLoR 18re2Araran ridieattéow phssdge t2bul ar
string 21 ile the tubular _strin otates with.the. .drill.,bit 348.
The Tiret BEAYS e gy PasOGna CeOthd e ek, Reetlier ik 2L
string 206224 | e the tubular string 212 rotates within the first

seal. The first seal 216, 218, 220 may be 25 selectively radially
ext endabl e i nt & seattihey cenrhadt iwi ddsehibddibdiath sbyi hgcPd@e dhwe

rrethod]r y_include the step of refrievin n t? tug éar %rin 212
the 110t Sear® o1, 374213385 Pomr thes rTeuflas 287 2067 WM ar
string 2122p@yimrameinhteotmalofabe dassage 304 laxgndijegalongstudoially
exanpl e, i% a mud not.or _(which r tes_ a drill bit .on an end of a
tubul ar st P¥8ﬁ%%]a riser' string 96@, hé modules %elng 1ns€hf&eé in
the flow passage between opposite end connections 232, 234
cf the riser string; inserting a tubular string 212 through
15 an interior of each of the modules 202, 222, 224 and/or 226;
and then simultaneocusly retrieving the multiple modules 202,
222, 224 and/or 226 from the flow passage 204 on the tubular

string 212.

The retrieving step may include operating anchoring
20 devices 208, 248, 250, 252 for the respective modules to
thereby release the modules 202, 222, 224, 226 for
displacement relative to the riser string 206. Each of the
anchoring devices 208, 248, 250, 252 may include an actuator
278 externally connected to the riser string 206. At least
25 one of the anchoring devices 278 may be operable by a subsea
remotely operated vehicle 320 from an exterior of the riser

string 206.

The modules 202, 222, 224, 226 may include at least one
annular seal module 222, 224, 226 which seals an annular
30 space 228 between the tubular string 212 and the riser
string 206. The modules 202, 222, 224, 226 may include at
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or other drilling fluid through the notor) is used, drilling

oper at i onV@28p8209er f or mred wi t hout rotating the tubul BET/E$200HE3T12
The annul ar seal nodul es 222, 224, 226 can seal off the annular 5
space 228 whether or not the tubul ar-s8ti-ng 212 rotates during
drilling, conpletion, stinulation, etc. operations. Wi | e
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changes are cont enpl at by, th ripci ples of the present invention.
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The injecting step may include selecting from among
multiple connection points between the drilling fluid return
line 342 and the injection conduit 11 for injecting the

15 fluid composition 150 into the drilling fluid return line.

The method may include the steps of connecting
hydraulic control lines 7, 9, 17 externally to the riser
string 206 for controlling injection of the fluid
composition 150, and connecting the hydraulic control lines

20 to a subsea hydraulic control system 142 external to the

riser string 206.

The injecting step may include injecting the fluid
composition 150 into the drilling fluid return line 342
downstream from a subsea choke 112, 117, 123 or 132 which

25 variably regulates flow through the drilling fluid return
line. The injecting step may include injecting the fluid
composition 150 into the drilling fluid return line 342 at a
position between a surface location and a subsea choke 112,
117, 123 or 132 interconnected in the drilling fluid return

30 1line.



1. A nethod conprising the steps of: installing nmultiple nodules in
an internal flow passage 5 extending longitudinally through a riser
string, tNeOZP880A820 being installed in the flow passagBCHERE§3974
opposite end connections of the riser string; i nserting a
tubul ar string through an interior of &ach of the nodul es; and 10t hen
sinmul taneously retrieving the nultiple nodules fromthe fl ow passage
on the tubul ar string. 2. The nethod of claim11, wherein the
retrieving stepakhﬁﬂh&mgcmephbéeéesmmibﬁdla@oanchnclngedewﬁeeﬂuﬁnw t he
15 respecti
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tubular string 212 in the flow passage utilizing the first

10 and second annular seal modules.

The sealing step may include sealing the annular space
228 between the riser string 206 and the tubular string 212
in the flow passage 204 utilizing the first and second
annular seal modules 222, 224, 226 while the tubular string

15 rotates within the flow passage.

