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TECHNI CAL FI ELD 5 The present invention relates generally to

marine ri 2odeds and, in an enbodi ment described hg&BiyghooiRES
particul arly provides an offshore universal riser system
10BACKGROUND Ri sers are used in offshore drilling applications to
provide a nmeans of returning the drilling 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 pre©&RFSHOREadINIVERSAIWRESER; rﬁ%sﬁéﬁaci ty i s not
currently exploited to the nmaxi mum 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 varyi ng tpgesebrderklb.bng nodes. They 25
typically require sonme specific nodification of the nmain conponents
of a flpating drilling installation, with the result that they are
custom solutions with a narrow range of application due to costs and
design limtatims. prfentXdnpkatidhf f€1£Mds dfdrdrangysyst aaBimg eriser
required for 30 different drihLigg node suqq}%f nanaged ressure
drilling, systems and, 1n 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 soclids 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 solutions with a narrow range of
application due to costs and design limitations. For
example, different drilling systems are regquired for

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

An exanpl y@bookiB2g0st common current practice is illusgtpiRe; ¥l G
1, which is proposed in U S. Patent No. 5 4,626,135. To conpensate

for novenent of a floating drilling installation, a slip joint SJ
(tel escopic 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

I h ' he f
o' 10 movel ik KBTI Breati Ag2thar 17 Eers R UteH PRE et by rovel
wel I head Wiahtl irwe, rovd mgpdpabaiadeedrderlDrgvhi ch is where drilling

fluid is returned fromthe top of the riser R). Al so depicted in
FIG 1 are a rikn sivamgtler @fSthei go'étommm‘qn rentrameyntt @bhetm'e thoke
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CL, kill oos
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floor F, rotary table RT, choke manifold CM, separator MB,
15 shale shaker SS, 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
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diversion of gas in the riser R by closing around the tubul ars

therein, R q@bssafpen drilling, i.e., rotating the tUbeﬁﬁszobﬁm@ﬁ
1, seals bet ween the outer barrel OB and inner 5 barrel ID are

subjected to much noverment due to wave,nmption, and this causes a
limtation in the pressure sealing capacity available for the riser
R In fact, the American PetroleumlInstitute (API) has established

pressure 1 BLLNGR SO AEN.358L8 My LLS SPEC AL LoR 10 i gl pal | o

for 10 testiin pounds™ pér~square i'ce,” the
conmon uppe¢o$ingtaﬁqmndﬂmhe debugasslﬁhéﬁﬁlqmybut not Whenedaikl isgye
nodi fi cations that Gan b nX the slip joint SJ, an exanpl e of
which is describeJ: % PaP ? pllcatlon No. U82003/0111799A1

to produce a 1 ng rat.i { r he
limtation on t #gl pq] o%nfa[ﬂglggié% S ﬁc}se urchc?IQ:I %%EF%Ea%Ea%%%pjtnncFr
st andard ilnari'el |:lmjwsier )surbfjebheddtcrenmcﬂr rigyvdmant doentoBda¥almetion,

somnet i mes [ ep al_(l:ed b sesunl tll ngvvlt"l as a flexéJ Qi ntu%feang trkller parts
of the sys"il t( SRR TR Vet &S50 Png % favi ng a
typical i nclap&crnytwadxairlahlegfot SE@ phsemv® Kilng fpressthe. Americae

outer bar 5+ 0.l 5 iRel ThEh Sed 60 A BEObhuBL SR A
riser R inféensichn demlm ememtsl spabiftem inickldmgwhibhscakbnstdhat a
o e B Moo T b T AL SRS
prevent er)tisé agdmman arper tlamier Yoeemddie &ddiyrsoiirt 580. pkh. practice

this has nmeant that no floating drilling installation service 30
provi der or operldranGgreompameymbdsfbestiond |4t tcant dkembie to sthd 0

cont nuouoly, QDELaLe LS BLERSHE oA 15, et BLLkn 05

Patent Application No. 082003/0111799A1, to produce a

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

20 1line DL) having a typical industry-wide rating of 500 psi

working pressure.

The outer barrel OB of the slip joint 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 joint SJ
seals involves significant downtime in having to lift 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 anv 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 chPﬁo‘BQﬁkgEdag the | ocking closed of the slip | oi,@fmég?%dgggﬁh

means | ocking t Inner barrel 1B to the outer barrel OB, 5

el imnating 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 owo reventer_70.on to t I 0se ldp joint
168 "Tni's e el BargnfcaginfBat fh Yo L Do PE8RR Tk AR 57 Dol
bel ow t he paiicarty Noablég 9RE, 0AL shade padimtsad EhGs Rrabkendsti cal beans

B, adapter_or cr.ossoyer .22. .rotatable t | ar .24 (.suc dr.i.l |, pipe)

and T- conr%"&?l?ﬁ%l%.%\ﬁ?héggkﬁ%n%a%?%eiroe#%g‘r‘?vgr%tlpoﬁgf‘nangfarvéhjﬁl not

descri bed diggrdsharodrdne. thbi snnet hedlr hsls 1ean thedoandr abhoweld OB,

operations wth a l.im¢t of interna}cl ri ser pressure,. W th the
< Sy PRy

500 gs'
woak pGinttLs |91 BHRAS PReTETERER b i G e
riser R fromdhe fisxethehi gffbodi vél yeditscdrimictied Esomntle 260s Hiel il

the tensioner sysfemTI. and T2 . Thi ans that the top of the
riser R isB‘%oaI}%rﬂtjé?er &t Dcfit Fgﬁ"i‘”%ijrfb.}hﬂﬁi‘i ge'causes the top of an RCD
80 (rotating caontrol. devic t he bl t .event 10.to b ff
cen'g er as agre g To°%c aﬁécgﬁ'?%ﬁ s}?y\?ﬁ% atﬂ%rl Vﬁ’g’r S%Sanﬁ?/fg%ﬁfgoof
t he fl oatippowdutugingventElRi 301 ohroepices Hegniddkedntlvead ohip hipint
sealing el epent(s) of the 0, whjch is detrinental to thg,
oressute | Bl egr i SEhaPIBerotg bl W d gtk Foar Sykc S
FIG 2 intpolikedseldbw the rotary table RT.
Also depicted in FIG. 2 are vertical beams B, adapter
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



30 significant safety hazard, since substantial anpbunts of easily
damaged hydraulic hoses used in the operation of the RCD 80, as well
as pressury s) 62 and safety conduit WO

5005 ceosCiEaBael=) 02eon .o 64, are introduced i hoPRe VIR Ly
of riser tensioner wres depicted as_eﬁtgnding upwardly fromthe slip
joint SJ to sheaves at the bottom of the tensioners Ti, T2. These

w res are under substantial |oads (on the order of 50 to 100 tons 5

each) and n easily ¢ t hr ough, soft er_ r.ubb oods, (such as hoses).
The ! 00> pilbrtrs igeeucrl HHIBnS PP D ABBEE cpREESRE® MRS
extrenely depidtoad tad @xaehdéng ppwarabyifmnm the sHupt HeinorgJ tdie

install ati on_and operation,requicte ersonnel to_perfor asks around
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equi p t does not,.fit through the rotary tahle RT.and diverter
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in benign ggg reas.mth I wave notion, and wind | oads.
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A summary DU SETEGY BREEATELY oS AN 8y i PRAGFESRur o | n
the riser is s in FIGS. 3a to 3c..FIG 3a shows the conventiona
loating ot edrigets: +BR 5Bsbatianiomans eortredon, SRrEnes o
an 18- 3/ 4 pacsorsdls e fotrac kass t irauld/Rihd [RpoerRolVakl ez &t&ex
Packa e(? a%ded to .all 0\%@; S onngiti on an ree\(/ent | o 0 .?I ui dssfrom
g i P NS I Lt et A T L S S o LY e B
in princi pserietdte s k3b that edp OESthsseibaba®.e A125oEhikRei qliEnent
. s R M A

| NSt a al | . r C ) n ve
towar ds t hrongleeg af, usivdg makSBRGPiLsvs I Beeid evilerr ananhesdradbid. a
floating drilling installation (for exanple, U S _Patent . 30
6,273,193 48 #1¥ $r &% RIFE ﬁy?t%%g$€1¥%% gthﬁc e?P2€+m+E?d to
repl acesl Wopdratsivd 187 H¥ndBnpPEesSHf€as i wErh ClaRa@d WukReat SBRRe

package simlar to a non-floating drilling installation
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 conventional 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,

thus renmovy@gokigpeed for choke, kill, and other |inescfuemytdisezea
fl oor back to the floating drilling installation and many wells 5

were drilled like this in benign ocean_.areas. FIG 4 depicts a
riser 74, slip joint 78, collar 102, couplings 92, hydraulic
tensi oners 68, inner riser 66, |oad bearing ring 98, |oad shim 86,

drill pi pesg,g_,%p-s %ﬁﬁu%%?%éd bhnerd .6’3bC_0lth%n§\%§i§ﬁd?ﬁgix%{l QQ% hey

control head 9 | nceé ésSe"elenents are e ar
are not dedtspdredidfqirciomglchelg. with then satdserpBORg tbusakemdhing the

concept Of?&f BPP%r AU 95 pE ESSUE & L ST UL tom @58 ORL Ce100r
envi ronnment alf Ty harsh areas; ~a subsea cornponent TOr “disconnection
(known as laacHdScemhe dloantiah dafehimg diESGE1dpstien) aaddmsey ure g t he

well in case of . ener C .resintroduced, but not as a full subsea
BOP. T s TErS B ho Aike BBiw; 1R RHOLHLICSRN GFPR  of running tho
SBOP bel ow t he er, line and_t i S ve t.o. prqvide, for ve
on floating dr iﬁnﬁ%'ngd" Bistal g?%ﬁ?%\ﬁ t%tﬁi%l ﬁiotleg rgﬁéacr:%%i:aér. e

net hod of &bdlRateit2 ,Noydetafldc00@nssostame s, n iEher Bdséore6, load

conpari son, . . trying t an r substantialbly higher

b ebour oo BESENIE AN SH 1 HotndBr bl Afc T iy 7aher et Tige 207
formati on #ej npink i1d,edcld aal L odeand ordtaving tdonttlreldhebdi 9¢. f | imkd 0
25 surface,, the industry has. favored designs ilizing_ap Lnner.riser
Fon Wi RS SR 2280 kRO, PR ehis S, dnne BrPoade: ai bed
Pat ent Appfucsetienrhe@®16/ 0021755 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 tdtatertpltengr €qutake stils tantdegdt mEdief SBaPi and diighe

floating dgéééé&%bi£5¥é¥lf%&%%grtgn Qaﬁgfétéﬁ%ﬂﬁ%%ﬁ%%t§§gﬁ 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. 3¢ with another evolution
of running the SBOP helow 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 weat her conditions.

Thus, thexy@sfshaboo dely i npl emented since, for exanph@yuklieHossors
require the floating drilling installation to undergo nodifications

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

envi s on SR Tay Sk Ae Aeother e, AR CRheR e frpRe Wil
pressure f i dnien tresy |srlec9|,séor examtmlsss ey RPatenteNohe 7f D&0; B8p BZ.

Al of thege. ent.s. are lied Lpvol ve
subst ant i af" Todi T4 cle{‘tl ons an g Iil%%p &gﬁ%&?ﬁ%ogauf%n‘%m to be

successf ul syimpptd.ed. 15FIG 5 depl cts the systemdescribed in U S
Patent No. 6,470,975. Illustrated in FIG 5 are pipe P, bearing
assenblsy 28, riMsthdds endkeybtams Chs ddidwn liim& .KL, PBEPntt Bek. BOPS,

annul ar B R m a re . Si.nc

t hese el eCrrge)h‘?%daagr2e4r %ng&nga |1§8R? axf&r%t ?C Ur tcﬁ%gi g‘gsc?{gjﬁgllg% ‘ﬁs&no he

provi ded heseine risek lealtlhedBV\B.hdi $ et dnor epeiong beystieng. § hatatdnt | ze

a high pressur arl erle setup at one;0 |mary

means of dli?lvbg'r%’gn%ezés d|t| na fL‘? (Sst oéj‘t%'}ossg%gf’l 80%i %nellb?/t‘?

boost er | iagpBlcdtiain |2$)Oa§/0yplzeanpaemv:%1cof stelt&mgnannRCDn@év:sq&stcem

as denpi cte |n ed..The bhooster I|i.ne al so

"hdi frite Srges BEIPYS|aiiTe: RS ren Famerea g g ac,

whil e pr ovrﬂsseéng, same;lomévamSageaten’amoaV\H,yO&ﬂ”;@&sf BtzheAml ﬁﬂriyhemns

of dehvennﬁgflwdmt lg‘ilser (53 n the 3 gca,lC boo

line BL i sPProRTHetf® Pod FRPILST 1 base JfvP Xe 4Ryte

means thatmbﬁﬁiihﬁﬂiaﬂa/mmﬁlaﬂdaslbnzeda existing equipment to be
successfully applied.

15 FIG. 5 depicts the system described in U.S. Patent No.
6,470,975. Illustrated 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 BCP'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 1s 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 3c, 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 from conventional drilling to closed system

driIIing.Xaggﬁgg%%Bes of cl osed systens are descri bed %@Hh%ﬁgmgiggnt

Nos. 6, 90 7,044,237, and require the closure an
consequence) the trapping of pressure %nside the marine riser in
floating drilling installations. Al so, “the introduction of a method
and systemto allow continuous circulation as described in U S.

Pat ent No. 6,739,397 allogws a dri%ﬁing circu atLoH systemto be
operated at condtehft 1P03pPeselr Vs e SddABE T RAVES (e Trom

swit ched ofdnvdigi orki Ggien ihgeeki dibsed Widtain dennechy onThddd Lypes
all ows the possibili of drilliqg with. a constantrgressure downhol e,

whi ch can ?ﬁﬂﬁ%4ﬂ4ﬁg§39§ Grpr deSTh 1At 1A dséd HREPPFPRystem The

i ndustry c@)d®a fd81S MaNagedaPp s susied Fdddiineg the5SWibBut8eand (by
conventional nethod of FIG 3a, no continuous pressure can be kept in
the ri Ser.CORSFIUGNRR, tPRULHPPLRE | A tHE TS 1854P8ntRE P E"Ba i s

schemati cal{yeden atiedtiNet 8rlhaing NenddS0latSYsEe MALEcPPERet O the
at nosphere_at its upper end. Thus, the riser canngt be pressurized,

ot her 20 tHAHFRRCHONPdr sgihed pped st thélerli eoRhER &Y Since

the fluid &1 AUdmGsdbekbinBddl in thes § igalenty RoGakl y39a59 R densid y
equal to or only sonmewhat greater than that of the fluid external to
the riser %%@km cligriud R aRsSYRER™ the B9 SPeT@ses Abt cAREErtH

W thstjand 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 00 psi, however, with the substanti L dQn,, of
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envel ope by the methods shown in FIGS. .3b, 3c and 3e. However, the
addition of a SBOP (surface BOP) to a PISating drilling installation
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mentioned earlier in U S. Patent Nos. 5 6,904,981 and 7, 044, 237

di scuss cl 3RP¥Y the choke on a pressurized drilling system and using
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choke oan Bepaeitasd B ladnde SRt S e RO P BELRE St
of these | gGNeRé¢ i hont@]l, theebhSRpLoOfdud «ff dhe shatbtam bel &rder to
pressure. Al so, eculiarity of floating drilling. installatigon 15
P e hat vABRCE L R BTy RudEhe JHECtp B e vilpe Folpdigrhod
st at i onar ywb#ks hen rgitiaios diahl eutRIni fi&l ESpph ixa@ i2hs dbi shagans t hat
the whole strin ongggpe i.n.the well bore now noves ug and down as the
wave éH%ioﬂY%F?é%M1 & 1At HB #n §9)57S 7 8as thReMpRERY R elon
effects of oBUERE dHUIRS HHE cdlskNpre8sSerasSsg e Pitha tMavesdbnt Dndieal
hol ) and swab (pressure drggsas t he pi pe noves out of ,the hole).

Thi s ef f ectPaFre RIFRUNKEE SHEELaMRY AN E RS € vaPrEELBRsCPR e of

convent i onghe NBd Qs Holld Gredaur¥ien the systemis closed by the
addi tion of an RCD as 25 shown in FIG 3d, this effect is even nore

pronounced by tiEs®f feeqlecall ikl Uffeo€ hangesathiynd - ipipagMys gL 1t ahd
out of_ a fixed volunme. As the noyenent of a pressure wave in,a .
conpr ésSed 1 qHREt ("eh@ SHEBECHAORoHdIRGE 1 HAe [505uPd, tPE PHRP ik
that the cheke systriRagulich haverbeabe edbr t@RBAN espendiabnd he) sanme
or even faster speed. Wiile the electronic sensor .and control systens
are able t 8258 that the whole string of pipe in the wellboré 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 intc 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 closed 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 liguid, 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 contreol systems are able to achieve



WD 2008/ 058209PCT/ US2007/ 083974 this, the nmechani cal mani pul ati on of
the choke systemis very far fromthese speeds. Devel opnent of

RCD s (ro% Hagm%%&t rol devices) originated froml annggﬂ?%;ng%%ﬂ

where typica e 5 installation was on top of the

preventer). This meant that usually thﬁie was no further equi pnent
install ed above the RCD. As access was easy, alnost all of the
current designs have hydraulic connections for |ubricating and

cooling bearings.in the RCD .or for other utilities. These 10 require
Lhe exter natar (i MER5r CAbSBen Fot L g a Aok PeAPPREB gAY St 15

versi ons hayey pfgriessedhbsenspoedace type to being adapted for use
on the bottom of the sea (such as described in U S. Patent No.

6,470, 975), t hayevdidpreatdbscRobes a( ooty e coynttrem Hoviaedh) evi ng
this. Sone systens 15(such _as described in U S. Pate No. 7,080, 685)
i spense vt IO AR O daT i GoaRat Tt (e Y PR GE L EatES & o

hydr aU|EJ;c c i:@@if’@maaﬁrblri wakebfasept be Jialseil&rdrl w.blowor?tFytéh@ﬁf@f Ba ﬂd}h@
range of RCD s and alternatives avail able neans that a custom e
LNt to holERR P AAdaF ARED Hes R 1 ThAs CAPLPTeRE T REA L Lt h
as descri bgokk ShPFHENt N0 acde880wHSBasylhalnkd8% palest proOVdwaSent

only for a_partial remgval of .the RCD assenbly, | eaving.the body on
Pochti on. SEMFIUATS NETBELC FPRESHEBateH JIRAVEDLER 19 ed, 25

but the figbslapplicatings ah tBEhROD PUYr tAHS PrHRrSARB19E1688 These
shortcom ngs ip the conventi onal set-ég%(ﬂ: FIG 3a has been |limted.
Al of14 heSdWbih G IRFTEXPeti AGERAGRPYN: i 58St SAFnBRAERT19her eby

taki ng away songe, of the flexibility. There exist needs in th resent

ndUstry 1 pr ovHAUTe e BREESORD HAT O ARG e PRoS e

riser for tfge M) AWding eldableat E6g @&é | dn nthd MRftababiEObBet Sedl {AW¢h

cl osed systemdril]ing techniques, es eC|aILy managed_pressure

drilling 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
avallable 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. 211 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,



to be safely and expediently applied wi thout any maj or nodification
to the floating drilling installation. These needs include, but are

not |imtee,LRsnih® capability to pressurize the mari nﬁﬁfi&ﬁ@gm%gmahe

maxi num 5 pressure capacity of its nenbers; the capabi

safely installed using normal operational practices and operated as
part of marine riser without any floatihg drilling installation
nodi fi cations as required for surface BOP operations or sonme subsea

id ; i di full-b 10 jlity lik I i i
sect on’ whEn PEGATHs. ABrosrarTLEereY aRn s rh AT ref et o
oper at i ng pedLehEESIMEen that £10aples sdifildethgrddetattanian ni ng t he

weat her (wind, current and wave) operating wi ndow of the floating
drilling instaltaideomespisovndiode a beans-d arotl3 iddmpdngot hehgr essure

spi kes caused by heave resulting ipn surge and.swab, fluctuations;

orovi di ng SORERIEL o e PERERHEL A THE T e burd 265 k8s “o8 ety
novenerst oprédeurotaipaiieyt vbulas SmémbersnctRuicaghbalitgsed Isyst em
and providin neans .f.or, easily nodifying the density of fluid 20 in
The Pl o Pt R S R L M A i B O ad | A

pri Rcijpl ESOpérﬁf@::.j rbésem@lﬁthaﬁ %nayenéi Piged w;‘itsﬁutglmyemaaai@gsoci at ed
met hods ar vi de i sol ve qQne,or nore problens i.n_the arf. One
exanpl o | STHLLEIT AR R AAPChE | PRt 1975 % FEERIT Pl FOR AU AR ar
i nternal CcoOPOnEHH WHSC lbrC 8BmBes GPsVL N @d )y pgrivstidli hgdfant-bore

retrieved. Another exanple is 30_described belowin which the rjse
syst emQt i FFRRR ittt 12% &n&%waﬁoﬂ@mwlﬁgerséacglasowflea ey rreds

string W tBidvading the ability to use the standard operating
procedures when not in pressurized mode; maintaining the
weather (wind, current and wave) operating window of the
floating drilling installation; providing a means for

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 cof 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 cf 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



WO 2008/ 058209PCT/ US2007/ 083974 - 12 - riser, to thereby facilitate
pressurization of the riser during drilling. The systens and net hods
descri bedyhesRbbsspabl e all the systems shown in FI GS. p@pyéRoRsd® be
pressuri ze anJ to 5 have the ability to inject fluids at any point
into the riser. Any nodification to a Jjser systemwhich |essens the
normal operating envel ope (i.e. weather’, current, wave and storm

survival capability) of the floating drllllnglnstallatlonIeadstoa
limtation_in us of tha syste 0] e FI GS.
3b, 3d and 37l | E,‘C hliégc%){rle?g’lf E}eesﬁlslu%ﬁo agxg&hgghéﬁgmg&

reason whyddhiase cﬂyisnlamig have not been applied in harsher
environnental conditions. The systemdepicted in FIG 3c does not
| essen this operrs isty@t\ﬁinsdamdsmgnﬁlcbds:amdqnim hieteéioeenatble allovwhes

for convenient | s al | at.i on d r at of a se
|imitationd ardeld t "Ratéd B fhggsystéems AR ﬁeR%DOH %@cﬁ‘%gﬂj
bel ow. 5 havé nche daenlthYr edumage@t El/tmrds)mu rmlyl poiehovetpridssur e

spi kes (ne atlve or |t|vefro desi red ba elln n
a pressurizedf 1 sét g%ﬁaﬁéorslys?emrlss Dr Vi ﬁlﬁenen%%?%%lmth%

danpi ng Syﬁ(bﬁﬁﬁl rbgserramm@rrpnes%pé e(flai dvatﬂteem bnmtedes xtrdmee and

i ntroduction of a co r.essi bl e. d di rect .cont act
i ncorrpressﬁr;ﬁ”émfsl‘ﬂ‘ivcll c&Pg ﬁIHIL%}e %é nta{%e C§tInG ﬁ%éﬁﬁng 25An
i nproved anmsit£r]Seiain dewdeetbos Lieitakibor iiseusencfutdhst asysitah ng

TeChan T pA0 L0 Sl NGLRUL ACRONTERS ) e el veen, e gl
no hoses atkeis Nbsmalingo enkrelbbserwhildie it hiaj@rneebaahsmymyhdma 30
Zggg} 82;‘28%%%%% dxg)%g%élégelr ;a:]_g}l)l}.gd tJ}jne }{e{rs %er env1ronmental
conditions. The system depicted in FIG. 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 f£luid. This could be a gas,

e.g., Nitrogen.

