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WO 2008/ 058209 PCT/ US2007/083974 - 1 OFFSHORE
UNI VERSAL RI SER SYSTEM TECHNI CAL FI ELD 5 The present
WO passs20m rel ates generally to marine riser BEEUSIB7/083974
and, in an enbodi ment descri bed herein, nore
particul arly provides an offghare universal riser
system 10 BACKGROUND Risers are used in offshore
drilling applications to provide a neans of returning
the drilling fluid and any additional solids and/or
fluids froma borehole back to 15 surface. Riser
sections are sturdily built as they have to wthstand
sigmficmﬂoFgﬁﬁQRﬁp&NiNEFShﬁgR&§Eme§YﬁﬂﬁMto
carry and environnental |oads they have to w thstand
when in operation. As such, they have an inherent
internal pressure capacity. 20 However, this capacity

is not currently expl @gce@iricdr Figmxi num ext ent
possi bl e. Many riser systens have been proposed to

vary the density of fluid in the riser but none have
provi ded a universally applicable and easily

deli¥ﬁé$€£§ %%étfﬂ%éﬁf?gﬁryéfgtéyp%én@faﬁi.l%%rmbrine riser

nodes. eyS typicallTy require sonme specifi
sywdemns cand pniof an hemped imeconpesentsedf har¢imat moge
L1 ng { pstalyalon., vitb fhe. Lesullihal, Lhey, aLe
PEUsTOM Sor Ut P oRE WY n°a Rar?o ?angév%¥saapp+?%at?%% em-
due to costs and design limtations. For exanple,
different drilling systens are required for 30
different drilling nodes SﬁCE s _managed pressure
drilling, WO 2008/ 058209® 7/ 083974 - 2 dua
density or dual gradient drilling, partial riser |evel
drilling, and underbal anced drilling.

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

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
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 required for

different drilling modes such as managed pressure drilling,
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An exanpl e of the nost common current practice is
illustrated by FIG 1, which is proposed in U S

w@i08/08820. 5 4,626, 135. To conpensate for nORENERL00T683974
a floating drilling installation, a slip joint SJ
(telescopic joint) is used_aty _an upper end of a riser
system This slip joint consist of an inner barrel IB
and an outer barrel OB that nove relative to each

e | @y ot
d%%e&%%%t%r% g%fgkﬁe&lrl??ﬁefrfgl%ﬁ%wg%%? e f%( level
dpbl hing wedhd eandeybambanded ndwi hipoi nt di verter D

(which is where drilling fluid is returned fromthe
top i ¢hamplserf Rihe Ahcst dephmomdournréh G plaateca 1$g

ructure ri oor rotary tabl
L PR ERA Sy Sl o ooviden " 08 andRad iohy v o Farent o.
4 pb26 MB35 chkecdmpenddte KEdt hovemdht dPostEIodt g Blirilling
and rigid flowine RF. These el epents are

l%%mje}ﬁ?b%i a vt 1P KIRRE 9 t ﬁB%Jee%WP+%dj?ﬁn1f helgrysed at
aRNGpBE £ eﬁ@tofleécfi@@ﬁl Syt bRl . v daLliph Ojé‘intBJc&@éf'é)t of

known as a flex-joint) provides 20 for sone angul ar
anpli spnek dpenre bf IB hand | @@roww omaveel | @Rl thattHeove relative

e PLIER" 02, TBAIO T ORI e VoM PRI LBl s to
maoved |WlEalfibﬂgﬁ alsrem];;mmhcdﬁgnmm Rvieat wé dan c’dad)e éﬂf\ﬁd spoint
wEPTREL QR EANAR 100 T APuOBEEE BT BIRILE 1 pnere

dbl 1 nindg a:msuid o tetbutmed Brémptiesetdy of btye shear R).
rans capable of cutting the tubulars. It is possible

for Ahsokdgkidoe@nierride 1ises R riiﬁldsti‘lﬁ@tﬂufé $5 rig
control | ed by cl osij ngRt he diverter with or wthout

£1e®Kil Br sTPFREEntIO LA oRBi \@h@mgn%%f% M r LRI BRFRD MB,
shAT QUIR, Kb Vess ermbd nﬁﬁt q}P lohdke 1id3e @/t 619111 heine k1.,

concept of an annul ar OW out preventer used as a
bepstemnbire Bl a@dv@c@lcﬂ helewbinefRfasThesen elewpents are

cSRPLEOLoALE] A58E1 | Rndih 2008 o820 PITEYSERONE®2H %ana are

not described further.

A ball joint BJ (also known as a flex-joint) provides
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
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
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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described. This allows diversion of gas in the riser R

by closing around the tubulars therein, but not when
waleooBloss209 i.e., rotating the tubular. In Fl @CWLPS2007/083974

seal s between the outer barrel OB and inner 5 barre

I B are subjected to nuch mwvenment due to wave notion

and this causes a limtation in the pressure sealing

capacity available for the riser R In fact, the

aéOEE{ 625, téoéf%% n&tx»%y«gfoﬁ?t)ggéslﬁstﬁ@'ffw R by

pressure ratings such seals 1n"its specification
cleF nghichund| t:lse foubuDaresthenein, 200t pyot (Poemddr peting,
ﬁ%uare {ng pr @gtice the conmon upper limt for
eS|gnsg|s 06 There are sone nodifications
that_c de tp the slip.oint Si n e
wht oH BTGty Tetls Pereden pobe Plucki n e LR Snd' inner
béiszé)ﬂsmlaﬁgmgeéee@rwuﬁ@cla SV aE it Ngué atd Nga¥® motion,
750 psi. ractjce, the limtation on the slj
ang, l%JC%‘é%n 3 PablBiEdtiy 1o Hhe AP - sT et
capad ey i Hewsiiy1Of rdhec VeI seF ®, PRl fad©l NEhBIahét 50an

sonetimes replaced by a unit known as a fIex- j 0i nt)
Pemol%wme:m%eqct%t@f (ARE) shas e¢r$’%al@,lﬂe$th%@ e yRErenrahings

fgfvgﬁéﬁr?g%%% QﬁgéfﬂléaEYQh f% n@ﬁf&ﬂyc%%rrefor

rating o ing pressure. The oufer
teBofigtbe 300 ppq&m hpo@M:ﬁtpé:eswpa:ce }nm:lmt) Bh spract sce,
8BS an att achnent go Qt for a_éeg syste$% that
Lol e ‘&%%%rt M BT B'9%: %%l%rhstjos Rttt 25
s that a Jeak in the S

f buckl
J of ITEFE SH8) SOTRVBTYLL G TS I oM TreifqE o the

shayi )@ihe $7ftah hexample rer rWh?ﬁdEh Rié r@@séhebédlbﬁew BOP
(bl owout preventer) stack der to service_the

PRFQRE | AR LEAE Lo ac#3 2203 (9 L1 HEQ9A heok RFREUGH @

wétpﬁtat; NEL e | wgm@%@i | afh OﬁEhréétEi/é&e e pIﬂMi@'&tElc% on
operalng conpany has been to take the ri sk

th@ bip i Jebs| §7 opea b3 eha/@tanl%myl@d s irR d¢cepieedisepndard
a%}?é 1heaconyent i ongl o pystem (81 sg PEPSSILE 89 Flfzo

sometimes replaced by a unit known as a flex-joint) and
other parts of the system ( such as valves on the diverter
line 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
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
provider or operating company has been willing to take the
risk to continuously operate with any pressure in the riser

R for the conventional system (also depicted in FIG. 3a).
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WD 2008/ 058209 PCT/ US2007/083974 - 4 U.S. Patent
Application No. 2005/0061546 and U.S. Patent No.

WG 2030850202 have addressed this problem by propOBUS07/083974
the I ocking closed of the slip joint Si, which neans
| ocking the inner barrel IB yo_the outer barrel OB, 5
thus elimnating novenent across the slip joint seal.
The riser Ris then effectively disconnected fromthe

bal 1y [ @1 g4 osezgﬂ%ﬁiélféelcgﬂéﬁaszé@ W60é 1548 Gind-u Te

riser Ris c |ono a rotating
P@t@n\bLNOpr@v%m e®920h@v1etaxﬂ>dlo¢8$¢1@ tlmc&epir@bb@edbzsl [ p

joln | 8, ef f ctl ecoupl es.the
o4 Sk ind R o End o EFAST T H5E R DLE S I3 K fon
meleps Cleskimg ke Znmee b’&ffdal:ai'B beanshd, oatkeptiedrrol OB,
crossover 22, rotatable tubular 24 (such as, drill

ERDe§ L ImiRe SIRG THRYSBRRE ACTGfRsER @l BhHnt doLpe seal. The

r £o&v emt | Onahe ANEF PEEL 1 ¥S1 dyocylg@@@ﬁé@@é*dfﬂf&heﬁh@eﬁ@n joint
This met hod has been used and al |l owed operations with

B ang fivertenP ;3¢ $heer kit FIGerZpressure, with the
weak point still being the slip joint seals. However,

decoI»‘tpﬁ i FESeX hR k% sekosed riam e dddieion of| ®oFolrating
an dt;ﬁ%év tés %"éfntzﬁ a§eét>ﬁ e 16 ﬁ@ﬁ%f’é‘&éd%ﬁ@“ﬁomt

'S neans e top ot e riser
SJﬁo Tlmx@eeffsceﬂ:ivebyltd@d:dnzpl@s e sr toeseR fihemtapy of ixed

P%Jr% en?ﬁ?wlﬁﬁé’gﬁ%'é”@% %few ce) of the bl owout

as a result of ocean

d 25 t of
SO TSR adhidk S8 o h%t%es 2 "G T el (adnS B, rbapter
oﬁaﬁféﬁﬁbﬁéﬁnﬁml(ﬁdt&ﬁaﬁh@ RBuBI: 20hislichSas drill pipe)

detrinmental to the pressure integrity of the rijser
ARy sTefRNESEOr S h%Grl%lé‘Ps%y%%‘ﬁ‘%’?S e opverbierRak and are

n30 sbsbH-{h&@ntusahet yndpgard, since substanti al
anount s of

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

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
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
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
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easi |y damaged hydraulic hoses used in the operation
of the RCD 80, as well as pressurized hose(s) 62 and

wa@ adosiys2eondui t WO 2008/ 058209 PCT/ US2007/ 08391dT/US2087/083974

64, are introduced in the vicinity of riser tensioner
wires depicted as extendingsupwardly fromthe slip

joint SJ to sheaves at the bottom of the tensioners
Ti, T2. These wires are under substantial |oads (on

Glh Bédfﬁtﬁgdégéé &OQhé df %n%%%héfap osegg@ﬁé%éﬂefu%lres

t hrough softer r ubber goods
d@paqwmdswgg@st@ndh@guspwaidbyeérom|b®s SlbmtJQIms $3 to
extrenely dhfflcult t Oc ag hleve |l practic These wWires
&%rY%ernDre %e |nsta$la |on 0 opera |bn reqU|res
ap@r@mtelsmmsmmfmm lesks eowutite toed&REDLBO50ato 100 tons
q%éardo 10 area with the rel ati ve novenent beﬂgse
(such

) FIRATHY SRTHCY TRt SSRECYGHR $ohtef THRPST s¥©
adhosds R[rheTl@QU'mn@atéi@@Ssﬁ@cﬁeété e ougd dhes¥&dBrYipes,

tabl e and diverter housing D, thus making

byt stis ats exeerme b @hEf Hazke deRsachieve iespractige.
of the systemof FIG 2 has been limted to 15
operBeToRerMordertlm Segtalbasion tandiepeeatien ergquires

t th
P%£%§Et€%n*§2$ f$é?@ﬂ%§%ora%§ Tﬁ?ng Mﬁt% pre§§ﬁ?%ga$gous
arde vislkrthe sdbanive mOGSneBa botdeen R fB@ashmms

t he £onye t|o float| dr|Il|n ins | a n
stagef Dnei k78 DI HAEF AnAEL 5 Phle quipment
dé@@smt BﬁPc ’Slﬁmkgh W hd BotdMP ﬁé]@]l@rR'i\/BaiﬂldledBVéﬁifer

Packa eg added to . all pw di sconnecti on and preven
hougtng D¢ | thag Talohng hbhstallgtion sqomplex n%ﬂ‘?’ nléazardous

AS | $6Fes@DM, AusOPE£ 0P Gy S RNOE | BIEA] | $ahad NodEh NCiR] €ed to
to the '135 patent di scussed above. 25 This is the

OE@F#‘F?gQﬂ%tJr@)nb%Je@n byea dueae Whilbrliythe cubeents wave
mgéfgﬁlng% il Noigstal lations. In order to reduce
el

costs ndustry noved towards the idea of using a

SBOR, (gﬁ%ﬁé&f gfQwﬁgtngfwgféﬁr%oyﬁEﬁeaart for drilling

with pressure in the riser is shown in FIGS. 3a to 3c. FIG.
3a shows the conventional floating drilling installation
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.
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.
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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floating drilling installation (for exanple, U S

Patent No. 30 6,273,193 as illustrated in FIG 4),
wob@ses2be 21 inch riser is replaced with a sPel/U82007/083974

hi gh pressure riser capped with a SBOP package

simlar to a non-floating drigllding installation WO

2008/ 058209 PCT/ US2007/ 083974 - 6 set-up as

illustrated in FIG 3b. This design evolved to

L Spensi n 2R t hg,s -
T PR Y e L o PP e e o hig? v
dispens heg seempl @oely batkh t the heubseat BOR), dehus i ngmoving the
i nstal lation and. any lls. 5 re drilled |ike thj
need ERT g SR anthl bace i CEhGE GTRY TR K0F S50 KITRF
badk nto 78he chl dbat i) 2dr i Thimpd) | hryst HP1 a byl aauhdl cmany wells
tensioners. 68, inner riser 66, load bearing ring 98,
veraddsht 18 B6l L i Fii P BONIdR PSRN BFE29Y, |ine 76,
collar 106 and rotating control head, K 96. Since 10
t hesel @t ehePRRIGH® Xnob#ET n/ $heSHHR , JoHY Sfe Fotlar 102,

c&l%Piﬂl?@CbZ fukyBREuDEE Seehdi SR LIPES NOi ket aKEsd P66, load

concept of a SBOP and high pressure riser further
bear brgro¥ Enend$ r okt iy $ar shrihl eespe a7 subserface BOP

950@%§n§6f0{0fﬂ POP@@?rggégQQMrﬁaéoﬁ&&f head %?].e Since

ehvitonnent al “safeguar systenj and securing
thesd elememse afe chmogently Wes aet| ntheyuzed, nbutdestribed
£ &S fqﬂlr subsea BOP. This is shown in FIG 3c with

AR Rer X9 uti on  of running the SBOP bel ow the wat er

(| ool AR tRTRF 0G50 THEF of 19 TOREERE (312 nidly ahd high
pEésalipdCei sdhef wet hof Dhtd).fore Rah et oMeen €a D1y, B@2sh S

shown in FIG 3d for conparison. In trying to plan for
a3t a%t$‘é‘1’$?/a rﬁ%‘hl%?n%?‘ésé‘éﬁe‘%l%%on%%‘b PRNEERPYH as an

ewﬁ%&ﬁéﬁ@&fﬁsyfééﬁam %\@@r&?yé@&n 05 AL s Qur DSy NGhe well in

drilled is allowed to flowwith the drilling flTuid to
case sof femergeney | waitisreylnsoduged edowesigmsasita | fulhg

s@ﬁ%éé”éép.r%ﬁfé LY HAEAT Iy URFG LY RL G £ R Lah e PBEY Sfut ion
of running the SBOP below the water line and tensioners
above to provide for heave on floating drilling
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
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
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
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described in U S. Patent Application 2006/ 0021755 Al.

This requires a SBOP as shown in FIG 3e. Drawbacks
w@bRooslss28y st ens and net hods descri bed above 3BCT/nstoodas3974

that they require substantial nodification of the

floating drilling installatign_to enable the use of

SBOP (surface bl owout preventers) and the nmajority

are limted to WO 2008/ 058209 PCT/USZOO7/083974 - 7

b@ﬁﬂ%rlgnsé d,deal e - GORHL 1 508S - T ,uﬁy 2 P& EnPOtyidely

I mpl ement ed since, for exanple require
lmmbemdammcﬂ ntglnm; Ifqmgexmpheh} athen I@qlamld@r‘glme floating
dl[mflifl cations d systens as

A 2LASE81 L fon SR RS o3 AEADRLS, ESH SYPL oS

slaippamﬂ.to di spense totally with the marine riser.
Met hods and systens described in U S. Patent No.

6, 450:263ds id $Hpsedths Nos Shdwd, B 50 . shdpdt ént %@nt
6%@' i cation_ 2006/ 0102387A1 envi sion, setting an

0 BT S o 0i T hen SRt SRt P Yor T SEFEth the

mdF O t PES ORI | ML hbdl S €4nd aSy §08Rs WsscPat&atiNoy.s. Patent
7,080,685 B2. Al of these patents are not w deI

N%pp¢ i 420 6262 hey- § nvdavent fai ahit ¢ 40 - 9 Abdi w@afﬂf%nsP%m@nt
I
g%g*%%§£5159%§%{§£¢f§8ﬁﬂf' féléﬁ Qgtd%s r?%g%@éndev1ce on

depi cts e system
tap of Pahensuldbea BQETOQ %Bvertlpm$mleel f ot | e Smar Ene

r%‘?fw?%e a“ %%%Iyéfrﬁs a@%@@?%@keﬁ% ?C'?L%’ese

pafEhss Ridke m&t IthllyV@@pill@@r&botmeﬁ iSrdlee thalsetantial
el epents. are known _in the art, 20 further descripti on

modl fhFahi RS R HRAQLELORT obP 7 1 EHIS HRIY DR n® P

s@YSEesBul hptapthiléde a high pressure riser or a
ri serless setup is that one of the primry neans of

del i¥g8i ng @ediéionahe [y dimtdeddiina@alh ogrs. AR No.

the booster |line BL that"is a typical part
6,470,975. Illustrated in FIG. 5 are plpe P, bearing

assembly 28, riser R, choke line CL, kill line KL, BOP stack
BOPS, annular BOP’'s BP, ram BOP’'s RBP, wellhead W and
borehole B. Since these elements are known in the art,

further description is not provided here.

A problem with the foregoing systems that utilize a
high pressure riser or a riserless setup is that one of the
primary means of delivering additional fluids to the
seafloor, namely the booster line BL that is a typical part
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
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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25 of the conventional systemas depicted in FIG 3a,

is renoved. The booster line BL is also indicated in
WO-R@8/058209 and 2. So, the systens shown in Fl GPCBOS2NTU083974

3c, while providing sone advant ages, take away one of

the primary mnmeans of deliverging fluid into the riser.

Even when the 30 typical booster line BL is provided,

it istiedinto the base of the riser, which neans

t hat del i [ is . fixed.
PCT. /%%%%%7?%8%%%% M %yoll' elr(gﬁi%anlz% %%ng%/o tzllg %nm?‘ﬁe Erom

comeenintorsat ydr bl hbve fo ordosedvenstemadridrling ngThese types
| osed systemdrilling. These.t of cl osed_syst ens
of SRR 14 Seaf BRSALR T o eI v
6 /904 A9 2B7an@nd, 0423 R, tdred crosut ee atite (dYodure and (by
consequence). the trappi f pressure.inside the

) I ng .
CORFERLCNGE L ke nt¥a f‘i‘l%go rPYEFHYES nkR St F&ut Flopgmarine

r#6P, it NelodtiR@deel 1 PIn@f i Rs 181 NoEi s, SHBEEM tike
al l ow continuous circulation as described in U S

imgreficion (0730 methed | 2@ SESHRM | ¥ Ryl koW cefPk i ppous
cfﬁ/é&féf&di& bgs opes et éti&%?%ggé%%%@fﬁé?’ Uug ez(?é‘ 388 allows

punps do not have to be switc when naking or
a bdevkl hng ac i vbwl ar ieonsestéonto The sopetawed tdie constant

ossibilitytof driIIi(ggr\{\&t:rha const.ant _ pressure

e
Piovntior e2° T hCRh De cont ol T e%o blg’/e a plr%css%r [ %fefd when

m&k Dsedodrbéaking sy st@vml dhecomekerst 1n cal'h Bs tdil Bows the
Managed. Pressure. Drilling.. 15 Wth the conventi onal

DHEE FHL bFY R OBHELHRS CBRER R otiens pR eestr & KUt tRokaieLe

which h€ath i 8&€Tcohtrd] fod Oy 4| pissdliPited cidSedi §€111ing
systemof FIG 3a is schematically depicted. Note

sY$ie@m¢ hEhe | sefusiky epdl LS oplehs t¥eRagedt eaphiere RFilliing.
upper end. Thus, the riser cannot be pressurized, _
ot hefibly thprceorecnblonal osetirod @f BEar e3df RPecPRipuous

PR e h ety ok BhRer 1) LRUEFCE o4 b £ow
isopeevhatser esysrem 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
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

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
envelope by the methods shown in FIGS. 3b, 3c 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
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than that of the fluid external to the riser
(seawater), this neans that the riser does not need

W 008058284 and 25 significant internal pressurePCIWBE1007/083974
the nethod of U S. Patent No. 6,913,092 (as depicted
in FIG 3d), the pressure enwelope has been taken to
500 psi, however, with the substantial addition of
hazards and many drawbacks. It is possible to increase

s%%%y%@?QR¥@$O@§eQ%o%@&g&%ﬁ@@déf é@hﬁfb % @%Elﬁ@ 3s

However tion of" a SBOP sur ace BOP
webl aa$ | abspagnt tal | ¢osigs | hsval ved i oxs | slready menpiadned
deS|gn consi deration and involves substantia
aR% fi cation, usually involving a WO 2008/ 058209

PCT/ 82007/083974 -
0T oHiE SPYSRETS ioni i e Qe Ryl 6 ah Jo At SPert Jigs
6} 900 y8l, as B} 0£afy3TEM sONSS cBbOveg dhe @rycsk@r@n a

nmentioned_ear|ljer in U S Patent Nos. 5 6,904,981 and
Pregear b26d [(ethEEne| DEFHEM ¢ RPLHBRED rf“aanlli)‘ﬂje%’%%ﬁ? 72 the

clbké | { H U SHEEST t RO &Sk e SRM- QUL ALLRE SfstdiR, CPKSrder to
to control the backpressure of the system in order to

cCerpfebl tl@%epm%%@m ealat thebpbtemne bf thaevekl + . This smethod

I
5P, SOk piac, ohes, % ot Lele e e bions
sy$meman|m@émtdnmllnmgth@ @h@k@sedwsyﬁmsm ptbssmamlpulation

k d | f
of PUERCrITES F4E ERMTeTRE S are ror Er TRETERtt ol Foaental

t@renéup@rpéééo@f atpesel| invetyions g 1leoaf |ptge@li$é |¢dgtrol of
|nstallat|on 15 is, that when a connection i s nmade,

thebeboBihehe BYGRSYES- held stationary in the rotary
table (RT in FIGS, 1 and 2) This means, that th
POl ALSE Y | BPSTU DI BB T @h Bl PHEHES (ki L ot gt aktation

140w a8 ien WRVEoRSsdEOTbK ki‘@Wﬂa@é hegyeLdd &Pethe pipe is
|ndustry) causes the pressure eff ects of 'surge
he il essayf konary in the rotary table (RT in FIGS. 1 and 2).
This means that the whole string of pipe in the wellbore now
moves up and down as the wave action (known as heave in the
industry) causes the pressure effects of surge (pressure
increase as the pipe moves into the hole) and swab (pressure
drop as the pipe moves out of the hole). This effect already

causes substantial pressure variations in the conventional

method of FIG. 3a.