Each of the annular seal modules may include at least
one seal 216, 218, 220 which seals against the tubular
string 212 while the tubular string rotates within the flow
passage 204. The seal 216, 218 may rotate with the tubular

20 string 212. The seal 220 may remain stationary within the
riser string 206 while the tubular string 212 rotates within
the seal. The seal 218 may be selectively radially

extendable into sealing contact with the tubular string 212.

The method may include the step of utilizing at least
25 one sensor 118, 124, 131 to monitor pressure in the flow
passage between the first and second annular seal modules
222, 224, 226.

Another drilling method described above includes the
steps of: installing an annular seal module 222, 224, 226 in
30 an internal flow passage 204 extending longitudinally
through a riser string 206, the annular seal module being

secured in the flow passage between opposite end connections



10

15

20

25

30

WO 2008/058209 PCT/US2007/083974

- 82 -

232, 234 of the riser string; then conveying on a tubular
string 212 at least one seal 216, 218, 220 into the annular
seal module 222, 224, 226; and sealing an annular space 228
between the riser string 206 and the tubular string 212 in
the flow passage 204 utilizing the seal 216, 218, 220, the
sealing step being performed while a drill bit 348 on the

tubular string 212 is rotated.

The method may also include the steps of installing
another annular seal module 222, 224, 226 in the flow
passage 204, and then conveying on the tubular string 212 at
least one other seal 216, 218, 220 into the second annular

seal module.

The method may also include the step of sealing the
annular space 228 between the riser string 206 and the
tubular string 212 in the flow passage 204 utilizing the
first annular seal module 222, 224, 226, while the drill bit
348 rotates.

The first seal 216, 218, 220 may seal against the
tubular string 212 while the drill bit 348 rotates. The
first seal 216, 218, 220 may rotate with the tubular string
212 while the tubular string rotates with the drill bit 348.
The first seal 216, 218, 220 may remain stationary within
the riser string 206 while the tubular string 212 rotates
within the first seal. The first seal 216, 218, 220 may be
selectively radially extendable into sealing contact with
the tubular string 212.

The method may include the step of retrieving on the
tubular string 212 the first seal 216, 218, 220 from the

riser string 206.

The tubular string 212 may or may not rotate during
drilling operations. For example, if a mud motor (which

rotates a drill bit on an end of a tubular string in
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response to circulation of mud or other drilling fluid
through the motor) is used, drilling operatiocns can be
performed without rotating the tubular string 212. The
annular seal modules 222, 224, 226 can seal off the annular
space 228 whether or not the tubular string 212 rotates

during drilling, completion, stimulation, etc. operations.

While specific embodiments have been shown and
described, modifications can be made by one skilled in the
art without departing from the spirit or teaching of this
invention. The embodiments as described are exemplary only
and are not limiting. Many variations and modifications are
possible and are within the scope of the invention.
Accordingly, the scope of protection is not limited to the
embodiments described, but is only limited by the claims
that follow, the scope of which shall include all

equivalents of the subject matter of the claims.

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the invention, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of the present invention. Accordingly,
the foregoing detailed description is to be clearly
understoocd as being given by way of illustration and example
only, the spirit and scope of the present invention being

limited solely by the appended claims and their equivalents.
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CLAIMS:

1. A method comprising the steps of:

installing multiple modules in an internal £low passage
extending longitudinally through a riser string, the modules
being installed in the flow passage between opposite end

connections of the riser string;

ingerting a tubular string through an interior of each

of the modules; and

then gimultaneously retrieving the multiple modules

from the flow passage on the tubular string.

2. The method of claim 1, wherein the retrieving step
further comprises operating anchoring devices for the
respective modules to thereby release the modules for

displacement relative to the riser string.

3. The method of claim 2, wherein each of the
anchoring devices includes an actuator externally connected

to the riser string.

4, The method of claim 2, wherein at least one of the
anchoring devices is operable by a subsea remotely operated

vehicle from an exterior of the riser string.

5. The method of ¢laim 1, wherein the modules include
at least one annular seal module which seals an annularx

space between the tubular string and the riser string.

6. The method of claim 1, wherxein the modules include
at least one valve module which selectively permits and
prevents fluid flow through the flow passage.