25 An improved annular seal device for use in a riser
includes a latching mechanism, and also 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



an internal annular seal device with any riser type and connecti on,
and providing adapters that are pre-installed to take the annul ar

seal devi gg, hBshg4sed. These can al so have wear sl eevgsyi@epifRiast
seal ing surfaces when the annular 5 seal device is not installed. If

an annul ar seal design is custom nmade f%or_ installation into a
particular riser type, it may be possi]b e toinsert it without an
addi tional adapter. The principle being that it is possible to renove

the entire annuyl ar seal devijc vj de .t he I ], e 10
Foqui r et (AR oprpHLE Febf FERALTC AhY, 5 PEL e e ar

sl eeve t o qgasiddtielny keadl atevadingadaptichst thae apenpeadinstnlildel to
protection for .the sealing surfaces en _the annular_seal device . s

ot | nst al1ekE SF GRBCaeheetel Ay e Mn Rl rBEe e nids eV

i ncl udes avesat « eevdisl eowbirohese! sedlive) wupdrriebswhad phieventslad ui d

fl ow t hrough | aw passage extendj ng | itudinally through a r.iser
Strings arPanaaiiehip REE SREFEHAE JHRo. Sraflatlerel Bt e
val ve nodutestidin trfaelef lfow passapetat 264 nirewotehemradpetsy aiswet hogegf
pressure testing.a riser.string.is provi de% whizch in Tu?es t]?e st eps
of - i nstalF§ MFa R BoB SBEI EOT REhn 1nedrkait 8RR IR Har=Y | ow
Fastszﬁge gx&ﬁ@d}g.t H?Teo-lpghﬁ:h?lfi ]S@incﬁtt{kiaig ];ciltc lies pogsibee vied \ngaSmmm;l e
o t hereby preven ui ow t hrou e fl ow.passage;

appl yi ng S GEGhTs APFPAPEREPAl SETHR he aNdbed o8 belhoriie,
therely presgulenieast itypiakll easthar porddoysfelrhanai $88LS1T iag.

In yet ano%%géwzf ect, .a nmethod of . constructi ng a_riser s%/ste

i ncl udes t 3t S1eRYEAFPI RIPEEVE e 1R0dG e PRY aPIBT Iwrgpaf’srseage
ext endi ng &pdgidndligiailiviet Brougbt Bori i 5&f tHd isR@] ihhesuak yeesrothdre
bei ng operative to selg\%gvelg 8erm’t and prevent fluid flow through
the flow pRRSAPIATd S0 S6YBFB5E20HBCH #083974 - 14 -
installing at |east one annular seal nodule .n the,flQw passage, the
annul ar seal nOdUITDHERG Eperaf oY (Y P it BFPYRgef| BW ¢ hr ough an
annul ars spagel e vallke mb8eLeStkidly Sdikbatitvielyl permlitsngnd
positioned in the f| owdoassage .

prevents f£luid 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



5A drilling nethod is al so provided which includes the steps of:
connecting an injection conduit externally to a riser string, so that

the inj eCtv{u?ﬂwﬁl@é% it is communi cable with an internal Pé*@yomgﬁge

extending longitudinally through the riser string; installing an
annul ar seal nodule 10 in the f|OM/p§§§fgp, t he annul ar seal nodul e
bei ng positioned in the fl ow passage between opposite end connecti ons
of the riser string; conveying a tubular string into the flow

passage; seal. an. annyl ar, space_between the tubular _string and the
P er et r FEP AT A" Hp85s RAF St B B o arater bp b P e

t ubul ar stpasgpde tiher ebyularaseah msddle Mdinat opeditiad emdbdvdte
tubul ar stgjn he annul ar seal nodul e sealing the nul ar space
during thet Ttk 1y PERP) 30 RRPGITT | THRS F AP Po e hE Sl Shing
space to aasdird aosddlecatiteihgapdsitl@edd nigh atd fildwcpapssgéi on havi ng

a 20 density less than that of the drilling fluid into the annul ar
space \H a the imjdadtlildmgcerdibd. is alsdAnmdvardedr whiichginel dbss ithe

provi ded whjch includes the steps,of:. connecti a drilli fluid
Peturn | nec @ dPraliyEs TA"Hi SRy HRISTHEE SOt eRecERRTTY e 14 ui d
return |ineiser 25 iorgyuriocahbe whé himfedtier nainduliowi passagenicable
extending | ongitudinally.thcough the riser string; installi an
ol ar | ST T e 2P Yo et e as TELd R b o

bei ng posi thomesh ithed hd sklrowt pARS AgEnHEd MBSy ePpashtitaendeg£DNMERRIlIeONS
of the riser string; conveying tubular 30 stri into.the flow
passagd ol T DR RIRFaee pihe BRTHAN T CEOULEr P8LPFng and t he
riser stripgsitidrned righ tthe &nowl passepd veEdtded) oppbatit8gehde tubul ar
string to therehy, rotate/tglgdri.ll bit at a distal. end of élre t ubul ar

WD 2008/ 05 VS F7/76083873°F T8 10%t (THY Y RE AnhbPArasedfring
modul e sealhtg tHhe AIAEsaRa¢esdTing dhenmaiiali Bgaskepetidom i
drilling fluid fromthe anguli:ﬁr% 1%Eace to a surface location via the

drilling fFePE3eRimng f&: B M-St Y- FdPAg thar IPRYLEE 1 ow
5 restrg ct 841 thisUG acxaksag ehekeuwxiLF naldihgCeanesbedod Ordfiete a

riser Striggiif]&gfﬁgpg_%%g@g%igng ggséﬂéﬁiéﬁaqggpg%rgkgfSE£§'annular
seal module sealing 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



Yet another drilling nmethod includes the steps of: installing a first
annul ar seal nodule in an internal flow 10 passage extendi ng

| ongi t udi %5%8%&5(??”% a riser string, the first annul gt s8R0 Ry €

bei ng secured I1n the fl ow passage between opposite end connections of
the riser string; sealing an annul ar space between the riser string
and a tubular string in the fIOM/paséagg'htilizing the first 15
annul ar seal nodule, the sealing step being perfornmed while the

tubul ar string rotates within the fl assage; d then. conveying a
second anntHar Sed SrSRIFESF nP S HIOR ity 52udae 1R PRACHIDUTRACS
string. A dwridertiaspecttisgastephofllovwineh dridlludes fibed sfeps e of :
installing_rmultiple nmodules in an internal flaw passage. extendi n

| ongrt ud! RIS LA SRR Hor st ERet nPCT et Socoar pbL I HEr e i n
the flow passage ]hﬁia/yemleommosihg gus%]bmmﬁeﬁﬂngnsyaeyih@e?rfw? oh
string;_inserting.a tubular_stri t hrqugh an . interior of each. o e
ol 05 | ATEE T s HARGRERnBoREPEeT IR, (s SERE LA SoPRE T e
fromthe ftiga passagardagt e thbudley wdintiin a desABefheswiliold i ng

met hod includes the steps of: sealing an annul ar space between a
tubul ar st?THPHEf a riser string; flowing drilling fluid fromthe

annul ar space to a 30 surface. location via a._drilli fluid return
line; and injeé&ﬁh@qftiﬁﬁi r&%hb%@iT?{h94u%ﬂ9ﬁ5dgsdéﬁgi??e?%s t han
WO 2008/ 058z Tliny QL FA £60@83AK41 ar 16eal ttaiulef ihhandihtéingl fi1dw
into the drilling fluid.retyurn Line,via an.injection, condujt,
Vet artdt heP22739% i1 SRR LPREH HUSLRa hEY Srisidht 2 FASEAI PHHI% the
?nnu!ardseﬁ$fﬁmxﬁﬁﬁhﬂﬁ? @@aﬂnheﬂﬁaé_ﬁéiﬁwi%dﬁﬁiﬁ@?&nexhérﬂlﬁg %asi?ge
ongi t udi na through .a riser string, the annul ar. seal npdul e bei ng
secured | oEFEEST QPHIESE AerRBRAC DI (e dd aSRROEEF RS of ¢ he
riser striggalihemncenreanyspaet Bstwdet e s9alernBdulfgi M@ 4 he
fIOM/passage; and sealin% an_annul ar space between the riser string
and a ubular 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 simultaneously retrieving the multiple modules from the flow

passadge 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



10 tubul ar string in the flow passage utilizing the nmultiple annul ar
seal nodul es. Anot her drilling nethod includes the steps of:

instal |'i ngy@Ragsadedr seal nodule in an internal flow pass3Rernssors
extending longitudinally through a riser string, the 15 annul ar seal

nodul e being secured in the flow passage between opposite end
connections of the riser string; then conveying on a tubular string
at |l east one seal into the annul ar seal nodule; and then sealing an

anrul ) SPAgS, O5) WARN LS ChEE B1A1 10,81 DR THLSELB1E AL, e

flow 20 passage utilizZin sea el ng periorned

whi | e a drilithebiita am timgectibohacosduing i s rotated. These and

ot her features, advantages, benefits and objects wll|l becone apparent
to one of ordinéety agkitheri drihéingtmetpord caydfudescohsi geeps i @k of the

detailed deg sC{APJE A0 glﬁaugswgégftr%éa&ee %gio%ﬁii rI%@E%Qi \A; .
i nvention er ern w an € acconpanyi ng draw ngs, simlar
el enentss apassagh cattecthdimgt henyatudimsalyguwheough lagru.herssml‘:’:lng, the

ref erence puTbers... 0,200/ 08Q0SPETL Lo00Y Q80T ATc,FIG L i

an el evati On View 0 prior ar rilTing rns a?lon with
a convent i oacrean &wpmﬂeeende&néctsom el ebhat |raaevi stwofiga {traror
art floatin dr|JI|n nsta | at i is | ocked

i C | n
closed 5 and a ¥ol}gat| ng h(‘:e(])"n rof %ev?% et utleiel nléltgl h%‘gs%?ss%e
di verts nuand| ml:hrg)wgh arasésri apaca betdrgen thal trlisbhestrjsmg dred ng

di f.l : Fl GS. j C.
el ovarlbn T BISDr A SRy ShPY RAT TSy er dfe LB el orele
floating danhtlag sdhl neidallkeati ons;

Another drilling method includes the steps of:
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 description

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



FIG 3f is a schematic elevation view of a riser system and net hod
enbodying principles of the present invention as incorporated into

the systery@hookhizro3a; FIG 3g is a schematic el evati opcy,i[r%?%%%@ﬂ

alternate 15 configuration of a riser system and net hod enbodyi ng
principles of the present invention as jncorporated into a DORS (deep
ocean riser systen); FIG 4 is an elevation view of a prior art
riser systemsimlar to the systemof FIG 3b, utilizing a surface

BOP; 20FIG 5 i n .el.evati g i of _a prior art. rise st.em havi ng
a rotating contFrSIo : cile\?‘l%c%%afe?g%%g#?ov%'f oop St FA*Stnséa %%Jtré%k;

FI G 6a isdeikkhendinstalilewioh withdafdawdantianali eisart sgoteept of
conventional drilling; 25FIG 6b is a schematic view of a concept of

cl osed system dridJd ing sembpodyengtpon ncigf est @f pirierpresehloatisent i on;
FIG 7 is furiher. det ai.l schemati ¢ el evatian.view o ot h

2l ter nat o SonFI i i toptioR! AT G Gy 90k hoa efbghyiRped
princi @ esand 4 heotprtasenicontiveht denice \WMa AGREMIS582Q8PCHE RO/ ARBI74

- 18 - . FI.G 8 is-.a . schematic cross-sectional view o ot her
2l tor nat e So7F Gt S1%s HEPRUL ESER ciiSn BBl en Sty T
princi pl esrbdet HeeipresHBiconneenedofitom a rig fllbo®; 9 is a schematic
cross-sectional view of another 5 alternate configuration of a riser
system and net otenfedy Rgepsthenptits alfeddteqyw edent bfvenbioad
FIG 10 is anécnerga&ailc 525558 grinonglegigwg a.riser igiecti on
syst em whi SATTES S B8 s &4 SRt RYERTTF i 3279 Yt emCatd "Fethot &f®odyi ng
princild esiwétdmtpireesent i nvention; 10FIG 11 is a process and
i nstrunent ati on di agram ( P& D)

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:

FIG. 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:



of the riser systemincluding the riser injection systemof FIG 10;
FIG 12 is a schematic cross-sectional view of another alternate

confi gur atd®smehsstdae riser system and net hod 15 enbodyp@Eguhbiifabddh es
of the present 1 nvention, showing installation of a valve nodule in

the riser system FIG 13 is a sghematic cross-sectional view
of the riser systemand nethod of FIG 12, show ng the val ve nodul e
after installation; 20FIG 14 is a schematic cross-sectional view of

the riser SySt%ﬁﬁﬁn%.q%tEogcﬁgmg%£%Esgéﬁéﬂy@@tqgngﬂS%E%%féﬁ%ﬂFgﬁgﬁn

annul ar seal no elnthe rirser sy
schemat i ¢ altossregecidoafdlguratnenfof e riser sypseameaddnegtdibd of FI G

12, showi ng .t he .annul ar _seal 25 dule after .i lation;
FIG 16 is&éb%%ﬁlen ¢ Cr gg?s%%?%)enaqrevsletenw &P@?hﬁh??éer system and

Todule in the rIKkr Yoyt SnPCrOl cbod DRI POad00) Fhede Ao Y
FIG 1% i sahtsoleratdonfdgosstsent obnal rideaw sy tieme andswpetlsydt em and

net hod of FI.G .12, shaowin e_an seal .Qf FIG 16 after
i nstall at i%‘ﬁ?ocﬁik‘i‘g 8 glgléghgﬁaﬁyc rreossegl-tsecq’l%éﬁé%{/i ew of the 5

riser system angdretiod of ELGndeic SAMNGINSLALhALEY OF & Lis8!
testing nodul e i'n the riser sysrt“em is a schematic
Cr 0ss- sect i mjattidrewysftemhehicbemayyist eraeghovirdt hog ois&r Gysitem and

Sho na 2 RN YRR Y pkiRoibEL oY MRMNNE InbLRELoR] eooUre
10 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-secticnal 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;



10 procedure; FIG 20 is a schematic cross-sectional view of the
riser systemand nmethod of FIG 12, show ng conveyance of an annul ar

seal moduksg, bgdbessbdae riser systemon a drill string; Fp&udboiisd
schematic cross-sectional view of the 15 riser system and net hod of

FIG 12, showing retrieval of an annylg§_§eal modul e fromthe riser
systemon a drill string; FIG 22 is a schematic
cross-sectional view of the riser systemand nethod of FIG 12,

oporat fons: 20P- 23 183 eReRRERt SRERAtERL vty Miens,

operations; 20FI i'§ § 8chéna cross-sectional view of
ri ser systeisandcystdnodndf metod 1@f Bitowilly ashowseyg thangenular seal

connecti on en alang li.ne.23-23 of Fl G. 18, FIG 24 is a schematic
el evation %Qéﬁy%ﬁo ﬁgﬂ?i%grafger %@%ﬁ%i%%%% fethod of FIG 12,

.ShOWi ng an e?“ eﬁrﬂf-,al l\éali\éea2gcﬁgl@£{9é d?rcoig—ls%%rtgtolngﬂ’ view of tFﬂ G 25
is a schematic cross-séctional View of the external varve manitold
conf i glr at tser tajcremlaadgmbithed 26 RE 0f15 Gho@dng Wstallation of

2008/ 058209PC] US2001/,083874.1 .20, - 1o el G35 R E are schemat ic

. a - I .
el evat i on Vi'eW of"ari ous posrtions of elenent’s of the riser system

and nethod of RIG 1% H G 27.h$20 & SUEG heW 9ief Lk SEle

section of the
riser system and method of FIG. 12, showing a configuration

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 schematic 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;



5 riser systemand nethod of FIG 12, show ng an arrangenent of
various |lines, valves and accunul ator external to the riser;

FIG 28 '%@20‘6%5%5@“ C cross-sectional view of an al tep@ghgzomw-@r
seal nodule for use in the riser system 10 and nethod of FIG 12;

FIG 29 is a schematic cross-sectional,view of a nethod whereby
nul tiple annul ar seal nodules may be i‘hstalled in the riser system
and nethod of FIG 12; FIG 30 is a schematic partlally

cross-sectionalg w 1289' i I
retrieved in the rsﬁsezr%is_ys g?nn%% Wfﬁ%aﬁﬁh %gwgogy @%g 3
a schenat i posparitdrs lof elemsnsecof oz wissw efysdemethddneblerdmf FIG.

vari ous eqﬂ pment may be installed using the riser system and net hod
of FIG 127"20FIG 32 is a schematic el evational view of another

al ternate cont gy ation oLt hEcki S8l ySLPTO:DETALLED DESCRIPTIN 251

is to be understoodth e various enbodi nment s e presen
i nvent iSon disar i dyed ere peidnmabiiothecfitT1G zel® ,i sheoar.hgusn oa T e gemicoTs,

such as 1 N6 1 A8 o MUANED. 4 O90LEOME! ac bRl e%grnafn«g% he

vari ous con |gura|ons W't h eparting rrom r1nci

present 30risementi on. The enbodi nents are described nerely as

exanpl es WD 2008/ 058209PCT/ US2007/ 083974 - 21 - of useful

appl i cati ons ofFIthe 28 iisciapbebendtithecronmeradcdrionafti ghevsohatn | inited

to any Spe§i£é§hé¥gegdﬁ%l%g %ngemggyﬂgif§¥“&§e in the riser system

10 and method of FIG. 12;

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. 12Z;

FIG. 30 is a schematic partially cross-secticnal 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 elevaticnal view of another

alternate configquration 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 various configurations,
without departing from the principles of the present

30 invention. The embodiments are described merely as examples



In the follow ng description of the representative 5 enbodi nents of

the invention, directional terns, such as "above", "below', "upper",
“lower", &F§s008@ds8ooused for convenience in referring tect8o07/083974
acconpanyi ng draw ngs. In general, "above", "upper", "upward" and
simlar terms refer to a direction towayd an upper end of a narine
riser, and 10 "below', "lower", "downward" and simlar terns refer to
a direction toward a |lower end of a marine riser. In the

draw ngs, Apd,Jdding JeseLkhbhonot ale frpgési'n%v%e'si ke PRL!S,aLe fml ked

t hr oughout "The Specitrcation and draw the same reference
nurer al s, websgpects welty 1ifhéed5tdr any ngpdd idliresicdaé laobf neltessarily to
scal e. Cerél%@djfng%ttges of the invention nmay be shown exaggerated in
scale or P SOMEWHAL 'schematic form and some details of conventional

el ements may n S L _the | st of ri | seness.
20The present iofrﬁgcﬁfel %Lrgf\yiaghgﬁ cgﬁ%lg%ﬁﬁt%n g%c%é%nlé%%éggggn%?ﬁc‘gent
f or ms. SSpeembodingaricdiofenthe aneenesonr; bbid-datideidi keamd, aseclshawn i n

t he draw ng i.th.t der, J,NQg., Ah res Lscl reis
to be consi%%cr“)égd an b%?é’%’i flls‘%ggigoh o]} e 'p%t%di'pggé g%é(?h%g

i nventi on, camdenieiRe gt refeenided to thendcddwpanmiegt doavings hatIin

| ustrat edoand, deseribed hergln,,| L. i3, Lo0e fulliy.fecognised that
the differ®nt teachi ngs of t hBP&hbbdi Heht's” difdcusddd bl ow nay  be
enpl oyed sepax alitectdon roswaydsant apper conbigfatal oartiaeprosece aesired

result 30Any use ,af any fqormof the terns ".connect." "epgage, "

' coupl B+ rataltty ot TeBbAvataf Al Finiiat Rehe o SERF oFe 2

bet ween el @éieetisicrs twiameanfiower| endtof e maMdne riser.

20081058209PCT/ US2007/ 083974 - 22 - interaction to direct interaction

bet ween t he el efrentlse aiwingsal sodi il tie dasthimigdtionntbaacfoblows,

bet ween thfi Ierrer;tts descri ?(eg. Th [i,0 gichar acter.i %ti CcS ngnjti oned
e

e V.

above, as we ¢ BE Gt fer” féara Eh]é%‘élgc%lg? a%c st csCaestli Bed i n

nore 5 detdardwhelowibk [thebeameadefyrapparemiertad st,hasepsktivellyi mhee

art u readi ng the foll ow ng getailed descr,i tiog ofcthg .

ertbodi Tent 8- SHHE by FHEST AR PG PRESSeNohanyT 5 AdPaneREE LN

of f shore uficzensad of Sere dyveem OOURS) HHGBHaEwn exaggerated in scale
or in somewhat schematic form and some detalils of

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 recognized 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



10 disclosed which is particularly well suited for drilling deepwater
in the floor of the ocean using rotatable tubulars. The riser system

100 uses gyd'hjoyfdss@l riser section which may be intercpappehpthsbpar a
top of a riser string belowthe slip joint in a subsea riser system

The 15 riser system 100 includes: a s bore to take an inner riser
string (if present) with a vent for outer riser, a nipple to receive
pressure test adapters an inlet/outlet tied |nto the riser choke

e K LA 08 1 003! 86 LEDCL 8) 88 SAUIR0e AN En 0 o MBS, (L0l o

Bl ow Qut Pleven ers as devi ces, out | of pressurl zed
mud r et ur may tdlso valkveds) ;Lnanreqyt i miaéramfmloet beoweensehe ovlbammrdssur e

protection, one ory My e seal. bhor es w t.h rs ept 2
Vari ety of 200 e gnee J851e0f FintertroRlR R iontd e adce.
a seal borecHUapt erthier dkhouras| alRTxI2G asttidriifsitésst deberib@dlszfremro&da

frominternal ternal.,and _vice.versa. Externa ver.sal
Hser SoctPereh Rt B T ke HERAT Y e 00, et gt L1
at t achment she expti ngebnf mreadmgsﬁhe smIIMngA@liéittauOBdl Hysthiptiserof
system 100 _.i ncl ude rQvi sio Ul’ltl ccurrul at or%s

o7 ovi o on TF PSRt HsPY GHRNTA 1h P PedstPIRG b i sur e,
t enper at ur@ranichgely ot her inputs or outputs, e.g., riser |evel

indicators; a line(s) taking pressurized nmud to the next riser
section above @n sjﬁﬂshjomienhniﬁa:esgbnnyséihLﬁyslﬁm\m(ommS) 100 is