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

electronic sensor and control systems are able to achieve
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20 increase as the pipe noves into the hole) and swab

(pressure drop as the pipe noves out of the hole).
wahbios/os2b®ect al ready causes substantial pressPCEUS2007/083974

variations in the conventional nethod of FIG 3a.

When the systemis closed byjghe addition of an RCD as

25 shown in FIG 3d, this effect is even nore

pronounced by the effect of volune changes by the

tRipe @Pg'@ﬁbﬁgnﬂgglqwén%éyfbtiéﬁqgfvgﬁgn@ho %iﬁ%em is

novenent a pressure wave In a conpresse

vehe Speefirof tloese speedat |iquid, it inplies that
the choke system woul d have to be able to 30 respond
at tmewsbmpmemtewénR¢@5$e(rsp@eﬂngVwmmeI¢hedevices)

el ectroni c_sens nd control st ens, are e to
oS Gt e S e g Rt St Sk ¥ ER e fcatE s, ¢
it $ea NELhBGH ORds nami Poib abf orthef Bdhe(shokeusystementer). This
verg far fromithese speeds. Devel opnent of RCD s

neat Athay Loy Wesredyys %‘?l%‘ﬂﬁ%‘?% WWIP%%I installed

ap@% athONRcyhese dyPbealhys tdLsp, | ABhGEE 341 Prof@sShONcurrent
op of the BOP (bl owout preventer) This neant that

d@%mmas thi%r@dmuhbc fepnnrRet bous pﬁ@ﬁt lylpsieat ey and
c&pf’i/r? :lgg%l?gp% al?}?§51§c au?f“‘afgr @éﬁ@ftu@i#l@Ieé he‘I‘hese

curre have hydr I ¢ connections
réqmit@athagemhdrm@blat@p¢hmwmhgsf|hp$®@ ROD, operdioron.

other utilities. These 10 require the externa

at t axhieon glof s dros ese f orompenare oprogres hed ghreongurface

ver sj ons have r ed fromsurface t ein
Yt orS RS e rd e h e Pt tF b tSea (such
aslegssgd PEsed Nid). &, s PabgréndNono 6, 6/970/9)5) | helyey afdil oto

di scl ose a conplete systemfor achieving this. Sone
dJs% @98 ASCPBE, BREPCQsSHRkR | BRE aehipwingathig - \Npome systems

gu9@0a§a§%sgf§@§@5fn wigh @Xgéﬁylﬁ& CPOY 8 MY @ dispense
| ubrication, but require a hydraulic connection to

wiieh eb%@rQ%bl@s@@hblly@ Fd t Hebbpipeat iohe bungeedtiREDR s
hfﬁ?%&ﬂf@rggﬁﬁggélon to release the assembly.

Furthermore, the range of RCD’s and alternatives
available means that a custom made unit to house a
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,
but the field application of technology to solve some of the
shortcomings in the conventional set-up of FIG. 3a has been
limited. All of these modify the existing system in a custom
manner, thereby taking away some of the flexibility. There
exist needs in the present industry to provide a solution to
allow running a pressurized riser for the majority of
floating drilling installations to allow closed system

drilling techniques, especially managed pressure drilling,
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avai | abl e nmeans that a custom nmade unit to house a 20

particular RCD design is typically required (such as
walesnsdzed U. S. Patent No. 7,080, 685). The ' 68BCPHEBENT/083974

provides only for a partial renoval of the RCD

assenbly, |eaving the body on Location. Mny ideas

have been tried and patents have been filed, 25 but

the field application of technology to solve sone of

t(ghlg%a gﬁéejé O%@gec‘xﬁé]d %ﬁf%?é( ii@cﬁ]%l %/uil:'paﬁﬁ; Ih:éﬁ)ng

Imted ese nodi the exis
maysf eratiom tostiven f hoaineng dhel bhyg t biké gl bavaiosone
of the flexibility. There exist needs in the present
indUBheyetme@d@vim@lwdsplmmtomréondﬁ bihoved ubm: ngha

ressurized riser for t orit floati
BT Tt F et oed LMt Ad oot 68 L maximum
pEEs$ LI OcdPEhNt Y USS, 1 €S PREMIBeTY; rﬂm@g@@lpmﬂsﬁw eto be
drilling, WD 2008/ 058209 PCT/ US2007/ 083974 -
Sk SRf %/ %%%e%x‘b%ﬂ?%n??vnaa]pp?l?%ﬁa\?\}?%tP%%ﬁ/th%?%rand
;_sr@ﬂéhe te&ald OPato dhendt O | POsEF i1 { RGut NSkl f?éé@ﬂng

se needs include, but are not limted to:
debbbbnd | tlyst@lila@*és@rmrm%lfmammﬁeaﬁa i %%qUJem@ h%or surface

€ S
PR B PR S8 Mg AP6nod Bedt” BT RiEng B L-bore
cammbzalbmallmea@tm@Emahnmarn@@rBiearasegax¢noﬁhamrragulred;
Liser. hout _.any. f|Q€tI%§ r|II % arigaj
pn%dl %%t Ak 7t oS 7 PPope Jal%?ons
poscSdiiBes Uiser holeadn Preoysal hged Lﬂld)d@prlﬁaﬂlﬁ)talnlng the
Capabl|lt¥n|lke a nornmal _marine riser section_whe

WRRRPT eV INPr VHET PR tFRA AR YF 1 YRS /SERY HELREAH o%f' dthe

£ DOSE Bhd NGr i PT DR I £82 ML 9T hFoPL &5 & ZREL D U6
mai ntai ni ng the  weat her (Mﬁnd current” and wave)

dypRERg | Hhe WHeRSHES ShEkes | Gaeseq kY | heavg resulting in
sﬁﬂié aéﬂétévﬁ?é‘tﬁeﬂ@éfwé dﬂ% I&’In?w 2 dROPh D9 e

ssure spl S cause heave resufti ng rn surge
ekmmhnw%im@l@heupte@msrep$pwk@$nga@sa®aM$ figvement of the
rotatable tubulars into and out of a closed system; and
providing a means for easily modifying the density of fluid

in the riser at any desired point.
SUMMARY

In carrying out the principles of the present
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
described below in which the riser system utilizes rotating

and/or non-rotating seals about a drill string within a
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elimnating the pressure spi kes caused by novenent of

the rotatable tubulars into and out of a cl osed
wayases20and providing a neans for easily nodP€TUR07/083974

the density of fluid 20 in the riser at any desired

point. SUMVARY In carryingiput the principles of the

present 25 invention, a riser system and associ at ed

net hods are provided which solve one or nore probl ens

18ethec@rin l@@ Xl €ats GESELL PR, DELOWE N jbi £

rt e riscgr s(?/ste %ﬁg?udaes nglgu ar J?n{%er nal con‘ponent%r

dwhim$ dahlbengconveniently installed and retrieved.
Anot her exanple is 30 described bel ow in which the

ri sefhsysysvens i and esetlodds | dgscraiokdrheonmin otmabhg all the

seal s about a. dri strin ithin a WD 2008/ 058209
sERbsTeatipano i ts " 138 "o ths "8 Be e SE0Tr LR ang cto
h¥€Sshk | 81 1 Doy ofo t hejedSeflullis i &g &y | pohgt Thveo the

systens and nethods. descri bed, herein enable, all_the
r%,%y/%lf et B FHCETERD B 3 oF 5%CY SYREYR 8 iFH kS SpRS the

ndfmP1 NGYErdben@bbhvd Yopd #fl@??wéé%éﬁs, abuPF¥n PPl dve and
into the riser. Any nodification to a riser system

shYpFrhsyestens ¢arabhbitml obethe | htpahiey opeltlirg

: . CUr v . r C idd

LSRR Gl T 6o, IS B BLOL B od B COREC! Sy e,

Thé ntis¢T osy $renus eslodwh hit B)G$ en3b, 18d Tamed r3seall lessen

B st ens s,povvn in FiGS. Bbh?’lg and_3e all lessen thi%.h
%%%r%?‘?% A eTOPR Okt cRM S ol tred IPC fRBsTRARAY ThesEhese

S B SERETBh de en ot bdee Na Bl dd di h Nhdes I5&e r e LNV & 1idetd Bl
conditions. The s%stem depicted. in_FI G _3c_does not

CPRALEHONF hj B pRY St SAEGR Helow st T F cadit | §OSH RO tLessen
t KIPESo Ot a 8] h®Wr i dwr s LOMVENE St 1y NShad | Bt | @PedNfbt allow

I's
operation of a RCD. Al of these 1irrjtati ons are
ferieomeeiehy imetalbatehan aaed epeorisionetra bREP. ALl of

tﬁ@%@miimitations 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
within a pressurized riser, a damping system is provided. A
beneficial damping system in an incompressible fluid system
includes the introduction of a compressible fluid in direct
contact with the incompressible fluid. This could be a gas,

e.g., Nitrogen.

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

substantially internal or external to the riser.

The present specification provides a more flexible

riser system, in part by utilizing a capability to interface
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In order to reduce, or even optinmally renove pressure
spi kes (negative or positive froma desired baseline)

WO e@s05820 Wi t hin a pressurized riser, a danpi nBCHYS1068T083974

is provided. A beneficial danping systemin an

i nconpressible fluid systemgncludes the introduction
of a conpressible fluid in direct contact with the

i nconpressible fluid. This could be a gas, e.g.,

atN 150960, 1 2&%\@&9@@3{@%@@%%@@6& eyj S&r- f é's§nd

in ariser 1ncludes a |atching nechanlt sm and
ccammemisi@ydr@mﬂ | Brociieg t ddast des welsat tduee am&amsmhled to
eVI e and ﬁ e§sure é%qggsbtf beuga € se ca# also have
rlser att no %oses are °Tnterhar to %e riser
wddne é]aé@xhe@gtdsrepfmmefn sr@alb@g 3@uﬁfﬁ&sé@nbh@ﬂ1 | yhe annular
|n ernal or, external to]a{%g The resent
re

VSR i bR hviRRsa I%%%‘P%u ?]F sirakydestgn is

cwtmrrha@y £61 | 1 25081 Pa €2DRDIAtd VatPati@if@cer VE2r type,
2008/ 058209 PCT/ US2007/ 083974 - 13 an internal

itariray dpe seess Hele ceo V\ﬂ-]@%e]@ﬁyUF i ¥bfhoybeaypdditional
aGQPOEEL | r s, t hat
pr e-insta e%p?%ﬁ?iéi %e@g%ﬁéfa?t sJe%I P eg\;Jf]?:lee bte? léemove
theeent Thesenmabanl sea hadevieearo speevide tioheriukktbore

r3G8] Lo sUTEASES. Phen Lhe. apnular o seal o fevi ge i oy not
an annul ar sea esiqgn 1I's ~custom made

séfaastyméat | st eéove i td Op@s:p’ai\trebyll molas@ramypport$ tthay are

be possible to insert it out. an addjtio
ORGP P%Wél‘g?u%%?‘étb%’?n that®ited l‘b%s%%f%c% when

thENdYRuldPes&at | dév aPOUl arnsealnsheyite&d o provide the
full bore 10 requirenent typical of that riser system

and tRséRe | agpestf e VA VESF SySeMR 19 Widé’&'x&’hlch
isolate any ports that are ‘open and provid

ippbedes fé)nVEF e tihedsle| Vinkch upe beesivdkn P@ﬁel’e%n@ﬂl@r
po&Pen U8 VE £ & Se NG %ﬁ%ﬁéﬂl £18 §s§z§‘<§’§c xt&nd dr?(?e

system is provided I ncl a valve no
lQWthH@Eﬁ@blYVEhyO@@hn&tBi@mﬂ strlng, and wherein a first
anchoring device releasably secures the valve module in the

flow passage.

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
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
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
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prevents fluid flow through a fl ow passage extendi ng
longitudinally through a riser string, and wherein a
wo peossanchori ng devi ce rel easably secures t hePORUS®07/083974
nodule in the flow passage. 20 I n another aspect, a
met hod of pressure testing-ajfiser string is provided
whi ch includes the steps of: installing a valve
nodul e into an internal | ongitudinal fIOM/passage
: ' r t ri r g
HEETERY Ay R AR ] i IS uah The T o
pm@ge tmmnm@@pmeyahgn@d@l@sbwm dmpélea’en‘te ato prevent
S the closed valy dule eb ressure.
?Iﬁb at easeha por??gga%f ??Fee?lé%rgstgyng TR string
axydata anablibsr aspethg postt hotledf i€ otlsé r ETdw NG Ssddgser
systemincludes the steps of: installing a valve
NModUA edi 1] Bi n@Onétiovd Pas s@bso ept entiied wiongh t Ltk Nadiey the
through a riser strlgg t he val ve nodu| e bej

SopR? a‘?fvec‘?%n%%’%‘&‘ifl | It HeR %?I%dﬁ’%v%ﬁ‘ﬁe]?‘?%]rjdy to a

risow $6F h $hechd o passepsct adl MROP8/ PS8R unicable
PCT/ US20077 083974 - 14 installing at |east one

W ar igeer nabdil @v | pas$Ro¢ | %k epdbragkong Heudhmal by
tﬁﬁ WO erP&é]F%QPfﬁ@I'Vrgséé’lﬂ %eé‘ﬁ amhid g FL oM module

gh an ‘annu spate between the riser string and
11a théyuf bow spa$$1@g€posthe oamdulmrtdn@al Imdtphssla@mg 5 A
illin neth al so $rOVI i ncl udes t

p%?Jetho% ¢ Jc%n(r)m%%tuln " AT TT €T |%tw%%rha%ﬁ°1?°se ‘%%r%% Iy

cédtnéctioserobtthagriser tdatinde ¢opesying sonabilatr Sstring
conmuni caple w th an internal fIOM/$assa e extendlggn the

iptgihedt HaY IBASE89QUgTER Ny | 3R r 2R 7 SPRSE JPFT

t@%hfﬁ%ﬂ%é%l§§aénﬂﬁgwéerﬂébtrbEf@hé'@MiPﬁ@ﬁ@@ethéh@nnular
annul ar seal "nodul e being positioned in the flow

sk seeu bet ke bbpostie *é%ul%nw@m@n%o ofthereby jketate a
dei{i Ngit cop %yéfgkéﬁté%H”5% éﬁé' uigg ﬁnéloﬁﬁe annular

passage; seallng an annul ar space Dbet vveen
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
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
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
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
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tubular string and the riser string utilizing the
annul ar 15 seal nodule; rotating the tubular string to

WO b@soeiszoyotate a drill bit at a distal end oPCT/H82007/083974
tubul ar string, the annular seal nodul e sealing the
annul ar space during the rotating step; flow ng
drilling fluid fromthe annul ar space to a surface
| ocation; and injecting a fluid conposition having a

@ﬁ ﬁ&nsﬁﬂ dEss1dPaded b o&ﬁléh§e§1iﬂ%'£ﬁbféﬁ%@léﬁt ace

annul ar space via the 1 njection tonduit he
dmwlm¢|h@enewh@dlm@ @t©wxdéUOWMm@hdrnblUM@sflmmd Strepsthe

connecting a_ dri lui d. return I|ne ex rna
oL ST RERE o oy Bkt a08, Lodh Pl VIR Moe Ca Bt B s

rétumeni Bin@p t@@nﬂh@ﬁﬁm¢esumpruﬁwumdﬁﬁgnaariim®/@ass@@e

extendi ng | on |naII through the rlse strin
r‘F%E]fJaWJr‘%@] %‘hg Ut aFURed e%"he]f‘h% Yo%ngec’ced to

tPASEAGEr {0 RGN A hSeahy MBPOM £1Deh NFeHDBEA | @BREND T
the fl ow passage between opposite end connections of

P¥®ESWFSer string; conveying a tubular 30 string into
the flow passage; sealing an annul ar space between

t he ¥%ﬂbu¢%\¢tl§¢¥ i d\@lhhwg Heethedrireludes uthe i shers ohe

ﬁ%@ c?ea?'ffPQH d&n?ﬁﬁf’% téé‘&l%ﬁ&d&i‘é’“iﬁf 1;111@%:111591 flow

ereby rotate It at a distal of the

pdw@w@are%tbﬂ@ﬁ@gOB@Q@Qt@&ﬂmaEQ@Oﬂhf@m®54a ridér string, the
trin e_ann e nodul e seal t he anpul ar

£ EEEE om0k od Sfe BRI oS RAT i afnd PR passage

béw&aélnfdspméhee @tdl Uk @i n SPaten cof ’Shldéfﬁi:§ei' osiat 1 104;

via the drilling fluid return line, the flown step
SeHEF R MY %%?‘H%@ SPIFOVPSEYRLR rFRe | B ¢hr DL

L OBPELA SDPkey ext etnal + Yok OPRESE S8 (i 11Neng i 686 B1F4NY

to thereby nmintain a desired downhole pressure. Yet
a%m@&%%rs%ﬁllmQ%ﬁlﬁeth@@ ser] L@ ss e %@b@% pgrformed while

S t r grafeft] rn
O T S B PO o il 1Y) Py ahd ehen
congeyisg ra ngecein@ annular seal module 1nto the flow passage

on the tubular string.

A further aspect is a method which includes the steps
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
simultaneously retrieving the multiple modules from the flow

passage on the tubular string.

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

injecting a fluid composition having a density less than
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first annul ar seal nodul e being secured in the flow
passage between opposite end connections of the riser

W@ 20081058209 seal i ng an annul ar space between t heP€T/E82007/083974
string and a tubular string in the flow passage
utilizing the first 15 annul g seal nodul e, the
sealing step being perfornmed while the tubular string
rotates within the fl ow passage; and then conveying a

0 e; e s
T B E B B e e R R e
lime| wiesan hin deepson 2@omduitnstal ling nultiple nodul es
in an internal flow passage extending |ongitudinally
t hr otgh anotlser dtilhigng thethodul Bsludes nghe nstephs eolf :

.in the. fl bet it d '
ifes hEing Eh PERIREE: Fedbrtediia i ef aedag HSS
pd £ &g he 2be hdi €4 | Dén§i t @@Lha DIy t tier sRgh!| £5iieed $€€ing, the

25 sinultaneously retrieving the multiple nodules from
appalay o%\?a]pefg%%ﬁge FPHRe TePured 1% rw%.fm%twsage

b&Edddh NGop®s NOd RE! deeSed hEoSt e Ohe SESbF NGrAfy; then
annul ar space between a tubular string and a riser
cenyewgnd f 3ok e crnpylay el dnedwhe t etankhe af lepapassage;

Al 8o30i 34T IRCEOERE | Gl BBeELh 1100 LLULE LELUES ana
ine; and” Thnjecting a tlurd conposifion having a
tulenbat ystebsg t hant MO PDOB/ 9582409 RGTI 1UB2005 / €is39ndltiple

a16 1tPa§ OL $h$ Prilling fluid into the drilling fluid
PAUh ST ne™0Ta &h i njection conduit. Yet another

dril]i t hod. j ncl udes, t he. st f: installi
ann A% eheE| SO s RS Ehod it FBRe | the P hedf? ™"
igxt &N Mg donghiwrhNasdyl théQUDE BnrdSeinéfhaD, f1be

annul ar seal nodul e bei ng, secured in the fl ow passage
P%%W\%%ne’é*b%%‘%w% ROl } bnstiyroggla ?i%JéFe%tW]ﬁJgr;lgr the

atf¢llar COBYEVhEGu BE OB EER g ALt AEd SER! OO &y | PA s 4
fl ow passage; and sealing an annul ar space between

betiecen seppes Fiagerpdec@nnections 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
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
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.