2008/ 058209PCT/ US2007/.083974_- 23 -. systen(.s) .an at ed

Cal oD - aigetaeRy SR AL tonr fica aY i SR s eRr B8t sHBEELATS <.
an el ectrigedpurtiesr limnehkof1onst ofined addern asiaghenteteblei cal
requirenen cho g stem be inserted in,the nmud return
o oAb thal o R TP L 0F Rl B S by st

cont r ol | edgedtbon n&erclasyr@tyewelﬁ)ﬁtamommém\tmaa aeeopdof ea untkest
return line if re U|red art when desire an

o octi on Syt F00Th T EARNGPaTPOero? | L G EREGt FAR BBt
conposig e hoser (wsmdwarool(indebddsfyass'esalerﬁorfa)rtodehkweay Ofinét ui ds
may be incl uded th an | let to ow I nj ect of di fferent
donsi ty 11 BLEET i 6 0¥ GO EFSEEN iy "B0F . DEtaen PHESEubLER B and
the top of nipgldiserrecBive @h:beml-éheewjaﬁpﬂm-sl,nm iheet/oetlef
N trogen O’Eiébgh{r?{?c? t(hgeI rsi?se?:pggo}% 111?(;, f}LlLﬁild'Slicge Y)?."r 8ggter line(s)
as required, one or more integral Blow Qut Preventers as
20 safety devices, ocutlet(s) for pressurized mud return with a
valve(s), an optional outlet 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 tc the

next riser section above or slip joint; Emergency Shut Down



15 densities that will allow hydrostatic variations to be applied to
the well, when used in conjunction with a surface or sub surface

choke. wo I0386R2dos flexibility in the riser system 198p4i0b80ssé4@ i N
conjunction wth conventional annular pressure control 20 equi pnent,

mul tiple RCDs, adapted to use with 13 8 high pressure riser systens
or other high pressure riser systens based in principle on the
outlines in FIGS. 3b, 3c, or 3e. Instead of the standard 21 inch

ri ser syst y.. .ot her _si o] iSe an_a ed for
use i ¢ bt REb v A r BB ge Phpb LS VAT 703" 0p p el B
(di scussedl ine ttekringe ROW) ptwhithes aandaegltacwdd ;abnanyedepid hundliee

riser dependi g an LoQuLLeREDl Son on ordbl elined a0d mope; Sensidl v

control netnhod Tor PWﬁnagea ?’ressurerDrlllel i ng) Wi fP9oe" AtH Sve

by the ri setoBhgyststanl Daysyisenbai isditeed ritr atlecthiidnretuih tTiogen
i ser. bel ow.the .Thi s he e of

in to the ) wll. be for ur

oot hithe. BIFE LT b aries P By e G ReraBEREE, 1 11 ng

i nst al | at | oonhtel Teal.t Mdhecusbepnspgteh f BEl mefy tdleo Weve a second
2008/0582093%7/ 8%90749839 4 - 2% - Nitro eg# n the rigﬁr as well as
al | owi ng nbYR 3THE 61U he TeRBKET nBRTBLISET &F F8EoREr 51t FEEHBY t om
hol e pressude, redgpmeleditredas ahe énjeetims tgvatteth @oomaaylMPLhg abSLower
carried out.on non-floating.drilljng installations, that having a 5
gl o b iSTT (F Theb one il wihh Pa | i e, Beeol OF e DB o o1

t he chioke #danipetatdyertenOn farf Heaiveagy d5f |41uigls Beyabkal hehuday widige
and swab t hrou t he has a re direct_effect on the BHP. with the
o monhas cAbybPlet 16 Brich™3pdelbign Iof ¥ i encafenis ek THEE hoke
system W iktd hehd Gildeaeatsuayepolff, béheeahake( $lubean bercend riend ed

both manual ly and/.or automatjcally.with input, fromboth surface and
or bot t om FOF o HABE doqiats| FoR, a110Ws THE EECtaph, SAE20bra! T e

Nitrified §funteflsddd ig1g Aplhabnks (§Lass Hveshaljgneed flaifibeof ofapiduan,
i nproved ki .ck 15 detection_and_control, and the ahility to rotate

pi pe umtler APeLEtRS RS NG he Pl leBntYSrosiAats variatiohsstej ey

system 100aghl Do 1o SHeLhrellNSt @hbAt 168 atn tdRTRinNc: 188 Wh8R0E sirface
normal practice when runni nglet he riser systemand all functions

remai n f or °5 uBLR SBEHE P

There is flexibility in the riser system 100 to be run

in conjunction with conventional annular pressure control

20 equipment, multiple 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 introduction 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



20 enmergency unlatch, fluid circulation, and well control. The
riser system 100 i ncludes seal bore protector sleeves and running

tool (s) asyd Sfbhdsssd enabling conversion from a standapgpyiikReioszors
section to full riser system 100 system use. 25The riser system 100

also may include the addition of |ine n the existing slip joint

whi ch can be done: (1) permanently w th additional |ines and
gooseneck(s) on slip joint, and holl ow pipes for feeding through
hydraul i c tr.ic h : t.&Mmgr I t i es
and 30 bun%%%qee%l the g‘ﬁ %ijg%?:n%éi‘%g%lccaept g‘tﬁ%&ll%‘ rgéﬁéi#%ﬁﬁen alhcq1
condi t i onschoRAD riZ0G§058208PEH/ WS200YY 08B0 bbtLoBShele pregewystemi s
di sclosed for.drilling _deepwater in the flqor o n,usin
rotatabl e TOBUNATS-° 'F%Ss%g%ﬁs%i% %nsoifr%%eeg s &P ygggnﬁﬁ}g% (faahd]'l"l‘eoé1

i nj ecti on syst@emmi-£1dheihgodedhpimenirss tedil albd onsedthagehdreinpra

i ndependent!y.. 5The inject.i.on stem 200 i des. a, riser secti,on
Lhat "1 & bas e, R agrachabds, B8 fr T PRI eh' §6Re o Ll
i nch Mari nBHRI wigth $yst emoke wahiphbaei @onmectaorfdocheisgi drihking

particul ar. connecti.ons for that system. Further e | i 11 have all
Phe usual FTREAL 't @d ™ §oFo Y SHEP e okd T8 Fop BeF i Lajore
section beflbredthefAddr jom mheSBHP | wish Ndremalondbhiasdh syseemsystiamis

this woul d be one choke |ine and one kill .lin S a_mni n

Ciher 1T e oSt B SRBPBRSRDEaitn e ooy Thinr vl B e of
riser 10 e. gisef shktanB 104SiI Rgebakere (4 sefan ide wontdol ypdcidtly have no
other |lines 15 ttacrgje/c(i) (ot her }Chan ihoset_tlga.rti ularly uired for

the riser BoRBahi%Gow/or Sutenativaliy Wb PRYE 6Pl ReEh BHEtISR

riser sectand etirvdigcarommle datchl adgudpetidi.ons. Wen pressuri zed
operations are required, conponents are inserted into it as 20
required to enathe dilsserf wylstbunt00 oanl owy .Nifhe fSedt foniaf drikeingised
for riser stem 100, be nuf actured from a t.hi cker wall .
bl cknoss EVSF b SELIT BERARRHGEE b el e GRS SoodPhoted dFi
schenuts ¢ @&088t Eactdron cohtanlenbndi tlatamil iy it3erosy st epigdOunddre
25 drawing is split._al.ong t center.line CL with the left hand side
S it Sl @

(1'hs) showPhGPTYT it SPRERC b TR S nal

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 circulation, 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
jJoint, 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.



conponents when in passive node, and the right hand side (rhs)

showi ng the typical configuration when in active node. In the

drawi ng, o Yoolpds®de conponents are shown with details pg@riserd@eaks,
recesses, |latching nmechani snms, bearings not being illustrated. These
details are the standard type found ond ypical wellbore installations
and conponents that can be W) 2008/ 058209PCT/ US2007/ 083974 - 26 -
used with the riser system 100. Their exact detail depends on the

particul ar r p se. | he
FTser syet em 100 SRt f AIERIER {qiar i AP LELRLRLL R ohst

i ncl udes 5flqum s thecbcean30s wig hrerataddmésbuler8l This acomigtabl e
t ubul ar i:n Ly p ti h I LTS

Thi s tubul af ifsl%sgfo%kg?gm ?ﬁ?uésl? qﬁ)ér&gr? %ngs:blﬂo%agopfnl?&art of
the riser sympamntt) cafhbesesedono@dhmy dmdcindgpeadeohby nati on of
conponents. For exanple, the 10 section 30 may include an adapter A
for endbling arfhenerjecitden spetémn2@® e ladeachedisert rectigrerthat
system 100; _ T f t r f i t h er r e
Tating of thetsedbrthe, Rl BSE nq s dd, "anALT 8., PLAFHIA,
ri ser syst'emmﬂ\;m’rname Ra sieat Smgterh PO00L s ihansr k:nongeptessutce sy the
Installin r r I

i nternall %%)t 1r8""a]!t %g)%%%%&ggs J}Elgghte}?aq: o sgstl?r?de ?\g{ EHSr@bP@nde
t he casi nghans@ohlﬂhﬂler usarlsyshes aﬂﬂa@l&ui itEn ive rthatypreatéqmimda a
hlgher ressure ratln L aII r ’ Th ec

al so i nO(E:)I ug% adath er's B‘il%‘? tIﬁa‘gna 1%291‘%5&%& e? estltéé’%#] ]?02

ri ser and jmaessursen wtsit@gl thescmbﬂldm sonensthalkieedidar ang one kill
instal lation oeratl nd_tr.o h may al so
i ncl ude adgp eré'g 1%21m% 8%358%&5@%1 aq%oos\};ﬁ%nég(rﬁfgl %rrl\d;(?

(Bl ow Qut Py@r@ﬂm )lmmrmom‘emt snatide RGy fRatfatrimgrConer gl , mlee"s/)a A

typical riser, ave | east_.ane RCD devi talled
w Phoa bkt YRR Pt abyvouf L EaIte rEvBe Gt e, TP
annul ars BCE’ttac}Rain (Bﬁ:h,e]:OIthahOtheSe Oeart e iyl mgguired for the

riser system 100).

V%l loln

The riser system 100 acts as a passive risexr 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 like seals, recesses, latching mechanisms, bearings not
being illustrated. These details are the standard type found

on typical wellbore installations and components that can be



30 closure around the rotatable tubular 32. In the configuration
shown in FIG 9, a variety of devices are illustrated to show the

pri nci pl e vab 2dok@ssbdoser system 100 WO 2008/ 058209PCT/ UR2Pod40Hsz9974 -
27 - being universally adaptable. For exanple, but not intended to be

limting, O is a schematic depiction of an annular BOP shown as an
integral part of the riser system100. It is also possible to have an
annul ar BOP as a device for 5 insertion. C2 shows schematically an
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dependent on the casing used. The riser system 100 section
will typically have a higher pressure rating to allow for

this option.

20 The section 30 may alsc 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 also include adapters C1, C2, and
25 €3, 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 another 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



- 28 - access to the |l owernost adapter to insert itenms as required,
Wi th increases in clearance frombottomto top. Device Ais the

i nner ri seyo agpdsedo and may be specified according to pEEuRloeviseel of
the inner riser 5 system On the lhs (left hand side) item34 is the

adapter that would be part of the risej; system 100. This would have
typically a seal bore and a |l atch recess. A protector sleeve 35 would
usually be in place to preserve the seal area. On the rhs (right hand

side) the i i h { hst n i ane i 36
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operations, a Flessursen eysten 2601 bysi sevbfl e 1eghl toi seabby stwlh
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15 available for use as an emergency vent line if such a 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 outlets
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 intc 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 required, i.e., the clearances allow



test is required, an adapter 39a is attached to a tubular 32 and set
in the adapter 39 as illustrated in the rhs of FIG 9. The adapter

39a w I | heaskobeshdés vel y to accept pressure tests fronpepeyRoRigdors
bel ow. The same description is 5 applicable for device B2, which is

installed at the very top of the riser,system100, i.e., above t he
outlet 61. Wth B2, the whol e ri ser an riser system 100 can be
pressure tested to a 'test' pressure above subsequent pl anned
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Ubr i cating 11UV SSF Che SReapPnBme APYRITSr S i PIRR) °Ba pYosBRtLY
(not showninwbbwbermticnss. operactibasi bhe ofiddre is never pressure
tested. All pressure tests take place in the subsea BOP
stack. For pressurized operations, a pressure test is
25 required of the full riser system after installation to
ensure integrity. 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



15 bearing fluid. Depending on the particular type of active RCD,
nore or fewer hydraulic conduits may be required for other functions,

e. 0., Prespyhfspsidiecation and/or |atching functions. Deygobsossors
schemat i cal | y depicts a passive RCD 58 with 20 two passive el enents

59 and 60 as is comonly used. An adapjgr_57 is installed in the
riser system100. It is possible to neke adapters that protect the
seal i ng surface by bore variations and |n such a case for a passive

head req_ui r%)d llrteldesF{,‘sggg %or ! Wil G188 of oF %e@g];gn,f%fs%z
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centralizes all th nltor ng t|v1t|es the riser stem 100 and
orovi des. GDEATEITT EROE FOo BEPTERH (R PR S FRAE al | Bt  on.
The riser myshemdddd igiclretdes anot her control system 55 that provides

for control of hydraulic functions of the various devices and an
accunul at or pachegie-b@ 1t Hat apsa¥etdesdénbcd adarty eapr 8esdlesédrapdund he

nyoraul 1o BhalLS) S5 @ IR SRIC LRl WL LLISPRLY. BOXCRLRY e Add
to surfmceto an annular BOP 42, a ram BOP adapted for passage through
the rotary table, or an active RCD device like that depicted
in C2. The device C1l 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 required, it can be activated and will seal around
the tubular 32 as shown on the rhs with representation 43b.
For particular applications, e.g., underbalanced flow
25 drilling where hydrocarbons are introduced into 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



Referring to FIG 11, this shows the typical flow path through the
riser system 100 and injection system200. Drilling fluid 81 flows

down the K@y ado@btdsoot Ubul ar 32, 20 exiting at the drill pagru8iebridddor4
Then the fluid is a mxture of drilling fluid and cuttings that is

returning in the annul us between the_rgtatable 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 |%§gto veqirdtgt%l gl_eg I%%(F% é'ilgc Nt cht '15 8&85@0%' The fl ow

85 continués as a mxture I ng 1U| |ns and vari abl e
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earing Depen ing on t e par cular type of active

RCD, more or fewer hydraulic conduits may be reguired 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 also include other items

attached to it to make it a complete package that requires



Taking outlet/inlet 40 as a typical exanple of the 20 above I|isted
sets, an instrunent adapter or sensor 111 which can neasure any

requi red gad soshmdecal |y pressure and tenperature, is péta6hegossPat he
line fromoutlet 40. The flow then goes through this line via a

choki ng system 112 that is hydraulical or otherw se controll ed,
then through 25 two hydraulically conttolled val ves 113 and 114 of
which at |east one is fail closed. The flow can then continue up |line

88 back to,{ hg,fl,Qat i; %%tgﬁtthkwﬁ.é@?%xgiéftdn% lﬁkg%%&@ fﬂs&s?e
initiated Tn reverse down I's T'ine I require simlar
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whi ch as necessary to minimize the number of connectiohs reéquire

back to surface.

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 C1, C2, and

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

devices is closed.

Qutlet 41 is connected to a safety device 104 that

allows for pressure relief back to the floating drilling



20 can be cl osed or opened (except, for exanple, the passive RCD 58
depicted in FIG 9, which is normally always cl osed). The

control  sypdhesmsoRadescri bed above are depicted in furpppisaetdsdzgl N
FIG 11 as control systens 119, 120, 304. These control systens 119,

120, 304 are located subsea 25 externaj,to the riser string 84 or 206
and centralize electrical and hydraulic connections to the subsea
val ves 113, 114, 115, 116, 121, 122, 133, 134, so that fewer

| ectrical ; i [ . t . I
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123, 132. Oohntawd W5t em ¥2Qlabsofoec®d yesldatid2si gnal, sifd oamsernsbr s

124, 131. Control signals fromthe surface may be nulti pl exed on the
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 outlet/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



20 electric line 192, and data signals fromthe sensors 124, 131 may
al so be nultiplexed on the electric |line 192. If outlet 45 or

54 is usedyd osogbesr N flow of drilling fluids during dpetipkighosségn
choke 123 or 132 may be used to regul ate back pressure in the riser

string 84 for managed 25 pressure drlléqu to maintain a desired
constant or selectively varying downhole pressure (for exanple, a
bott omhol e pressure at the drill bit depicted in FIG. 6B). The choke

123 or 132, 1py ﬁneo WP TR ﬁﬁhhiafoﬁ'éﬁ-‘ %ﬂoﬁﬁ W, Eogl%&{?i Sé’tf%rem 120

in conjunctlon a surface contro syst em (not
exanpl e, tdesraital halowat(seecBBES ol 1Df& t1HE -chSleaswirshdl8, nB2d daor

1 Gosi 1 el B SU0ATELRID0heH DeBbo g AhelBt. LemBERYEEL, | O

syst em 304ets. tormedteed ntterébecofi the i missd9 smodt ilopdB8ubrcrssgpl y | i ne
90 for con er. f_th o] 1,.3 30 The
£OLEPLAS 6 ABETAL 8RALh e MOl o POl 30T 0: 3021y S0a ik

control e val ves,  actuators, accunul |
sensors foR05 @muod udts rgtdave RODI 5@rongampe]raa:t |S@ralofnotlhéev324 ous

modules (o1 dasr RN B 42, Bokive FD A3, pasgive ROP o, val ve

modul e 202" BRd7Tor  Ahnuiar 's&8 ul es 724 i my be

installed momitmrrp&namenemslmauaﬁ o8 pre&gurﬁlandgo84tempéﬁﬁkuxM&Any of

t he subsea £o Lrol rep%ac$% g means of
u

2 an
 Subsen rBHat I o ARTIaR: of oPhe PR EE et o8 SPh L he
event Of fattime, 84nﬂﬁlﬂmﬁtbemweapdahermptuvqwamm Benemtaﬁﬂular seal
mai nt enance of. a e gontro y. 304 th| a
rocompl | SHEAES a3 e FEEaBRGR L E LR Db Y IRSTEIRE, SRt MoTetE L
206. Vaesa]bimadjmmu kvl HIGS. 1 h§ esatm domm:hadunt dif ferdrite

1 1 200 and th 1 d 1 f t hi t
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ri ser sectinmflicative of any comblnatlon of parameters, as desired.

15 As depicted, FIG. 11 is a typical process and
instrumentation diagram and can be interpreted as such,
meaning any variatiocon of flow patterns as required can be
obtained by opening and closing of valves in accordance with
the required operation of the devices Cl, 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 chokes 112, 117. <Control

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



20 (usually a shorter section called a pup) which has an inlet, and a
conposite hose system or other suitable delivery mechanismto allow
i nj ection vah 26bkioéseseent density fluids into the riser ape %¥2099689§74
bet ween the subsea BOP and the top of the riser systen1100

i njection system 200 can be used indepgpdently of or in conjunctlon
with the riser system 100 on any floatlng drilling installation to
enabl e density variations in the riser. In managed pressure or

under bal angg p i J Lon A

used 1o | nrodrtal athiRh Sk 008, o biFacl R S B ETAN MR

whi ch has éb@@tﬁbn§uuyaﬂﬁén ahé datalsxquﬂanﬁdoaathetaenedr$rxﬂmxhe

wel I'bore dyy ﬁ?fgé %% ﬁ§98§é95 1%§%007/9§§87f - The
t

i njection syste I'nj ec on 9 nt e riser a f|UId
conposition 15 ng, &Qr 0 ht hol |.0
gl ass spher es)OIf qutILi%ltdg&l vgrglé%trjrgé%ern% ]{negei\%h gﬁAgriL?f%f‘% o%)vlulég
hydr ostfat i @uvang atiignsinge Shbe abpkée ell anayhdeneilskd whenegskake rback
conjunctio u C S f scribed

previ ousl y;, %%Ir%éﬁl‘jl}ct |h%n%slg% ggjé%gél%f:foggn E% ﬁu\r/\%l ch a

Ni t rogen c@siﬂknnguﬁﬂ<mdmatapplaedesmmbdmuoﬂaham@dotosaléo@nw®kp
control of P t.i.on t he sur.face choke,., 10 density
of fluid i n‘j;%g)fl%ﬁ_{d &l%?r% @E??Shr‘?a&eo%o?ﬁamc?&v?ﬁ Ph%og?ﬂnpog‘% ring and
into the apressisce frtougle tihelnnpéttdieplicsi;ei em 20G. 6B). Thieeichwadion
syste 00 ternally I des t he rls conn ct ons_.and
attacgﬁénts?feq %ndapoomg ?Ylg %%Eéﬁié? VARdi |oﬁ8P§§, e ten
i njection sy%txnndunzunmﬂlndeWLphoalsmrﬁadencanﬂnmm sgsa@em 18 (see
accumul at o ) rovision for cepting,i.nstru for
measuri ng %%@ssﬁf W?%%ﬁp?ng?é Q%n%n%ﬁﬁk(éﬁ%? t&ﬁqungg %d? uq§
Ener gency emmkedeﬂuﬁystmﬂﬁsfotehﬁm&m(ﬁnﬂeﬂﬁﬂhwmwwQé$£hoagmyﬁhmud|c
bundl e 20 l| e su ng_hydraulic.flu ul.ic pressure and
control sigh éﬁrv%§¥i@ﬂaﬁ%§l§8 PERYG* ﬂ%%k%3%y igﬁ% dgrso be i ncl uded
on th nj ectiaq st.em. 200. Lnjectlo system.20 be bgsed
sol el ;e/lgon a hydrdtiid S S% B Ithy%r%& 1 er%i& FFl‘Q‘ElBu%ﬁT‘% ﬁs e
for and hydraullc supply line 93 for controlling actuation of
valves 121, 122, 133, 134 and chokes 123, 132. Control
system 120 alsc 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 alsoc be multiplexed on the electric line 182.

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).



25 instrunentation or other electrical control requirenents, or a
full MJX (Miltiplex) system A choking systemmay al so be inserted in
the fluidwoh®ebssas conduit (shown) that is renotely apdrus2o07/083974
automatically controlled. A riser section 1, which nmay be a riser
pup, of the 30 sanme design as the riseggsystemw th the same end
connections 16 as the riser systemis t%e basis of the injection
system 200. This riser section 1 includes a fluid

102008/ 058209PCIIABRA0 LA d0a 2L sk Add ¥ IRBEEELOD; fo W Mng
conmuni cation to the 1nside of the riser section 1. IS connection 2
can be isohwdeau¥romunrdyr ildae POt onatontunld ing perabiovadf ythe
actuated v filhtbed,wiat h r j.C.a t 4 n .
The 5 inj egét)%{g%of%%&ggﬁqﬁe%gﬁt ?%fed%%t%f%& ?&Pgagg%o%??b%&p
system 19 {pohpde atad vasd/ ectohbked , anccwublsdmrsy seneppsefgr oper at ed
choke : &g@lﬁg r .0ne - het . V. may
be incIJBledeééFn the fggg%%q%églggngﬁléfﬁ%&%lr}gglt§l%t l#é%é?écﬁé%%l% ui d
from surf ate-go, tamulgre@OPor210asysve DG J,s rsissimea8Ch Spoorabie

conposite it , i i to e Lhser_.0
subsea B@ﬁ(gﬁ?%‘l’él%i%san%yp@mgﬁgpl gp %égl %C\gvll%rg;(r?gzt’hégﬁér %b?ﬁ "f)lf%cche).
Conposi t e papebanthspddledhgnsybeentses sampplare@tbprt heésEirbetsipay 84

corporatiograégssuitable for this application. The 15 conposite
conduit 117Ts"supplied on a spool able reel 12. The conposite conduit

11 il t fi | n-gi t ti
S e oot Pl S0 SARISSLAEE. A {414 1. 4o S dhpd s
hydraul i ¢ féplacédrbyt meaast vt er sullaeandenixalfly syplesesedomehdtle aldles

3a and 3b y ul i oke _14, ca st.or n_.the_ipjection
system 200%1?%e glg%@umcﬁ O;t'or gjh%gén nlgl,lgr%‘é%g%téfeeﬁgi .1%‘Fﬁéy$l%haﬁh%%tlon’
i ndi vi dual ppdadepe nde tecadcemehat 6or sysiwirmnaorceonE aognoA sSbhippl v

system wi t rani.c.cont.r,ol | v as,_,supplied in a MW osystem
The fluld TOTFREL ntRiarars 82015574 SeM e Ahobkl bk oo
t hr ouglb hyditbbuic maegphliod idiesudbingnhy drimdn cthing Baebr1P06uppl i ed
with hydraulic fluid froma surface hydraulic supply and surface
control systemU8ridkslalidengssydfabodel st bejsurddacewnorbndhisyst eo 18

may also b sed.- caontrol. _op ti f suhsea control . 30
Ty, 2150, Ehy B e e EhE) b Ol A PR B B For
systen(s) thysbeperssdi.don.st kiescpubpdsmore ffuldsi ed.ow. Bydraulic
fluid for the valve actuators4 and 4b fromthe accunulator 5 is
suppl i ed t hr oughhénogejettame bydtenl 280 dhsists of a riser section

20081Q§§20?E§quﬁgqglh9§§%&4section 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.



- 38 - fluid fromaccumul ator 15 is supplied through hose 17 to
hydraul i c choke 14. El ectra-hydraulic control valve 6a for actuators

4a and 4b vah b@uessedoosi Ng and openi ng of val ves 3a and BOr/byzonmissoh
el ectrical signals fromsurface supplied by 5 electric line 20 and

el ectro-hydraulic control valve 6b allgws closing and opening of the
hydraul i c choke 14 simlarly supplied by control signal from surface
by Iine 20. During conventional drilling operations, the valves 3a 10

and 3b are closgd, %qet:fe@_ohn%f%{%ﬂnzc?dsglq@w%OQh@C&ﬁjéé%fo@ Slandapd

section of riser. Wien varia density operations are required in
the riser,riggvext 3a fdndd3ponpesbpedied Iy ingdiudinbe €ontexammitt a
fluid co i1 i i . it LS | pj-e y.d he
surface g@%ﬁ% tjoh?gggﬁblj!g Pﬁ%lﬁ%‘geglra{egeﬁt S%g‘%g&lﬁi'tﬁié %%n u%togll
into the ryaeyous|demsdgnrecwvhonh 2vilThealave hydirobbatont vorlaicrs thee
surface syste 0 y doyh Kk i .~ One of
t he hygr au?% cégcéigjte?%ﬁ/ov%}lgegggg’i S se?isﬁeﬁpggl goﬁéﬁﬁéggﬁgu@% veaf

meani ng t haurfdceres sube shsthost choke hershytbsauibed20reuppyly i e t
will Closein éggiéﬂ %iehoHh! DY érg%ﬂ fﬁﬁeﬂf%u%E &chﬂ'éeﬁigggpéﬂn

Simlarly, en a return to conventional operati"ons 1S requl )
fluid injectshoion satldppedapndiedeand|maisntd.nedd t8badtewchased. The

[ nj ecti on sysLem 200 R 5BChYdR A5l 1 451 I Rlel Bu2BaEL Gndds,
pressure and temnperature sensors s plus the required connections
and syt endengoitng dfo fdudentinakcted| ratd bioxjettd opseet el Bt Idowro the

transm i thepp L s age 108 YALVESILTR AN RRRKERdd I DEor

oper at ed, aul’i"c or ectric sign run Wth the
reel 10 orsyytd0 2dbustic signal or other system enabling renote
control fromsurface. W?2008/058209P=02007/083974 - 39 -

The injection system 200 externally includes all the

usual riser connections and attachments required for a riser
15 section. Additionally, the injection system 200 includes
provision for mounting an accumulator{s) (shown), provision
for accepting instrumentation for measuring pressure,
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 systemg may also 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 instrumentation or other electrical control requirements, or
a full MUX (Multiplex) system. A choking system may also 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 riser section 1 includes a fluid



In FIG 11 the variable density fluid conposition 150 is injected
down the conduit 11, through a non-return valve 8, two hydraulic
renote controlled valves 5a and 3b then through a renote controlled
choke 14 into inlet 2. Sensors 5 21 allow the neasurenent of desired
data which is then routed to the control system 142 which consists of

accunul ators, GeR@k:S Whi ch receives input/output si ﬂ@ﬁﬁs%oo’f;&sﬁb% l'ine
20 and hydraullc fluid fromline 9. An exanpl e use and

operating procedure are described 10 heyje-for a typical floating
drilling installation to illustrate an exanple nmethod of use of the
system The riser system 100 will be run as a normal section of
riser through fREFSPASFPREPHENRT With ZorpBRicakéer dionghe Hesids wél

maxi mum QD f or the Xkisenchcriaen . systisesvofecabout 4o b ifwihess arofdO
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capability as thgeditaviest @l besaotielleli 5&h bn dserffe bagiresyst em

An 20 injection t I paLt, riser
wi th spool abl e %%éﬁ%ogﬂ @gg?géa!tgﬁ B II%%ECA{R? Twﬁd Qécf:%gr?r?e%‘f:l a %méé&y

avai |l abl e corrpBEﬁaée i pke) &5 it asted :‘feéan‘?arﬂcé’fa?ﬁﬂ PEaEi‘?’iS’n)"°“”1 n
normal drillingeoperativens)w tay &= dnelwenl Bn the c%lpnomedcdsr@ult

managed pressukg hh&lﬂm ik taa;éeﬂlﬁa/%tr&mslaQQa@@dm' &g '[]Qadlul%xstem
200 will be run w he extern nponents insta

co
ri ser systéeth 1665%2?91j’§cﬁ“6‘f? &yt ERPDGHLIH TTPBE 15 82 Ed Wi t h seal
bore protector wsideves B85sadBy nlplr@detante prigss ure stestedObef ore 30

insertion int Ogﬁidﬁa@.&neP{&E“ﬁa&QnM@ﬁH ek, diid lthé?% a&}@eiz@tylg@e)t he
inlet and outl et val ed and

stem 100
and injection SY&% ghticﬁipﬁi ‘T”Tdbgg?"]af%‘gnﬁ’rsﬁfﬁ?s WuPPlled %Y «Re
2008/ 058209PCTFUSNGPADS3TPAratigd arq pyEabpepiqrokhis apFhicatiser Thyst em

100 wi Il bespr %@:ﬁfc%@xw &ﬂdﬁb@ 190k § @Sbp5Ral obQf 8pashapher Sedlof2 | Bge RCD

systemto be used ressur.i zed.opera |on are required, }he
i nj ecti on COMPOS™L ndult 1 cam beeasily cu and confectors’l

fitted in-situ on the floating drilling installation for the
reguired length. The operating hydraulic £luid for the
actuators 4da and &b of subsea control valves 3a and 3b and

20 hydraulic choke 14 can be stored on the injection system 240
in acommilators 5 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 fluid to the accumulators 5, 15 is _

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

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

Aydraulic fluid for the valve actuators 4a and 4b from
the acgumulator 3 is supplied through hose 7 and hydraulic



5 system 200 is prepared and run as part of the riser inserted at the
poi nt required. The necessary connections for cohtrol lines 9, 20 are
run, as well as the flexible conduit 11, for injecting fluids of

vari abl e density in the fluid conposition 150. The cabl es and
lines are attached to the, 10 riser or to the BOP guidelines if
present. Val ve 3b are cl osed. The ri ser IS
prepared with Sﬁtgﬁg%ggsary val ves and control s as shixagﬁ&hégu. 11.
Al'l the valves are closed. The hoses angglines are connected as
necessary and 15 brought back to the floating drilling installation.
Pipe will be run in hole with a BOP test adapter. The test adapter is
set in the subs8aivetidneactrantiatdre lansubaplBaP tG@3cuish bbosdd to t he

riser system 1%ar&1mce§ﬁwee 1&6%1@@@&1?&&@{& Yoreshit QaHeS%t:a ki ng
pressure. The annul |sera§%s em 100_i s .the

BOP

Pbencd and the PrEEETFalt i B g™ SURH et qPE T DR SURSER BoP
has rams that ca Rolit pres¥uptedurdplabdy@lsatmimpresicceestrpdied Ay can
be run settifg adeesic kg QOnaQ&j@@.EQEroEBy&I&ulm doh B S¥BEerr 100 (see

FIG 9). 25Wen_the riser system 100 i n adapt er
50w 11 be rn VPRGOS e e B S e a0, o

Provi de a pr ess#imdleglst SAPRHeE ]§i ﬁPP%FrOlt BlaRat Trem %‘-H@%?ral?ﬂ éd®e casi ng
string in the wall head so that subsequent pressure tests do not
require a trip to subsea 30 BOP. W2008/ 058209PCT/ Ug2007/ 083924. -
41 - The seal Boriagprotvestbmad| dedéiyg opeyatiipes REBeatdyeer3aC2
may be pull efl oms 3Fher bthesddChhd@neaihiberspt sydtef22000a6€s SBks 4 he
ROD 50 is functlon h a t [o t

hole with the 5 prgés%%g%le%lt %gdﬁ%@c %fga M}_%&heﬁ%;és%%; S és}aé%&loo
until the adapt®fe 3e&irgdstr thh r’a‘cféﬁt l3es (a1 7hdy PFroeprRiwd 85 part
of a previous Sh)&ﬁ)auliEheoﬁm5@nd s then! chgsedtiamd 15§ dmcaedinge
systems only, fLUJd 45 0HEEUWALEM0ABE WO RErEdaCEy sl emdQuyisi N,

e.g., outlet 44, |l gsed and the riser 1s

pressure t eé?edthet)]?{%‘ée ﬁle@% s{?r Eomﬁ%d"o“ﬁdﬁét pret® &°F FHBPEESFF and
t he seal el ementororctive ROCrEOrite cehdasedatrDhed @t tlsseniiop i s t hen

pul I ed out of t Jetnsg a%mlera;yl% abwHoTk | axaeihed Fayibes coppl et ed

not her [
to set anothe of the hydrau]e.fé cont:ro‘?f valves 3b is set up as a fail-safe

valve, meaning that if pressure is lost irn the hydraulic
20 supply line it will olose, thus always ensuring the

integrity of the riser system. Similarly, when a return to

conventional operations is reguired, f£luid injection is

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

The injection system 200 may inglude, as illustrated in
25 FIG. 11, pressure and temperature sensors 21, plus the
required connections and systems going to a central control
box 142 (see FIG, 11) to transmit these to surface. The
vaivesSﬁ, 3b and choke 14 may be operated by hydraulic or
electric signal and fheS 9, 20 run with the reel 10 or by
30 acoustic signal or other system enabling remote control from

surface.



15The drilling assenbly is then run in hole and circulation at the
drilling depth is established. The punps are then stopped. Once

st opped, the ROD 50 seal elenent is installed (only if needed for the
particular type of ROD), and the RCD 50 is activated (for active
systens only). The 20 nmud outlet 44 on the riser system 100 is then
opened. Crculg t hen established and backpress with
an aut omat ed s\ﬁﬁs?ﬂggoészﬁghoke systemor, alternatively, Lgr{g’szcgﬁg%gﬁm
connected to the outlet 44. If a chang in density is required in the
riser fluid, 25valve 5, , is opened. A PI uid conposition 150,
including, but not limted to, Nitrogen is circulated at the desired
rate into return fllewic estwbl rahaaleuwshsony foriddanuemsiingompiedsure

spi kes. It should Be.aRP ﬁ&% %@dcsdaait Nigt rQ&%ﬂg}l % 98&%9%&:@&@@@4 e, 30
and that ot her swta% a fluid

conposi tion 158 o BYC}'FaH(},]"’“%cr%‘B?*é%é’PB?’féigﬁ%rYtagw(s ééngndgo?ﬂb d&eBr

flui ds whose véhwmwhvariesstsiogntidldadtdhpkei 2hin§yDinlet 2. Sensors

2008/ 058209BCTLYSAAQ¢/:QR3Addsurefiént o@r&%ﬁyé@)jawmashlm eséed into
the riser at an opt.

i er t de thi anpi ng.
Drilling is th&R™ S5s hare °°n*r°$hsé’sgy‘%te% KPR Iﬂ%G 3f and
depi ct ed schematiwaflbsonsn Frgrosy whaeh c@ﬁﬁéﬁssmqudoﬁﬁéﬁc@w]éﬁ?l onal

5 system of Fl Gofaind Foyphé alycpsefier endsesadimmnt.for the drilling
operation using this invention would be the introduction of N trogen

under pressure int&ntéreempderse dnd |dreprlinE HTYCPRHR 3FF clRFFEBIRING up
the riser. jphi seis raehi aygdedy shberippesantlyy desedilbedon rvention by
the10|nject|0 system 200 with an.att an be easily
run as part of ghygér E‘? e %Jﬁ‘ telrens]m élﬁ‘l%c eggl n Fﬁ&%@gﬁ&

Variations of the abgve Jut Bﬁsiew iy they wesam sysd emcﬂé)i) sagtlion of
i njection system 20

5
per mut ations tﬁéf' 1}386?1}%1 %Qe row:aa Va{)ﬂ.e‘etRx‘ Q. é S Ie'x!:é&ﬂ.ng the

ressuri ri sef of)lera I ons h as but
not |imted tonduoedt amww%rfoaualﬂgmﬁi EhtedEYFITNGE FheRagEd
pressure dris | ijagndhethswnderesand mmesbal aseed gane-arvebghtiopting

der bal d d f s
wel | borer  mud- Cap- PR g sy e, Tﬁigé‘%}?‘f)?‘i%ﬂengﬁ’ﬁ%@ﬁ %o or

little return GPrflandds; ln&hd“&"oﬁﬁ%?ﬁts MEofih SP e HHEREUE B 11 ng
usi ng systens tdhaé @Iebmmmbm eohsnichl Ty lzat | messTie crpsipil isy stsem

100/ injection gs%%gll%%g) w%ﬂﬂ?b&!e%%lélh%lgéﬁ 1gf EQAE’Q;C (@érgagg,&egnmﬁl ar

pressure contro gmass bal ance r| II %tﬁé and
t echni ques. QWhenﬁF%’@P“sﬁ%ﬁt@ﬁl Goritht &t F8h 1By L pSF% Y etiabl es
t he use of pr es&aerzﬁdhrsmﬂaslﬁstcemamﬂ:erpmarm@&w{@%t@ms run

bel ow the wat erg,0&.:a bjﬁ aﬁﬂa§§£b1%V§$r@ﬁasi£@/phpé,e@El O :S) 8 200 scan
al so be used to enabi et S (deep ocean riser systen). The

ability to intr@htetion)
In normal drilling operations with, e.g., & plan to

25 proceed to managed pressure drilling, the riser system 100
and injection system 200 will ke 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 helore

30 insertion inteo riser. During conyentional drilling operation
the inlet and outlet valves will be closed and both the
riser system 100 and injection system 200 will act as normal



30 Nitrogen as a danpening fluid will for the first tine give a
mechani sm for renoving or very nuch reducing the pressure spikes
(surge and swab) caused by heave on floating drilling installations.
The riser system 100/injection system 200 WO

2008/ 058209PCT/ US2007/ 083974 - 43 - enables a line into the interior
of any of the i tens depicted in FIGS. 3a-g a he
pl acenment of tﬁllogé%ﬁf?sr%éat any poi nt between the surfglgcg?dghﬁ 38{4tom of
the riser. The riser system 100 and injgction system 200 can be used
5 without a SBOP, thus substantially reducing costs and enabling the
technol ogy shown in FIG 3g. The riser systemdepicted in FIG 3g

al so il lustratedseowirpgidigsi rhectisen syeseBMi200itloba duegherd pbimt in
the riser. As dgsCdd-Res: akayeorbhgudphsas 8¥ SteMidPQyandh ikhjmection 10
system 200 may ugedl nt erconnected into an otherw se conventional riser
string. The ri S&F system 100/i nj ection system 200 provi des a neans
for pressurizing tRgeABldd38uFiRal ofe@atichsMBxd PO VS Silee i pRRARM] I tY
and easily gsl | ows varé tion_of th fluid densi t¥_| n the riser. Tcne
injection 15 sySPEM 20D ihEFTRIES £ €8 *Fub™5oPhe™ i TPepr VitEFSh for
i njecting a fl @itdthenpoirthaeaiied. iichn¢askary canvedtiess Pheconfsal
system 100 inchydes sa £6 26 PUN oLl WL Rnarele®le BbSRA:aOPESF, A
pressure test ni

l.e, a.saf.ety. devi ut | et th | ves for
di verting the r?’ﬁggﬁ%ﬁ/ fa];uddﬁi%f‘pl"r%?a%géw&etnﬁlgyeéfm%%er ék"}s{‘%f%r accepting
RCDs. The easy cgupisisign gfS0f | tedsakigst v Lo0gs arpjadsestns pagheoi nt
(i njection gyst:epe2Q0) té crees@r ghethlifedraEhptbdest dataidely tana 3b
mani pul ate t he aggncsliotsg inthe riser to provide a w de range of
operating pressures an% densities enabling the concepts of managed 25
pressure drilling, mhgaligensidsendred ibngepbrébialicgroadi eitdesdddd | i ng,

and _under bal anggd dri.LkiNge oy e as%{o%gxrirpg‘legcylg;ig{%%%é{)ﬁﬁé QrEl G5

12-31, an alternate configuration of the riser
schemati cal |y &1@85tepFbedoeasiandl 1o ost catRRFteTRe PPeIee8Y$Em 100
of FIGS. 3015l2-b3dudHrcbusle zonary febaimgt rivhieh jasealdamidmr i n many

respects to those descri bed above, or which are alternatives to the
el enents descri bed %ﬂggvggll be run in hole with a BOP test adapter, The

test adapter is set in the subsea wellhead and the annular
BOP C3 is closed in the riser system 100. A pressure test is
then performed to riser working pressure, The annular BOP C3

20 in the riser system 100 is then opened and the pressure test
string is pulled out. If the subsea BOP has rams that can
hold pressure £from above, a simpler test string can be run
setting a test plug in adapter B2 on the riser system 100
(see FIG. 9).

25 When the riser system 100 is required for use, an
adapter 39 will be run 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 reqguire a trip to subsea

30 BOP.



WO 2008/ 058209PCT/ US2007/ 083974 - 44 - In FIGS. 12 & 13,
installation 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 positioned in a val ve nodul e housing 280 of the
riser string 206, and 5 FIG 13 depicts the val ve nodul e 202 after it
has been secured and sealed within the housing 280. usin
280 is shown ¥¢ Bélﬁﬂma separ ate conponent of the riESF”?%?@ﬁ&Q ’g
but in other enbodinents the housing cquld be integrated with other
nodul e housi ngs 268, 10 282, 284, 306 (described below), and could be
simlar to the construction of the riser section 30 shown in FIGS. 8
& 9. The riser strimg =206 oot ghatectespberiet 68 thee thesECDsT9PRY 84 in

the process ang |, g%t%ezgﬁ?{e@ Len, @héxgrt%@ fip b Ganlde sEReil@isi fige280

provides a | ocatl ro rlatey posi tioning the val ve
nodul e 202 in fe FP3&FPstY |’"ﬁgf‘§’6 o §e€Ht% exanpl e, the housing 280

includes an interngl Ir%ttggbq@o&ﬂueag% 20012, SRA 1 R 388 Qhe

securing and sealing the valve nodu 20 In the riser, strin ghOG
The val ve nbdudEspDe i9%&F (RABETEN 3aﬁcT+BT PRy daet S¥=5e W‘tlh
radi al |y out Wadidiﬂpy,eﬁxligendalﬁe@ Latachprenider 1260 pregmygdgrhdarhe

profile 262, a gééﬁo%é‘lsé . 582l kA9 sonid %e§%’l’os@@rﬁd$2ﬁ>r The

val ve nodul e 2 depicted.in FIG, 13 a ave
been ext ended F%W%W@F&ﬁ@ﬁé?ﬁlng YL s Sﬁﬁ?ﬁiaéegg: and ?‘ﬁégs‘l’ggl s 344
are sealingly 2&Etengatedsmdh et e seblethdbe Tppgoutlet “4 @ehelen
configurati Q”Scfcfselihgna/ ¥ 6. R Ul £ p20gsEanchtclis etoei fred@ate ed. For

exanpl e, as degé%gd %lgr;a Elﬁ%?su%f (??ed dhe | %EQ JBRber s, §Abncghgd

i nstead be dis vat or's positi one external to
the riser 30 sked 3§ 206;elemseot-dEbe tesseisserhMely Begagel e alth
menbers with a@héﬂl%éﬁaéysﬁéz@fﬂoloe RWninieduoa ke beabaeladedlte 202.

R o e 35U S 986U Gont ol Ted by the v

15 The drilling assembly is then run in hole and
circulation at the drilling depth is established. The pumps
are then stopped. Once stopped, the RCD 50 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.
circulation is then established and backpressure is set with
an automated surface choke system or, alternatively, the
choke 17T connected to the outlet 44. If a chenge in density
is reguired in the riser fluid,

25 - valve %3, 18 _
opened. A f£luid composition 130, including, but not limited
to, Witrogen is circulated at the desired rate into return
flow to establish a cushion for dampenang pressure spikes.
it should ke appreciated that Nitrbéen is only an exanpls,

30 and that other suitable fluids may be used. For example, a
£luid composition 150 conmtaining compressible agents (e.q.,

solids or fluids whose volume varies significantly with



- 45 - subsea control systens 119, 304, control pod 301 and/or
surface control system 18 descri bed above. The val ve nodul e 202

sel ecti vekyo PREMIske and prevents fluid flow through a p&prsReHRkIGe
204 forned ?ongltudlnally 5 through the riser string 206. As depicted

in FIGS. 12 & 13, the valve nodul e 2_924% ncl udes a ball valve which is
operated by neans of a hydraulic control line 316 externally
connected to the housing 280 but other types of val ve nechani sns

(such as b APRRL IS hos0hGa8LL ORELAL A 10,68 UeS el ndRbodiye

used, if sTred.c Cﬁ?‘a e va ve nodule r- éxanple

open or cl bseotde iad \pec)ovrmlga bkisoddmpined i itliagsubsther oreswied.
system 304 and control pod 301, and/or the surface control system 18
descri bed aboverha_aﬂ;yst@m ey shbwopen aEI(bns":ﬁ’rai}ld)eiepéctedned utilizing

the val ve podul & 20, Fqt, SXBTPLE. el e RS SILe 202 TRV bes A

to pressure Varigus porti ons He Trser strin
pressurske tsmtedneaﬁrﬂmﬂ ar6aseal typilod b sprdsr 2y embbﬁltndBScfmbeldae

below), to fafilltate s%uhglgg % % iﬂbé&@p mg%hggrEESégedurlng

underbalance age pressur TN such as, during drill bit
348 changesntmc&uc;tzs:ee 053 @ltza);enoundenr |mgasmsiealﬂnab| oheofe’c@npl etion

Ul ar AT hbcr o 25340 SFepr s TR Wi y e PSP at B berhg
install ed adahae‘imsms;mg:h%@msehhmyrﬂemrmed n@vm&lohnbfl thel4, the
annul oo 2o8h; AR 2Bk yE B! B9, RONCIEL.IKE S s 19, 286, and
secured andasehy echmidshipartthefhangi 0f. tB@Tmmid@@i%édmevrm a
| ocati on 2%4 for appropriately positioning the annul ar seal nodul e
224 in the’?T8er string 206. In this exanple, the housi ng 284
I ncl udes VIO 20\9&?}43(_):151:8120%%'3%? %ﬁzoggé\gg?’gg&od 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 limited 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/
injection 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



an internal latch profile 266 and a seal bore 332 for securing and
sealing the annul ar seal nodule 224 in the riser string 206. The

housi ng 28§, BRYH&Swa Separate conponent of the riser spfiBshodPsorRr
it my be integrally 5 formed with any ot her housing(s), section(s)

or portion(s) of the riser string. The,annul ar seal nodule 224
i ncl udes an anchoring device 250 with radially outwardly extendable
| atch nenbers 258 for engaging the profile 266, and seals 352 for

seal ing 10_j seal b 3 T I al | e. 224 ]
depi ctod T EreY £ et oo the ety L 3%, oo BY, £1EEE diypms
engagenentdewidtdde mpraGsl.e 3266, anddalhwvs gdles p362ement sefl tngd yline

engaged vmé,p t he seal, bore 332 . Ot her. conf il_gt(r])o?) i,ons ftﬁgerfn&yl ar

£ th £ t .
seal modul & 2% &hifs Seased, T et Ted e%‘nﬁ e, as cFepl cted

in FIGS 3fth& Rilsed sy statchOfeabér sn P&8e icoulsy sitest 880 ben dbspl=ssed by
means qf actuators ositione xternal to the riser string 206,
order (iU RH R bige R AT e rad e Tnb: ROERE &t a
profil e 27dndlolrirey tOre tteehanhobar sseah 20 FIeHullg .224e Opsent systaof

t he act uatﬁr S. 278 c.oulsg[ge control lffi bel tthae subsea %ggtrol S scgnem
119, 304 aNPtOHiT oI fof -309, 2aRD/ dr SUFTHES SOYEFE T8FstRIFT

descri bed apowven e wnrubdgheeapoimeule 24 releact i vely permits and

prevents fluid flow through an annul ar space 228 fornmed 25 radially
bet ween the ri skes d&dsdmdped0aband, athelbrd ser systren 202 podi inpaediom

the flow passage 4 (see FI. 22). As depicted in,EIGS. 14 & 15, the
el A0S PETSEEE A S5 Bel e Eohnn a8 o Rl P B5BEEV LSS 316 i oh
i S oper at edonvetiespaiseilserpsesstge Bippl ekt ayasthypdnladlisjeonismol
line 318 30 e te[ﬁ}gdl cor&nect ed to tpe housi ng .284. The

annul ar se¥Y*® é}z/%" S5 PrRPORRsT X RATING Z30enblG 324 Ui ch

permts theisealtRli&d maxdmaiepwetutdezapability and easily allows

variation of the fluid density in the riser. The injection

15 system 200 includes a riser pup Jjoint 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 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 elements which are similar in many
respects to those described above, or which are alternatives

to the elements described above.