BRIEF DESCRIPTION OF THE DRAWINGS
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10 tubular string in the flow passage utilizing the

mul tiple annular seal nodules. Another drilling
woreakosB20ncl udes the steps of: installing an BEOTUBZN07/083974

seal nodule in an internal flow passage extending

longitudinally through a risey string, the 15 annul ar

seal nodul e being secured in the flow passage between

opposite end connections of the riser string; then

CO”Vﬁ’d;PQJr Of\s 354 U@Pé@éTﬁéﬁ'x?ﬂev@tof e2Shr PO $£R! £104€ing

the annul ar seal nodule; and then seaflng an annul ar
dspbting bt sezhl atheon | with sa r¢omvemdi omhel t obskarsysremy

in the flow 20 passage utilizing the seal, the sealing

st epFbei N3 perdorekevawhoh eviedrof labption dhe fLldbatang

stying is rotated. These and other.features
dléh@ah‘?%g%%?t%@%‘ﬁ?% ERdPEBT 2t SR 1 1ObRE ok bppirdntlosed
ahd® &neoOdt Diigli datiyrsKidévide t@in@diinsipphssargfebsure and

consj deration of the detail ed description 25 of,
d1Epres RiGt F LR bbb AR nteSe? R i VBT iBht, with the
rDEE L1 POL §VE i SEEh A &\er 8§ COFRRNY | Py OF BYSAYS, i n which

simlar elements are indicated in the various figures

usi ngrédle SANE LRbeLenEhat TMNDEESat BOh BRIGRs of typical
DESCRI PTI ON OF THE DRAW NGS WD 2008/ 058209

CEDRSPONT) 08B9FY systgms ged 1f¢x Bhoat bvatdohl 1irey

iﬁgtgﬁfgifgn rt floating drilling installation with a
conventional’riser systemp FIG 2 is an elevation

vi e ryor_a LN P4l jnstallation in

whi \(I:\%Pé' Z?f)pijgo?n é}?ésljngg% e‘%llc %%ieé&rqg%i%dg%a ?o a (le}f]gsyStem

acd e ohod esmiced yinagt g tisc tpbes  pFf esiselrgreseint di veshsion as
. mud flow through hoses into a_nud pig,.mﬁth the riser

IR TR &R an‘?e‘g‘?e ¢ r VTPt Y H%r;°#H GS. 3a-e are
schenmati c_el evati on vi ews of tégical conventi ona

ri SeEI%yS?%n%Su%e%CIF%‘Pa?+%a?]r?’l PRI YHyY 19f an alternate
coRBi@ht & 1O0Sof 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;

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;

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

method embodying principles of the present invention;
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FIG 3f is a schematic elevation view of a riser
system and net hod enbodyi ng principles of the present

WO poosfoss2om as i ncorporated into the system of PEI/GS2087983974
FIG 3g is a schematic elevation view of an alternate
15 configuration of a riser system and net hod
enbodying principles of the present invention as
incorporated into a DORS (deep ocean riser systen);

FI Gl sgan; e} eé’@ﬂérﬁé‘ti’é ec‘!‘f&és@s@é%f&éﬁi ty1LF€Ef another

system simlar to the system of Fl utilizing a
aktefaaee B i@@Ordt on 5of sa ani st evay $loem vardy ndtlnod

bR 8L L RELLPYS  SF PRV 00 & £ 0t AL 0. £t T O
avite atRache 0 a top of PR S Sbsed dtack: FIG
6a i schematic view of fluid flow in rior _art
concelt” of EomeRTIGIRT arfITPRgrogsioiad Bheyof, another
aBedenat é Ccon £ig@faticONSLPsd Ofs€t ospstemyshi@melthdd i ng
enbodyi ng principles of the present, invention; FIG 7
epRody FRY t et N t8 o st it $2CRF ARYERM Mew  of
another alternate configuration of a riser system and

30 ﬁ%%%odl%n%%d@i?@P?W?F&ﬁFﬁ%%S%ﬁs??Eg?ﬁ%%éﬁ%eW of a riser
iﬂ%@@%&&%yé’&r@%@ﬁ&@&? BEThSE2APTE P89/ 4r i sed 8system and

IS a schematic cross-sectional view of another
methed nemleodyiiy gor bn¢ bples  @f rikerpsyserim amde et dod
enbodyi ng principles of the present invention; FIG 9
is aFE@hehhtis zrpsecssstinhalnyicymeitanbomediagram (P&ID)

of by He Tt cki B dind DAESSHE B LS g of

FiIG. alGchematic cross-sectional view of a riser
i njection system which may be used with any riser
Ssysteng ani2 i@t dosklestetid ngress rsePt Bsnol ¢ hew pp£semdther

i nvention; 10.FIG 11 is_a process and instrunpentation
a%ﬁ%ﬁﬁ%ﬁﬁ(qgﬁ%jguratlon of the riser system and method

embodying principles of the present invention, showing

installation of a valve module in the riser system;

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

after installation;

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

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;
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of the riser systemincluding the riser injection
systemof FIG 10; FIG 12 is a schematic

were@ssseect i onal view of another alternate  PCT/US2007/083974
configuration of the riser systemand nethod 15
enbodyi ng principles of the pgesent invention, show ng
installation of a valve nodule in the riser system
FIG 13 is a schematic cross-sectional view of the

ris Iéys);ﬁnlén&* ga]&g%m&ltfé gf&slgecéﬂ%fgvmg YAl Yo

nodu ter inst ation; 20 FIG 14 is a emati c
r b5 @ ss peen omad MeEpdfof HBIG § | 52 slyew bng aplte nenober seal

sh ng, i nst aII on. of an annul ar seal
m%%du(? ﬁ%e ?ﬁ\’,\ﬁser sstfem H "is a schematic
cro'séﬁ{?e onal oftthe rlser s ste and rre? dIP
%%oﬁﬁ% TR RNt ATS SRS T - %&ﬁ% Q¥+ &he
rigst ad;jr@tmnan&lxﬁiatﬂcﬁdlcsf aFrBGhennf i €ShewDsG- bestadD@tion of

view of the. riser g/stem and nethod of FIG 12,

2 Shbdfhgt$HstRY | BPFOHE o HhRt FEFChnmF ¥ M 5eal nodul e
in the riser system WO 2008/ 058209 PCT/ US2007/083974
- 1FIE G 9 1757] SCRAMHHE | erRFRsIeckterdhal 18Y e9f ofhe

rider £y§€%m5¥§éeﬂ%@ﬁgdn@fh@ﬂSOflflC%hé@ﬁn h&“&@ﬂfi&ﬁ%atlon

annul ar seal modul e of FIG 16 after installati on;
of|ide 1B $er ssyetrnaduring o3 st beer | predsyiewvrestime 5
stem and nethod of FIG 12, show ng
p#ﬁé% lI“[Séé(l‘clon of a riser testing nodule in the riser

the Flo st it i eeihon SR RO L Pl o B
rnmth:gyu;’eémomdoﬁetﬂmdmﬁeﬂ(sysl?sm shiow ingg aconseyance of an

ressure testi rocedure; FIG 20 is asc%g ic .
2R GTRY (et T ohaf1s orb e e 5 et S LS oA Vel hheString;
of FIG 12, showi n conveé/ance of an .
FIG. 21 1is a schematié¢ cross-sectional view of the
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;

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

manifold configuration;

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

25 of FIG. 24;
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annul ar seal nodule into the riser systemon a drill
string; FIG 21 is a schematic cross-sectional view
wo@Roosl08820% ri ser system and nethod of FIG 12, PEIOSRINT083974
retrieval of an annular seal nodule fromthe riser
systemon a drill string; _H&-22 is a schematic
cross-sectional view of the riser system and nethod of
FIG 12, showing a configuration of the riser system

duripgoglri pgAr £B§Y§E¢&m 'igoéf%6%tfgh'@i@WéCgfnﬁQ%fous
cross-sectional view of the riser systemand metho
resiflahs 1¢f shewemys cof i ke flsegesysoemeand onetheagkent FIG.
long line 23-23 of FIG 18; FIG 24 is a schematic
el evation view of the riser systemand nethod of FIG
12, ]isg‘gvvl %u{g an external, val ve. 25 {ranifol d . £ th
configtratf{ oh® ¥ GSIBCETG CLRLMRAL i 2 THoks- WRetiohapt the
risew ofstde arkimetiodd vet vEIeanif pl shewihhd gan adt Odngement
taken along. line 25- 25 of FIG 24; WD 2008/ 058209
ObIFUHY 7} HRRY7 VL vey) and @RECURALEEQF LX bRt i ko the

rgsevation views of various positions of elements of
the riser systemand nmethod of FIG 12; FIG 27 is an

| sonefEl Coyi LV OF s@ndhS€Ic SEFL QN Ot 1 H8a1 Sv1dR€Ef an
system and nethod of FIG 12, show ng an arrangenent

abfeympieouasnhyhas  seal vieedalhel fer uwst atortikxtetser sypstem

aﬁgemeiglj%ggré)f F#.ﬁ; 28,1s a schenmatic cross-sectional
view of an ~alternate annul ar seal nodule for use in

t he Ii:é.er2§yf'§ egl s&lgelﬁggigeépggspé gil:lGOn%ﬁ;\éféV@ogg iI§ethod
a schemat{C cross-secti onal “View ofc & netho V\,here%y
whet ¢bp| reu binipl @r aseal a roskh Bsmodyl e mangtlad | Eelstal 1édiein
ri ser system and t hod o (lg%G 12;1€IG 30 is a
=S

CREHEhRRT SHATET 1Y BT 0 t§ Enal 19i ew

FIG. 30 is a schematic partially cross-sectional view
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;

FIG. 32 is a schematic elevational view of another

alternate configuration of the riser system
DETAILED DESCRIPTION

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

invention. The embodiments are described merely as examples
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15 of a method whereby multiple nodul es may be
retrieved in the riser systemand nethod of FIG 12;
WO-R@8/038209 s a schematic partially cross-secti oPel/Us10em083974
of a nethod whereby various equi pnmrent nmay be installed
using the riser systemand pethod of FIG 12; 20 FIG
32 is a schematic el evational view of another
alternate configuration of the riser system DETAI LED
ZPEEgEQ Tl LSt i
oe odlﬁlen%%?c%h%ﬁ%r(gfsgﬁ?gi v%ﬁ%?%ﬁeédgg%r%%%dyﬁéérlgﬁon'
wivkyh bes it i kodited vardmysspedehiatdersilsuech blese
elwgéirggrgtsi nverted, horizontal, vertical, etc., and
I'h-various® configurations, wthout departing fromthe
pringipl.es pof.1he.present 30 invention. The .
ol nERR of G LGS T eeE HRTETY G6 ehamfBkesRRtative
e8] RSBLH o PCIR&IS2OOTH OB39/4dire@diond]l usefmb, such as
Lapplicatjons of the principles of the invention,
R i s PRtOYT i 1RPeD anyl QPR fittdet a2¥S WFed nkRe
cERPORH OREE Sin | Fefber {0 | O Ol dESESMPARPINGTdFdRings. 1In
representative 5 enbodi nents of the invention,
generzt i ofriPoYet ns’ URRRR" as” upwded e and peimlar "tees 'refer
iy ; -1 S C ent e j I ng
£Q P rfLrectiin LS oAl nrber (MR M Ind FLELEE Mand
“Behpet ; ,“ Lopeat d"* dodngand ! aand es irsi T &f etern® wefer to a
ddi rection tovva%d a u&ger nd.of a marine.riser, and
IHEHEP W O By OV orther B2 AR £ TR er s
refey to a .direction toward a | ower end. of mar L n
sl TS HeR T noRndaby The tHESTRYRT T R | SRt heg L Tows
1f0d | oaBts dir&kempekds eicongikee £ osigboltiddeion and
specification and drawings with the sane reference

drRifER S sWitRshee t $me yrefgieense AR R §i gtpeReGF eVebY - The
dPEFESS 1 dird® 58l fot GREtSiDari Rt U escffe !t Neertain

I nvention may be shown exaggerated in scale _
features of the invention may be shown exaggerated in scale
or in somewhat schematic form and some details of
conventional elements may not be shown in the interest of

clarity and conciseness.

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
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.

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
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or in sonmewhat schematic formand sone details of
conventional elenents nmay not be shown in the interest
wo@Roosobsnd ty and conci seness. 20 The present | POUEOB1007083974
is susceptible to enbodi nents of different fornms.
Specific enbodi nents are desggibed in detail and are
shown in the drawi ngs, with the understandi ng that
the present disclosure is to be considered an
_ b L o h e L vent |
R e e e P T T o e o T e ey nd
may | abso aimcl wdel imdscedbetntbera¢inion tbésween behé ublgments
[eco q%ée that the different te chiqgs of th
[

SERot Hent 501 SRUSREY BRI ey~ b erBT Bykaned above, as

weEpadatetlyeor féat @rys Sahd adth &r sotdr hat 1 ©f descpilosdicen more
desired results,. 30 An se of any formof_ the ter .

de%%hfqe‘%%iwr e‘ﬁb]a]ge]?e_rg‘?:%h]p}' eéppa%%%cw BPO%\%ysla}ﬂﬁ?d in

thErMdegsdh kdgd By L1 ef L1 bPInPeddesN] &l ed@stBipSion of
not nmeant to limt the WO 2008/ 058209

tieesdgreneso7and -byorefereingt tonthe areppanying
df@%fﬁ%&?ion between the el enents and may al so include
Indirect interaction between the elenments descri bed.

The yarip 8P@r@&£&%£§%i C§i£@f‘?éf§‘€&n ag@t‘lﬁs Eafoo wel |
as other features and characteristics described in
disckosedetrimidh bies ovarwidilaely eeell 1 ysappad efivr t dr 1 hbemg

skilled in the t upon reading the follow n
IR TEE HRSEHT ph IO ofE e Snbai Nents, Tk ate
tllel Birs$ NOTH® *hecACEPEpanyl 0Q uskawh ngsivéns ol f shese
uni versal . riser system (OURS) 100 is 10 di scl osed

SGRTEPR | €L AR (TR BF | PR hRF FORMRE A 870K r3 | FORPE a riser

ﬁ@?ﬁt@éléﬁ the §109r58fint hen Ofgeanbsish NGi s OF at &m. Th
Stubu ars. The riserpg %te%wloo uses a unibersa1@$%ser ©

r52e¥ | 2ys Wi ch0 freingbudes era overbtkeracte takepanfipner
ris.igélte;%ﬁ%%neipeﬂﬁ%é#@) ShiPn] Q1 Went NeSr SYDSER F1SEF, a
nipple to receive pressure test adapters, an inlet/outlet
tied into the riser choke line, kill line or booster line(s)
as required, one or more integral Blow Out Preventers as
safety devices, outlet(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
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
accepting instrumentation for measuring pressure,
temperature and any other inputs or outputs, e.g., riser
level indicators; a line(s) taking pressurized mud to the

next riser section above or slip joint; Emergency Shut Down
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15 riser system 100 includes: a seal bore to take an
inner riser string (if present) with a vent for outer
WO 2@8/058209 ni pple to receive pressure test adaptBUS200A083974
inlet/outlet tied into the riser choke Iine, Kkill
line or booster line(s) as gegquired, one or nore
integral Blow Qut Preventers as 20 safety devi ces,
outlet(s) for pressurized mud return with a valve(s),
pn su [
R T e T S G W S MR
lanaatablwgORCEKmtubstgas ard provisdbs; fam ¢bekinge bundle

sald RE£¥ % a seal bore dapter to_allow all
E@F t%?%éb % t?and erredfl roﬂ%?%ierﬁ%?l¥ements A
cmm@%ym WA ¥ €a V& Sise Exé@rt@diliyn t]h\@ rhltdeEeE’S@i:n line
riser section includes all the usu i se

LR t TPt P Bt R e RO T e i 3R ?%Fom%tw%]e]ry
cSREEbPled Adthd | PNGdT Ysdeerh | 560 mapt £13d O¥avdCh UskeSond

provi sion for nounting an accunul ator(s), prOV|S|on
redindaniceepifhgl imat Hiineedai rem: 139 PRES P T n@he system
166 € g ragur 98@? i Pyt 1
g%f;@%é %eéfggglgir f?eve in d§%§§%FS @M ?%%ng a ~ower
riskr nge et e wrdurtedud thy ah@ompmﬂmte|h@sese@IiQ¢her

oGP tst B b (ST ThEEP e T iR ey B incinded with

amenml@tOD@f@lewVﬁhyéiﬁionaoﬂyﬁr@uff@r@mﬂdd@nsitﬁefluld
.taki utiljties and controls; ctric_bundl
1ptqet %r“r%%]f r et %t PO brPStHee! ¢ %t?‘?‘%%?a BOP and the

&S UG MEN@Nt BseA TRPKI 01 SYStEme NBY &t sLoeintiseth&€driser
in the nud return line 5 that is capable of bei ng

O? e‘%‘f@%%rﬁw RRBFARSF cbT1§5S copeBPS bd. OhBlyiderof various
ne ?%éth&@nyifoafﬁ¥ﬁ ﬁy§f5§¥5Elée@&Pﬁ@@ioﬁétHénbe

required part e system 100, when
apekieddto aphé rw@bl; orhelystsed 200 ¢orjuribhiorn vowWera surface
[ ' ed with a conposite hose (or other
Oﬁog eI%@é%%ggy “for delivery of fluids may be
| nclpded v Ly ?%9 b oLy ' 00 ARSI BLEL Qe 160 to be run

in conjunction with conventional annular pressure control
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, 3c, 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
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
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
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into the riser at any point between the subsea BOP and
the top of the riser. This allows the injection into

wo b@siosezer of N trogen or Aphrons (gl ass spheP@RS2007/083974
fluids of various 15 densities that will allow
hydrostatic variations to beygapplied to the well,
when used in conjunction with a surface or sub
surface choke. There is flexibility in the riser

Nf%?é?é% 100 {R0e BRI LMD od N &P ANCL ] PR R %?Pé‘vfmé ORGL the
annuf ar pressure control 20 equi pnent, nmultiple RCDs,
clxolagtrean 1 pu Laeion t o 1803t 8o hi gihe pretsisom ehol g epraystees

or . ot he i gh pressure riser, systens_ b i .
r G ii ot BEE ReB TRt e B & Ty 0 g carriea
oltisd e atows £ 1det shanded 1l Pdg | hedt 41 Beticys| etha@nyaving a
ot her size riser. systemcan al so. be adapted for
SRS G cha%e?{%%rm%e y5t e‘ﬁ?]’i%o&aﬁﬁ%‘i‘l’? n‘fgc‘f‘i’%’ﬁ"l the
BEY Siv BEh 208k (&SI Sh@sli pWT 4 OE6n . Deh ox) £1 ¥dH Thg C@Ri PBing
pl aced at any depth in the riser depending on

inger] ahibon AN $ergQ RNt dprehseinsh tthe Repthas a more
{F £ 05 ORD {NENgged, PLeSSIE endXbhhd ' P€as it i
dac%ﬁpgseed %(_f/ t he rlF@sler g'g) systlgém 1%%6éy%%]%ém %:%%%ethaes th s
noptposisithlentofcoipensere ivith the chake dpsosmt Heith the
RCD. This w be for the putrpose .of _snpothjng ,out
e el Lo pyenfeo Qb BT ROTR ¢ oS TRg Ll g
mamsd Bl ¥ adndrodueutamd hiscalbhiwitmgiphecfrah bdeh hrface
2008/ 058209 PCTéUS 007/083974. - 24 Nitrogen in the
and QF BREGRm | hale Jatg, 3T EE49Me for the choke

mani pul atjon to control the bottom hol e?/gressure

regi TS T15%asSHkem dbhdrat e N bt hak§d M @ pdrilling

tRAM M &dst O SR PO IhOSd 1 09 Ghé | FoREat 1Sh Al {REFORSA kick
that having a 5 single phase fluid makes it nore
deffectron tand eonerel, tared B abPihlithetenoReate pipe under

ppggé@yé 3&159{‘11% Plfé%%gg%é%{épg install ation any

surge and swab throug as a nore direct

effefh; ON 108 BEFS Wk M § e IPHORNASL £e SYSIRM 2F1 44158 as

there is no change in normal practice when running the riser
system and all functions remain for subsea BOP control,

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.

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

conditions.
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not possible to conpensate with the choke system Wth
the 10 riser system 100, the choke(s) can be

waeomsHoss2bed both manual |y and/ or automati cal | pCTMUIB1907/083974
i nput fromboth surface and or bottom hol e data
acqui sition. The riser sysitep 100 allows Nitrified
fluid drilling that is still overbal anced to the
formation, inproved kick 15 detection and control,

and £ épécd‘li{é/ dPsEPEALE P&Pedﬁfﬁfin?npczﬁl%%&%feﬁuﬂ NShe

wel | contr events. This riser syste ows a
fhaderof nshal daeamwnuasng t hetat dslectehabhaes i Mhos nednsists

ractice when runni the,rjiser , system and
of B8 | EESN R HOR D00 S 28ce SI3 ERADE M0, zne o
compehett s fdam doei tised at bt hendomel hdependeontly The
ri ser system 100 i ncludes seal bore protector sleeves
and The N MfedODbR S3y ESerh E2I00 I Bl 1 €deH| & NG €ONVEESE DB that
.froma _ standard riser section o full riser system 100

13R3%00 QR T8 FIRET | SXF LY P9 0852 soT MAS | Aicfudel ™ @ 21
ihde SEI hd ORi Sbr Sy HESm 0Dt LREL BXhS¥é NBoshéPrdP Mo suit the
whi ch can be done;” (1) permanently wi th additional _
Parhecubae ¢ooRerietRls)fon thap syvien, Bwdthermere 1t will
h%&é’easﬁoéh% e??ﬁé‘ﬂ ifﬁé’é‘gé‘tgé{&‘ﬁ@a"éé}f{ %ﬁé@céfégﬁ% uired
oses; or (2) tenporarily by strapping hoses an D
foounal ess¢n sdetsdbn pogbomtthe abtepjabhe $Hr In a normal 21

. envi ronnent al con}gi tions Vp 2008/ 0}513 209

LR U200 77 DR 4TS 220U KRN SRR cH B PRY one Kill

1itié | s ng mepwah ednd notiers f1tlos Iebosher ortme ansd Ner
rotatapl e tubulars. This consists _of the riser system

hﬁ%ﬁ?%&&Fi%&%ﬁ%id%ogy%@%mh?ﬁotyﬁ%é°¥mﬁ;s%5nppﬁeﬁt5 ah’ 5/8
cdein§esh s Oget hesr Or i ¢ NRSPERNdeR ] ¥a1 by Thevd MECA 498 lines

system 200 includes a riser section that is based on
atrchedefothey chhdri et cppr Tigslarly. reqwired 1for righe

rf%éfnbey&égrl&yﬂem it will have connectors to suit
the

The riser system 100 acts as a passive riser section
during normal drilling operations. When pressurized
operations are required, components are inserted into it as
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
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
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
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particul ar connections for that system Furthernore it
will have all the usual lines attached to it that are
wo e@aiosea 10 for a riser section bel ow the sliPpCJ/oB2007/083974
SJ. Inanormal 21 inch riser systemthis would be
one choke line and one kill 2§ine as a m ni nrum and
others |ike booster line and/or hydraulic |ines. For
anot her type of riser , e.g., a 13 5/8 casing based
. it o o .
uga%(tsagdé#éﬂa %%\?h%egs%%a%fﬁ‘%%eb@%}t%% ar yaétgﬁ%%glf%?pends
on hiehe rpaetricybiemdddfaciimeers seeqeimnent 10faacis adapted
£ PASTLYC T SEL SESLL oD, S AUpT ngg nor mal drilling
operartions. Wien preé%urized operations are required,
conmpponen are insert Lnto it, as_20 required .
ot THFEFtfTnt (Erar Ty nfor Seef TRIRE 190 inctudes
a UsEsef Ofedt 56M 3Y SO 1064 neyniec tars!f ATt ai@da f roFBBable
thicker_wall thickness, of_tube, Referring to FIG . 9, .
L kol dmsSROERt B | e¥P S P F EE 1o gdur %Ig%t’?lb% F¥ilLhing
p £EBOS MBflk i Hf t @il SLT35Y 5 e dP. fdhei Phusf A¥ 1@n | $nd does
split along the center Iine CL with the left hand
nek deo¥m Ryrshohi Hee t yhsenl SYarem gl @t i Dre ofedhier nd) may
: ent ' [ n e Ll h
HEPHRAET GOt TR g | domdin e & rotrat it e parte
sectior Iddeay imclide damvadapten!|dy fHer oznglohpoyesn sinner

are shown. with detai O Like seals, recesses .
TR RGt HRR hER ?t%%%*ﬂ%%ggon S HLeeh FYTURT 2%y This
ighese ¢ied aplispese dhersiantkaqr€hé ypeefalhdorodstiypi €ating of

wel | bore installatjions and conponents_. that can, be WO

the) 051 928 2905 BRI RS9 A 9RB9 7HOL -eXyPIR e wf | KL RFR marine
riééﬁrs§§§éﬁnhépoha6@eérr@%ﬁﬁé_@?t?@¢0d@@fhﬁ@rkgg?;%ﬁessure.

particul ar manufacturers' equipnment that is ad _
Ingkalbing nathed (8 skrchyaasingooises 36 |wst} aaklownthe riser

iﬁ%é%néﬁl%hgorﬁ efa@@été%néigk& iéﬁ@? E%égﬁfé atin
section 30 mnt% end connectorsngl and B rotatagfe 9

dependent on the casing used. The riser system 100 section
will typically have a higher pressure rating to allow for

this option.