WD 2008/ 058209PCT/ US2007/ 083974 - 47 - tubular string 212 when the
seal is engaged with the tubular string and the tubular string is

rotated wighbishigs | ow passage 204 (such as, during dpitAkRersse
operations). The bearing assenbly 324 is supplied with Fubrélacant3 73i a

a 5 lubricant supply line 322 exter ngll%:%/ connected to the housing
284. A lubricant return line 326 (see G 23) may be used, if
desired, to provide for circulation of lubricant to and fromthe

beari ng assenbl T nnyl a dul e 4 1s_an alter j v.e
for, and 10 nayyrbgf%fj&sse'dH?n%?ééé%?ﬁﬂt]h‘{e@lfc iovfg%Rﬁﬁigﬁ %\%é%f? Bzg&c? i
above. Opeanatisar cftrihg &0Buliar repadseriditlierel3] i(flasteaaapl e, F1®. 12
extend or retract .the seal 21 controll ed by ans_of. the
subsea con??%Jr&s%/s heemvf((?)tzfealrrln é%%%?ér(%?e%%ld} BEZVEAE o?g'fih%()%h{f‘lf%eed
control sysmheind8 weserduled hahsveg ASRederilieng irew sorEh&R 0406 ahdl7,

I l.e 222 tati il t bei
st al lred TEC o HodlHIG a5 n e ee e NG 565, 1FPrs 2545, t he
annul ar sesdécumstl| end@ 22 alledbeilayin otive ieshid infcp 2t8l0e housi ng 282, and

in FIG 17, the annular seal nodule is depicted 20 after having been
secured and sediles huushiing 286 houshogn as beilhe aheepbngtd8lomsankrdes

a location_242 faor. appropr.iat posj tioni t he.annul ar seal nodul e
522"t neof a5 n G Boed FhY, Pt A Bethitefh SR
i ncl udes amousimy nsdulldateh iptefiheed 66i et hitherealodnaeehddifigs 248,
securi seal j ng, the annul.ar .se nodul e, 222 .in_the.riser string
206. TS hRRT i e Uiy BECH BRg b el e bormithentigh beng i La & ity
206, or itcomytbe-iidregfalkhy roseedsedtiomm0 ethven RAUBIOY(SY ., & 9.
section(s)_or portion(s) of the riser string.. 30The annul ar seal
oaul o 20 Fites Hirthscnsb! fglaviedtoudta B0 Fha ALPYT cttai Y
ext endabl eih atlod pRIdenisS a2bl6 i het rengagh higbr E Jprel be 266, and seal s
354 for sealing

The housing 280 provides a location 240 for

15 appropriately positioning the valve module 202 in the riser
string 206. 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 cf 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



WD 20081058209PCT/ US2007/ 083974 - 48 - in the seal bore 330. The
annul ar seal nodule 222 is depicted in FIG 17 after the nenbers 256

have been vaxtRBaRsy Nt 0 engagement with the profile 26§€T,@g§30{,@g974
seals 354 are sealingly engaged with the seal bore 330. 5O

configurations of the annular seal npdul e 222 can be used, |f
desired. For exanple, as depicted in FIGS. 30 & 31, the | atch nenbers
256 coul d instead be displaced by neans of act uators 278 positioned

ext er nal t Qub oS.L” ggeg\QG 1%?0?‘?{1@"?%% ﬁé@ §§£%’ ghaage t he

| atch menmbers 1 xt erna fe annul ar
seal nodul suPi:e @m’tactquﬁyetemhéS ade st idregd zt‘b@veoul d be controlled
by the subsea control system 120, 304 and control pod 303, and/or

surface contr ol They stedmel odeder R B2 dsabovie vellye perrmdar as@apremehiise

222 | ect 5 f h

ol ar SpiE B AR GrcRRs A0 FRER BitSadd U folleb iSHE e Idhaty

t he tubul athmuqlng:@lzrlp@m tsi:@med P;6t herd Ictapipacsslag?,e EIDGS( sk: F11G,

.22)' As de \gﬁglx}én' nFldﬁf é%f& lljrélucﬁg@ é%lilarvaﬁ géeorat ed
exi 1 y engagln

i ncl udes f sea are for sealing
tubul ar sty mpe@iP.of a hyﬂhreuamqud:amtlscelalllrrmmlé 222eghgbdlyncl udes a

bear i g asgeibly. JP4 W GNHBRLTLLS, B8 1SRAISLRL0 B LOLAl G W4 Lhe

tubul ar stfing ese S ehgage Wth ulfar string
and the t ubedzanisims r(gpucix Baot atleplpmrt‘mlrvetd}e ddlewo28 ppssaged 204

(such , dr|II|n oper at.i gns er| enbl 4 may
suppl i'ed V\A?:Ll %’bl’l St vnyaBa Fﬁ%&f c%fnt essh %%8 ang“tu frl%z:l}a
return |ineakege destrliebed 2alidoe Eramphe, alrmuj;wm s:eak:lmaduthe 224l ve)
The annul ar s, an al ter nat i Ve for R, be used
T oo dpad v ARG A2 s Rl S FEE FoniGan bus Rt FBa R The

annul ar seabnfmnﬂjlp&aczmlwaﬁnﬂeotoﬁheoéxhﬁﬁ':hcé/\laontrol system 18
2008/ 05820§PCT/ C?O /083974 - 49 - by nmeans of the subsea control
syst em 304“3RE ¢ Y56d 302, and/or the surface control system 18

descrpﬁ@d abong variety of operations may be performed utilizing the
valve module 202. For example, the valve module 202 may be
used to pressure test variocus 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. In this example, the housing 284 includes



Referring nowto FIG 18, a tubular string anchoring device 210 is
depicted as installed in a housing 268 5 interconnected in the riser

string 20Qyo JRGoaRRhori ng device 210 includes |atch rreg@g[@om”ﬂ
engaged with an internal profile 358 forned in the housing 268. In

addition, seals 214 are sealed in a segl bore 360 forned in the
housi ng 268. 10The housi ng 268 may be a separate conponent of the
riser string 206, or it nmay be integrally forned with any ot her

housing(s),, erﬁ%é (GSh Q0P EB%QPél%%bOfat]{]cf‘%hrs'e%ﬁrb8%é8§'92 &y this

confi gur atidn e riser ousi ng s preferably
posi ti onedsedhovind lerd @eatlnogsthé mlmmeaamodme peévidethd or the

ot her nodul es 30&%%%,20 24, TgéGhoﬁé’lrwt es4t ?%hgr LD a]ggVé ce 210

and seal s 21%° ressure errs r| ng 206
and t he otd:mnpcsma:hﬁ e the mmeepr sbsime 2056t |cmg ifpr magdhee;ntéw:ally

anchoring devic 10 _and,seal s 214 n be Qny

i nst al Iggd g%rrfl%e %sherangt %hSrz Bt %(Csa posretgc g%iﬁe ’%’UJE){E?l On(s)
string 212ofhtleh reddeenddrdogawardly from the anchoring device and

t hrough any annul ar seal nodul es 222, 224, 226, but not through the
val ve nodul e 20che Hrrsileonkeglr mbdml&i&@&'mﬂmdeseahaahvbbying

illustrated in F nFI 9, .th
string 212g%x%en(f%0d3vv%ﬁvr\llarr N?ErL rﬁ) %a%én chori ﬁaél% g\}lecga%}i% Te ers
visible i n258 (Eoﬁgs)ngddm@ughet heoanhell 266 seald medlkes852220r 2243 1 iaryd

into t eflo assa 204 eval nodul.e _202. T 30 _ tubul ar
Lt g B bl RehRE R0 ke 300 o S A G E S npt1502%4 Vs

2008/ _05820@&53&&52&0:7/%914 afblr- tﬂ'élenamﬁrm i25¢ Hevecbe@dOextended
functions igtéhe &”égﬁgﬂEew1th the profile 266, and the seals 352 are

sealingly engaged with the seal bore 332.

Other configurations of the annular seal module 224 can
15 be used, if desired. For 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. Operation of the actuators 278 could be
controlled by the subsea contrcol system 112, 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



testing procedure to prevent displacenent of the tubular string 212
when pressure differentials are applied across the annul ar seal

nmodul es 22x¢ 2édAss26026 and the val ve nodule 5 202. The §?%§20§%§39f3
t he anchoring device 210 also function to seal off the flow passage

204. Pressure can be delivered froma ‘Efrr_ote | ocation (such as a
surface facility) through the tubular string 212 to the fl ow passage
204 bel ow the anchoring device 210. 10The val ve nodul e 202 can be

pressure t Y. i e r i ffer i.al S he..cl-osed
val ve mdufgﬂﬁ%ﬁgsﬁﬁgq?&ggl ngét ??%9&2%2.151 ne%[rgﬁg%goﬁg%gu‘r%%%i%%bdo ar
FIG 19, psbssng eemrhythee tapplaedstiang hiss tndhstad stithng 242 flhowa

portion of i tring_206 en .t cl osed_val ve, 15 dul e
202 and t hgggﬁ% %Zzﬁhsz(aﬁucgoaél’edgggm%gnrﬁﬁc% tq?grgééPn§18 h{é;ggs)e been
act uat ed tbesehhg rmsemdlgage st he subpl bed stiritngubribbhatapphi 2d

pressur | d. al so Li i on. of pressure di.fferential

Ber oss § heo Sratfurt SN 38Re 525 SRefind BLAtrBResret e Fheer
string 206hbesierrRdhe 20 lobesednvateeunmdulre 222 gsdet AEGanhtl afay
seal nmodul g 2@54éd ANy pfessune rLﬁeaka e.(?bsgr ved vvogl g.be igdi ative tof
a structuraf Srwedl farrura’i ot RePVHIS & Hoddie 265 10 Qb r M 15!
206 porti oboosndnfndnartheedeanrbdyl es2@dbly r8or.der to pressure test the
annul ar seal nodule 222 25 and the portion of the riser string 206
bet ween t he anmiharamsedlarmsdalenc@@le 224,is hern sdakrii8ioé fde, and

annul ar,, seal dul e 224 can be gperated to di.sengage fromthe .t ubul ar
stri n8102121.na¥ nn%:)? hlfssecﬁﬁLrI]ln ri,acgr 8§$ u%@e SPPri e @ﬁag?hgeFﬁﬁﬁﬁ? ¥ Grg
212 to t heOpéoar jpasseHfyeh204nwolbd seakancddB®: Rrdsgtioe dikbdhprenttal to
be applied ross the.annul seal e 222 and the_portjion of the
riser st ri%}gg?b% %retr\ﬁggﬁct%hgignﬁﬁfépygéglm% 0 & 5?,19334%’3’ g5 ns
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t he t ubul aéhst rén 212 ¢ ulg be Qosiiéo ed sj%e;%a%} its lower end is
bet ween t he" anhul 4t°% &A™ hbdufés 922, Ch PCRVEase operation of
the S% 218 naﬂepeoxtriaﬁg %%tw %e%?(eyé alEPrS?Sls?u,r %ndlagn%&ggt !nglrll module
222 is representatively illustrated being installed in a
housing 282 in the riser string 206. In FICG. 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. TIn 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
compeonent 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



5 is applied across the annul ar seal nodule 222 or the portion of the
riser string 206 between the annul ar seal nodul es 222, 224. If the

val ve nody@2048dsshed opened, then pressure applied via pdpuirdbidssdry
string 212 can be used to pressure 10 test the portion of the riser

string 206 bel ow the annul ar seal nmodyg 222 and/or annul ar seal
nmodul e 224. In this manner, the pressure integrity of the portion of
the riser string 206 which woul d be subject to significant pressure

differentials.,durj r an 0 r illing
can be ver%%i%ﬁ% 3dil %ﬁggegﬁhétcfﬁ% {ﬁ%ﬁyéﬁgggggpﬁﬁégi%o}?%g!%I(nN
passage 20depAdceachent GBGLal7seftey 2 memperes 35pr bevarkeemordayslegr
a pressure; decr desiye I i {00, S

di fferent i%‘%so ceafi%& m%zlta%r%fsluﬁ‘e oEPr {?ﬁlgleapp i’c%lagl ?ogﬁgfég%fspr?’ess‘lsfrrg
via the tubedlimglty iemga2ed wayhats® e ludedef 30pressure testing

vari ous conponents of the riser string 206, including but not limted
to val wes, | i negshearcomiligtioesionhokesthesealinsilacontndl megetendi2 can

sensors, ) { C r Ci i t he _ri . s N t h
the Fia 10 oA o arsdtaas: CrEP Akbler 49 SERistElTEy 2RO IRNY
posi ti oned3beldw tlrdcanoleaobeng 28§ ceulRlOnsteedabkrufiaspsaadd nodul e
224 being positianed I t eal I 2 . val ve
modul o 207 B8 by bas Lrsebs BLP R Ha RN} E8arpE EUAEY |
shoul d be Striedards, umdersepotiot hatestarielys eagagrgéehent stolf ndmsas

conpo ts,.and different conbinations_of these.,and_ot C nents,
oy, batis O PR oLt BEPRES By ¥ et BT bt (e =Auichs SEE
2008/ 058208¢TY ¢ JS200.7/ 0P8R a4 1ion53f - thdend tmegniriso 7 8Fooukd amsl| e,

i nstead of one ch, of e annpul ar _seal dul.e , 4 bein se
o et DiaPREatiah By, thg B0BELE <36 ol 228, 387,884 "Guindl
coul d be used, 343w amwrasus€atenoontvsl 232 t@m t1Bo danouibed satadve.
nodul es 224

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



5 could be used, the annular seal nodule 226 (described below) could
be used in place of either or both of the annul ar seal nodul es 222,

224, any REBREcRBiscOoNMDi nation of annul ar seal nodul espepusMoRsdsgeed,
t he annul ar BOP 42 descri bed above coul d be used in place of any of

the annul ar seal nodul es 10222, 224, 226, etc. Referring
additionally nowto FIG 20, the annular seal nodule 222 is depicted
as being installed in the riser string 206 conveyed on the tubular

string 212, T i it n f i ng
212 pr evenl?}é rﬁ%ﬁé%ﬁ%&l gﬁégggl c%‘%%@f&%é&% %Pﬁi %éél?%%‘?f o‘?r%c{ he
| ower end 392t lendAdbultine stirfage contrdd efvertapl v 8 thectabed atmntser s

256 and profile 264 are of the type which selectively engage with
each ot her as tBefamdumge n@R2tdi EpFacks, tehriodg arhetriingranehdmign06.

That is, 2 | At 58 apg f 264 : S keyed" to
each other@géég%ré;dﬂ%%:%gggéﬁeéeg ers %%ﬁ?%ﬂ:%n %O?gg%éggt?gily engage
any ot ler prio¢r¢amechgch iastheofises 262inPEE6.358hei antheringer

tri 206 t file 2 | iLval y. db
R e T R N
sui t abl e "keyermgl pystiarhef 868t hiosmedr posehe fiduse nGEREET- 206 TM) syst em

mar keted b | ] i bur Engi,n i vices,_. lnc f S Jexas
Usn e AR sele g 0Bl S0 80 ol Cngeliolt, fBY 10 P
m ni mum i ntlee Nadusdinger®6ison | D of the riser string 206 at each of the
nodul e | ocations 240, 242, 244, 246 can be at |east as great as a

m ni mif i nt er ndfhalihegingn 268 tthg bé sersepi@ate component of the

2008/ 058209PCT) USA007 ORROT4, ;B3ug, SBE | 16k DELNGSN oLhGaPpoS 18, pnd
connecti ons : of tHe FiSér string. s woul d " nof necessarily
be the casethér pragrigesisyel pedeirras) nyr neegd.ahi(@edér Sheerbsersed to
locate t hesE’Pﬂ%?S %O%hi%z%bﬁ%%égrgggoﬁ n?f S Irﬁ%’é:ﬁ%&%%&nz?@o, 5t ¢€
t he annul ar “seaf” nodul € 22 as-pbeén installed’in

housing 268 is preferably 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.



the riser string 206, either conveyed on the tubular string 212 as
depicted in FIG 20 or by using a running tool as depicted in FIG

16, the seah spgdfkpan be installed in the annul ar seal ppPgior@sera
retrieved fromthe annular nodul e by 10 conveying the seals on the

tubul ar string 212. Latch nenber 57 permt the seals 216 to be
separately installed in or retrieved fromthe annul ar seal nodul e
222. The latch nmenbers 257 could, for exanple, be the sane as or

simlar to the t S S tQ..s [ .he n seal
nodul e 222 in t#h} ﬁq‘s"g?’%??. ﬁéégﬁ%fﬂj &nﬁet%%gg’eagrie: gr&é%srr%ﬁs%od,
t he annul ateseialg nodgleguz2?2toapréeennsticdpledecaedtsefutbd tubdlwer ri ser

string 206 j in ! t.he.seals 216, bein resent
T the modtt SAY ViRE BrRERhre AL A IR 50T BRB e RS D0
t her eon i sthewarmd drhseaghmbieles s222 st2d4g 2266 antihéhsevb v Ifodvdre be
convey o he 4.ubul ar. string a i nst.al l.ed and.sec d jin the
eyt A set? rodiit 4533 = anandenERe AR G G355 /i bie 348 are
retrieved fummide td sealsbfifngh@06]low heasseajes 2236 canebsuretaare\bed
al so. 25Thés et hogofc%n %I Sombﬁ uged 11;loor i(nsut | i ng and.retrieving
the seals i]8l, i glny 5F"PhE of R Ehnia" &&a ﬁ%ﬁﬁ‘?cé% 224, 226
descri bed haeelity)f ahrexghplkae bybplawistimond 2chtoenher slov widige
anchori ng i.C fqr the seals in the | ar seal nodul es. The
seal s 216,9@1/8?&%32‘0% Eﬁﬁarépgog%‘él%ee%rb;t ely conveyed, installed
and/or, yetriev on_at her types conveyances, such as.running .
fool o 10 est i ng Torelug RerbREsafs, SO e g eRins 2 tahia B el ying
2008/ 058208 Ree 2450 HiFF2d éhtiablacross thEhe lared &nlseahodwliilesing
222, 224 and/or ,226 can _he i alled i,n an rder .and i
conbi nat i oh'© an#Py §%§Il§92?2,5'21§na ocrc}/ UEah 168 ggpgfét ety
instal |l ed preédsurg eday decdpblagdt Mea rtisertuduliang sitriagy202des and in
any portion 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.



5 conbi nati on. For exanple, two annul ar seal nodules (such as the
annul ar seal nodul es 222, 224 as depicted in FIG 21) could be

i nstal | ed W@®abb@sghdsser string 206, and then the seal s gdPysRifossonl d
be conveyed on the tubular string 212 (either together or separately)

and secured in the 10 respective annulgy seal nodules. The use of
selective | atch nmenbers 257 permts the appropriate seal 216 or 218
to be selectively installed inits respective annul ar seal nodul e

222, 224, Rel ent) 0. addih gnably; ROMQ FLC AL (e annul ar, oeat) 19

modul e 222 is depicte éing retriev Tomthe riser s
by the tubtdald sie ipfrgsiﬁ_tl@neWsh thet | stchlowerbenst 256bdtseagaged from

the profi| g g0 (B2 00LeS59) AN € 238 0An e SLLLEVEY, o
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fromfalling off, of .t hetubul [ n oth
separ ataée tr’?p I%%leSGdno C%r?ésg\é\% gnﬁ){dé lrel{ord?le\?etz?%eg}énﬁﬁ? a‘?or e]eﬁn
nodul e. Tho$§ et hoidsam IsttrathZDerhetwemnvtem ennulepl acelrenddwied he
seal s 216,25)% OZM]% 25 mai ntenance to be perforned on the annul ar

2 et

seal nodul ween trips of the tubular string 212 into the

wel | (such as rd a the hit Not e t hat
any of the ot hefrjfl h%l‘}égwfoglggggi ?é% Tarr egdg )btge(r:}oﬁvgf’/%%lr? nto the
riser striagpRlEd onia Hdet mbbhaar&é}tsimg rﬂg,l?ZJc%,n mduaesl eeb pimssmmaer

nodul cap_a ber trlev romthe rlser etub
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nodul es V\ﬁaQD(}ﬁﬁCﬁﬂ&‘ZQQEC%H$@@OihﬂBBQﬂ4sea]5ﬁodud@n2@& retnlﬁvml from

the riser strin 6 sinultaneou ubul ar. .stri 12, .

Rarert oy e Adf Phldakae Rt Oy (I ot Bh LT 66e Cptser

represent astviohy 204d wdiicat eduddi be £1lfl]1€]écl:tbu:lcﬁl’51$_;ﬁ1h_tfligant pressure
differentials during underbalanced 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 module 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
positicned below the annular seal module 224, it should be

30 c¢learly understood that various arrangements of these
components, and different combinations of these and other

components, may be used in keeping with the principles of



5 212 is rotated in the fl ow passage 204 of the riser string 206 in
order todrill the wellbore 346 during a drilling operation. The

seal s 216 v@h 2d0bBss3gnul ar seal nodul e 222 seal i ngly engpgfyuddgiseé-at e
with the tubular string 212, and the seal 218 of the annul ar seal

modul e 224 seal ingly engage 10 and rotafe with the tubular string, in
order to seal off the annular space 228. In this respect, the annul ar
seal nodule 222 may act as a backup for the annul ar seal nodule 224.

The drilli f.ui eturn_lin IS 4 i le_] i
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modul e 224anielidy isegqlf moddlehi 202 s224 rlsulrad ecegiown the tided agystem
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| ocating the line nay be used in keeping with the principles of the
i nvention. WO ROOR A58 GERCELLG2D0Y/ 0839344 P16 20, Anbehennhlae 862
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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
30 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



Referring additionally nowto FIG 23, an exanple of a flange
connection along the riser string 206 is representatively

i [T ustrat gy 2doR0@Rkeher to denonstrate how the various | ppfgsRdHoshe
accomodated while still allowing 15 the riser systemto fit through

a conventional rotary table RT. This_ vg'%v! is taken along line 23-23
of FIG 18. Note that the booster line BL, choke Iine CL, kill Iine
KL, well control unbilical 180 and subsea BOP hydraulic supply |ines

364 are co ' d h n i u er r
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In one 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.



15 FIGS. 24 & 25, the riser string 206 is nade nore conpact and abl e
to di splace through a conventional rotary table RT. Ref erring

addi ti onakfyqagwssh@ FI GS. 26A-E, various arrangenents pEri8®o7/0s39074
conponents of the riser system 100 are representatively illustrated,

so that it may be appreciated 20 that f¢he invention is not limted to
any specific exanpl e described herein. In FIG 26A, all of the
nodul e housi ngs 268, 306, 282, 284, 280 are contiguously connected

near an upper ef}%%nmgr;%asg ﬁ&%i;;gsau by, Dlas oRLBO0SIENLL 035, Lhe

benefits of 25 requirin orter ric i nes for
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FIG 26B, the usi.n 0,, 282, 284.1for the val madyl g, 202 .and
annul ar seSPOhDALT 053 18, $hoen8 ok Sl nif 208 AR Py iy
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selectively installed in its respective annular seal module
222, 224.

Referring additionally now tc 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



10 joint FJ at a |l ower end connection 234 of the riser string to the
subsea wel | head structure 236. This arrangenent allows the val ve

modul e 203yd SobBsseed to isolate substantially all of pEfyusieRisseTs
string 206 fromthe well below. 15In FIG 26D, the housings 268, 306,

282, 284, 280 are arranged conti guous each other just above the
flex joint FJ. As with the configuration of FIG 26C, this
arrangenent allows the valve nodule 202 to be used to isolate

bst ant i | of .t [ i . d
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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) wvia 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., sensors 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 is
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 demonstrate that various locaticns for locating
the line may be used in keeping with the principles of the

invention.



10Referring additionally nowto FIG 27, a portion 308 of the riser
string 206 is representatively illustrated in an isonetric view, so

that the %afpﬁg%?%@nstruction of the riser string, mhiﬁgwggﬁgﬁﬁgyﬁt
Yy nmor e

to he instalfle rough a conventional rotary table RT

fully appreciated. 15In this view, the externally connected val ves
310, actuators 314 and connectors 366 Utescri bed above in conjunction
wth FIG. 24 a 25 are again depicted. In ' addition, an accunul at or

312 is shown externally . att ed to the rjser_portion 308. Thj
accunul ator 312 oﬁﬁé‘?pgﬁg map P o”hr#;}qdfi FrEmYpLGRETaR d’FJstsl'S,thfS,

56 descri betbw@hmusage 204, Reber ekagopsldiid Qadiyigawibs wl€h & the
annul ar seal nodul e 226 i.s representati vel illustrated. as being
i nstal | ed MM SREES 258y 88593 nthe H%H‘éilﬁd‘ 866 La8oP3teS 24 hef2é -

riser strimgi@06inelBoamay 86 6888 IR MRE1BE£2Di NSRRI case
addition to, or,in place of, an% of the ot her annul ar seal nodul es
h

222, 224, e Lde FRYREDTEESBPIE hEC patdi MERED 58saEibet kP Ubov dor

The annul ahosedr i Hresdd8el Hlﬁ'tlﬁlésarmﬂﬁa{ﬁﬂs%a%‘étQZQt as ageals 220
for sealingl enqﬁglng the tubular string 212 30 while the tubul ar
Tt

string rotak idF e ne) ShHbASERGE D OUNETh OTs EQFsADYCORBRE t hus,

seal off therginl arrneagee W62 2008195320 Ctad08 4L P88 M fen G -
228 both il'e the tubular string 212 rotates and while the )
flow passage 204 at any desired point along the riser string

10 206, as desired.

Referring additionally now to FIG. 23, an example of a
flange connection along the riser string 206 is
representatively illustrated, in order to demonstrate how
the various lines can be accommodated while still allowing

15 the riser system to fit through a conventional rotary table
RT. This view is taken along line 23-23 of FIG. 18. UNote
that the booster line BL, choke line CL, kill line KL, well
control umbilical 180 and subsea BOP hydraulic supply lines
364 are conventional 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
connecticn. 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



tubul ar string does not rotate in the fl ow passage 204. In
contrast to the seals of the other annul ar seal nodul es 222, 224, the

active chvé?%%gz[}ghe passive RCD 58 5 which rotate w E@@Eﬁo*/@?ﬁ&ar
17, 0 no

string 2 e séals 220 of the annul ar seal nodule 2

rotate with the tubular string. Inste the seals 220 remain
stationary while the tubular string 212 rotates within the seals. A
| ubricant/seal ant (such as viscous grease, etc.) may 10 be injected

bet ween th eal s 220 via ports 3 froman exterior_of the riser
ot o 206005 Th et F e BRE R ane§ & LThrha GOrEIBAESRRACLT on between

the seals ].aé;drl éiﬁ’nﬁdﬂlgleﬁly &M}lggﬁaﬂed. thdu tstmi%nb&aﬁ@ltahemﬁiibﬂﬂeegti al
pressure sealing capability of the seals. Sensars 340, e used to
15 noni torc?‘PFée‘%@ﬂll?r REFcE8f PREVERAI PS5 i 1g9, %118152¥%’E‘F’W1]e’tl}?er
any | eakag®4DCH SsheLlflol passage Bl 5 witMilAlshiod 139088 (188FLStSd O

the seals 220 of the annul ar seal npdul e, 226 are described in further
det ai | 4 n Pt pilgh CANGTERENSVIFRS 0B /TR S EVRRD &REI £ O RRFAGR

20 of thi sapabinfaddeond morBCekperAdEd sl udh BRI sheepesenaes
Al t hough three sets of the seals 220 are depicted in FIG 28, with

three seal 8etieleacihasetd2 adpIRthber oty st lan®t&ny nunber of sets

of seals may be_ used _in keeping with 25 the principles of the
e h

i nventi on. NG HAVth DG EaBPaBed gfal Yrte d oA de AGFEAEPTRES 14

annul ar segle NDEkd @:cAdedtRd bechessi fige 306 ain IR capRRORRAAL €
| ocati on 246. Each anchaqring device 252 includes _an actuator 278 and

g.

a | at A neRBEPETE S GGRgagéReRt POF t ICORNSRFATE Sbkal BREPEI BALVRS
formed on the AMMUAuRAs MAdULEy 2d6rreddnd to the various valves
2008/ 058209PCT/ US2007/ 083974 - 61 -

(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 as depicted in

15 TFIGS. 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.



The use of the actuators 278 external to the riser string 206
provi des for convenient securing and rel easing of the nodule 226 from

a renote k@igqtog%#vln one enbodi ment, one or nore of tp@?’ﬁ%ﬂ%@%%%

can be co installed 5 and/or retrieved on the

string 212 with appropriate operation of the actuators 278.
Qperation of the actuators 278 coul d" b control | ed by the subsea
control system 120, 304 and control pod 302 or 303, and/or surface
control system 18 descri bed above. 10 Operati ul ar seal

f th
nmodul e 226 (e. gt® Hif-ecfPontBe PAeSIRET it Fggaﬁaﬁ%, %ﬂgEF dr{dy Sof

the sensorgodfl BIC ahdBYnleag08esDlhathvs peans 20k the sedSEned
control system 304 and caontrol pod 302 or, 303, and/or the surface

control syRRRFRAIGAEIYr FEEHAEHBYRRY 1B S8 § E&daPt 2BRal | TR4dw to

FIG 29, ape@xdPliaedpodt@ohi 88 thyStABAQM Hing ePEeFRNER MY E B
illustrated in which nultiple annul ar. seal nodul es 226 are installed
in the i se¥estyyigpdhobutadngeppeeedthi mngtioef HydeaBhic uppdr

annul ar se@| DA 2A36,dsS tBekREsE0RYeYERL i nto the riser 20 string
206 on the tubular string 212. The upper nodul e 226 is supported on

the tubul ar string2 Jey,athadhahbingdl Bagedoegxepnakby, upsetare
joint 370. \Wen the upper nodul e 226 is appropriately g03| tioned in
t he housi ng§iSPElPRIRE #doFgt P8 PFBRI FFr 1 (%Eﬁ de@nPiherchrenghe

upper 25 npplile pibReSidHeORalve modhie WiddsiiRy 2 gekat g8ovbas £1u:6
met hod allows for installation of one or nore annul ar seal nodu| es
226 usithg 19t ublialr astiovieg 2nd, CARReRuton difi At FhaddierBnaFT %9 ps

into the rigerhstdinib20R11804605 dHEL ML Noyd Rl 16iisl birP8ndBment
operations. For exanple, if duri ngga drilling operation it is

observed tahtovhetheedialvepmognls EBacke mRINEDI® 48€18t%0r near the

end of thekn,pEohectied ldifie JePehBapssbpf QErEd Boe VWoom the well
2008/ 058209PCT/ US2007/7083974 - 62 - indications received fromthe

sensors 34B%lodn additional nodul e 226 can be conveyed by the tubul ar

string 212 into the riser stri n% 206 by rrereIO?/ installing the nodule
onto the tubul af E¥§ngbkherthg RERELPEF 168700 StnedBld. 289 X% s

manner, thgydphbdd N APRHRIIORS 8hEhNGEher 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 also 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 require
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



interrupted, and the tubular 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 nethod is not limted to use with
drilling operations, but can be used 10 during other operations as
wel |, such as conpletion or stinulation operations. Ref erring
additional ly wﬁ&ﬁ S{LG 30, the riser system 100 i sprgapdaseadati vely
illustrated w i i pl e nodul es 202, 222, 224 being retrieved

simul taneously fromthe riser 15 stri.ngs 206 on the tubular string
212. Use of the external actuators 278 is particularly beneficial in
this exanple, since they permt all of the npodules 202, 222, 224 to
be quickly andrcenveredrnisprr &l dasewter Githerd PRRFALPPT e or
retrieval. 20As,.depisted d18xF&Ent3fr isheegiiicbd, b WB8%8esaippeers the
nodul es 202, 22. 0 224 n theréé{ﬁgl gr string 212 for retrieval from
the riser stri 208 VA HOWEV er, Rer means of supporting the nodul es
202, 222, 224 on tpg%g@lgw%#r ithg mdh2immy 3be, used,28i4f fadegheed. 251 n
an energency situation, . such ver g,gégjl [ it may
be desirabl t%ﬂ“ﬁz?’h%% Farety bd&:gérsfzsfr?znzm%%%z qui ckl J“Ra{‘rzﬂd&l nst al |
hang- of f t ool s26Ad8e Wf Sh%@%?@éﬁﬂ&ﬁ%ﬁu‘é‘i §”i27§9e?i’éﬁlc’@§”ialjfﬁ§“
operation to bgs a_q;lgqmlsi;ﬁ@e@oqm ¢l ysaandnoeadeni et YariocB6| pushegsevent

of failure of ofe s MEE, U h@agaﬁggaéxgsspezam&eamw apesereper |y,

a conventi onal errbtel ed vehi c (ROV) 0 may be used
to operate theords® QWBFDB‘BZIQQWUB?@GWOB%G@?% 63 - actuators 278.
As descri bed above I b I%.'ed‘,‘-,to HQ6M308 of

mai nt enancé’on thekg%J sréngcagn t%?r’s il 124, aFl)&! 3b4 a?ld to

perform ot her thskser Atsdng ﬁ@\ﬁﬂW ﬁeﬂﬁeHBE”Jé’re%Ysle]ﬁ*gﬁ?%a"fgoln 336, 338
of the 5 respegtineri®eubes s202na22Be RidpacThensensoien 280th336, 338

can be used to m)mt L par e A%, pgeesiggg& heymenagh ure, or
ot her charact efi-%ti €8 \X)%l trheg%}lbgfgggjfl vg of j,é;g’r%ormance %f each

nodul e 202, 22gonuEpgiondit é‘PW&W EoMife BT 0reY 3% '“ﬁﬁ?/ FET P T CoRnect
the sensors 230 33{11 this view, the externally connected valves 310,
actuators 314 and connectoxrs 366 described above in
conjunction with FIGS. 24 & 25 are again depicted. In
* addition, an accumulator 312 is shown externally attached to
the riser portion 308. This accumulator 312 may correspond
- 20 to any of the accumulators 5, 15, 56 described above.

Referring additionally now to 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 annular 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 apnular seal module 226 includes multiple sets of
seals 220 for sealingly engaging the tubulaxr gtring 212
30 while the tubular string rotates within the flow passage
204. The seals 220 can, thus, seal off the annular space



10 338 to the control systens 304, 18. Referring additionally
nowto FIG 31, the riser system 100 is representatively illustrated

during i nsyghbm@losam of conpletion equi prent 350 througpd‘)ﬂ?mm,@s% 74
string 206. Since the nodul es 202, 222, 224 provide for at | ve

| arge 15 bore access through the riser @tl‘l ng 206, many itens of
conpl etion equi pnent can be installed ? rough the nodul es. As
depicted in Fl G 31, the conpletion equipnment 350 incl udes a slotted

ner. BB old Wil BRARALEELE S LR, PRUYLQLDST ol ¥Peg Ay

conbi nati ons equl nstarl 84t v out

nmodul es 2021,1b12]2<'21; 227 ign doespnog mt@téhmprhmcﬁlpiwesaeéagéezoé.

i nventi on. During installation of the conpletion equipnment 350,
t he val ve nodul Ba 28htgastbeo nhei abdys cd DSt wihihleer theutenpsesl on

equi prent fsasenbled A0 canveved. kg, e 25 rhser sLil 00,206,

abovethev ve no ter t € ‘conpl étion équi pre 3P P8 he
upper r3 sewhsthinot£06 widhd theetobuber estofitde l@nndhar sseas milubes

222, 224, of f the n uI space 228 ou e Iar
2ot o218 S e e BRI 285 SRA TP AU HRO O o
be 30 openstringal Invsﬁdmi,cmﬁnpl ethbs Emuzpmmntn Mtubaatgbuhale sthe ng

IIbor 346,

to be safe nve edln t he

2008/ 05820 %‘E‘H’? ?3 rOt eS wi lnIF‘PEE r“f’esaltsype of operatl on,

t he spacing betX\/ele the nul_ar._se nodul e and the valy

202 shoul d be Ionguq)ernlc?ua acr}tsgaaggonﬁ%‘é%}f‘ % hel%C Gt §°6F°the® g%g&%%if on
equi pneht B&O0inferteakangiiveenatbentegls at2®nvisd mdras B68t HadbmSashown

i 1 onal P RO T G IIE 425 AnBERES cERt | ur TS ToP "PRESF: ser
syst em 1001lubrieptaserttcatriedaky andcsmdmnmm@eadri jthiel sealsabed, tha
r@;ﬁ?ntrfn nﬁeftlo ffﬁghﬂfﬁ,l%nhstgogn Shcs tﬁ%‘g?%f%&%k 329 ;Lé%éLre
sealing 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.



10 342. Thus, instead of injecting the fluid conposition 150 directly
into the annul ar space 228 or flow passage 204 in the riser string

206, in t?ﬁ%%ﬁa%gggretipn of FIG 32 the fluid CO”pOSiﬁéﬂﬂs%§mmmn4

i njected rilling fluid return line 342. 15In I'S manner
probl ens associated with, e.g., forniqﬁbgas slugs in the riser string
206 may be avoi ded. The subsea choke 112, 117, 123 or 132 can stil

be used to regul ate back pressure on the annul ar space 228 and, thus,

the wel | bore 3 (for durin a S re 20 drllllng)

and the benefit OPS&U8? ggﬁs???“ Hﬁg%EQ% %?%8? ? FRS ot n sti |

be obtaine@krwﬁgrﬂnﬂ pirboWiag var | el BﬁcﬁkmndSa@d geked My Qit

t he subsea choke g% icted in FIG 32, the fluid coqgﬁﬁaﬁjon 150
")

is |njecte%P?rWﬁﬂWH?e2 EEPToR LU t1oFR s A8 QPP TN d

ret :JI’ n/ i ln@nézk& dmweaﬁeﬁhoaﬂﬁegrmi@ calti/ beneovigbdeendlp, i dsltth ldted
outlet/inlet 44. Ho this could be accaonplished. domnstreanrof
any of SoutFRA&Y rﬁe&r‘%ezfﬁd 28 bhesyub %ﬁamﬁ g 235%0:¢ b IpPLoRt e

feat ure ofopdeatcinf icguraki aptuhtossrated in 30 FIG 32, the fluid
conposition 150 may be injected into the drilling fluid return |ine

342 at vari ous a@idfariemt omoi:ntaSaat@anlgoztdwewsetdmuﬂdl bQEQOIVafNBBecBMr are
i nterconnected WD 2008105E3209]' a/ US2007/ 083974 - - t n the
et L on e o Sar TRt SY LR T2l nedO 30 ContEan ma 07 o

| ocations 3$dNGEid elutFacki BQHtB_@USsyﬁ:dnaH@e deegi-eBeaf abdexi bility
IS avarlable in the r|%$% 35 nrloqﬂi S- Irftrng or otherw se

utili Zithg CREFadasialy P8t g & 1228 et e hnt JRSE4an 1wt
all, or anﬂh@omﬁﬂrtan‘t,/sbbeahe; ufdnitsiei i Hibeheeeantbes 034 b ptdidl jet
44 and the surface ri %ture 238.
may be contr 1led v means of the subsea control system 304
and control pod 302 or 303, and/or the surface control

system 18 described above.

15 Referring additionally 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. For example, if during a drilliing operation 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 t‘,ﬂfz%dp%]géégwof the injection system 200 descri b?ﬁr@?ﬁyﬁoss@ﬁ

the two co operate in conjunction with each other. The injection
systemof PIG 32 could utilize valves.simlar to the Valves'3a, 36/
chokes similar to choke 14, non-return valves simlar to the non- 15
return valve 8, and sensors simlar to the sensors 21 descri bed
above. . . 1t my now be_ ful appreci ated t t he_above, .

Geser pti o RS BRIt ShefomiE Seite 32D or S e e,
construct imsduly i24d rgnnbehodayeged . byl Hehe itdn12@ sysieg 20D ialdows

the tubular,_string 212 .to ved in and qut .of t wel |, under
pressure inQ K9 et r&f’gdgﬁlsre?gnqle]f%]p’és”@ E‘(LJLrlilInIgi Egeorﬁ%?%#? ocﬁns{"‘,O such
as under batlishcathby1dRD)st riimpagadn pa esstlt ejdiMRD)3 7@ndsnoomaéctkdl | i ng

operations. The riser system 100 allows for various internal nodul es
202, 2% 222, 22% s anachnen¢hohéndr devime aiibfrattdobhe ana not on

tubul ar string 21 d laocked in ace_ by. h ulj c _and nechani cal
reans. Thel PHEE TS tto diod haob T8 i S3 ol s REF haliE e e

i sol ati on, raetieveaDd|fatdmorhepicpeer osatiom, 20l vemt orgeaf t6H| ensukynam c
control of flow, and cantrolled, 30 fluid injecti intp.the return
ne 942" arar ot g el e o8 Cug, P b 220 "hRikRefod" L
2008/ 0582 0RFCTIHINAGY /183 é4withbdrilling Brerddtienssybtuemddbensses
utili z]g)t]i Oﬁ of a pressuri ze%.ri ser _in epwaqﬁ_gr drill bﬁgg.o}gerati ons
wher e i AR PEEIEIPAE 29 YRt ediiTed® SREPWASIR™ OF i ser
fill up vabvemiBatigliopetatithe.ri ser system 100 al |l ows isol ation of

the wel | bore 346 fromthe surface by closing the valve nodul e 202.
This perm ts i mgfaticingordditliongltpnpbett®FIdol30st thagsi§stcdy sisem

the conpl efon, equi pnent 35Q), .bottom hol e ass. | i ._etc. ile
St 1L e A P e S R e skt heTpaeace B it gradhl e
managed pressyure2dyidda ngiepetatrossed simulfthddusdly fysiethdOfiser
permts flexibili i n dyal adi ent, unde | anced, aged, pressure
PG ol SHFTT9 1 40 Gt GHeRRREnSERERG A 14 o 6 dy EherERba D,
117, 123, A32upestd i Dredssphsedcandrin béwee fiedisain in rdidd4@xample,
since they permit all of the modules 202, 222, 224 to be
gquickly 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 quickly 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 function properly, a conventional subsea remotely

operated vehicle (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 yw@hodklig6ual gradient fluid (e.g., the fl“idpﬁﬂﬁgﬁﬁ%&%ﬁﬂ

150) being in the return line 342 during well control operations.
20The riser system 100 al | ows dual gragient operations, wthout the
drilling fluid having to be punped to Surface fromthe sea bed,
renovi ng -t he back pressure fromthe well, with the ability to have

mul tiple injection ints_alang th et.urn line surfac nd
The 11 exi bRTT ISR Bodt; 6 89 hubPh iR RISy 389 ey Alsn be
226 anywhensged!iongddforn seinsthbnge 206 ftHeomut@askbptiol nySderisn t he
| ower mari ri a LMRP., The riser system 100 has the
capabiIity?g?’hggfhgﬁﬁﬁl%ﬁﬁreagﬁnﬁ?a?egékﬁm *ed@858- 224, 226
installed int 30 riser .string 6,_1n_any comination repof. The
seal s 216, 218, ﬁhr?%énngldr?]reggz%‘? %h%lc’rfzggr‘?ayghg'a%??v%fo drhe
passi ves coatpattsys trerdudesweDRhoe 22 prEssSUr erepekaceds 280, ¥, 338
2008/ 058209PCT/ US200//083974 .- 67_- rotatin r static. The nodul e

housi ngs 2687 2BJSSBIC JOR I T 986PA A G Teht WU iTe 8 Fr oV 8ed by any
manuf act ur eempartd ohraywdid esharechapacpst atelos atrikhgukedifieicitere

respective_Lnternal profiles, .seal, bores, etgc. e riser system 100
LT ove f orOF UFe B IRasce” Py GAGR THATH G2 sihiing 2306 WAWTIY
nmodul es 2080n12é’é‘tor%248|,7223ﬁyabé ﬁegﬁvﬂd,cdﬂ‘réﬁcﬂf Cﬁh];% s@ﬁbo%?DDS@ﬂ@Bi%ly
restrigctio on rm perations or ocedures froma floating
driIIiH% vgzge??qﬁﬁaéﬁﬁ&ﬁ@ﬁcﬁy§gﬁﬂ§t?@%s,lﬁhe nmodul es 202, 222, 224,
10 226 can be ickly retrieyed and an operato n run conventional
nang-of f 1 ool s TS meciFEapatty Morios ¥Y. 17, Ghe; EEPeE Ky
100 al | ows1iab | ismthyredemtaitige 126811 280rat28P Auiz84g 386th01keislepdoyed

) ' tions. Ther
LP;?g?gbfcg?ég %nﬁgi%%ﬁ%pﬁgn 83g8rgﬁéo£é§Q§m§%%ger strIng 506.

Since the modules 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 medule 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 riser system 100

provi des &ﬁfmﬁg&#&guous.npnitoring of flow rates, presgitEsnoros30s
temperatures, vdl vé positions, choke positions, valve integrity

(e.g., by monitoring 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, 18, 19 for. monitoring and contrql of all sjgnificant
aspects of the 1 ss§§P§n?§0%Pe§%ﬁ?ﬁ?¢i 5§§§9891%%€W%%%qgg%ept
depl oynentafuladt igeRer mehate (36, and fieeded Veomodnteeas? nghdiel be
pressure djfferenti al cagabilité of the riser strigg1206 el ow t he

annul ar sePPHEIINUE £9oacsonmogake i enahh ofst8f 8PP AW i 1 ze

protectivesghBanat 330.30748 tRampDE £ quaifiguaddisaabibires BX&hat
330, 332, 334, 360 in the riser striQ%?ZOG when t he resgective
nodul e® ar& im&tE- 8¢ FRBLAnRe e i 16f PRRBOBF ot ect i ve

sl eeves WD 2008/ 058209PCT/ US2007/ 083974 - 68 - , 48 are preferably
at |east as greﬁﬁf%qﬁiqgnﬁ@ﬁlﬁ?ﬁﬂﬁi ?ﬁwtqﬁaﬁﬁghvéﬁfi8H8€£?¥ser joints

used in thgohfSAiradildingi2@6e Fheef i Spstay StoamitORepeesehtat heely
annul ar seal nodul es 5 222, 224 and/or 226 to be installed,in any

order, and®® %ﬁﬂﬁqﬁﬁﬁﬁaﬂéfi6ﬁ}uﬁﬁﬁa5%%ul%ﬂ @ﬂﬁﬂ _ 8uF8§e§E§9n224
and/ or 226c68dud |11ba spesnhened bel ome tdei Sliny jfauAl Sdturn lindhe
Iatchlqg profiles actuators 278 and profiles 358, .