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

trouble shooting.

The section 30 may also include adapters Cl, C2, and
C3, which allow insertion of BOP (Blow Out Preventer)
components and RCD (Rotating Control Devices). A typical
riser system 100 will have at least one RCD device installed
with a back-up system for safety. This could be a second
RCD, an annular BOP, a Ram BOP, or another device enabling
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
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tubul ar 32 shown in typical position during the
drilling process. This tubular 32 is shown for
WO bdoasss2ee i on and does not form part of the rPGRUS2007/083974
system 100. The section 30 may include a conbination
of conponents. For exanple, $he_10 section 30 may
i ncl ude an adapter A for enabling an inner riser
section to be attached to the riser system 100. This

' S i Si | r
béf‘n({; %ni{@rfﬁi}f £a2bt & 81 NBot NEx OHETE! | bRE BSSUT Entended

rattng o i ser” system bel ng used. For exanple, a
t@lbé ntimiainge Ctliserasyshemanty depichionatdhganfad@bar
i _workin ressure. 15 Installing a.9 5/8 inch .
o ool 48 EERHHFra renf Y 8 A Fuse TR 100 pert 00
alsd epod il devo hhgherapr&sisul £r rBoP ngs aepentesnt fon

.the casing used. The riser.s em 100 section wll
1RSRF Ty %%v%h%\w%i @%‘?m%*f%%%ﬁ% M ING YD eF PN FSF

exhbBn Pt i%ﬂut 200 TH&a BECRED Na S8 VRY1 Gth S&ndl NE3 UslGows a
adapters Bl and B2 for enabling pressure tests of the
typserl PR pi e’ s(mechart¢ably t $R2 LR onkht 5he nsing ) RCD

a@#»&g@iéﬁl%ﬂ aéﬁgf,?é)&)fé ation and trouble shooting.
The

1
section 30 may al so i1 nclude adapters d, C2, and

25 C?he“@%&@ﬁi%%@@éﬁnf@ét%é%%égYégﬁﬁ(5%@ gyttolenable full

Prevent er onents an ating Contro
uevoLeshe Pungpicmlitysef systdeviddswh) |Bhaamrdatl-C3.

| east. on device,installed .wth a back-up.system
THERE SHFRTYIC T L et o DTSR cebbie emraeabiiy oS re
amtil u@ RerwdOP, tine hmoéNedndeyh€er enbdbi NQi 80igsOSLUTSd) ,
.around the rotataple tupular 32. In the configuration
ik kit @0 gvhick £1E9YS FOHBYR LR LR 17¥Q (ke k3L
bé Dow hoe tHer DEy NGe Pl & Ofnd 81 Tégein B! eHudPO VWD which is

2008/ 058209 PCT/ US2007/083974 - 27 being universally

avdiaprbe efoOFoisexaPpi R, CIREJPREY | YRR dbENe t bf peuch a system
e ot o ELECRAF 050161 O o sl o,
outleés/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
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
redundant outlets. In the case of mud-cap drilling, outlet
44 would be used as an inlet tied into one pumping system
and outlet 45 would be used as a back-up inlet for a second

pumping system. A typical hook-up schematic is illustrated

in FIG. 11, which will be described later.

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
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al so possible to have an annular BOP as a device for 5

insertion. C2 shows schematically an active (requires
wW@z2a08/058209 i nput to seal) RCD adaptation and C3PGHUSE0Z083974

typi cal passive (nechanically sealing all the tine)

RCD adaptation with dual seags-. The riser system 100

has several outlets to enable full 10 use of the

functionality of the devices A B, and Cl1-C3. These

aé@&é#dQDOQﬂéeio@@%#%%ﬁha@éﬁg €MLY f@tifg§§oa§hﬁequlred

annul us between the 1 nner ‘and outer riser
witlst Bh¢eedses i h et ] @anrdmte 40r ethi kedt b ows top.
communi cation into the riser below the safety device
i nstéveceih T tlwtiMeﬁlrizMJchadspﬂéraanadlmwyebé or
use.fs §n ener gency, v q& Lne i sucP a% ystem 1s
SPeGuTted #or° Jp%?t?%u‘f ¢ REQVBTCT Rt FRer1AYRY eﬂﬁ%
spsitdel / 0l €he 4¥hah{ THE Wohkh8d bei ddp eém 340M60Uﬁée&dapter
(can also be used as an iplet for equallzatlon

t%ﬁﬁl%ﬁuhg Rifi BRIt c3h BRe uskiet ST ak0 & rBRitHd4pEld have
tipLva Py | £t4dd] horOULAELa 200 8dh WA ELs 2N DEr Y888 @8 s1eeve

an alternative outlet/|nlet and outlet 61 which can
Sheveiskd wsuahly hetinuplate ThePrerveuthe seal area. On

t}?é’“ﬂgu{ﬂéﬁ’ﬂ ﬁé‘r‘l’d”éfdé’f {0ESEnh LF eff' @Pdlguéﬂl&}yﬁ

depends' on”t he appl i cat or exanp I'n managed
ipseskled. Wnenl tng, imuet erssdld ﬁﬁmﬂ&@mult&lm $J]s<eze1|v¢ 035

[ Lo 25 re undan out et In the case of nud-cap
w1 bherBet Fe L8 BN 1FHE 1Ad PRCeBE Fafer H a6 in
th@t@d@p}@epuxmnmgtlsysm@Mawd il | ©&a ¥ Smedhid el e 3J$edI‘he

as a back-up inlet for, a second, pu stem

eX3pk c%‘Ft"’?‘lJoJoka% RFENEPR FLPEREF PR a‘f%‘% 3 PmPl:Jr?;f % the
i e W) DesERSTY i heskd ai@étaﬁﬂea' hetl‘i’@tﬁhﬂlérfﬁiséf‘e

devices are now given to allow a | er under st andi ng
PEPVides t§prealed wwerdwhal ﬂynbmath@g the epregsieen YOTkness

ogh@hé | S&Le sy % @Qcﬁfoﬁjeﬂ) Qnﬁﬁje tPl@éi‘ 0 s%%}ﬁeféway be
tenms as required, 1.e., the clearances allow
m@@@ﬂd@ﬁ@ﬁ@@ ﬁ&ﬂﬁtﬁiﬁhﬁ#O@ﬁ@gﬂure P8ting so that it could
enable the full or partial pressure capability of the inner
riser system. An outlet 33 is provided to allow monitoring

of the annulus between inner riser 36 and outer riser 30.

Devices Bl and B2 are pressure test adapters. Normally
in conventional operations the riser is never pressure
tested. All pressure tests take place in the subsea BOP
stack. For pressurized operations, a pressure test is
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
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
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access to the | owernost adapter to insert itens as
required, wth increases in clearance frombottomto
WO os/0BReve ce A is the inner riser adapter and PEl/URm®07/083974
speci fied according to the provider of the inner riser
5 system On the lhs (left_hagd_side) item34 is the
adapter that would be part of the riser system 100.
This woul d have typically a seal bore and a | atch
ess. ct I Yy be
T EeE  EPLE A R P PR AR e hputar 32
amdnelsi te)thdeadapreer r$3eas i Sl bhownatied | st ahe eldhs WhénFIG
n |se 36 is,r this.sleeve 35 woul d
91 oot CARL ST Tanst i Eh It PeR P IRLY 0 afOsRe pfessure
tédres aﬂﬂmﬁeaibaxﬁe vmm béaBow at Thie aazmnée@ésdsmrﬂsratmn: ms7.
The ct det and gperatlon depends. on
r

al%%]pb??‘% of OF H eVJr?ﬁ]el? i Wrichsie i’/tqu%% ?*ﬁs‘f%?l\é%ry top
of hené nﬁféef@%étérﬁ pooyi des. g seabedckONlitet 61. With B2,

el iminating the pressure weakness of the outer riser
thecthobe 301 SaheaRd oSSy stEntamol fdyChe beaepreeRite cested

o5 as er e
<4 ) S RESRRLE b ald IBeAIR | {150 RRRMLES cost.
qu:@eth@y@v@mlhnpmmue 3Bess mowldze@m@ wlthwlevice B2,

nltorln 20 of the annulu bet we i nner .riser
s SRik Sl Spreafing e AT AR AR RN ML LhEE 7L for xe-
pt@s$uﬁ@a@é@t3ngme@aimyegrntpO@ﬂemmeompétémmmf&eﬂns

riser is never pressure tested. Al pressure
m?%%?%n?%%% PrRE$n the subsea BOP stack. For
pressuri zed operatlons $ressure test is 25 required
a

of tARVIGRICHiLerassRteh ?%%C‘Fn*%l?aa*FI%@?o‘?]et%lo%‘?%ﬁ’éound

tht LGt Y1 EOFub N Sr PELSSEEL & Lshpl &deRE eﬂiotBZbéJ?ng limited
required which is the sane in principle as the

teearrapribar BRF etf ora pramsivR adaptedafrerp@sagpethrough
thé SESt g %ti‘?g‘%ﬂ@o fnéflll %%51\%‘ RESPESYi 38 { etei?ﬁ%fg depicted

purpose of accepting a ressure test adapt
iAhC3. pressdeeicest] acapt lbe Bl@stall@d\/sllpae;lsla@bly)flim C2 and
Cga |nun1cle rance regquired duri q? ressurlze
2t a Bt

Tt ore? Y ¥Ant e %lFae iPRta Al pggeem 100 as

deplcted in FIG. 9. Item 42 is a schematlc representatlon of
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 43Db.
For particular applications, e.g., underbalanced flow
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
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



bef ore pressurized operations are required. Wen a
pressure WD 2008/ 058209 PCT/ US2007/083974 - 29 test

WO 2008068209 ed, an adapter 39a is attached to a paibubzn7/083974
32 and set in the adapter 39 as illustrated in the
rhs of FIG 9. The adapter 39a_w Il [ock positively
to accept pressure tests from above and bel ow. The
same description is 5 applicable for device B2, which

1S e t I e 00,
the SBSLALLED o henuerys gy, X ghen psstasyat em
hydidaw]l serpsyst esoldbicannhd peebspreteestedsleeva 48 are

'testy pressure above subsequent nhed. pressur e
nobletly hEPHe SURVE, PHSREUER RETSTCLECRe biatiea =
sltkevh cen B2he 10h s Ubslespuetie pies Soif ethesdst iwd | Res uBd | s

use, deyice Bl for re- pressure testing.the jnptegrity .
r%‘iu%ﬁ%‘ysy%@%n%%ﬁ‘ e?ro*ﬁ%”h‘?’én%\%%%"%n‘we&%.P‘E)Lﬂ?%eo‘& yith a
réan®eh§tYosEVateadhad €ance £bOseshBs otisu14dRe32. Then the

rotatabl e tubular 32, for exanple but not being

agthye eRCD 130 t b5 ahngipdlled BOBgWn on gphaorhaidapt kydraulic
. t RCD
a%&éé?%’é%ﬁ?rggf% agslg g%fél@la@é %amclg@bi at £5n AP AR LENE

icted in The device O can be
hydsaal ledsupp by nahdly $hdeen Cotanthe BCRy $e¢hemat beabhy, two

integral part of the riser system 100 as. depict 0o
oyl SOLE P Es e el AR e ST iR 6155 A ppses
hydwah bf c BEOR1idl t boudnat §izdetltet adt sve Viibemewt 49 arsé

a shown on_t he s, the al elepent is.in a rel axed
n el TS H SR $hotrpenlY eehEch oy alet afpdt

1ibticsedhg af D) theche b aridd. a8 ShOMD OBndbet Misy be
with representation 43b. For particular applications,

PEegent uheet bahewe bdvh iy 2ELeWS | Teabrambielon of the

bV AT 06 2 PRI, aﬁ&%éﬁéiﬁ’&'“&ﬁdtﬁé‘t af@fc%iéfrt ﬂ:‘%‘d@f active
pressure, two devices of type may be Installed to

RGP pvinelee sodubdvwéarhydrauDeyi eendi2i ss eemtbear¢guired for

o?ﬁ%%&é@@%é@ng%b\égt gcgl ?fg%;s&tggp}_&ﬁiégtign pﬂé/&g I[gi(::“ching

functions.

Device C3 schematically depicts a passive RCD 58 with
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
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

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
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30 installation of an adapter 47 with the required
seal and Ilatch systens that are designed for the

w@asosiosszbar RCD being used in the riser systep€l/082007/083974

Both 46 and 47 have ports to allow the typical supply
of hydraulic fluids requireds3for WO 2008/ 058209

PCT/ US2007/ 083974 - 30 the operation of an active
RCD. A seal protector and hydraulic port isolation

n@nﬁuﬁeﬁér pmé@&ipatféﬁey&ﬁ ﬁgéwli Pl RC€he

e active RCD 50 1s not nst omn on
riser| MBheyhepthde isempfmaheimcltude rmirfmmest&tion and

i ui red, the.seal rotec or Iee e 48.is I 1
fﬁéﬁ at?%ﬁ&ﬁ%gt?oo a?? ed to" tsr% atg { Ebeu ar
582.6TheThéde aﬁ@td@@cﬂ[ﬁbdsolm Scom$piiad t Bohn asi S omnc onl 1

e rhs r adapt er nifold 51 rOVI
b%ﬂ nT%a‘F’?%ﬁﬂF %‘ﬁjr:l‘h% W’HJr%"r‘fJE 1 e to%ﬂ%) to
ut NEi RS Sedesptinadl dovidd® idHcAVIEQUIAC BONARE | ScAf ec2,
shown on the rhs. Conduit 52 supplies hydraullc fluid

C3b %h@r@%%rtwia%mll/% etRFERes 07 PP B avYFeem 55 that

4 § |y 1§ 7 Lidot th
CPEBHLL T TP o HRS LS R R O e iosEy
Siﬁtemrb&@nanqrMIO%h©®m)awﬁatm bimbwka¢bct¢c@h@tfb@abing
ab [Py 00 DERLLEE LLU . RREPALOD G0 LR POECLEL Bl YRS ther
,  nore or ewer I C conduli
chetrel Lrsy@dexﬁ 055 Johdnerpf@mde@nﬁor ec@ntrcp)l ess u]npdraullc

i ndi cation_and/ or |atchi functions. Device
FURRLaS Of et ERers eieen Hed S dRTHULEE g package

5P asat o bEIRES StBY Pdsk B aSré SsEPEMERH Ya LS eEhe A!H‘ydraullc

adapter 57 is installed in the riser_system 100. 'S

upbbht e t QoK cComiahe bt bty pPeRREY ]?Wée%e‘&éli}’n‘@e added
as %éé&@s#’y DO i YRR AL Wéuﬁﬁkﬁbéf‘ éf‘cé‘oﬁné?@éfoﬁgfr@qulred

passi ve requiring no ties (sone require
bagk|teisgrfacebearing 25 | ubrication/cooling) no seal

protector sleeve is required. 1In this case the

passkefeRCInGBtecanI®e 1hstehledshibwecthy typical flow path

through the riser system 100 and injection system 200.
Drilling fluid 81 flows down the rotatable tubular 32,
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
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 Cl, C2, and
C3 and proceeds into the slip joint 91 if none of the

devices is closed.

Outlet 41 is connected to a safety device 104 that

allows for pressure relief back to the floating drilling
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into the adapter 57 as shown on rhs with the sealing
el ements 59 and 60 continuously in contact with the

W0 aipal058209 32. This schematic installation al soPEEENIMBT083974
that the 30 | atching nmechanismfor the RCD 58 is part
of the RCD and activated/deggtivated by the running
tool (s). The riser system 100 may al so include ot her
items attached to it to make it a conpl ete package

: ' 9 : ng@ 0) 74
l%%@%birﬁ%ﬁ :3?%%’8631 }g?"? %Igég%?f th'ﬁ%'é once&? s?%ﬁce%l {L%@tjrﬁaey be
arsatety Thekte Dt el ve tensoipgr | siel trlelé nsystemnfar i omlieving
and _val ves attached to the outlets/ inlets 33, 40,
pﬁ‘f’sﬁﬁ?ws, 54, 61. These are described in
conjunction Wth FIG_ 11 bel ow. To enabl.e full .
C P EHEET Ol orct neand ot e Fonnee ad iEowh (Fheir
i@ Ldsal nsdt el fdds Bi01 B304 , akd, 303 eépectivery to a

system 100 i ncludes a control system 55 that
C%‘g’?ﬂf?]al ¢ LRGP TRY PRI t PP Bt Y S e 20 Bt el 2132

15YBh &S 100 @heh PESVS dept anfat gn | d TOALK 10néN®9 and a
floating 10 drilling installation. The riser system

hydoaw hig Ubere a¥dtirek tonthol £ 5gat i 58 hhingr ovi des
1ASER 0RO Ofn TWAAULL © cAUNGELL00% B! ch DSV RELOLIS:

evi ces and an accunul at or pac at” provi des
commeecetenyeipresitar foo thé fokldwinauidescriptionifser

HRAEAGT VD b i LB THET o8 D1 Chd e s For

44pquigpdilbackis p sU6 faed. 1 Ref esfid nfot 04%) G241,12h) s122,
shows the typical_flow path through the rjser_system

14hoanthdl ¢ i e23 i ¥l 5yR% et202%: Bty 1137 d BA% 13Rehsl20-

down the rotatable tubular 32, 20 exiting at _the
dri IHPRGBRY @D thewe $ofks rehieonreat #oRt id wlves are

igtdli8g 14 uishbaideftitoh Nde LHRANASA F GEAF A T6n | MlfSer of
annul us between the rotatable tubular and the drilled
deplees TGk, fCow padses) t hrdtrthled s Uk atiBordegree of

fig§£@iifgyapgquired. A similar set of items can be

connected to outlet 61 if required.

Taking outlet/inlet 40 as a typical example of the
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
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.

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
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then progresses into the riser string 84. The
i njection 25 system 200 can inject variable density

wo baosaiss2ne 0 this return flow The flow 85 coneCHUS®OZE33974
a mxture of drilling fluid, cuttings, and variable
density fluid introduced by 33he injection system 200
up the riser into the riser system 100. There it
passes through the safety devices d, C2, and 30 C3

b@fngrH&f&QiTﬁé‘t%lﬁ@fa | 4] £ Nbr o d f, DopE ﬁ?édﬁi? 202

devices Is close et 41 is connected to a sa
detewr teed (deldrat (saé | BIBS § k2 p eb3lr e 3eh$ers bhtk, tb24 can
t he floathﬁ?drlll % V[)2008/058209 B£7/U 007/083974
r
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eﬂ@4) nhy btitee Bntef by oBltled vhsee oscoider3Guot ablser
ste evin ressure. Vi ces , C2, and C3
g%%e%lfe%l ‘g‘h ﬁh%]?? FRy, %i%‘%rpal‘%o?ﬂf r%"f‘f\f)%o‘EOdﬂe
2@@1an§08hea£@t§&6 RESPSCtb¥edyntiPad sE€&NthGdule 224
el ectro-hydraulic control system 304 that al so

(degeriied elowit o392 sFIGS - hbd anl®) ect$¢=sP¥F nk3 Bocaind
t
méni af' Baldfeld A€ gé’u&?cé(s e fd %gangre d%%l#n}%éf‘egture,

instal l'ation. Tn concept, the usage er ent
et®. ):oxmeblne ohstésiar ndf athgorider f oddoidpmg3 lescripséon

for nB 4 11, 112,..113 114 9 is_the sane
Strl‘?%r 9‘?161%"6?1‘%9“1&%6 495 % d‘@q‘?g &and JpUyEt Seal
md@dl e 1234 dﬁ& thd 2dasatlvd 2RCD a%8 vt | amsu T ar @éal]ﬁﬁdule 222
32, 133, 134 and 120. w RN these sets of
(ptren it vars S e T80 Pl ol s B PR R ishferent
sOMsbPS RAPNBEduHBET 8 | b i tePestOfe HeY)SLStL&hsm2 data
and C3) installed, and the degree of flexibility

indirateee Af spmy| @PMRERa BbTOR { @REPREANPELT B or R Fod -
outlet 61 if required. Taking outlet/inlet 40 as a
t ypi 2l dexbepe@ of I¢ hel Dolab@dvieyPiea bdrkeeess aand

iﬁgéfﬁﬂgﬁgétﬁgﬁaﬁfégfﬁmSgﬁécgaﬂjﬂem@ﬁ@@%preted as such,
meaning any variation of flow patterns as required can be
obtained by opening and closing of valves in accordance with
the required operation of the devices Cl, C2, and C3 which
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
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
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.
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can nmeasure any required data, typically pressure and

tenperature, is attached to the |line fromoutlet 40.
wab@s/ofd209v t hen goes through this line via a cPORURN07/083974

system 112 that is hydraulically or otherw se

control l ed, then through 25 gyw_hydraulically

controlled valves 113 and 114 of which at |east one

is fail closed. The flow can then continue up line 88

0, 0AL | idLi ' L at.i .
cfthol Deloals CRLOPOLAL SobBloc Mif DEUMPRELSL RS the
elequriedlive 584 | and | datea 1949nal privomethe osemetes 1bl,
tlet/inlet, 45. 30. Sensor 111, .can nitor para rs
198 Y ATRE e hurOipEIReR o cFETTRILLL PALETRLE:
interior of the, riser ection 30, riser sirin 4 or .
ookt byt D5t ckesd oot Vi Sot bEGbRE 4L g £1uias
dRETM PSROOTT D839 7éhen SBokdel DWmbge! loa hded atvut édu B back
42 or the valve ppdul e 202 described bel ow (see Fl GS.
PHOSHIEY) LN SR oF 5594 854529 c&h f%rﬂ‘@%‘?g%%r ke

df SUETh @St I RSP £i RN/ @Es 1 PEREES S Snt &F CsdlddeiReL
interior of the riser section 30 or riser 5 strin 4

Va¥ry Dog devmkele t e sl af f @Orea@ple v ot VoW @le 202
ty Beh seal du 22
P es%?%b%% %%?oma sggb€$dggaﬁigé?lg?.Fg%hs%g)13?T%%n0h0ke

1hDmaprbpananenar scd sl hcast pokbsdireiandiercontrol system
erature etc.).in the interior of the rjser

11‘5%: Iilo%o%i’)u%‘r‘“r‘i’%e‘%l% %t?%ﬁa%% ‘(‘3‘?“"2]6%i bR Teeh thelsee

FEG! | V@) R BOetdmpha | 66 Seabl e npdtibita 224 et tdHE of the

%E?Sive RCD 58 or annul ar seal nodul e, 222 descri bed

Chke w1 theulE 1eed 150k hygan fptepyeRt iR f fatbhpuoh human

1 SEOSRE S IBY ey USE ot Qv 10 t B6x , SI PTG NE@f . transm t
data indicative of any conbi nation of paraneters, as

desi¢gderdb £9steRi £3¢0is Riéhnddtéd €olyPELAti® PLRSS192
and instrunentation diagramand can be interpreted as
ardchydr aiebie nguppdy vhinat?dnfer ¢orw phlirg dctigation of

v ROML T £5h cap, be 4 obt aié‘fdal?éf ARERLD9 29d £49S1 NG 0E ro1
val Ves Tn' accof dance wi th

system 120 also receives data signals from sensors 124, 131.

Control signals from the surface may be multiplexed on the

electric line 192, and data signals from the sensors 124,

131 may also be multiplexed on the electric line 192.

If outlet 45 or 54 is used for return flow of drilling
fluids during drilling, then choke 123 or 132 may be used to
regulate back pressure in the riser string 84 for managed
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
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).
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the required operation of the devices d, C2, and C3
whi ch 20 can be cl osed or opened (except, for exanple,

wo bh@spseed ve RCD 58 depicted in FIG 9, whi chp€BUS2007/083974

normal |y al ways cl osed). The control systens 55

descri bed above are depictedsgsn_further detail in FIG

11 as control systens 119, 120, 304. These contro

systens 119, 120, 304 are |ocated subsea 25 externa

to the {4 frsi%$é@g3§f_9§ G088 §e0L T @ 4&€ric 1ine 89 and

el ectrical and hydraulic connections to the subsea
hydtaebic 19@ppin4l ind 590 16y d@itrdbPing 3gpensddiosoof the

that fewe ctrjical d draulic ljnes.ar ee
cPBELRL BT at0l” B For0dy st Hi et ProLoftadt aly 962, 303
it Peddicalveae, 186tusbordd dyckinwl a€ossippsansone B3 f or

controlling actuation of valves 11§{ 114, 115, 116
aGhR tho%k e31d 1BONHHOT LG PRFat LR 1 @ 1Y WRktPYRBPTeLes
(8ag a, shemad sr fsem s2nsaeeidd Ircd 180, A LHDRE ORG2098, valve

PCT/ US2007/ 083974 - 34 Control signals fromthe _
Mg @ c20 regn GO AR Bl % et dh MedUle$ o222 224 ne24BB, Which

m%%dbéia%ﬁ's 4 O0@4 Si 4 rﬂg%éffséfné@vféiéﬁ%o Jilsri@éﬁfaééf’ing 84

mul t1 plexed on t ectric I'rne 186. If outlet 44
ors2Used for return flow of drilling fluids 5 during
drilling, then choke 117 nay be used to regul ate back

pr essny eof nthdesubsea contngl 8y $oemsmhbYyedl PO es3U4 ecan be

drjlLi to maintain_a_desired constant_or selective
réhlated % iR e S 584 PefQiRly e glalf (ranIELY 320
(psesBUG e 30) t herkilis ) | ibi thdepvehedof nfddl Tur&B)mallhenction,

choke 10 117 ng{ﬁbe autonaticallé%gontrolled via the

URGRHEIRY QYstRAIEAEERh £oh; TRtR FORAREE R 3 fakethe

c&RRES D! spyedan 180 (seeo, F6a, 10 is f@4n e¥@NPl&omp Pished
enabl e automatic control of the choke W thout need

wighoytngeed nfer \@&hd i orb {1 2g t Herighl $eifredit £ 1 g B4 et | D96 -
may be provided for, if desired). 15 Control system
120 Yartomhecdersity ef beidits|imeeqiopd Qe hyemdwlitcll to

tﬁgpfﬁyeééfgnggyéﬁgmcf@ér&%éi@@eagéﬁggiéﬁlégscription for

this operation is described more fully below.

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

top of the riser system 100.

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

wellbore during drilling.
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val ves 121, 122, 133, 134 and chokes 123, 132. Contro

system 120 al so recei ves data signals from sensors
wQa2ebg/03R249 Control signals fromthe surface negI/b82007/083974

mul ti pl exed on the 20 electric Iine 192, and data

signals fromthe sensors 1243¢ 131 may al so be

mul tiplexed on the electric line 192. |If outlet 45 or

54 is used for return flow of drilling fluids during

dril g 1 u

regu *%%el% Qﬁppresgfr%éfn?? e§$+€@$ g??.%gg%%e % inte the
rhzemagell 25f predseorpasitiomgli® hedhedimga ﬁ@5|¢xmmple,

NEPRSAEN P apRELSE! el Yoy Y100 dehol P PLESPLEc o

exanpl of &7 press e dri
vatepoes edensi €163 wid)ch ﬂhElC&DK@WIﬂﬁdfmsﬂé%héﬁwafmations to
aut o ally contro I via th contr ol stem 1 O
be ARRy nﬁ?ﬁ% ct? oS YRl FRCESLINnt? oﬁ’o%bu%?/‘g%%‘?n h

s@hﬁ&%@,ofC%uﬁxﬁwﬁfﬁbet@h@m@b|ﬁsa&@é&@&b@dcpﬁé¢£%us£§ the
t he choke wi thout need for hunman intervention

in3eeHRRhSY Fitern § hit 55 vR oAU Hayt eowslvwikeh far¥it¥ogen
c&éﬂﬁiéﬁdaoui@ﬁé’o OPB28% &’ﬂﬁé@%@ ?&398% ov§5more

Control system 304 T's connect ectric |ne
ccam’drOhy@f atihé CBERIppy yman ipu Dot fom @bnth@l sunface choke,

t|o contr s. 30 302, 303. e
oGBELE) | OF BluidfinGEOLEQ) BT i Tee 88, 2t pJUE down the

dﬁﬁbhnmtﬁimgsandenmbmstﬁ@raﬁn@Lmyathﬂ@u@mdtM®n1m§m¢tmpn
erat*&g of the various nodules (e.g., annular BOP
tem¢9%e RCD 50, passive RCD 58, val ve nodule 202

and/or annul ar . seal nodul es 222, 224, 226) whic
be | TRE aHPEeCHIOR nav 5 el 200 cexiornal by 15 %Je‘r‘d%% r‘?%]g Yene

u$dal OF i 296 . c I HOYi G s t Led SAHDEERNHON & Oj:e@LYﬂ"@&mfé-ﬂga riser

120, 304 can be replaced by neans of a subsea
Se@hEPRS yrdgbtk berall Vehi ehe Briectier syehemo)00 Thrgludes

f@@l§f§§tf6¥ &5%&%{@ Rl 4 ﬁfﬁ%or?@?a éﬁ&wﬁ provision

Preqguirenent for maint enance of any o ont
fey saerepiing ﬂﬁﬁwr@mMQtahlsncﬁmrb&eamwnn@g|§rmmbure,

temperature, and any other inputs or outputs. Emergency shut
down system(s) remote operated valve(s), a hydraulic bundle
line supplying hydraulic fluid, hydraulic pressure and

control signals to the valve, and choke systems 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
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
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
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15 without need for disturbing the riser string 84 or
206. Variable density fluid is injected down conduit

wda 080582be i nj ecti on system 200 and t he det ai | BAT/US2007/083974
description for this operation is described nore
fully below. The injection_sygtem 200 consists of a
riser section 20 (usually a shorter section called a
pup) which has an inlet, and a conposite hose system

& ﬁ@@# oS} | YEEY S08Q @b inside of

l&%iuectlon %* ?erent dens?ty ﬂ?ds ?nto t he }?%%re ©

the Jansyepotsemtb@mmm]?hi@ coubseat BOP anckin hee i@cpl@if.ed from
the riser; system The  knl et iop syste a

R TS HIERRRL Ty 8 Oy o EE R SR SRR £ Flves 2

atid S&b systémnﬁﬂﬂhOMy@ﬂauIi@aa¢fmbt@&$I4an@nd 4b. The

installation to enabl e dens variations in
l??%‘é’?lorP nt Hehaof n*b? e%%’?’éoﬁg% ner bt e%l‘”&l’%"i“?? i figntrol
Poesmt 1@ngpu ]151eré1f‘de eshdl Abir SyBb1ed) 2084 NBYbHEa USEda t femotely
|nJect a 30 fluid conposition 150 into the riser

ore¥#Rd 8Zheke chd haks 2@ded JepdiRgaRPBn PBR @F | MPFHgnon-

n b r il :
r%ﬁ%%o‘g%lo%%% %%“T%szoo 08%\%‘%% Plﬁetﬁéj 4 ﬁj e@{l?%ondult

teystepl 20thal 1nysct hen i fil etd | Hirom rﬁ@rfakree t<|> sehe oingection
f|UId f@@pOSltlon 150 |ncluding for exa

i \day rogen O}SA%%?%%Sa?hO|?% ?ass sp ?%Q?e con??h?d%l
wiofch v@din Obks eiemjsly | @Banb: & htcw the atismr hydr sl s & CBOP
ons be a ed t he ., when used |
9‘&Jo<i[‘1‘?ﬁ+|‘&?? o bivater Ahpts el fond € f ek iR o P ce) -

$1 08 0o D& VARESS Yool é,%@@rhé Ods Sy@éﬁmé’@%%stl@e
gondU|t through which a Nitrogen cushion could )
FEbRTTRRC FRrPRY HE PR e osal takl eofer ks r@ppb%c%Jeon The

‘5’?5?‘? Vi JBR R4 AL 1 PP P;-f,é BUE 858 %@%‘9& down %113’12 The

urd injected, and injection rat
cemposie r¢prdaitd 1htean hee agmsd Lig ¢k oy ¢drenectors 13

fit%ggtiﬁwgléysé§ gg floating drilling installation for the
required length. The operating hydraulic fluid for the
actuators 4a and 4b of subsea control valves 3a and 3b and
hydraulic choke 14 can be stored on the injection system 200
in accumulators 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
supplied and maintained through hydraulic supply lines 9
from hydraulic hose reel 10 supplied with hydraulic fluid
from a surface hydraulic supply and surface control system
18. As discussed above, the surface control system 18 may
also be used to control operation of subsea control systems
119, 120, 304, although additional or separate surface

control system(s) may be used for this purpose, if desired.

Hydraulic fluid for the valve actuators 3a and 3b from

the accumulator 5 is supplied through hose 7 and hydraulic
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The injection system 200 externally includes all the

usual riser connections and attachnents required for a
WO 2@8/05820%5 section. Additionally, the injecti oPCEHYS106M083974

200 i ncludes provision for nounting an accunul at or(s)

(shown), provision for accepging instrunentation for

measuring pressure, tenperature, and any other inputs

or outputs. Emergency shut domm systen(s) renote

fP@Eﬁaffgh %%8ﬁﬂ§?at hY§ Fg%etﬁ¥bﬁ.ﬁehose 17 to

suppl yi ng drau |UI pressure and
h:cdammbic s¢lg¢ﬂa$ sl4o El@cwmvleydmmlmodx@n‘sml evdlvayba for
be Ancl ectlon S stem 200.

he
a?%ljlae%?lf%n 3y’te mg'%ofbl \Va sol PRAA 2% er§eon" 4 of Valves 3a
aly d3lauUby cwsy Sb £ e 1 ec by ik &l $r,gmms ef eorh r $ @r baudel | €upphted by
or. 25 jnstr nt tion or oth el ectrical contyo
i%ﬁ*ﬁﬂﬂ%njeﬁﬁ gﬁge f%]r‘FCWEBCIE x§ORYEPbnya e 6b
aTheks r@léyﬁwr@myo@é@pn €of | m@rﬁy@ramwecﬁém d14
i njection conduit (shown) that is renptely and

sHI: bvaty car Pyl Eomht bl FRrtral r§igrak ek¥emnsar fage cpy nhine
2ke a riser pup, of the 30 same design as the riser
systemw th the sanme end connections 16 as the riser

SYStGm-{ 5 té‘&l@é‘ﬁ% r?éltéfl}jr%‘x{ugc%@g%%%%ggzﬁlgg vdl¥és 3a

riser section i el ude
aﬁ&ﬂEbEEﬂ@%iD&®934and Gﬂe lmyectl@m sysinett 2 0h ébwwtluke a

cO cati on tO Se sectlon
s ERTERE Bl o DELIER! il i TS Uadf it bérations
aré@tesdqal réd uig Hiye hyﬂmnj |@aa1wlrefsa3:&L@1t1@d3wadw@SO§@rled by
and 3p. fitted with hydraul i ¢ actuators 4a_and. 4b,
h%d%?]e%‘fl%?ﬁl’?%‘?]e %%‘?1 %efjc%‘il r OPTRES bt P b§/5% Js%ﬁ%‘é@eng'

ecgntrl@itrégéﬁemlﬁn SRS '8y er R0 A4 oF £ £hOke) s 8a B3IbSRPough

a renotely operated choke 14. As added redundancy,
t}@fheh@ﬁ?e noeel nbh-dewr Uile vepRdysy Bl malyt%eth@]clrm imlet

##ﬁ&@f&g%. ThEe Cfﬁ&@é‘ dan e n&&g&%if@d' |s glﬁfféaeéi

romsurface to the injectio
sy&iemsh@o&m@X@rc@mpb@ét@OWDMQLetCHle 14 as required. One

of the hydraulic control valves 3b is set up as a fail-safe
valve, meaning that if pressure is lost in the hydraulic
supply line it will close, thus always ensuring the
integrity of the riser system. Similarly, when a return to
conventional operations is required, fluid injection is

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

The injection system 200 may include, as illustrated in
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
valves 4a, 4b and choke 14 may be operated by hydraulic or
electric signal and cables 9, 20 run with the reel 10 or by
acoustic signal or other system enabling remote control from

surface.
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whi ch can be easily clanped to the riser or subsea BOP
guidelines (if water depth allows and they are in
W@ Lk@sm¥8209 Conposite pi pe and spool i ng systens BST/US2007/083974
supplied by the Fiberspar Corporation are suitable
for this application. The 153gonposite conduit 11 is
supplied on a spool able reel 12. The conposite
conduit 11 can be easily cut and connectors 13 fitted
i n-sj t j L bLng: ins td
requ?%g%ﬂﬁéngfhéﬁgﬁ%éggzggéi%% §d$a£?+%§f+f#%§§%ﬁit e150
isctupeored 4doemdt iy ofndubsehl corhroigly ad viesn 3eetawgn 3palve
and 20 hydraulic_choke 14 can. be.stored on_the
8 T i EEEE € S0rE e RONIFaT L es Sy 9 4b, ehen
thespgicta vediwot d heyn€adl bed ¢hslke | tal ntod nependentSensors

acc | ator systens or on onmon upply. systemw th
Z%I%ﬁ PBnFRe BTRF YRR Rt & e%%ﬂb%‘?i‘i?jtg Whlaéllk/ukS then

n

réYsé@Mo Thige feath€rdD $PerancLmil i 0ES Sondbsts @b
supplied and mai ntaj ned through hydraulic supply |ines

AQCURE bR PRRIr RPREr PbS evh kel BOCSLipD? | BeP Wk { PUFREF atd gRals
eEbdl i éf?@&léuﬁ%&: hydreuhi g sHpR! ¥iRQdg surface

control system 18. As discussed above, the surface

cont £ ol t .

opor i SRR AT ok TG FhSPalind SofoaBafh &85 esgriped
het¢ hbegha adyip it c@haf loat sepadat Bl sng f acstatbat fah to

. Syste may be used for thi ur pose,, i f_desired.
FYEHERTE TR e irneie e et vof BHE PR e SRR - om

the accunul ator 5 is pli t hrough hose 7 an .

yar B | EL9E SR RSt B (RSG0YT caom noriiah section of
ridet dehh ¥ OyiACERE L Gt OF y 16alh Be SRIPP! 106l t b © UgkcdOSEnd 7the

to hydraulic choke 14. Electro-hydraulic contro
NQENFE BaXFBim Qo t fRF o s2 halBFly ZhSer | DRt e o_f n@b%‘h*%i 49

1 PEES NG 060 VAhYESs 38s FOGhFLoRYndRYr Ofefé £4L 1684 1oating
signals fromsurface supplied by 5 electric line 20

diahll er@ctrotaytiraieone. cbhtwbll vaave Bbll drdoascapasl bty

£8P0 ?P?ﬂi NG 1%(5‘1? Qé/a‘?é]@“%,{; t&ngkgn%%e S%@%Jrgﬁéd to the
supplied by control signa rom surface by ne

same specification mechanically and pressure capability as

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

injection system 200 will be run in the lower part of the

riser with spoolable composite pipe (FIBERSPAR(TM), a

commercially available composite pipe, is suitable for this

application).

In normal drilling operations with, e.g., a plan to
proceed to managed pressure drilling, the riser system 100
and injection system 200 will be run with all of the
external components installed. The riser system 100 and
injection system 200 will be installed with seal bore
protector sleeves 35, 48 in place and pressure tested before
insertion into riser. During conventional drilling operation
the inlet and outlet valves will be closed and both the

riser system 100 and injection system 200 will act as normal
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20. During conventional drilling operations, the

valves 3a 10 and 3b are closed and the injection
weyasem2890 acts |ike a standard section of rPEEIS2007/083974

When vari abl e density operations are required in the

riser, valves 3a and 3b are ggpened by hydraulic

control and a fluid conposition 150 including, e.g.,

Nitrogen is injected by the surface system 19 through

: 0se: | Uj Nt t ' ;

-HErLIBORELAEE, A5s L SO Go W 11y PSR RS vich

therdaceccsysean doranadaptéys t her dowm IR shwkem 190 alge
required. One of the hydraulic control valves 3b is

T ‘up as a fail-safe valve, neaning that if pressure

is lost in the hydraulic 20.supply line it wil], close .
thus P MBECRAUT TR SR ETHORG 1S BTd7Heed ) seh€ frjection
sPYSErN2 0 G 18 | prépyarddiednd@ reh Ui poHrt CONVERE | BI®dr inserted
operations is required, fluid injection is . stop

ed
atnhe HROIAF VERIRLr e BRE RRCES ’é&ﬂ.cquFée%}%‘&%ig‘?F control
15¥8d eqn 200 4By Fhg! usle, @bl i 44 ushé af Bk i Ml e 28okd&E t 111, for

pressure and tenperature sensors 21, plus the

ingeritted Ebnidetebrsakrirbly sdensligni by the af bekdr al

. bo 4 e ' t

G ELioR o0 TS EaBl & i HEpdL R de ABREa o ehe
roper abedtbytihy dBeRI| geidel iméectif i presgmal AWmliveabd@sand 4b

9 Zf rqg with the reel 10 or by 30 acoustic signal or
a%?H% O%@ temenabling renote control from surface. WO

200&@058209 PCT/U820076@83974 -39 IntF|€$ 11 the

var i 9Bt eF HEfsi TY° ¥ o CohpoRTERITED sttt st ARt TS ey
v&DYEs t ned COmitd1d las tSliSAghi @ Moo ref UrAl VatNe v8lves are

two hydraulic renote controlled val ves 4a and 4b, then
C%‘i’ﬁ%‘ﬂlghT%e rRO9Re 2ht HreeRERKRNISCHIE P F niegessary and

bRSESIPF Shac R 1t &l 410w H‘@a@ﬁ?ﬁ%ﬂ@ﬂn fidesh1ege ot a
whith is then routed to the control system 142 which

Consﬁfﬁé wi11 ve 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
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).