1 342. Thus, instead of injecting the fluid composition 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 chcoke 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 into the
drilling fluid return line 342 at various different points

along the return line. Valves 374 are interconnected



. 270, 262, 272, 266, 274, 264 276, or latch and seal 10 bores 328,
330, 332, 334, 360 can be standardi zed to allow interchangeability
bet ween 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@gpbot:gehat i on bet ween the wel | bore 346 mmdistobvassur f ace
in the riser string 206. In particular, the above description
provides a riser system 100 whi ch may-isictude a val ve nodul e 202

whi ch selectively permts and prevents fluid flow through a flow 20

assage 204 extendi ng | ongitudinally fhrough ri.ser_strin 06.
Rn anghori ng dc???‘t’:eeengﬁ%e ¢ Ple‘?“é'loga%oé%'lﬂyt égc rde%?eﬁé: e\g/‘zli nvelﬁ%gzlﬁ%e%oz in
the fl ow passagea@tyapditie lagritions ridone\the ersX@8n ipebe REEua é8°9 om a
SUb?‘ea_ | cht i Q'&e@.ﬁééleg'bk Ofleﬁcﬂllailﬂ%yrji.ssafraﬂ@bié rﬂnnﬁh@?ﬁser systénabber
anchoring device rel eas .secur.e. a_tubul,ag_ strin in
the fl owgpassa&g,r paor o g}i%cemgn%(% %%”8%&%&5‘%[‘8 %&)} %‘?rést/léchtgr &
di spl acenments ofsredientuduillding therhgldpeD Wik atlily et 7Y PSR rOE3t ri ng
206 when pressuhg dekurn line 342 between the outlet/inlet 44 and the

surface rig structure 238.

The valves 374 may be controlled utilizing the subsea
control system 142 described above. The injection system
10 illustrated in FIG. 32 may take the place of the ianjection
system 200 described above, or the two could coperate in
conjunction with each other. The injection system of FIG,
32 could utilize valves similar to the valveslaa, 55, chokes
similar to choke 14, nor-return valves similar to the non-
15  return valve 8, and sensors similar £o the sensors 21

described above.,

It may now be f£ully appreciated that the above
description provides many improvements in the art of riser
system construction, drilling methods, stc. 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 (UBD},
managed pressure (MPD) and normal drilling operations. The
riser system 100 allows for various internal modules 202,

25 222, 224, 226 and anchoring device 210 to be yun 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 isclation, well isolaticn, pipe rotation,
diverting of flow, dyneamic control of flow, and controlled

30 fluid injection into the return line 342 and/or into the
riser stxring 206.



30 increased in a portion of the riser string between the valve WO
2008/ 058209PCT1US2007/ 083974 - 69 - nodul e 202 and a seal 214, 216,

218 or 22QubsieRReet he tubular string 212 and the ri sepcrp,ﬁgj(,@-g%g@@
An annul ar seal nodul e 222, 224 or 226 may seal an annul ar space 228

between the riser string 206 and the 5. tubular string 212. The
anchoring device 210 may prevent di spl acement of the tubul ar string
212 relative to the riser strlng 206 when pressure is increased in a

portion of thefﬁ gﬁf%%rlggzg E%gﬁ%g %ﬁlngg £,20¢ and the

annul ar seal scusse above, the riser
system 100prmaysumcdagijerleee on deewalrmlctmlslsaﬂg opanbesoR2 27hed2 ar226

whi ch seal .t he annul.ar ace 22 t we 4 0]
t ubul ar strl?ﬁf 9% Fﬁ% fP 8ﬁpga€§age Eﬁéﬁyifhé g%ﬁuﬁﬁéPge%Jéaégﬁi

222, 224 ofiPR6Gupresalivieclisdeeqnéred. nore seal s 15 216, 218, 220 which
seal against the tubular string 212 while the tubular string rotates

withink he fl OVTI‘]:HAW 2@4teMhdO8eal 1@iH6, i& ey pdt abhe wellbdree

t ubul ar Th |, 2 nt
Fiser st ri TP SOOI Rer o0y o Lotk Tha th Yolyeo Rt 20" 1l
seal 220. ﬁémmsmsuldtmbdmm¢iba sélkchgw&ﬁmpk&hﬂqﬂ tepoéx senitlads e( $urtto

sealing contact wth.the tubular gg) TQe rlser fystem

100 may |n%?u eﬁowaﬁﬁslonngq Bm%n t§£h§83 at T eat one

par anet er &oe. rnwﬁiky|sujlapmaahtannnﬁgtﬁu&h&ﬁh&af&ndphéhﬂOBaaEE#b

ni ch by PRETSHR he CNaReSoRe iR AES 1 TH O SAvd ROGPECSOLTh o an

i nternal |ongitudinal flaow Rass 204 ext endin hrou h the, riser
String 206 o b 1HE FAPLeTmodal ESTB5T o ARePisy Cr SUelieH ui d

f!om1throughadimnﬁx)ﬁﬂdmmbpaaaagd Zﬁdnagwmignﬁﬂsprmgaadpnesmmle
L orent! s BELRS 5.5 08°0, VB! Ve TP 5208 pL0E BRYBLeR R ©
117, 123, 132 positioned subsea and ln the return line 342,
15 as well as the surface choke manifeold 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 Jjoint 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



WO 2008/ 058209PCT/ US2007/ 083974 - 70 - The installing step may
i nclude securing the valve nodule 202 in a portion of the flow

passage 2Q4, dhospespd bet ween opposite end connections pEgysxeHse74t he
riser string 206. The | ower end connection 234 may secure the 5 riser

string 206 to a subsea wel |l head structyye 236, and the upper end
connection 232 may secure the riser string 206 to a rig structure
238. The upper end connection 232 may rigidly secure the riser string

206 to the_ rig st tyr 8. t u er,gncl t
step of insS E lﬁ‘r%%%n%écﬁﬁé ar %@%p&n@u‘%}g’%&@?ﬁ‘-”%ﬁ%gf %% ! iérﬁjzg’t e’
fl O}N passayis 2xh amdelpéctz tSneSa?esll arcitsisﬂq oo wng _tﬂehngggperzm wéutbczhl
seal an annul ar space e j rin : ul ar
String 217bEles GRS BEFRBELESLY | O EL Aot i Unk BedRbbiid U,
di fferentimtappllyipygpidflep, myal nNedbueke, igtar.easi ng pressure in the

fl ow passage 204 between the val ve nodul e 202 and the annul ar seal
nodul e 5222, 224rtgy x32@r systefh@0tred hbolvareipd dntlieboractockess he st ep

of installj.ng another I I i t
low 20 pashigogh® (iRY, Be- 168 20P M She, sbrtash FE2, U8 A,
operative 126 sead teéhevaxdnultherspace, 228 bigtpuedmot heayr rgetristtiony 206

and the tupul ar, string.212 positioned within the.fl a . 204,
The pr essu?%rr&‘?]f fHERT A Sa%ﬁl W%ﬁeg re%s n%ryomf dr 1% %8? glwﬁgl laj?jlgﬂflgé)
i Ncr easi ngvgs@skur e renehrgehbgws passagen®5 264 noetleen20be Y2l ve224,

rmduIrT:][ 022%d thq? secand ,annul ar sec?I dul e 22r2,t %24 Icl)rrgg&

The od® PRy FURH ST LEE T AET ST O FEEES Rg R eEStre in the
ri ser striagn&te hataiedangheffi toedlanthseoyindlenmilser sealngoziis es
222, 224 and/or 226, thereby 30 pressure testing the riser string

bet ween t he fi rele andexecyrdeannlObaslbeed alddwicekile housings 268,

280, 282, 284, 306 to be deployed through the rotary table
RT as normal riser sections. 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 continuous 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, 340, 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
riser 36, 1if 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



WO 2008/ 058209PCT/ US2007/ 083974 - 71 - In the pressure differenti al
applying step, the portion of the riser string 206 which is pressure

tested mayydsoPedsypen the val ve nodul e 202 and an end gERN&/HE RF7434
of the riser string 206 which is secured to a wellhead 5 structure

236. The met hod may al so includ he steps of: conveying a
tubular string 212 into the fl ow passage 204; and sealing and
securing the tubular string at a position in the flow passage, so

that fl ui | ow i hr pu n r S 228 t ween
t he riserd%§?i%%Eéﬁg%gﬁgg%ggl%u €|%$35 Fﬁﬂg%%%i,%gﬁdgﬁﬁerﬁ$5§§%¥%@
differentiaf @pplopgnvgnstiepaiayiser t ieintancisede iapphyi ngsencsteaised
pressure é?@%the tubular string 212 to the portion of the riser
string 20 ich is disposed between the val ve nodul e 202 and the

position at 15 i ch_the | arstring.212.is nd. secur-ed in
Phe 11 ow passadiooaeth e ebnon bt Rt e ares abRfagt, AESL TGRS
utilizisng a12] st aonle ozeAg6r tdlie WiB allldl dmdboy &Bdetp ampdiirorany

pressure viLhif, Lhe, i Sk peLLLPD, dé‘ééi‘%d“‘ﬁh 82220 5280, b derential
appl! yi ng s?ep.:Wﬂso described apove s 4"t fiod “6 fconstructing a

ri ser systesmm 100 bEheosgthodedayeiomel tide sl saps 6f. installing a
val ve nodule 202 in a fl ow passage 204 extending | ongitudinally

t hrough a ri serTist rliatgh2@§, prhéilés vai&e 2fidul2é62026hepnglapmr at i ve

to selectiyel erm.t, .and .prevent flupd f]ow throu the £l ow .passage
204; and i%%?% 1{)Cfrnsg 2at8 éléis r8§% %Sr’mﬁ(g'r js%dl tz%du?(gsﬂir}é Zﬁland/ or
226 i Nt hebétew 35S 33,2082, t Bz anhed ararsdal saddbedbeedgtopelrlaw ve

fluid fl Ar. | b h
i ser stri P Sse iyt A e L S R RerRed rREL SEET R

passage 20dypes of modules.

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 isolation 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



WO 2008/ 058209PCT/ US2007/ 083974 - 72 - The nethod may include the
steps of providing an internal |ocation 240 for sealing and securing

the val ve wadskgsk®2 i n the flow passage 204, and proVvipgpRg@neL08"
| ocation 242, 244 and/or 246 for sealing and securing the 5 annul ar

seal nodul e 222, 224, 226 in the flow passage, and wherein a mni mum
internal dinmension ID of the riser string 206 at each of these
| ocati ons 240, 242, 244, 246 is at |least as great as a m ni num

i nternal dj ' f. .t ri.Ser ri b 0$ d
connection@ggggé gé4i%cpt §e§§ ??gérgg??ﬁ%%f%%hgg@a ﬁéﬁﬁggu 8502 and
annul ar sebiibwbayl|s22®; 2224 an@26hensisdt gy istge@d6may al so each

i ncl ude actuating an anchoring device 208, 248, 250, 252 to secure
t he respective Fndnrailagl sepvempdulbeZ?l sed24tari 23§6206y Fhelaad uati ng

step 15 may,. ] i C . 25 2 of the
respectivexﬁggﬁ%%qﬁﬁggg?%f,%fgg%gézghgﬁgﬁgér%%ﬁ?@ébgggi%gdiﬁggrnal
profil & 262ub@bay 2A@6rfprated | Fhehencheeingtdawige2@80 Thg prévwatt ng
step may i i i a tive: |l at L_254 6, 258
260 i nto cagebirerioly Y thed chBAPEE LEEE A TRIIRLCEO L, €0t
272, 274, 2¥itgriid wiren peresespechsviencmehded 202 a2 222:i8R40f 226 and

wherein a cl.l t 8 on-an exteri of the riser string
206 causes%?%ﬁ%léa%%%eﬁ%%?e%he%rzgsgae% ?v%ociugtec%ror%e% r%5§4‘:’m§%§a,r 258,
260. 25Theseel hockuieey d2%c| Bde ble286eps of . interconnecting a val ve

nodul e housi ng 280 as part of the riser string 206; and
i nt er cdhnect i nAardizmmdsad sbalvepotbt er horisiaypt282,1028hagnihorudd6 as

part of th i ser 5% i c? %g .cé n ti St eps. na
R e T Y
306 throughhe amiwkar tsyice RES Bhewdesptlaeimigest epriny 206| aokd a
di spl aci ng, Lo, L eSRRELIS 130H! EnlOHELI %202 Shs. 25ne 308t i UT"
the rotary table
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

operation 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 cleosed valve module 202, thereby pressure testing

at least a portion of the riser string 206.



RT with at | east one of a valve 113, 114, 115, 116, 121, WO
2008/ 058209PCT/ US2007/ 083974 - 73 - 122, 133 and/or 134 and an

accunul at Qo 3fsmxb@ Nal Iy connected to t he respective ppggkRofRysing
280, 282, 284, 306. The riser string 206 may include a portion 308 or

5 section 30 having at |east one valve,310, 113, 114, 115, 116, 121,
122, 133 and/or 134, at |east one accunul ator 312 and/ or 56, and at
| east one actuator 314 and/or 278 externally connected to the riser

portion for op f e 222,
224 and/ or 226%1%0 J%%’t%l ngdg% a?goll nqilgude et%%glln gH%f‘§dﬁg%l aci ng
the riser podtleor @8R @ecrtn.on 30 tz\lne hf dwe p@stselgaalzoy ¢ ospEedde d
val ve 310, b1 ‘E;} 1,11104 11 1 % c%rzzl % ar}%l 1% 5 Ia_tfcgrml at or
312 and/ or 286" EHY apcﬁouq’elﬂ r 374°8 r‘odgh 26 ary abl e RT.
15The met heth-hmy 20€C ud!het Elewatepsdoc&omwm:emm 12¢ 4hydyasbcore otite ol
lines 90, 316, 318 ext IIy tothe r r. stying 206 fo pera

of "the Wal PSSR s andubr s wobineish S5a a5 e AR T
connect i ngupﬂaerlmdiaidnneomdbhrmnl e Sséage s:utmseasleydsaning szwcol
system 20 304, ext erngl .ser _strin 06. Th may al so
Thol ude- o rb S G ER g 1+ REShYRRELI T CORFFST 160 0ot BBY usi ng
a subsea reigiely smﬁrm eﬁeveﬁsékessﬁﬂngm reet e Ay bBoeludtkerd he

step of cogggcting a hydraulic supply line 90 and an el ectri cal
control 89 25 between the subsea hydraulic control system 304

R TN I R ke R B RGN e
fluid to operatealdre s@lvamoalludeaaaul,azznseca& mﬁjwm 2062, £222, pé’é’élage
and/or 226,y bemiltl plexsd on te, 30,1 S hatontte! LT 0s,
annular space 228 between the riser string 206 and a tubular
string 212 positioned within the flow passage 204. The
15 pressure differential applying step may include increasing
pressure in the flow passage 204 between the valve module
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 oxr 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.



- 74 - riser string 206 for lubricating a bearing assenbly 324 of the
annul ar seal nodul e 222, 224. The nethod may include the step of

connect i Ngy@book/GRsdo one lubrication return |line 326 expefpgdob¥ossdqt he
riser string 206 for returning 5 |ubricant fromthe bearing assenbly

324. The annul ar seal nodule 222,,224, 226 includes at |east 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

or 218 may rotate . wt £ 1 T e
remain stati ongliny txet Ehr%g? H%Qr%lgg?éé%l}{?lnag %%g%&%fl?eggﬁé’ %%%ﬁ%ﬁ%n
string 212f ottat esisairt bitminge28@akh220. isTheresealre2t8shay hay be

sel ectively_ radiall tend N S i n i t t ubul ar
string 21292{ e{_l e t\}%aél \%’l 1§’§d%§§ﬁh air(?zse‘—%fqi r?oqgl?% e %gghe%i& 2%% %6
i nstal |l i ngtis¢ epissamstimobudéésebicngid eeaquspedt vewabtueéadi n a

correspondin eal re 328, 330, 332, 334 forned in the riser string
206. Tﬁ’e n%?%%c unrn%/%%ér't her include the steps of retrieving a

respecti ve sealbor rot o] e g% om-W Lhj
correspondi ng s%}gef n%&?f%%%éﬁgé g%(gl }per %’%?E%og?he&%‘g%}é _ @

i nstal |i ngttlhel aresygedingv@18néntd the Vadweamsdgendlkar aseaseabchd es
202, 222, 224, 226.. The, et hod inclu .he st

retrievi ngaréésse%ﬁu 101% tpl)lreogzggflo?rs?té]én@gg 33} a4%%fsﬁg%o\% ?ﬁl ﬁﬂ? hfelc?“iT ser
string 25 R&Ssqye Orsd ahishe f3tied Hlow nisd ghrtavegticke thabugh naa uden@iGx:

The thod_ nay i de the ep._of retrievi seal . bore of ect or
sl eecgld:;S,SB%g? r%% \lketecﬂ’ieﬁnt ?Tgé‘erF%%?rs?i?rllnngq %%éaﬁrn?th ojé?]ﬁ'g{%lf ep of
i nstal | i ngsthen@aid aransieahenpdabsuP@2di 2renrd6.]l 3pPphginet hioeh mey
include utilizing at .| east one.sensor 111, .118, 124, 131 nit.or
bressur e i FetFRER) o ses 2eB 94 RS0 ERted ed o bnebE il £PS SR e
annul ar seatrimgul e HAMOt2HR08LEE8209PCTERSHIGH0EIYTAg- 276 which is
disposed between 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 Dbetween the riser string 206 and a tubular string 212

positioned in the flow passage 204.



222, 224 or 226. The nmethod may include utilizing at | east one sensor
230, 336, 338, 340 to nonitor at |east one paraneter indicative of a

per f or manggy shahaeseer i stic of at | east one of the val vecpgghoanssysar
seal nodul es 202, 222, 5224, 226. Adrilling nmethod is also

descri bed which may include the steps ._connecting an injection
conduit 11 externally to a riser string 206, so that the injection
conduit is communi cable with an internal flow passage 204 extendi ng

10 | ongi t udi nal h e.l] Sty 6; . |, 1 annul ar
seal ‘modul e 222 T Rp AR hE TR SiS MRS, BRRIALAE B * e
nmodul e bei hgteosil ilewedion 2he foovwspakyayartetoweanioppbke t valral
connecti o ;ﬁﬁd f eckise I 6; 8

string Zlgﬁ?n o the fj1%ov1\:/rh 5fgg‘z’séﬁg%{’)%%%@aﬁ%g%ﬁ’ﬁﬁ%ﬁ a%ry‘g%ége 228
bet ween t hkotatbidrarz4t,ri2dg 3bd/and24hefor seraldng agd266cutihg zig t he

annul ar_ seal dul e 222 4, 6; tatdng t t | ar ring 212 to
therebyIS ro?ré?lg}?%r a3 HEH% §4§§§t %ﬁgi :%ia(?%ennz_’%gf lf?ﬁ‘é? P%%%?gﬁ’ s%nrclgng,
t he annul avhsealn recilre @2 inPd4na P 26iénsieal iIMy cifthéhannisear sipaoey
228 during e_rotatin ep,. flowng dri)li fluid 8 romt.he
annul ar sp%ége] HFIG é%sacﬁ‘feggei%%%ﬁg%%;Madrfdrb?ln?]’egt‘cllghghagfJr%i%t
conposi ti ohed$0 dmyrupta agensit yikensitthmmalhatimehstibe dEi the mgiddwi d
into the anFular segtace 228 vi a,the inéecti n. con%léit 5#14 Zgl t he

i nj ecting SEEREY (TR EPEERPESI EPBn°TEF Fey  1on é°dde Ritt PHgER gas.
The fli10 d eboappsstiriang. 150 may i nclude hol |l ow gl ass spheres. The fluid
conposition 150 may include a m xture of liquid and gas. The riser
string 206 may Tinelwederea mpoufleof02 aadi agnwltaBGdadasbdaohe Y22 yve2 B,
3a, 3b, 6a b.at. | t one accunulator 5. 15 .and at_ | east one
sctuator a328an e e AEeR RET RERGLomtn, e te, BB Eba s (o
control | i ngnthpetidq adevide 2088/ @B8209PCT/ 1482 Y /<3889 é4 the 7bespadt ithe
fluid conposi

(100 COmPeSLl N 260 L TNIOR, TR LOCL S g SPhAs. Be Lhe: } ep

accumul mat omadp, 1A6Lede aarididhar addatdh, métsetIPb 45 r2Gtear g58abkeo RIE
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 306 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,



5The nmethod may include the steps of connecting hydraulic control
lines 7, 9, 17 externally to the riser string 84, 206 for controlling

|nject|onvﬂjmh9@$QEU|d conposi tion 150, and connecti ngp¢fgsiayfisaidhi C
control lines to a subsea hydraulic control system 142 external to

the 10 riser string 84, 206. The methog, may include replacing the
hydraulic control system 142 utilizing a subsea renotely operated
vehi cl e 320. The nmet hod may i ncl ude connecting a hydraulic supply

line 9 an t e et hydraul i c
control SS% en1 2 gﬁg%% Es%r%aceq%(ﬁﬂwﬁ%i?Ebgﬁt?% {ékn
Si gnal s f croropertatd g tthe sebgeeathwjnmﬂu}ce domsiob §9QI e?ﬁZ._AZZ&fJo

selectlvely qupply hydraulic fluid to control injection of the fluid
conposi tion 150 may be nultipl exed on the electrical control Iine 20.

20The mothod maypd nalade syt LbEzsng Aty | SAsANG. B8RS00, 20d Garon {or

pressure in the i ection con |s al so
descri tved wﬁntﬂonnﬁp mmmhmgeathbea$epsn&ﬁvahna1ﬁééb|mg3a ti4l iy fluid

return 'i” %‘stg 82b1Y138 &y 1138 SHLENG. B or 2

that the 2 HI |nQ2? urn | The' i comruni cabl e W't
i nt er nal fim&hpaSEhganZOéteXEeadlomplanﬁpaumm 6&MIynﬁhonugﬁBthe riser
string; |nstallléﬁi an,_annul ar gea{ podul e 22%%;

4,226 in t fl.ow
passage ZO%XU?IB Hnlﬂonnegie:g odul @ leslenrg Pﬁos|l°|%o§8§ ?Plé]?%%ﬂ?%? 00\,50
passage betmee«ralom)@md anandiaSOsemhrre@dulcms 2232, 2234 aﬂét@mdmlsé?rzs.
strin veyi ubul ar stri 2 i nt,0 th f.l.ow. a$3age
seal | o9 anri Aot pibe =356 b Id Tt et 48, S RETSEINE Fiser
WO 2008/ 058209REGT/ IR @7 /56889284 307Withrﬂhﬁﬂexﬁbmmaqlgoeomne¢tadng t he
annular seal, modyl e 222, 934, 115, 116, 121, 122, 133 and/or 134,

accumulator 312 and/or 56 and actuator 314 and/or 278

through a rotary table RT.

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 contreol 1line 89.