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 require a trip to subsea

BOP.
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accumul ators, controls which receives input/output
signals fromline 20 and hydraulic fluid fromline 9.
w@e\008%058 e use and operating procedure are deBCTURm®A7/083974

10 here for a typical floating drilling installation
to illustrate an exanple bejphod of use of the system
The riser system 100 will be run as a nornmal section

of riser through the rotary table RT, thus not

exceggli (r;?egjgebof‘@gﬁﬂétl ecile é@;é Ofg *&l'i‘&hRéﬂ)S&ﬁapter

system out 4 60 1 nches as found
Cheavey enewbliéednodt oatheny tldelRCI!lD N0 | ezt alb¢ as¢onsn ¢2 Once

hav. bor ca abl I|t or 18-3/4 inch BOP
S(\el\%'alc*khsyscl:]5 n%(l) wigeto dg% é

and be deS|gne 0 the sane

specification chani c pressure capabi]ity.as

*he Tt et tolTs " iTen 37 s PSS ES PR TRA ¢ (iR the
peysiere ¥es20adapest | dYa SFSE eth@0Pigél | sPSLeminl oM dfeil the

| ower part of the ., riser with_spool abl e conposi gépe
AGFTEEROPAR T 58 1 e EF B 1 o roy dotomEes 18 TFart
ofi i)e[.lbré\h@&‘é tabde) f ofnd hR@D @@pié Cehé PN loddd NORAR! for

drilling operatlons with, e. flan to 25 proceed

agbl Yenayeten? ealy e f:lilamqiuh@ cméu aeeq Shxeegh 10pe riser
n t yste 20 r | , pf
%‘Qgeﬂl if&c%%%% en%s |hs<t9uﬁée%l P?h Hile 4PLEE 42 Jl%gghen

terna e riser system
chosked i ap@cthenr syst ens 200es6 e beesad al Orce Wi ds seod

bore. pr.otector sleeve 258 and. pressure
efRESa Pt POt ST IR oFe o FEE S IEEEREEE on tne
any@nm or@leajmdil |ﬂge01p@ﬁatamembhﬁ mleltelanpiumlédi ebut of
valves will be c] osed and pot riser g/st em 100

tlé‘ﬁd“r%‘?’écﬂ%ﬁe‘gy%?%mZ?O‘?.)“Wr]r‘?r dﬂ?tlé% &7 frelP€ g leted to

s 20084 O8O REWTE $IS2H044 0889 4c3: 40 riser pup joints.
The riser system 100 will be prepared with the

corrged Sl 104 € SLaRL £y Si d Ofndher iRED: S Yisd £ 4.0q be

used. When pressSurized operations are required, the
Cl?@%iﬁt%@ﬁ 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
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 112 connected to the outlet 44. If a change in density
is required in the riser fluid, choke 14 (see FIG. 11) is
closed on the injection system 200 and valves 4a, 4b are
opened. A fluid composition 150, including, but not limited
to, Nitrogen is circulated at the desired rate into return
flow to establish a cushion for dampening pressure spikes.
It should be appreciated that Nitrogen is only an example,
and that other suitable fluids may be used. For example, a
fluid composition 150 containing compressible agents (e.g.,

solids or fluids whose volume varies significantly with
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5 system 200 is prepared and run as part of the riser

inserted at the point required. The necessary
weomses20ons for control lines 9, 20 are run, PEEUSENINT/083974

as the flexible conduit 11, for injecting fluids of

vari able density in the fluigyconposition 150. The

cables and lines are attached to the 10 riser or to

the BOP guidelines if present. Valves 4a and 4b are

pfé@é@pe)Eﬂgzr+éein§3§{éﬁpﬂﬁ%)'@h@rf Qéfda@”$§ 5§@imum point
necessary al ves and controls as shown in FIG™ 11
i\ drdée val pesvide thipsdampiine. hosebl amgl 1$ nelsemreesumed.
connected as necessary and 15 brought back to the
fl odthegsystémi hg sinoval latFo®. Pf pandvi dépbetedin in
ole with BOP t adapter. The .test, adapter is set
ST H b bbatiel | Realh o (LTS thcpieg pavettional
spsOSrdof MFIhE 64 SeX SYySic 190efér pe@ssStlbedimsit i Bor the
essure. The annul ar

then, perforned. to riser workin r
d]Bb'likgg 2P At Han r‘il%Je‘F‘-?I shRtent WO%“’?%O@ hEL b dtBgid
iﬁE@b@ﬁ@@ﬁ&ﬁaofeﬁitré&éﬁn@naérpyfé@Quﬁétinié the SeHses

BOP has rans that can hold pressure fromabove, a
delhpirey fbsidsflowgstergpamecomhng st Bisest Phig iw

t i : 5
o8 57 00 BELtisel unlenah ops. BELf e
imjept bon 39y skéh D@0 rwhth nan het t aveed np ppd et iBit ofan hee

riser _system 100 t rovide a pressure test nipple
&Y T ATTRETC 0 R b T e PO LSRG AEFI SRR o
33wl head so that subsequent pressure tests do not
require a trip to subsea 30 BOP. WD 2008/ 058209

PCT/ 520871 83998 the 4dbovdemseiadbd el €h PEIDE eE1 HEr system
sl eeve 48 for the RCD adapter  C2 may be pulled out.
16¢eand hEn 1SF 501 cays Bm <290 vl b ergle aeyarieky reb

drfisnd U@&Hl@@aéféﬁgdutl%g er& Qb AtAb) Fed 4P AEa 3R LSy

then run in hole wth
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,
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)
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
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
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5 pressure test adapter 39a for the riser system 100

until the adapter 39a is set in adapter 39 (already
w@e@pased as part of a previous step). The ROBCBH0S1087/083974

then closed and, for active systens only, fluid is

circul ated through the risergzsystem 100 using, e.g.,

outlet 44. The outlet 44 is then 10 cl osed and the

riser is pressure tested. Once pressure tested, the

PESSHTE 1nd! Bk Of Enanthide spabe ehopest O these RDy st
e50 ?s rel eased. fﬂe t est ass%n%ly isﬁfﬁen gﬁ?leds%ut Shems
depictéd insBIGSysieny 100d Al kows | bhe neldoementy & this line

conpl et ed t et angt her 58 in .section ... 15 The
26Ty gk Rabfse f o perer e rend OERaT R ene Ao -
Tlé thectriydien Ueptdnd siepdéabl oshegstdihe2 pungsn be eused

t hen stopped. ce stopped, the RCD 50 seal elenent is
W+%§?%Tl%og%%f %ﬁ“ﬁsn% _ ’Ha‘PBJ_raH% 5%‘?‘8%%‘3 a‘_r“’%%/%e"’“bcf'l
e i ng 2Kk tHECIKEL S8y | Sheeh | VRt et ( f o4 . ashé VL SySt &PStem

on!yL%%The 20 nud outlet 44 on the riser system 100
deri¢ Ppehbe: Wrelsatibhustraten BRYHRY | ShRrdlRiRCtion

sPELKRT EEGULS & ShEGhe ain@niﬁuéggaffgeéwface choke

ystemor, alternatively, the choke 112 connected to

oh " ¢ e ; : . : _
the 5 ifefibed aofd e LS ish PLEEAA St ot don
systemhe20hjrexy i lom Byseeroitcted iateesn Jathdbvbse

opened. A fluid conpositi 150, including, . not .
c ‘FY&I%%JGO“? RS oyeht i e gfl?%u]fja?%]a %¥S‘%%rg HZ‘Z% pgpction
systemi 20O peduides fd onedns esdabbi&dis@r Cribhd othé afiarine
danpeni ng pressure spikes. It should be apprecjated
r%%g?p WtJrB'ge‘ﬂa%‘%m‘b‘ﬁl S EXANPIRAP B th R P a2 Bt herallows
varidebbe &f uikls FRYidDeadsetey FOR €X@nPl Ser @ ThE Uifjection
conposi tion 150 contai ning conpressible agents (e.g

s¥otems2 ngledenhvsel vol PP V301 s &l ghiprewhtign for
Y40, U 200 08200 SCHLSPRRG 9RO o 42 o IOENES) o
risetersystemoldeindl sdemngi ngseDrpip i hgints whelm an inner
r{ggynggapter, a pressure test nipple, a safety device,
outlets with valves for diverting the mud flow and nipples
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

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

to the elements described above.
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The systemis shown in FIG 3f and depicted
schematically in FIG 6b for conparison to the
waeommses2donal 5 systemof FIG 6a. A typical perUSI00TR3974

enbodi ment for the drilling operation using this
i nvention would be the intrggluction of N trogen under
pressure into the return drilling fluid flow stream

coming up the riser. This is achieved by the

Presﬁ‘i‘tﬂ"f%g?_sf i pegsiny, ﬂéé?ﬂa@i’oﬁ hes 19 x&a‘l‘ibx?é?tﬂl&?cﬁ‘ulre 202 in
system 200 with an attached pi pe that can easily
aruis«aus min@f%\@yl@fr@meeseystmv@bmleldstmﬁad‘)s FIG. 12
. riati Pns of .t VS, net hod with,the
agfides BL VAR, Roable 2008 IR DEtn Yy 5 [ bS8l eioned
ivadiedyvofmdduls i hbusnpe2dutaf i oins +hedr regulng 206, and
ressuri zed rlser Y_j%)eratlons ﬁf&ﬂ as but.not limted

F1®- dtral deRHSFE y© Lye mpdite ‘F]ﬁglt A gReEen

s@é@ﬁé&”@n&”ééélé& Wbk In UpKlerhe@sli n@veg bal anced de
wei ghts); underbal anced drilling with flow fromthe

fOr”?ﬁéoﬁoﬁ£ﬁﬂbt@§0m@§|£K6ﬁh debéﬁ@?dé|éé pafat&0component

.e., injection drilling with no ittle return of

Of | thelst1Sem oS tohrg a2l 6 botwond hoPehe¥ eembediments i Hee
nd&s Iy Sé(éﬁfa‘fsb% 0?1?{ ﬁi&@&j GO ”&Qﬁ‘érzgrgé ena%‘tﬁé’@saf]@& 268,

riser’system1l jection system
28Zp 234 DAm(d@mJ:be@nbmlw)prmdm@ub@nbe osimBhalr to the

nass alance. drillin 25 ens an
Tt St RSB I TR IV e bt e d CERE WD
Tl sm@aﬁtabéeﬁlm@ezmsec@tﬁl@r@@ﬁmm@ﬂd rtsetheysi®dd string 84
w th surface BOP_systens run below.the water |line._ The
injthe PEQS S AR/ ?n?’%%‘i”f‘%%t%%%nﬁlmr%‘&noﬁl B hel 1
used to enable the DORS éﬁ;ep ocean riser s en.
The TF1RPYSing | 439 dekREL N tFogRhieR 24 Qja%/‘ir‘éni ng

aﬁﬁf@ﬁ&ﬂ%%él§oﬁo§ﬁ€léﬁfﬁé EE@BVQIV@ ﬁbd@ﬁ&h?@isﬂﬂfﬁﬂe riser
r'enovi ng or” very nuch reducing the pressure spikes

steingeldhnd sWabjhtauseample heblve heusinati®y dreludey an

408G 2heRTBeRnob berT kot Guital DS 158 R4 ERuring

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

The valve module 202 includes an anchoring device 208
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
engaged with the seal bore 328.

Other configurations of the valve module 202 can be
used, if desired. For example, as depicted in FIGS. 30 &
31, the latch members 254 could instead be displaced by
means of actuators 278 positioned external to the riser
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
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- 43 enables a line into the interior of any of the

riser systens depicted in FIGS. 3a-g and all ows the
wob@sesen of this line at any point between PEEUS2007/083974

surface and bottomof the riser. The riser system 100

and injection system 200 cangbe_used 5 wi thout a SBOP,

thus substantially reducing costs and enabling the

technol ogy shown in FIG 3g. The riser system

Lot ' I I il tr Vi

o Rl Tt T W et mer ot o JF andfor
sust ales ce divero hbsyet em hes rdeser Syed emlpd0®- and i nj ecti on

10 system 200 may be interconnected into an otherw se

convEm¢ i onklve rmcdulst20hgselldet iveaky pgsmens and prevents

00/ pj ectj.on st em 200 provi de ans for . :

ERrE bt P T O v T 1Y BRBRIYT o201 ot TR By BER a1 1y
tEapadh | thy Bhseeasttingl 2008 Aardepioredfiterdsuite s 13,

density in the riser, The_ injection 15 system 200
thecYaties medrker2Mtptrot Hies @ Pyt bvialvn whtch 1s operated
by h&&hs NgF 8a fhphFah i@ EhecFdBering thé sokadiom 1y

val ves. The riser system 100 includes a riser pup
copnertef t o aphe npeEs 1ng 530 adeipt epther preresref teatve

nbfend PREL RSN Sber Wa1i2, MATLNGIY ot ited
vibvesccept i hgndClse Uded pat dedsivedy dbpefduias ¢D the
the lower.injection pup joint (injection system, 200
vi{Pe BT e 204 L EPn ReRat®llt Lo oSS R FUSsEAné Pd1ve)
ma&ensé tyontrd hbed i Serthe® livyéseconttde $@sigem 0304 and

0 eratiqg gressuref and densities enabling the
C%ﬁ’%@pt% Sf > trhnayRd 25 PhresIurkAck i FPr R dtetteentity

dékdt1bheg Spogwial gradient drilling, and underbal anced
drilling. Referring additionally nowto FIGS. 12-31,

an aAt\%f‘Péil‘?y &p(rj%wya@m@@ iy the ﬂiéﬁlférxﬁé(ét@mi@%iﬁé the

schenaticalngqan representatively illustrated. The

valsermegeienz 090 ofoF aamBhe 12t39 vatkvedeedubsy202 may be
us; 3”@6‘;@%@%&% %Ssém%%ﬁéuégp Yond ESPEERS 1 PsdPO0S€ring
escri apbove, oOr Ich ar alternatives
206, to pressure test the annular seal modules 222, 224, 226
(described below), to facilitate pressure control in a
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
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.

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
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to the elenents descri bed above. WO 2008/ 058209
PCT/ US2007/ 083974 - 44 |In FIGS. 12 & 13,
wo pas@abd2ed i on of a val ve nodule 202 in a ri sePCHURI0NT083974
206 is representatively illustrated. FIG 12 depicts
t he val ve nodul e 202 bei ng-cpgveyed and positioned in
a val ve nodul e housing 280 of the riser string 206,
and 5 FIG 13 depicts the valve nodule 202 after it

altﬂaf’nﬁgﬁ'?al SP&%ﬁd%P@ﬁifgai 66 Y& Lo Hopsi g 280r
The housing 280 is shown as belng a separate conponent
sefurheg ranérsealimy P06, abuelan sedkrmedibeli 22ht 5n t Hlee

housi ng_coul e inptegrated w ot her, modul e housi ngs
rD287 40 585 208y e RSty LAt: HE B SRt e Do
cahpoheit tof thige €OHSTE rafet 1wy b6 f her risatiagessd i dmtSPrally

shown in FIGS. 8 & 9.. The riser string 206 could .
EQEPFRSPbY 3B tAERFY sReULERY () 8459?’?11‘?%%%’6&%1‘%‘8“(3)
of Neheé UFESE At 001 gl agram of FIG 11. The housing 280

provi des a |ocation 240 for 15 appropriately

posithonimguide y&dYend@ELL €2 202 hd §des rdseincidFing

206. In this exanple, the housing 280 includes an

devniee ndd0 | with prdially coptemad by sextendrlel @2bateh members

CHLLN i a I b ), .
258 5t ShoREinGEnne e ERLY NG, 1B Sl YR (1B, sealing
imnchersegl deoree3 208 Tie vantuladi sddl nodwee d234 is

ext endab] e ch ers 254 for. engagi th rofile
SO E R DA TR L Y STe TRe2 o B § op €65 s Fonded
iThe sndagem®at| @iZ02the sepfLtled66, Hikd dBe Sé4bs 3HE are

nenbers 254 have been extended into engagenent wth
SeqELRIbY | ¢RI Bhuh t Hee 2835 BAUC a7 ¥ seal ingly 25

engaged with the seal bore 328. O her configurations
of tPehehl sRPhbeuratvons c@h e rplar(s iPRu1gos24 can

b&XGIRE & i ASaEePFHEl 8d #8r FAEnp Y, & 3&e%£$‘€e<ﬁ alghr1Gs. 30 s

menbers 254 coul d i nstead be displaced by neans of
3hettke ok sty gnemkexs ohed exekd nbitstend hee rdseplaced 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
module 224. Operation of the actuators 278 could be
controlled by the subsea control system 119, 304 and control

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

The annular seal module 224 selectively permits and
prevents fluid flow through an annular space 228 formed
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

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
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30 string 206, in order to selectively engage the
atch nenbers wth an external profile 270 formed on

wo b@swsd2oe nodul e 202. QOperation of the actuaPCr/ESR¥8083974
could be controlled by the WO 2008/ 058209
PCT/ US2007/ 083974 - 45 subgga_control systens 119,
304, control pod 301 and/or surface control system 18
descri bed above. The val ve nodul e 202 sel ectively

t 50T Ss @PLL PT EVE F{ il w4 hEo 1O} the tubul
pasi;%ges 204 ?orrregk %%91%11{'%%%%]?' yéhéS #ﬁﬁ%ﬁg‘& t he r(laselr1 i
ssringerdethéstaepl &x esit ¥ tingr| GS. rdai®ed 3yitien visheeflow
nodul e jncludes a,ball valve which is operated b
ofREeE 7L LDTAT ¢ udhthe B FLts Bos faPREFFY
beanheg t £sks émb 1 ne3 hpubs NGuZBDied Ui B hetbi Pt of ivad ve

chani sns (such as f per val ves, sol enoj d_ operated
1yl %/%ff‘%s@éi?ﬁl’)lh%‘?/ %?gfu%’é’ﬁ‘?r‘??l SFPRRECEDD 60 i bhe of
héieiny g€, NoAlU] @02 DZa k€ OF c €XPHP] Ene t 2 OPEHOTFEL OSE3) may
t he valégé may be controll ed bg t he subsea contro
(o]

bgyasedn 308 PRILTeSnt FRI PR AR 1foRMRIBPu el @urefcbubricant
¢§ OB Ok SYSLEE Ear log cdibet APOYSs . 15 A variety of

operations may be perforne l1zing the valve

mdufﬁez%ufgf §é<£‘f%8dui@e22’@' i’g.g'f?dé‘ifet gtf@é( fc?r, and

used to pressure test various portions o e rise
may rbegus@96in tplapcessily ethesict tree aRCDI 20 desdr hiped| @&sove .

222..224, 22 described belo to cilitate
opFEaifin of oithe (SRS CRE| Bidu1 4 02 6| $od Afample, to
exished bat anserta®t e ages] Pz ESpuny ks | dbhtgo ] bet by Smeans
during drill bit 348 changes, etc., see F|G 2;% or
OB TR S IhRe Al FRRTEAL GFYRorpl 214 ot et B8 S¢%eeand/or

tid GuBfdce RESSEFSNOs POV 01 &1 &8s c Ao dd 1abo@d. annul ar

seal nodule 25 224 s representatively illustrated

bei nge oSt Ahd sl e @ rIOYSI 1Y £8f7 | Nad Nenkil BLF S&41 Nhodule
206. In FIG ™14, the annular seal nodule 224 is being

2gdniveyeeresentael volgi hhlustrated being installed in a
housing 282 in the riser string 206. In FIG. 16, the

annular seal module 222 is being conveyed into the housing
282, and in FIG. 17, the annular seal module is depicted

after having been secured and sealed within the housing.

The housing 282 provides a location 242 for
appropriately positioning the annular seal module 222 in the
riser string 206. In this example, the housing 282 includes
an internal latch profile 266 and a seal bore 330 for
securing and sealing the annular seal module 222 in the
riser string 206. The housing 282 may be a separate
component of the riser string 206, or it may be integrally
formed with any other housing(s), section(s) or portion(s)

of the riser string.

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
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284, and in FIG 15, the annular seal nodule is
depicted after having been secured and sealed within
wo b@sioss28d ng. 30 The housing 284 provi des a | ORPEL/USI007/083974
244 for appropriately positioning the annul ar sea
nodul e 224 in the riser strigg-206. In this exanple,
t he housing 284 includes WO 2008/ 058209
PCT/ US2007/ 083974 - 46 an internal latch profile 266

idnthe s&a &%dﬁ f Ofhe S eié‘ﬂ.éé‘&'l%ﬁ@éﬁf& 3Ne |

annul ar sea e 224 int riser string 206. The
dépicied 284 hay be afseparhe enenbeponehé ive hecen sextended

.string 206 _or it Jay be integr 5 formed wt
e Potanatt o R P ok ) TB “had o fte Y are
seéaBbfighy rémgagddevarinutiae seal back 83@24 i ncl udes an

anchoring device 250 with radially outwardly

ext eneledt ecdif LhurEebens o256hé oineip&g| $gal htod@liDé i 222 can
266, and. seals. 352 for sealing. 10 in the, seal bore

bg3sseqhel it breSeal FroRE AR 35 RpicEed +h HE&E- 30 &

31p @hd elatde mBRBEFS 258 HQYEd Peed:&xd epdledispd@ed by
engagenment with the groflle 266, and the seals 352 are

meals | 9| §Ceiryeesl W § ookt bered ho¥ee B3l ©p helke riser

' tipons . I 4
SEEMA BP6] | AdoRiel o OILALIFERy IRELE 21 Fa0y embers
wi6h 8an 3dxtetmal apodf iberb272 D5Bnedudnl thnst@amuber seal

di spl by.nmeans. of actuators, 278 positioned
m@a¥he GEfE o QREETTAS) SEIHI ARt RS I rdfiata pe
coet 6611 &@! iyy efigageulb §ea | @dgtr o ndesSem Wi 2 h, ak0 £xded nébntrol
rofile 274 fornmed_on the annul ar seal 20_nodule 224.
P‘%Be?%%i o OF HRUEERCR SPREDIR S¥TFeM bkS FTT P RRyve-

the subsea control system 119, 304 and control pod

302, TR AU LR f 302! CBPiTbE %%/%t%‘?rlr‘i%th\é%%}’ i BREMAEDend

pI&Ge APOUE B i § eB] ol OO SudR 4 B8 &840 VEE Vs PEEE 3 58 8fGrmed
prevents fluid flow through an annul ar space 228 _
radiakly Jseteeknl the betseenstheng i @6 and | plee 2060whalr astring

21§bH$§{tféﬂé@gin 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

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
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
may be used in place of, the passive RCD 58 described above.

Operation of the annular seal module 222 may be controlled
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212 positioned in the flow passage 204 (see FIG 22).

As depicted in FIGS. 14 & 15, the annul ar seal nodul e
WQ@2008/058209 udes a radi al |l y extendabl e seal 218 MMII/TR200%083974

operated in response to pressure applied to a

hydraulic control |ine 318_3f§g9externally connected to

t he housi ng 284. The annul ar seal nodule 224 al so

i ncl udes a beari ng assenbly 324 which permts the

t t 0
bge‘ﬁ% uszoo]§7/o%llzi3§9%‘211]88&51 go‘t‘ uI a %.?ﬁgzﬁdm’m‘ﬁl pod

362al and/engelyedswr face hceomtmIl asyssemi h§) desicxrheed above.
tubular string is rotated within the flow passage 204
( sucke By r thuy | mow ded | FIGg b@erattmha)arThérim@aamm@oring
assenb 324 ed with icant via a 5
SFTRTTcalt *53 SR S5 Mol b0 $RCE el g 1268 e
J_ﬂiTDélﬁd:dShgn&Béed AL ublié cader edtif Ind | D@6 326THS eendthdxr iZP)
used, if desired, to grOV|de for circulation

be
d‘g‘?y?%b? 1 %aHCl‘E%e%dea’??lbn‘i‘?rh‘% HRat? hoPREIERH| YL 82420

1J@@r1@é‘ﬂ%%f§?@|35@d%ﬁn&?4lﬁstl@@ %&@i%ﬁé@ fofn and
may be used in place of, the active

a@@sm%edsg@b%@ 14 pee 3¢dedfin e semllkereedf0 nbermed in
t@@4h%$§ n&X le, to extend or retract the seal 218)
contr Ied by neans of the subsea contro

t 0 fag
cont TOT 3123%%&%*’%2@@"%% S ErGE coblhsit |8 tone
rf%éfssﬂﬁiﬁg1206anoannulmmysbal1mod@t@1122ﬂbrmed w1th any
t at | lustrated b
oG o sa ) ¢ et Cah (3 rongrotst R ek of e irer
s‘@flﬂhkﬁar ﬁﬁathﬂ@%@fﬂgarasl@@i@g €aveySsr | ey ot éhe100, the
housi ng 82, and_in FIG 17, the annul ar seal_ nodul e

h‘P%SJd%%l %@%dl%op%ﬁ%?a]i’l]ai(u P@Sb‘éje?rn%%c‘%ﬂ?%\ée ahie skegakions

240 I hpan t hey DOUSE ©10nr o T 1\Ge HOHSE NEh L8 PEPVHOES1 & 202, 222,
| ocation 242 for appropriately positioning the

22hnd 20, sl theldutlee 2enchorime devisee 210iapd20ealsn2l4 may
béhﬁéeéxng'ﬁfeééﬁrgoyéé@ﬂngséhé”§i§9§3strlng 206 and the

other modules.

In one pressure testing procedure, the anchoring device
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

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
tubular string 212 does not extend through the valve module
202.
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an internal latch profile 266 and a seal bore 330 for

25 securing and sealing the annular seal nodule 222 in
w0 b@s/oss2ser string 206. The housing 282 may beP@r/us2007/083974

separate conponent of the riser string 206, or it may

be integrally fornmed with_afy other housing(s),

section(s) or portion(s) of the riser string. 30 The

annul ar seal nodul e 222 includes an anchoring device

248 whd gt Al by SRS di}/o et odpbl e | Aol NBrbeLsre
256 for engaging the profile 266, and seals 354 for

teghl g PN edO8E 0658 200 RITE USROOVAO889TY of Hige twbuher

S efA b?%f %ﬁo' Tpe a@nulg{ ggéngngfée £8° iSli d across
ehidtet i O I AT P TRE RIDRTE 256 Wb BRe

tlext &mtielar | s 0] enghgba®en222y t 224 he2 P odnd et 2&6va e module

e seals 354 are sealingly engaged with the se

200y S0 5968 e O Vi A PONELES e Gt Gra Le

R &n 222 S8 ber used, f1dw dssssese FO4. eXBFPSSurdScan be
depicted in FIGS. 30 & 31, the latch nenbers 256

deblyeredsteem deremepr akeer biomeamidschiaact uabface7s
f&@fiiwpeéhf &h n@lllet@ulhgf?f ' §ﬁf 13199 306ne i ﬂlch{lq d8fssage

to selectively engage t latc Fehbers 10 Wit
2@4ktkehev phofanech@iing cderetcon2ibhe annul ar seal nodul e
222. Operation of the actuators 278 could be

contTiod | eal by mddubebz@d cantbel psyssene 128st&d4byanmapplying

2 Rt Pe "heter el bvarats Saie Thttra WHEMSduie using

tisel eghh Vet yspetmg t 312and 14 5tips event Sghtat toh | ©fv FIG. 19,
throqgh t he annular_ﬁgace 228 fornmed radially between

PEPRSHE R FK DS rRPRbECANG 2 HENS UBUPRFaEFFRERI 23 b2 €O a

pdPSibh 0Bedehd NSt | OV DR§S2EE BOGwéSLerd &1343d PSlve
depicted in FIGS. 16 & 17, the annul ar seal nodule 222

mediel @ided2 farsi bre awewkapiseahitedaie 19t cbalWhigl the
>S9 A R L5 gl 25T GO e Edbunen
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
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
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. 1In this manner, pressure applied via the
tubular string 212 to the flow passage 204 would cause a
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.



assenbly 324 which permts the seals 216 to rotate

wth the tubular string 212 when the seal is engaged
wowaok/0542e9 t ubul ar  string and the tubul ar st riPgr/US2007/083974

rotated within the fl ow 25 passage 204 (such as,

during drilling operations).sThe bearing assenbly 324

may supplied with lubricant via a |ubricant supply

line and | ubricant return Iine as described above for

the anoyl modul e, 2 i dN6n @ N

222'?3 anﬁ% ?@?% ii%ﬁ ?%r%§%ﬁg Sbnﬂgéa%%ﬁﬁgéﬁ I n iﬁg 212
cpibhd ebafposeipaedi ve REL: SBtslebovébeendbbyebetween the

eration_of the ann r | podul e 222 may be
B 851 P VIO SRS chitod Flr (Rote T b oBSaat g of
theassaDf 2t hemsybsen £ofedol wisyshem S0dressucondt bfepotitial
. 302 nd/or the surface control fyst$nL18 gescribed
ORI &

1SRRI 1eReASH 23 PigH MoV R U G, 593! 2 R¥ it portion

o ANERST I fle r AW L8y 24056 | 15c Eiphd 8 € aSnh B4 2l $ 681 I Modules
housi ng 268 5 interconnected in the riser string 206.

22%%e %%ghoring devi ce 210 includes |atch nenbers 356
engaged with an internal profile 358 fornmed in the
housThgtiegvalyve medile 002 skl gponed areheRapeRiS$Hre

a fieg0&5 Sgﬁéf@%ﬂgpafnstffﬁ hopsi 0gn 288,04 THE pressure
usi ng %8 may Dbe a separat% conponent ot he O RERS
tast i tige 206rt Don i o f nelye beisert egralhy 2 06 neelow t bhangnnular

B LSGod 83 104y PR R oL oL B] (e s
m&iysé M 4RO, ptdesuto ubn gy 268y | Sf ptied epabt Yopost ttivmetiser

above the locations, 15 240, 242, 244, 246 provjded for
SERENGL LY WibHEh cL0vhd Poosiblesl tooglantf teapt (pEessure

d AREEPE L Bia T VEEL] #d Ou il 58P Scdd 4o PBiian e dISSFed Slire
pressure testing the riser string 206 and the ot her

dppblieg. cam meveFriEsede testing procedure, the
anchoring device 20 210 and seals 214 can be conveyed
i nt Nere et athedoressiee applied to the flow passage 204

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

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
positioned below the annular seal module 224, it should be
clearly understood that various arrangements of these
components, and different combinations of these and other

components, may be used in keeping with the principles of
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riser string 206 with a portion of the tubular string

212 which extends dowwardly fromthe anchoring
waelewsoss2and t hrough any annul ar seal nodul es PCRUSRAH(83974

226, but not through the valve nodul e 202. This

configuration is 25 represengatively illustrated in

FIG 19. Note that, in FIG 19, the tubular string 212

extends downwardly fromthe anchoring device 210 (not

t & S{ Py Entfon FI C%‘oﬂgéx%lgﬁj%€u9ﬂ1§@§a@n5‘f“ e S€2Ln nﬁﬁ ul gs

222,224 and into t ow passage 204 above the
aval var noell en@d2legh2a230 I2hibarngtused Pi2thipesiser system
tend. t hrough the val ve, nodul . 08/ 0 09
L R et s i fe 208 o e CeOTRg B usea,
thdnghih@hsr | ed hemPdebssir 222 t@sttwg HicEakr€edD modules 224

reyent displacenent of the tubular. string_ 212 en
c%vle%sleﬁ eu%‘F‘Ef e et el aF eSeiphl T ‘”a%r%& g@%¢%¥ﬂ%‘? dpelow)
cSERH BROMES PR2%p1 a4, o£26i el tHe NN Cofoehld EaondDZr seal

The seal s 214 on the anchoring device 210 al so

nOQREES o4 0 22hi WRY RWEDRF GW preabeabbon Of canwikar seal
m&@@}@§ c&%ﬂéy§% dgomper fat | 95 §SUEDI 5S4 Babove

surface acility) through the tubular string 212 to
copkd fhovuped stgepl29d GE|l vy tdE e horpwipdesezk Rddules
2}? Tp§4vaéyg qggy!e 202 can be pressure tested by

applyrng “a preéessure differential across the cl osed

val v dul e usi . the tubul ar, string 2..0n the

cont Tetrat 15 S188 tonguty Hodied e, Be Wi 126 1An, seal
mddel é ub2ik at s Sdép gt @d 2aé Cb@ingolfisoanl Dédt e thSeriser

string. 206 between the closed val ve 15 nodul e 202 and

SERENANFUP a7 ORERY SRl B AT e R he? L Spal TR gdrill

bh@as3 bgedn aghdlal Sfet Cefgabt NGhyY €N9DLr therindW 8 prevents
string). This applied pressure would al so cause

thpppeatabroedt modnbasite Eremefahting atf 2E the lower
eﬂ@n&fa{%%e@%bgpgylgt 224.and the portion of the riser
6

string etween the
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,
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
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
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
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20 cl osed val ve nodul e 202 and the annul ar seal nodul e
224. Any pressure | eakage observed woul d be

w0 p@Bos20ve of a structural or seal failure iPCT/82007/083974
val ve nodul e 202, riser string 206 portion or annul ar
seal nodule 224. In order tospressure test the annul ar
seal nodule 222 25 and the portion of the riser
string 206 between the annular seal nodul es 222, 224,

sEPﬁq%e@ét@é@n of hd NG FEML AT o gaéo%u %l'ﬁ‘i&quf?»f?%?@ claf the

operated to di sengage fromthe tu string 212. In
rises stenbey; pressweubpphdednetassdelly ubel bhe scasagif
212 to the fl ow passage 204 mqyld cause a 30 PLessure
eog J_am?ﬁ sSe

PERYTSTRRITH To e app? | B0 4R r oA T el Anfitl & 1Red to 1ocate

thedubeu el 20, the2 por24 pr2dé imethié Sefsst rstgiR§6206.
bet ween the annul ar seal nodul es 222, 224. WD

20080 058208 PEIALRO074ABIRTdule D32 Hhd evedh | edyalDEd in
in addition,. the tubular. string 212_. could be )
tRRsT15ohedt5bP Y 2l 0 te1 Hhflercmieyed R wekd tpRular string

2 BNk BdeSEE e DN £5G 2220 2%y | fis Y CA £@SRi RPCESS] Ofs
of the seal 218 may not affe6¥ whet her a pressure

depi¢ee@ntd al I1G- i 56 apphe eteaks 0856 t¢rn dpmuiastaklgd in the
POLt ] . h S S
L AL HobiPe POL 100 ided Yroph Johe Sfhpafifbodule by
comveeimpdihe 2621$ sompemned;ulbibar psessug e212ppl i ed vi a
the tubular string 212 can be used to pressure 10
t estLateh poebens 0257 heermbertisd rsemgl 2051 bet ovibd heeparately
.annuif%dseal nodul e, 222 an/or annul ar. sea

d
18541 Pl U <OF b e} ST et HYBSERT & AL KT 1 757 brTesiale 222-
TRO! L4 ©¢h Qhertber§ | 387 cSEId NIE@OGenbisle Wopid dc e same as or

subg;ct to significant pressure differentials during

SURHER Dot Antle?l LR tHRBRMRE T e230r'e5a% €9 $ETHES e rinular

s¥&1 Ihb&ee NP3 L 1haind Nei DELSSUFLa@PPHE ed Lo the flow
passage 204 via the tubular string 212 nay be a

presfﬂrgnénﬁfé¥@f%éﬁ 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
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.

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

tools, testing tools, other tubular strings, etc.
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pressure decrease, as desired. In addition, the

pressure differentials caused as a result of the
wappkiossaedd on of 20 pressure via the tubul ar stPCTYSRA2083974

may al so be used for pressure testing various

conmponents of the riser strimg 206, including but not

limted to valves, lines, accunmulators, chokes,

seal s, control systems, sensors, etc. which are

aSSOfﬁgt%MP 1o& rﬁl&?ﬁlﬁérif@ 254 AAM%@M@ Ccdh Be

configuration depicts the annular  seal nodu 222

llb@tatﬂglmgml@mledOMJovam@ellan@M)rwrgbmm;@n, 2d1d the seals

fgnu#f%; % %iéj(%)e 22 be| Slg?ﬁotslil olnrcledta Jr 2%‘23/ or

anhufat 33 al ve nodu
rémiiewémsft¢mnemebEiQMtt®6rﬂm@uimra5ﬁa¢r@@mh&ﬁd22&,amy
hpuld be 30 clearl nderstood tfat varj ous
ekt s BPL t & %or?b%‘he?ﬂ?%u FhSert fRedptes (such as

tﬁ@@mmiapn;se@i hE@SEefNZL P BT 4 £ONRDOPEMSA TRYFDE. 21)
used in keeplngainth the principles of WO 2008/ 058209

g Us2 obrs ek in gpe ¥heeT ngeRtpdn20Forarsapge, the
séé‘fé eafg of ; ppe. Sarh 94 é&@veg@%ﬁrtﬁ@aéuwf& €St 24y 212

4" bel ng Used in the riser tem 100 y one
(@nthﬂaartcs@@tthemd@w esﬂzar@telzxzﬂ zod | @Iecbterezréedn thew
S AN s L e e
mémhsrslb@ﬁ betoid s thmnabpmbpsfmkers$mhcbl©f03|Ih@rt@rbe

bot h of the. annu r seal ., nodul es 222, 224, any er
e Bh%‘?iﬁétjr%t%i SAnth ot tS LPSPRDHLY @ s2 R A b%eﬁﬂbe‘ﬁ‘?dﬂe

22@? 2annul ar BOP 42 descri bed above could be used in
pl ace of any of the annular seal nodules 10 222, 224,

226, r&t&rr e e4dd 1O sl 1§ o0&l | Yo Ny t 02 T Q:hgoanﬁlﬁlli‘ar seal
annul ar seal ™ nodul e 222 1s depicted as belng

modiztel 224 im derieiedras sheing m%%v%yéﬁolanth%erlser
R R R R R LR R
msm@¢rﬂnﬁ@6edﬂﬁenga@@dfﬁ¢¢mngh©fpr@¢il©e26bmethe annular
seal module 222 can be retrieved from within the riser
string 206 along with the tubular string 212 (for example,
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
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
string 212, and any of the other modules can also be
retrieved from the riser string on the tubular string. 1In

one example described below (see FIG. 30), multiple modules
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end of the tubular string. Preferably, the latch

menbers 256 and profile 264 are of the type which
W@ 0080582021 y engage with each other as the noRCI/@SRA2083974

di spl aces through the riser string 206. That is, 20

the latch nmenbers 256 and prof§ile 264 may be "keyed"

to each other, so that the |latch nenbers 256 will not

operatively engage any other profiles (such as

i 6 j e~ {4 [

R R R e
thaytwbhbar | stchngreb2r s (such as 25 | atch nenbers 254,

258, 356). A suitable "keying" system for this

pur pRsfersindgeaBELECTRRDITMowg yist el Gar X2t edhdyriser system

I']1iburton Engineerjng.Services, .lnc..of Houston .

16}@@% r%%a?%‘%a%m% ajggf%?tﬂ%ﬁ% ‘g%lc%e atPgeydular string
2Bysienmotatddtin tBd Alow pERsaGerned of nemsi onséd ofring

the riser string 206 at each of the npdul e |ocatjons
2080t B0 BuplE e aet 1PPERsT4asdgr Y 3sdntlling
o PR | NteRBake 4 5eN5k 0B Ofnd henki B8F Y RORSAOES299,

CT/ US2007/ 083974 - 53 string between the opposite
septlrGhNcer g 20D roBGatefwihe the sepbular ngtripgs212, and
UL gy 1103 1 HEGLSSAL | L Yn DA NS £RSRoAL 1 e Pﬁ?ﬂ@é&ii’r‘?@’ engage

decreasi ng no-go dianeters were used to Tocate t e
amddudest 02| t1222he 224bul@6 strihe, riseordering 2061 &Ef the
Once_t he annu sea| dul e 222 has_been installed in
PHETeT SRR 17 208 SR here S8Rty o AR PRI E biffa} Module
232 g addZadsa degtledfon thés aRubdr byeabimgd@le 224.
running tool as depicted in FIG 16, the seals 216
can tige id@siBlleg fruidereemmml BInsedd2 npgule ©fiis example
.retrieved fromthe annular nodule by 10 conveying the
13 e5} 1 PRI LERIF 1PN sW%??]gt%Zfl@&tW%%e?é‘l daglow the

aﬂ%ﬁi@f 3881 SREGS1 L1524 0 b@rﬁfpﬂ@tﬁididimié%'féi sPrOhlated
retrieved fromthe annul ar seal nodul e 222. The l[atch

deprbielre PEFulbag| string ekanps ereperne@ cahengswbih
cuttings, the fluid composition 150 and/or formation fluids,
etc., during the drilling operation) via the line 342 to the

surface.

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
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
in order to demonstrate that various locations for locating
the line may be used in keeping with the principles of the

invention.
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simlar to the |atch nenbers 256 used to secure the
annul ar 15 seal nodule 222 in the riser string 206.

wo poosss2py ef erred net hod, the annul ar seal nodeCBUIRA7/083974
can be installed and secured in the riser string 206
using a running tool, w thogg the seals 216 being
present in the nodule. Then, when the tubular string
212 with the bit 348 20 thereon is lowered through the

ri Seﬁn%&ﬁﬁéf‘%%@@@éfﬁ% B 1]-?1551&%‘ @&ruﬁ@ﬂ‘i’@é(@ﬁoﬁ%lth the

the tubular string a ed and secured In
fhcpmupmsagal 2 (M)d uf er 222ampen lmeccpmmmlmats@m [ wugtlzl‘Qhe
and. bj t retrleved fron1thf riser str 29 ),

al%%“a%a?%a‘é‘i SRR BE T T 1 AT A AN %%alrh.s ‘?%o
Tnﬁm hlse &2 uneyl ﬁ@ru$éﬁtf¢flp@b§&mterfﬁli@ﬂlngntWMuch case

s 218, 220 on a of the o her nnul ar . seal
tlﬁ% s 126234 C%]?%e%ll%%%ﬁ’ﬁb%dt fer ?a é‘ 3 %‘?/Ove)' for
mdHh Db L ﬂ>1?é§§uﬁ@nb@r§h@ra1%@§ér a@ﬁ@&@é | 7138 ﬂeélé cgs for
the seals in the annul ar seal The seals 216,

abgrngbe dpilbing hHlaid bl@eféwarh%@y BniRyefly other
P%é@é' edrl@é‘difﬁ% 5§63 rioyeq 198 Pﬁh%mw&féaﬂon with the

veyances, such as running tools, testing tools,
fhohepassiogd a204tat ngsy desire pOOSE 05B209 the riser string
2@ /USZ(Q;{OS 974 - 54 The annul ar seal nodul es 222,
4 an ©2% can be installed in any order and in
|nat|on and the seals and/ or 220
can Ber<br Ja?%t%‘??/l“n%l% fjr%d“%%d‘?%r I?et]?g? evdl FFERTROE @
framgs Sdinegtidn anyornd delie antsén @iying cCOMDi hat i on
For exaqgle, two, annul ar seal , nodul es (such as

represent %]a‘fe%db]rje%s‘é‘—?%te%ml%s%%ﬁ c‘f%od‘FIhOfF‘f*éa%)hOW
tROUW & Doy d NBL@dd efah Nbd NeckdmRbast &d Neh 2086, senth teslﬂbwmg

the seals 216, 218 could be conveyed on the tubular
the r:h@elzlws*(@ntmrfmg*éhm%ra sepayereignahngotary table

RPECURRES 10 e 4 egtdy f‘:[&'i'éz”% §§a$fr&5’fj<ﬁ! efg. Theote
use ? sel’ective at%ﬁ neﬁiers 57 permts the
tlapprope i keessenl 1246 B, 2di8ke bene CL, kill line KL, well
control umbilical 180 and subsea BOP hydraulic supply lines
364 are conventional and, thus, are not described further

here.