The method may include the step of connecting at least

one lubrication supply line 53 or 322 externally to the



226; rotating the tubular string 212 to thereby rotate a drill bit
348 at a distal end of the tubular string, t he annul ar seal nodul e

222, 224, \W3%88akiend the annul ar space 5 228 during tp@T,bggog);ﬂ;g@gm
step; and flowing drilling fluid 81 fromthe annular space 228 to a

surface location via the drilling fluig, return [ine 342, the flow ng
step including varying a flow restriction through a subsea choke 112,
117, 123, 132 externally connected to the riser string 206 to 10

{her eby malptal . (5o iied (donalol - DEEREY BTG S LERaRLY Y] Tk the

flow restrictiion nay nclueau f7ca varyin
restricti obheu atrhmntammmd motielgeh 2 pn2243. t Mee e thmidnihay nitdibade

desi 1 ed doppliol & PT8S W Sect 3oL ! PELPULIA 200 RY hnELUOE, 3 1
portion 308 Ravi RICPS g Val Ve YoeastoRe acellats

312, and asgzé ea:sitemmdlazcttoaﬂ:ba Bideexs¢ering} 20 6cdomeckedrhdng he ri ser
porti o] 1’ (o] er at| ec Esea choke 1%'8’ ]3327 123, 132. The net hod
may fur ]? 0§b| Q@l Safﬁggr?%%‘? rtion 20 308 with the

externally con cte |ve 31 C or., 312 d.ac tor. 3
t hrough a rot a?@l"%aﬂ““ L 5e¢ m?ﬁufg”% 22343/ |2%§I uag conne% ﬁ:ﬁegas't

hydraul i c cm@tseﬁl |A1ees 2838, 930ewheckna$éqla addimsti see stbubar 84, 206
for control at.i.an t he, choke 112 117, .123, .132 nd
connect i ng ;’%l%mﬁﬁlgecgﬁﬂer ngPP%]éssJ‘frl%? S5&d Sh%%ﬁbi‘i‘gh‘%o 7o
system 119paﬂ§£)gee>a(m nalTheo sthé 2l6esr s218 ngpy84ot2@e. wihe teéhod may
inclu co the h raul contro ine 87, 93 and, at | east one
ol oot 0 o BRER e g 20 BBe et et d Y dhtiea o F haP e Lont Lo
system 119w.1.816)ll’12£h€8.ﬂﬁ.s&33:$l3ltﬁ:‘aﬁ§ bgdr@hdie: enttublulayssemig. 28t gnal s

Sel cot 1 vel JORDT v Hyradie: SERai 8200 CBt i ogafaltén®sl | vio

2008/ 058209&@'&&5@@7/1%1&141;- eX8endébbe C:hﬁ:l@ sb]al:.nﬂ;l@onﬂ;aé?»t x&.&ﬂ: may

be nul ti pl Eﬁg 19bular Sg:lrei%tgr '2&3'. control line 186, 192.

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



The nethod 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 dryd bio@ssamt hod is described which nmay includeptRgssbHRsgeAf
installing a first annul ar seal nodule 222, 224 or 226 In an iInternal

fl ow passage 204 extending |ongitudin gy_ through a riser string 206,
the first annular 10 seal nodul e being secured in the flow passage
bet ween opposite end connections 232, 234 of the riser string;

seal i ng an n 22 e t ris tring. and
t ubul ar st%?%’g% oﬁfﬁ%t%%é f 8% %%@gga%e 04"t F“idf%zplﬁgg%%gg?i#%tlaeaﬂ
annul ar seathe noshdae 2232, 224,083226340 he sealittog 25 $éept benag

per f ormed i le the .tubular string rotates within the flow passage;

Pt Chon B Afeddle SidaRivE LENS S AhSRalld Bhshafstl o Oasefte |

the fl ow phsssigebfonhehealububad aimiley: Zk21 Thdulaebub@z, s22d ng

212 may, reﬁ’r?jznzﬁkzghe fl ow passage 20 204 between the opposite end
3 ’

connect5| ons 4 of the riser string 206 continuously between the

seal i ng and conyeyi.ng .ste .o T t hod y_include sealjng the
annul ar space ;azgﬂolglq\%gn%%ﬁgogi %%ra£$? {Eﬁegs (}éorégng f‘ﬁié %%ujr%cfi% ring
212 in 25 the f$tew padssagan204ingi an zimpdthenseoaddianhll extseadlly

nodul e 222, 224 or_ 226, .whi the tubul ar, st.ri.ng.rrotates.wthin the
to E el Bt o B 3 drsadeighieRadle i,

fl ow passage.aﬁe Se on&ngnngﬁars%ea
i ncl ude atcédmmsiicaidesedith246, i1248rn&P0f Miw ¢lassegks2agaexsénd®ihg he

tubul ar, string. 212 i.le ,the tubpy]l ar string r.ota w.thjn the flow
aoandd Soitngh ArG Al shRBu bR M8 L dd TR RS, NP L
212. The semhul@0) gyl medaile 290, 2008/ A58 G9PEREUS2007H83894 20479 -
stationary_w thin the riser

ot at o6 EAF e e aeeTTReBbLa  Batad RF 11e chafe oy DhPy £ Fa By 4 e
ext endabl ebétesrs egddosd.teophdctonhédit idies t28M| 234SbEI BRe 2dPser
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 f£fluid composition 150 may include

a mixture of ligquid 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



5The nmethod may include utilizing at |east one sensor 118, 124, 131
to nmonitor pressure in the fl ow passage 204 between the first and

second angﬂ%?@ﬁ&gﬁb nodul es 222, 224, 226. A further nﬁ&ﬂﬁﬁ?%pS%n4

descri bed may include the 10 steps of: installing nu e
modul es 202, 222, 224 and/or 226 in an,dnternal flow passage 204
extending longitudinally through a riser string 206, the nodul es
being installed in the fl ow passage between opposite end connections

232, 234 of_.the rd.ser, string:, inserting tubul ar, strin 12 through
15 a0 nt o o 1180, BombDREe LR UTA4 "G g 9SG B, DHeRig, (Y 21
t hen si nul dasneicusing her régengpdheionl I ivilth nhdukbesePO@] 1P 2nmAed

and/ or 226 _fromjhe, fl passage 204 on the tubylar_stri 212.. The
retrievi ngv%ftveep %;%’nggudgaw ra?cf%lﬁnuarhﬁactr?gr itsr‘igtigoaa vi g'ga%%,43248,
250, 252 fap, tdterawegpectiovarpotabbs ®#D. t her eby rel ease the nodul es

202, 222, 224, 226 for displacenent relative to the riser string 206.
Each ofs t he anctiar imeghdevmagsi ROBudR4he 25@dps?2bZ maynectingle an

actuator 278.externally _connected, to,t ri.ser _string 206. At |east
35 one of WHE D HRS TRV eB5S 278 eyl b SSETRIIE By o0 b
renot el y operaiedaelzios €od26ofhton] Ainexireydodrioaf ofhehei Swidtri ng
206. The nodul es, 202, 2, 224, 226 may include at.least on nul ar
ceal modul SR IGHT 1555 aRfcro8Rar i e dvar aud:Epaen ook Hiiten
t he tubul ato sd rsulsedl hyandullhe coserosbtdysiepr?Qd2 Eheemndll 6s 202,
222, 4, 226 may i.ncl yde WO 2008/ Q58209PCT/ US2Q07/ 083974 - 80 -
| east %gglne THP e gelé%ﬂ%i.ch'ré%lr&%% RFYp 'Pgeaﬁﬁp ?‘é%}é‘-’nt“g‘e
fluid flovwhpdiraugic tdetidoawspasemges 204c1i 1A mid lai BgbBes hpembisely
descri bed above iC .iqplggss the ste s(?f: sealing an_annul ar space
228 bet weeRPeL % |jughicle . The method may lnclutle connecting
hydraulic supply line 9 and an electrical control line 20
between the subsea hydraulic contrcl 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 1l.

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 connecticns 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



5 string 212 and a riser string 206; flowng drilling fluid fromthe

annul ar space to a surface location via a drilling fluid return |ine
342; and iy spbbikgeed fluid conposition 150 having a depgii¥aohBgESedhan
that of the drilling fluid into the drilling fluid return Iine via an

injection conduit 11. 10The fluid conppgition 150 may include
Ni t rogen gas, hollow gl ass spheres and/or a m xture of liquid and
gas. The injecting step may include selecting fromanong nmultiple

connection |t t h )i fluid retur ' 4 n he
o ect i on EoRtiTTY arh Srastrint: e il ssl hbif g Fa 2t ae
the drillin2ef|wichtrigtqurthel itnbular sty rdEtzhded whgrebgl udeatden st eps
of connectin ydr.aulic control lines.7 17 externally to t.he
riser stri %69 6b3fto;§4080n%r 81 Flrlﬁaa;n?%%t?fo%h(ﬁ ttuhél faFwsgr%% ots}f%i on
150, and cammeldr rgpdlhenchipdeaQRRe 224 ra6 |dewdsing0 the ansubseaspace

hyd | J trol. 142 ext |t i tring 206..
The | nibot 15 SEERIay Fotate pnrber i rid ne i Eihabl Tona
into the dfrdmitige fdnnudaretspanel PR 8d2a dowtstdee dmchtdomav salbisiea

hoke 112, .117..123 or. 132 which.25 i ahl | at fl h h
the dril] iﬂﬁlgﬂﬁ% fr]g‘%rlt?rl E%tiuﬁé?tﬂﬁ% ﬁ? Ie??%%flg‘%éﬁ‘%ng?/ePngﬁ\{vﬁ%%éﬂygg
injecting v@ﬁyiﬂquaiﬂ@m@&&%&&dntiSﬁ ?hﬁmu?ﬁua(huﬂsbbnghbkaiulzetumTy

[ 342 jti ti. hok
115 117, 138 O e e ReBr et ed T g SFFOPE FRE Ui 30
i ne. 100D 2REO810p FZNRRGE/MIS2 A 640839ddwnh®le -pressurd.drilling met hod

descri bed above includes the steps of: installing an annul ar seal
nodul e 222, 224Tis 224p idf aRriyihegr thé £1ow pestedge idddmeyt endlude

I i tudi nal th h i i 206, th I I d
ber 0 securBITH AT Frrwies 2hhePlef s B aeh ¢ ERESEARBEY | ons
232, 234 oint&evénisiesn o ith@rebhenatnbatyifige alesdaedd dawnbbase seal

nodul e 222, 224 or 226 into the flow passage 204; and sealing an
annul ar spBtE228 between the riser string and a tubular string 212

in thelgl(MN pa&ﬁggeffgégisify%gt986f%5§tinclude a porticon 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



10 and second annul ar seal nodul es. The sealing step may include
sealing the annul ar space 228 between the riser string 206 and the

t ubul ar stw(? ﬂgslgs’ggwl n the flow passage 204 utilizing tpeytsedinsdsd
second annu seal nodul es 222, 224, 226 while the tubular string 15

rotates within the fl ow passage. ch of the annul ar seal
modul es may include at | east one seal 216, 218, 220 which seals
agai nst the tubular string 212 while the tubular string rotates

within the e i t | t he
t ubul ar %rlﬁB&5§§Q’T§g4éea?§22§§éIé%?éﬁh%%lgﬁégég%gr§hx&%{hn t he
riser strlempéMhiqdﬁIa@ntmeltmbuéa18©tr19a} 212 rotates within the

seal . The seal 218 nmay be selectively radially extendable into
seal i ng cont actThe methied mapuliaclsde i wglRikAndgThe dethbdonaysénsdmide

the step 9{1{:‘ quzorl‘?z:;at 1333%%(3;{%&?119{‘81{ fpee&?s%rur]elgtn 124, d:]:gillr? ”Pﬂht r

pressure in W pdssage ween st” and 'second ann

seal ndidul est22?,1134,8822694. Anot her drilling nethod descrlbed
above includes the steps of: installing an annul ar seal nodule 222,
224, 226 in 30 mwiheredrdllihgwnpbbedges 2kkaibeddivhgchongy t bt hadd y
through a SRS Lol 18 200, o4 BenangubAre SRl T8 BChOgu PECHET 1T
the fl ow passage between op 05|P connecti ons
20081058ZOEEHTRHUSEHDZ108®Q14terﬁal I 232, pkhgse 2A0Heerisrdisgri ng;

t hen conve |n onya tul ul ar ing.212 | ; ne a 218
220 into t 1tu lanrals t%rogéfle Zﬁﬁseﬁ?%r%bogﬁdtggaﬁ%&@ i ar
annul aro spaeal mm wecmgt becnredr igt thagi 1206 pajsﬁatghebenbeélar string

212 in 5 the flow p e 204 .util n 216 t he
Soal i ng st BEPRER TR PARE RORRER L iRhb 2 r 11108 Fs 8 8RR B 1 BET o
string 212séslimng adredmnular siﬁheen‘éﬂaddetmeralts-@ |rnelemdetrhngszm)s of
installing_a ot@gr nnul seag gh 22%_ 226 bg thg { 20hd
passage 203" a%d‘#ﬁ c5h§&§g lPh T ubifi™ ﬁ’&ﬁ?gﬁg i at Teas
one ot her skal f246; 411 a22@ et notihke SEZDNER 2Nl 212 65 eahenpeaal Eng

The method ey @l so include the,sten of sgaling Lhe anoular spacs, 228

the flow passage; and then conveying a second annular seal
module 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 method 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



15 tubular string 212 in the fl ow passage 204 utilizing the first
annul ar seal nodul e 222, 224, 226, while the drill bit 348 rotates.

The first yw&alogdkbo 218, 220 may seal against the tubupafuslyhiiaged12
while the drill bit 348 rotates. The 20 first seal 216, 218, 220 may

rotate with the tubular string 212 whijg the tubular string rotates
with the drill bit 348. The first seal 216, 218, 220 nmay remain
stationary within the riser string 206 while the tubular string 212

t at h 2 1 be 25
ol oot vel So A, EnaRGEhe T Res LSRR RALE Bhe R Y o o
string 212stidivey rmltmadatntayem withie tie ﬂaelp ofTheetenéve h§ mwary thee
tubular strif %%&%fg{‘era%&%;}fe%Ler%&a%leZ31% Fa2058 g‘dé*&gtééé%sﬁ%%“ ng

206. 30The"t may ‘hot” rota aring dri

operati onstheFo&:ukmda:rpls&;rmt_; amud not or (which rot ates a drill bit on
an end of a tubular string in W) 2008/ 058209PCT/ US2007/ 083974 - 83 -
response to ci rths arteitrmdofnayudnolu@e herildrdilng rg fleastd tohe csersdhe

t d, . f ti
Lot SEE LA A SORB AL 0T5: 00, e Senh g T bl bode AL o
seal off thetessultare Fispacend28enbed enuwramaealheotiubes a223t radg

212 rotatefzglurl ng drilling, conpletion, stinulation, etc.
oper at i ons’ Whi | e specific enbodi nents have been shown and

descri bed. modi{ LEALiaNS ,eaR ke UPGE 0, 000 B ] oG8l Ly

wi t hout departlng romthe sprrit of teac Inventi on.
The enldbdi seaps fs: demtmlﬂedgameléxphqalmdnam )ZoandZaEe bot anad dn ng.

Many vari a%'%gns and .mdi fi catig onnggg (ﬁoszsdlp (cjilare tﬂ:@dirbael
ng

sScope of t |nven IOﬂ erR(?COI’ e scope O on 'S I’lO
limted tothheugh a riser string 206 the modules belng lnstalled in

the flow passage between opposite end connections 232, 234
of 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 simultaneously 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



enbodi ments described, but is only limted by the clains 15 that
follow, the scope of which shall include all equivalents of the

subj ect m@,@;(fgfos,@ggz@he cl ai ms. O course, a persopcpiilohBeizdi
the art would, upon a careful consideration of the above description

of representative enbodinents of the_ igfiyention, readily 20 appreciate
that many nodifications, additions, substitutions, deletions, and
ot her changes may be nmade to the specific enbodi nents, and such

changes are_ cont I i nci pl.es, qf e 1oV, i on.
Accor di ngl%a e O%&%%ﬂ%%gé?% ?é%q@is)écrfisﬁ%egtﬁq?gg%osge :(L:)Tée]aaﬁﬁ/ 25
under st oodpmsvdrgiand lgiivderf 1by whyowdh i thaistlrcat ipaissagd 28éanpl e onl vy,
the spirit and scope of the present invention being limted solely by

t he appended clzaidrsildricigt mekthodqus vdesrmtished 8bo@eAlvMbch includds the
ri ser syst onpri_si.ng: L.tipl dules iynqan internal, f.l ow
%%%Eﬁ:ég% ﬁggﬁ%ﬁgggn a P§l$%r%kﬁﬁ? j&& %etw&?P.g tubular

passage ex ng 5 I'na a‘riser string, erein

t he nodul estaimgy i2ist a@lnlded risthestt g psadd cehwednidbpposi £eaiehd
connectiongrgf éﬂgaég 3 rrstring; Q a. s éégnﬂda% S%Ei@gaigs rtf%kn

t hrough an FAE Pt T 84 RPF St FR Frodth 65" and TdRBars® s drhen n9
si mul t aneofikhid redtnireviliget Bé2pubtd plejemdides flaidt hempd it joas sidge
on the tubul ar_str

I ng. . 2,.Th ' of .clapml, f h
conpr i ng HEMIE 4 SPNSIETaLPRE BAERCHIY WeutBeairart ibRet i ubpettid e
the drilling fluid return line via an injection conduit 11.

10 The fluid composition 150 may include Nitrogen gas,

hollow glass spheres and/or a mixture of liguid and gas.

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 £luid
composition 150 into the drilling fluid return line 342
downstream from a subsea choke 112, 117, 123 or 132 which

25 wvariably 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.



15 nodul es to thereby rel ease the nodul es for displacenent relative
to the riser string. 3. The riser systemof claim?2, further

conpri si ngy@hhedsdsh@t or externally connected to the ri sggergkdohii@sor40
4. The riser systemof claim2, wherein at |east one of the anchoring

devices is operable by a subsea rermgeé]y operated vehicle froman
exterior of the riser string. 255.The 1iser systemof claiml,
wherein the nodul es include at |east one annul ar seal nodul e which

seal’s an annul o ARAGS eURRNS! Re LUBMLAT Sl 0CRIdLNENS I 880og

string. 306. The riser s em o erein no es i
at | east owme: vialstmliocigl enwhanohlae| eed 1 \neddu lipe 222t s 28Adopr 22 nitrs an

fluid flow throuagh t.he fl ow pas e. . 85..7. riser ,system
Compri si nyATEREN S35 baBUaRRRIRY Cexeetinifia AdneAFhat¥a} flenropan
portion ofrbser serrisiy i20@ ,exhendnngldetsexan modollewbatingr se@ntead ist ack

and a ilJin I g;__and 5a.val ve _nodul e. rel easably secured d | ed
o h T hetRE ETaTG PR P B R PR e b E ISR AP EF A
preventi ngof | thal filsaw tshirdugh then sdereiimata lsegshidoasnoiat heeal
housi ng and valve modul e includes a first anchori devi ce which
ol enoani yhedtls 42 ks o2 Bt S i T P S5 BT AG ider oby
perm ttingséabimd lat iamhudnd spheeeyad odtviden dlev e igeduker iy | and ke
housi ng remaj i nt.er.con ted ip_t riser string..8. The rigser
Costentof ERarTay BRI Re s e bl r F Lot PSR aeie it LA GBS P ot e
whi ch 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
passade between the first and second annular seal modules
222, 224, 226.

Another drilling method described abowve 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



rel easably secures a tubular string in the riser string. 9. The riser
system of claim8, wherein the second anchoring device prevents

di spl acemgpy »fgb0x8hot he tubular string relative to the pépBE0fidshind
when pressure Is increased in a portion of [[a]] the riser string

between the valve nodule and a seal befyeen the tubular string and
the riser string. 2510. The riser systemof claim@8, further
conprising at |east one annul ar seal nodul e which seals an annul ar

space bet t ri sti . t he t.yhul .i.ng #ﬂﬁr i n
t he secon an’ch%’?% r?éfs%liej\?i %gg%geggﬁjfl%s ’ditshp%agg’%é%}&% ?ﬁggﬁﬁ u aa%I
string relstiiey t2a2t e lieast sheisgp VRt pr2d8suleli $nBO timeraasdadin n

a portion of the riser, stri bet ween t he val ve nodul e.and_the
annul ar se%‘fl’a#mm Lf{uel.e 2§2' 224, ggg\e neCE riser Sy e%nglfll%ﬁ‘-a?%&f 228
further cosptwedmghat rlieast sbnénanhid seandadle rmotullerwbtcingesl s ian

annul ar_ space bhetween the ri.ser. sirin d a tyb r in 512. The
riser ssyst"g]?ﬁ o FASLES 3}133}‘-#%%19%% e eghgl’mgﬁjéé ‘?Zn%‘I l]jcﬁiees at
| east one sealinwdistHers®eliagagatr Astmédevhilrulaadrdtiii bitwhi8 eort highe

tubul ar string rotagtes wiithin the riser string. 1013. The riser
syst em of ‘Il]%'i%rﬁ]if?cwgr @ltlg tlﬁergE%erfbt ates with the tubular string.

14. The ri ser stem.of claim 12, wherein . the seal remain ationary
within the riscbeHTgARYeathe TRELISE T5 SHePRgOF ol BF B2L b thi n
_the seal . _another Jaﬁmu‘ﬁlau& Bleakr msglslgrazﬁ, c:]?aa{,mzjzz, inhehei :_ﬁlcbdne seal
s selaptively, [adi) Iy, exteadable kol Oy SSRiM0 oM ast Vg R ot
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
15 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

20 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

25 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.

30 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



16. The riser systemof claim7, wherein the first anchoring device
Is actuated froma subsea |ocation exterior to the riser string.
2517. The whs@kosyst em of claim 7, further conprising aErASasteBng
sensor which senses at | east one paranmeter for nonitoring operation
of the val ve nodul e. _ 83 -
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response to circulation of mud or other drilling fluid
through the motor) is used, drilling operations 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.

0f 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
understood 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 riser system, comprising:

multiple modules in an internal flow passage extending
longitudinally through a riser string, wherein the modules
are installed in the flow passage between opposite end
connections of the riser string;

a tubular string inserted through an interior of each
of the modules; and

means for then simultaneously retrieving the multiple

modules from the flow passage on the tubular string.

2. The riser system of claim 1, further comprising
means for operating anchoring devices for the respective
modules to thereby release the modules for displacement

relative to the riser string.

3. The riser system of claim 2, further comprising an

actuator externally connected to the riser string.

4, The riser system of claim 2, wherein at least ome
of the anchoring devices is operable by a subsea remotely

operated vehicle from an exterior of the riser string.

5. The riser gystem of claim 1, wherein the modules
include at least one annular seal module which seals an
annular space between the tubular string and the riser
string.

6. The riser system of claim 1, wherein the modules
include at least one valve module which selectively permits

and prevents fluid flow through the flow passage.
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7. A riser system, comprising:

a wvalve module housing which forms a longitudinal
portion of a riser string extending between a blowout
preventer stack and a drilling rig; and

a valve module releasably secured and sealed within the
housing, the wvalve module selectively permitting and
preventing £fluid flow through the, wherein at least one of
the housing and the wvalve module includes a first anchoring
device which releasably secures the valve module within the
housing, thereby permitting installation and retrieval of
the valve module while the housing remaing interconnected in

the riser string.

8. The riser system of claim 7,
further compriging a second anchoring device which

releasably secures a tubular string in the riser string.

9. The riser system of claim 8,
wherein the second anchoring device prevents displacement of
the tubular string relative to the riser string when
pressure is increased in a portion of [[a]] the riser string
between the wvalve module and a seal between the tubular

string and the riser string.

10. The riser system of claim 8, further comprising at
least one annular seal module which seals an annular space
between the riser string and the tubular string, and wherein
the second anchoring device prevents displacement of the
tubular string relative to the riser string when pressure is
increased in a portion of the riser string between the valve

module and the annular seal module.
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11. The riser system of claim 7, further comprising at
least one annular seal module which seals an annular space

between the riser string and a tubular string.

12. The riser system of claim 11, wherein the annular
seal module includes at least one seal which seals against
the tubular string while the tubular string rotates within

the riser string.

13. The riser system of claim 12, wherein the seal

rotates with the tubular string.

14. The riser system of c¢laim 12, wherein the seal
remains stationary within the riser string while the tubular

string rotates within the seal.

15. The riser system of claim 12, wherein the seal is
selectively radially extendable into sealing contact with

the tubular string.

16. The riser system of claim 7, wherein the first
anchoring device is actuated from a subsea location exterior

to the riser string.

17. The riser system of claim 7, further comprising at
least one sensor which senses at least one parameter for

monitoring operation of the valve module.