The drilling fluid return line 342 is conveniently
installed in a typically unused portion of the flange
connection. The injection conduit 11 and hydraulic supply
line 9, as well as the lubrication supply and return lines
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

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
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selectively installed in its respective annul ar sea

nmodul e 222, 224. Referring additionally nowto FIG
wQ20sse0annul ar seal 15 nodul e 222 i s depi ct rAT/ES2007/083974

being retrieved fromthe riser string 206 by the

tubul ar string 212. Wth thesyatch nenbers 256

di sengaged fromthe profile 264, the annular sea

nmodul e 222 can be retrieved fromwi thin the riser

z@&rmgtﬁgﬁirfé@flgs J;% ﬁ egélﬂf@é Stéd 12&&&{1{3%

I
exanmple, 20 wth t It 348 preventing
rewwmﬁemt@@avehmdulbustr@hedaIIImgth¢$ efampke | owelt Epbe

o the t ubul ar st so_ tjhat ar a tEi does
oHid oot B Tadh Wheydty 08 o BERR 2 fold PSR 1ine
34bdahe. tHdi 81 onet hass adé | 2@d scoper it t shewhd e emiderstood

repl acenent of the seals 216, gr ot her 25 nalg{enance

R RUGR PR HRGE BrPE HEAnkR BR IR RF LR Eheoblow passage
alR@tABEoRE | 5 Mbrdé NExtePWABr1 Shds NOs@dr dHtend é@élhre

(such as, during replacenent of the bit 348) .
rehief ahinef3ehe bRiRFtHoRF@adwby 1Dpseteoe can also
be conveyed into the riser string 206 on the tubul ar
30 sietagtirab, thwee egmbinedevalves Hbliaed aakuatees 314

aP@ {r?“lt.éfc[ec\’r%(ijeé{é’cﬁn ﬁ@&ﬂééf?eﬂhét r?nlLlﬂ% §4‘PF+%§ 30).

one exanpl e descrl el ow (see
rawp¢¢p¢@en®m@led Niséﬂ0@¢ﬂ68ﬁ@®né&ﬂ¢tEQE®GlOSB@Qge valves
retri romthe r

337 2 Taeiafor S of AT RoFEeSRdfd 25409 Eafioys yplves

(@d@htlmmréay oW, tD1F) Q122,116 I12BLr13ystens, 103)4) Sand
esentatlvel%klllustrated while the tubul ar, stri

hOBAS . ot eetket, 1her 11l phebeqbs Sbaeact oSy | e

Byl PngDRg | thOreeTvd® 816 | dnd hect@iibrs e3 f>416a§|U<Eé;5‘9c@ed in
drilling operation. The seals 216 of the annul ar seal

FHOZu| 4 282225 s el ¢ ngl 5eengaigEnandl0 ¢ ot aiteade tO¥decompact and
aﬂsi@%@f df%ﬁei%g% Sea?@%"lg a L8Rt 1 S8 Of ot HEy 20 @R,

seal no l'y engage
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
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
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
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.
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10 and rotate with the tubular string, in order to
seal off the annular space 228. In this respect, the

wa@nealoss20seal nodul e 222 may act as a backup POF/USID@7/083974

annul ar seal nodule 224. The drilling fluid return

line 342 is in this exanple sgn_fluid conmunication
with the fl ow passage 204 bel ow the 15 annul ar seal
nodul e 224. Drilling fluid which is circul ated down

the fybgtar §é%%n9hgl@oﬁ§iﬁ§§uf@@d 8 ONPe M £ the valve

cuttings, the urd conposition 150 and/or fornafion
médlyl €ls202 eand , anionel sy sdel dnodil ey 22r a224mreiposeioned

line 342 tf¥the surffce. 0 The line 342

ARRTPERPTHE Y o TRETY i HeC'8E Tre 1o et R e e Bhov et g

reduicosistival pest {en gof vied vebsdd 3stididg 204 5yhildip, mdR lhe
122, 133, .134), chokes (e.g., chokes 112 117 . 123,

PYSPFUL -’s%%‘%or‘%&Y et }CT e%%‘%% o’%%e 1]13‘}91'1}18?%%23&?1‘ yghic "f‘nd

eBéStridBY PEn&ONPECtREsd Omddiglds ne 342 for regul ating
fluid 25 flow through the |line, regulating back

pressurer@pPpriéed tve hAbesihw PeSsa9es 204850 B NLAEH are
a constant or selectively Varying gressure In the
digt T boeedsslorg cthahel $¢hesBRING 520 ¢leph cRRAL R ARE@ner

_ . . ¢ iy
W o P 0 ST f hOl? BOGELRS B0 | Mt (45605 o f1ex
J@Dnt nFdratera t bowenoesd rabenédiatonaz 3 dust | trat rosesr ferring
locatin the |jne y be used i eepi.ng. Wth the
eorfiei et LD M arfre T g 3000, g ot TanGeent
a PLEwISZI00 7 HBBE Todu1S62 0 Aned hies hsad B862i gdabe i n
fluid conpuni cation with the flomlgassage 204, for

SERANPRBLAHY cHhnMt cBRT ot 9F T 1S HhERY anhRil BFOB plle okl

bdEsween the annul ar seal nodul es 222, 224. This |ine
362 may be used for pressure relief (in which case 5

the thner@By268] res@oRGud Pngde2és Ne3 P, deser i Del, 280 are
above), for nonitoring preSsure In the annul ar space

appgnged eentigueysate ereh|oweer | 1nt ralveve theeflex joint
Fjpr ﬁ@wa%ﬁeﬁhe 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
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
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
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
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pur pose. The line 362 could be in comunication with
the flow passage 204 at any desired point along the
WO e@sise0ri ng 10 206, as desired. Referring PCT/US2007/083974
additionally nowto FIG 23, an exanple of a flange
connection along the riser_sgging 206 is
representatively illustrated, in order to denonstrate
how the various lines can be accommobdated while stil
pféé@ﬂ‘ffﬂe&%i@@rriﬁe&e%‘%ﬁ&?&t@rﬁiiiﬁ?r a®ions where an
conventional rotary table RT. This view is taken
intermediaee 28le8 pdimt GJ 185 Neyeiredatandhewleost@rriser

fi%ge BLv fhokesléneuC%édkill line KL, well <contro
umbi 15 cad 180" and” Subsea” BOP hydraul i c supply |ines

364 conventi.ona nd,, thus, ar ot scripe
o RLEnSOI TR % A mdfiDagd L fof Y ff n do B otoy the
ahsuLOAVEsd EnhdFuléfsiab | ezka np 202 yprsadidyiceseth FIGS.
ortion of the flange. connection. The injection . .
2emfiui 1t 13h et h%rlgreﬁ%ssmwha*ﬂwg?n sOhefpriygnation
ot henéd %ﬁ@ﬁﬁéj@%@&‘l@' Ne aised €1 hkFedd NESTHS @ggioﬁg(s%%usings

ressure relief line 362 and electrical lines 20, 89,
2486,3002 28¢/ podtii dhkdnaxtks@lbe pxengedne a different

o{ﬁée‘f‘eff&{?“th&l&‘_tdgﬁz%%ecg‘g{%if‘Ié’é‘. Z??’zgldﬁpe whi ch permts

rrser strin e 1 nst t hrough the

t . A l I '
|2 hcheblo Foy ARG B, U ot P g L LOF a0s o
thomese i otring 2@6i iedrepRedentangvatyi 11 st tytedwin can

. FIGS. 24 & 25, a nner, . i n_whi ch conpact externa

L SOTREELT GRLT TheETT on b TRaTin SOb8) BREoTe Of the

r P6dF US04 P8397dh end1e208t i tothe 1hSEs1Béd i €igrd06h a
can be acconplished is quresentativer i1 ]ustrated.

CORVRRt LORX AP e T it 3P bE RT c JAMECRE IPRT @r Bl kb e2pPreciated.
between the drilling fluid return line 342 and the
fl oW pahyev 2o, B ¢XteRRl Y eewyrReied omril %es hat o,

aSUASPONSEL | QRS SBndEc SREE betaess fheq f Ay passage
conjunction with FIGS. 24 & 25 are again depicted. 1In
addition, an accumulator 312 is shown externally attached to
the riser portion 308. This accumulator 312 may correspond

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
used in addition to, or in place of, any of the other
annular seal modules 222, 224, the active RCD 50 or the

passive RCD 58 described above.

The annular seal module 226 includes multiple sets of
seals 220 for sealingly engaging the tubular string 212
while the tubular string rotates within the flow passage

204. The seals 220 can, thus, seal off the annular space
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and any one or nore external lines, such as the
pressure relief line 362, injection conduit 11, etc.

wOloa0s/ 058209 t hr ee conbi ned val ves 310 and act uarPCr/ESR07083974

are interconnected between the return |ine 342 and 10
respective angled riser portggonnectors 366. These
val ves 310 and actuators 314 may correspond to the
vari ous valves (e g., valves 113, 114, 115, 116, 121,

2§@2boé§ hﬂf ngsséfl 2ffokg§a%ég %%zwhlle the

123, 132 descr ed above. By arranging t es 310
temdlact slar brg Sdds asodepdeateel im the Fl@6 pads&ge5204.
the riser string 206 is nmade nore conpact and able to
di spIIaoceom’hrmrghtca ctavesdlonaf tind aoyhembhmen®lar seal
now t vari ous

Tt R e o4t CPES BT ReD of U i i SESATEE, ne 58

witi€h Fepdes eni et i meé yeabhLst r et elng SP12 hathé tse@ys bzezo of
t]a(%)pre0|ated 20 that the invention is not Ijmted t

ya%%%%?¥l%e%&dmﬁﬁ%;ed%%@r@%e@omeF%F?FeIWF?#(;h?6%Pbular
s@1n®f thesr@dyl echousénns 268, r§@§1n2§@at18§4ry2@@1le the

are contiguously connected near an upper end of” the
tlFb%Je@rsWHﬂ@;gZ@%z ot ates rabgehentheaseah®. benefits of

25 requiring shorter hydraulic and electrical |ines

f or Acbupretcanh/ sealart s(sickeas antspensi geease, etc.) may

bgoﬂ‘? 095 32@ twg’g@ tl‘? ZSegﬁs 22& #a? ﬁgril.gt?gé :)%%c}/nﬁgan

cons FUCT secti1on i ser
exverior s@ﬁr‘eheonp@etemsrilsgjcho @sto at:lmemﬂbﬁtprcsvidae C.).
wever, a | ar

t f t t
LR R R H et riRc e cb et Deatvagh gt Eplf Fngethe

t W EBSHI s ZEInGIUZ 1 DY, ah @ t & Xt fce nﬁﬁ@g@ﬂf ﬂéﬁ@xswael pressure
drilling, and this %?be undesirable in sone
0

se2 - trerst 2R 5l 1 WD 2H08P95320bS PCTF US200Y/ dB3gmay ke sgsed to
mwl&s@tﬁ@%eff@rﬁ%é "op 0. sddPs 254 [OIgl heryahdect

nodul e 202 and annul ar seal nodul es 222, 224 are
whekher onryl lephraxi pecers, ntddway- al ong the riser

string 206. This
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
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

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

external profile 276 formed on the annular seal module 226.
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reduces the portion of the riser string 206 which may
be 5 pressurized, but increases the Iength of

whgasasd2oe and electrical lines to these noduP@wsUS1007/083974
FIG 26C, the housings 268, 306, 282, 284, 280 are
di stributed along the riser giring 206 in another
manner whi ch places the val ve nodul e housi ng 280 j ust
above a flex 10 joint FJ at a |ower end connection 234

of tﬂ?%!rﬁégroétiﬁé‘gac{@a\&f;&es SapP§ Ea Vel h e ad, SERUCE UL
236. This arrangenent allows the valve nodule 202 to
sbeing el é cprsoldee foubsormnenbéhly sddupning hendiseleasing of

strin 06 omthe well . below., 15 In FlIG_26D., the
il PRRE 286 BT 2aomo.  Sab i "of) g nodfnent,
ox@NbT guots &P €lae modinbss | 256 GwViee tdenvéekenOlNtinstalled

FJ. As with the configuration of FIG 26C this :
a%‘#4%g’é%ev% |%9vst1%%et FRRE eI 25%2%} WRECRBLate
o;fbé@é@i@n Stibshanddebdtors 28, the riser string 206

romthe well 20 bel ow, and al so substantially reduces

the §O&tdOToRfof hehe rdSBlatdF NP7 LS YOBE doHtrolled by

pressuri zed during managed pressure driIIinﬁ. The
the ravereeeoRtr¢l GySeem| 52Qer 304 aid ggonigrehepod 302 or

t h i O FJ
e T B e
op8dat 80.ofThtlse ammahapeneed ]l maydbke b22ef (eiaql, i mjdation of

it . not ' izl f,the fl , 0l FJ
it PRSP AR SR B PRSR 0L PP eh 010 e
mapubel ebhierdblédeby heaposof | Oineds Isdet vertréhyspdtem 304

t he housi ngs 268, 306, 282, 284, 280, and_at an
a‘b%i%?n‘é?%gp‘?%é(??s%? 3071 rRnoGer B %‘a%%?ff%g%o%?r%e

sTES8h BYSdERAPOd Sapded. it enables utilization of a
2008/ 058209 PCT/ US2007/ 083974 - 59 pressurized

M Sefetdr AEEHPVREET t BoAd11PIOPEERIFPES IET&n ABxample 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
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

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
operations. For example, if during a drilling 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
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intermediate flex joint FJ is required, and where a

riser fill up valve is required. Although each of the
whowsiorsysd 306, 282, 284 for the 5 annul ar seaPCTHDS20B683974

226, 224, 222 are depicted in FIGS. 26A-E, it should

be understood that any one_ogzconbination of the

housi ngs coul d be used instead. The vari ous housi ngs

268, 306, 282, 284, 280 may also be arranged in a

i R. J;éﬂf&tls Pééi@ivécﬁ Ofi‘&halt.héjegéﬁégps | 81y (ﬂ Gsan 2@&35:1&1%1

erring additionalTy now to FIG 27, a portion 30
module h226 i g@n she | o 2eged sby ephesenbalavesyring 212 lnto

illustrated in |sonetr| Vle that t he §9 act
t%onsjfruct?%%l%?a?% r%%lFe r%%%, \qu) t}ﬁ%blpe5| Ppto

the thﬁBifeﬂtthm@u@Mem.acm@wenj¢bmal3T©tﬁ$yc¢ﬁwé@téﬁl
may be nore fully appreciated. 15 In this view, the

ext ermath s onmmest pdeval desl Billly opstaeions Sdd woe
connectors 366 descri bed above |n conJunctlon with

1ngREruUpYed, z%n%r%h%g%‘ﬂ‘?mu%i%u%‘f%ﬁngl%lz AR % i ¥t Bgve to be
r@CEHERE AL PF o 1hd SrBdomnsext ey NBhéy PhtGEAeH L9 ehd€re

riser portion 308. This accunul ator 312 may correspond
coutiruetysetlite afcuhel arikas, snace 562 8escFhbednethod is

gpoffhltggff%rﬁgg %Pffiiﬁ N f&%f%&% 2§utt£§h be used

annul ar sea nodul s re entatively
d¢timgt¢aheﬂ @§eb@tn@nS|mstw¢lbd suclhi as acomplebhoor GB4

S g}hOfS $p306 asngart of the riser string 206. The
%H% 4 At 526 may be 25 used in addition to,

i ace of e ot her s al nndules
502 RoBaftind' sadiViSadl¥ 4 fofus ) | bl BEer Systen
10i@sLs | besh @bovea t Thel Ul @t s£edd Pttt em@%lpml rhkS@tSles

nultigée sets of seals, 220 for sealingly engaging the,
20%but et st41 e N %@tQ%ﬁY%ﬁt$%m¥%&ﬁﬁ%ﬁu%¥Y|%@0m0¥ gstser

st\,’\f:illi‘(f,; M ek | ONe PaSS@DSr £0Aind Ne15cal §5220f Cale dPUSrnal
seal “of f the annul ar space WO 2008/ 058209

APt 077 98B /Rartig@larly beneficial in this example,
since they permit all of the modules 202, 222, 224 to be

quickly and conveniently released from the riser string 206

for retrieval.

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.

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.

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
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228 both while the tubular string 212 rotates and

while the tubular string does not rotate in the fl ow
weawsaseo®04. In contrast to the seals of the BCTER2007/083974

annul ar seal nodules 222, 224, the active RCD 50 and

the passive RCD 58 5 which ggotate with the tubul ar

string 212, the seals 220 of the annul ar seal nodul e

226 do not rotate with the tubular string. Instead,

ad D€ 8674k Sp 720 rﬁ%“@é%é%ﬁ%é@n§53v¥Miéﬁétﬁﬁv 330U also be

string 212 rotates within the seals. A
usedricapey Seuh an ifsendnes on sthessgreasesortro) spytems

be, i nj ed tween the seals 220 via rts 368
1 onfar B err 08 o650 L0 natfbin Bheb ke 2 300
| ubricati educe fricti

PealAfgR e Thotfar " rTHg ARSI 18 ehGnci T the

rééspéet £é i RbdPI €SS0 R, ZEA) | hp4 capeé | $éysOfFs th®o, 336, 338
seals. Sensors 340 may be used to 15 nonitor the
CHRr PR MR et DI MR P Qe PRI IBRERES SUCR AR RERTSUNRiet her

t &YYot £BKAOE OF CHEBer &Katac 8R! St St 18l ch NaBO@MBndicative
respects to the seals 220 of the annular seal nodul e

oboeherrerternraned ¢h ¢aeh meedybe ad 02 n22pC1224. External

. . 0808 . .
SR Eds AT R cned Eo oty chhe (SRS ORI € 336,
33%feo etlve. comtthbugystemee3 @4t s1®f the seal s 220 are

depicted in FIG 28, with three seals in each set,
any kefdrering sdédltsiomatlamowmundefI®@f 3k stlnd sesds system

. b din k i i1h 25 th i nci pl th
T L ARG R AR R e
cmiel @b asqu B n 10350 et RPSud the hDyst ngeBD8g a0 é he

appropriate_ location 246. Each anchoring devjce, 252

Sined el BeAulRs udlor 278 aft! PTRAYEFE nEPbhere DB YRlY large

bSRYAJEIBES VhiHuGh S0 exigLPale PIRE 1 3 @6 21RahPr MBS ot
t he annul ar seal " nodul e 226. WO 2008/ 058209

coryyl &ISPo 7¢ 83orent .cgn 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
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
riser string 206 above the valve module. After the
completion equipment 350 is in the upper riser string 206,
and one or more of the annular seal modules 222, 224, 226
seals off the annular space 228 about the tubular string 212
above the completion equipment, the valve module 202 can be
opened to allow the completion equipment and the tubular

string to be safely conveyed into the wellbore 346.
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The use of the actuators 278 external to the riser
string 206 provides for conveni ent securing and
wo etosass2ng of the nodule 226 from a renpte | ORPEL/USIV07/083974
In one enbodi nent, one or nore of the nodul es 226 can
be conveniently installed 5 gpdLor retrieved on the
tubul ar string 212 with appropriate operation of the
actuators 278. (Qperation of the actuators 278 coul d be
cont 0l S tr S 4
cont%%légg%b%%5é2$f %%%fég%@#er%%r¥%%§f% ﬁ??gﬁg?§??%%
aridubes csédpbonadiole(s 10a@perlae i onlvé mddubanlarskseald be

nodul e 226 (e.g.. injection of. the |ubrjcant/seal ant
185 o5 f A o Freotldlia Bt 1edey SRR oRSRE:
egqoipment e3ls by nEensexdmp he, subserf tonidol osysimi 8O4to that

and control p 302 or 303, and/or the surface contro

SRR kR 1%“&(33%965 petiBobe. v9ed Reper ihy BHRP?F9nal Iy
nowto FIG 29, an exanple of the riser_system 100 is
repr%%%%?%%?%e?@d+T+%%$f%¥e@PWntowﬁ¥%h Pt t3pPeher

cENPU@F 286G SPAUhE Sy 226 aé%s{*.é}ﬁt Bhb efs | PFepPEseht S€Ively
string 206. As depicted in FIG 29, a second upper
apgnethenaebtabhbyul Elysbratedei Hy Eokekyelle | i peehion
| 20, spLi b i ;
ORI bt e SRR Ep o M R RS BB e gL ine
3222 bihesyathstéyd ehl anpedt {extehaaflyidipsetposdiindn 150

370.. Wen_t he_upper dule 226,is app riat el .
IS T HEnET RN ETho SR 248 Stk Haf res e F94 in
tihe ppesat eelr119g SEEE) eih hehel pper £ Ppurdelbe oh POSI t3Dnthe

[t.will be apprecjated that this nethod al|ows for,

E1eR FPBRPBRE LR obe I F1ored abfhtP afPe eFf L hbHy ekl 9bg return
14$é N2t he tubular string 212, w thout requiring

additional trips into the riser string 206, and/or

durifg ORfdBhathdt | | BEBPeRPesLbOStedOFi €KX &, 1 forming
during a drilling operation it is observed that the
gaab U0l the | Hueer bbbl g 2286 dray dee ayorded. t Hehe
s T AL F1 P50 £FF €01 3416 (DS NARS LOIP1 MBE Bed to
regulate back pressure on the annular space 228 and, thus,
the wellbore 346 (for example, during managed pressure
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
fluid return line 342 downstream of the choke 117 and valves
115, 116 at outlet/inlet 44. However, this could be
accomplished downstream of any of outlets/inlets 40, 45 or

54, as well.

In another feature of the configuration illustrated in
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
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WD 2008/ 058209 PCT/ US2007/083974 - 62 indications

received fromthe sensors 340), an additional nodule
WQ2@8058200e conveyed by the tubular string 212PCTUS2007/083974

the riser string 206 by nerely installing the nodul e

onto the tubular string whegsa_next joint 370 is

connected. 5 In this manner, the drilling operations

are not interrupted, and the tubular string 212 does

b8 dAVERL 0 Dot B854 1 £YRGu € OM tASI TiRE rSLUERND 208,342 at

In order to ehsure continued sealing of the annul ar
sppeed 28t Thicamomedalaeng note | ¥efwen 1bnese Whudh, a large

drillin eratipns, but_can be used 10 during other
adgite PR EPRRBLEPEy T~ AR S e e df B e 00
fopegas+ Dhst imefer rotigetwlitisé¢ | ol 1 yimgwdial Fiéas 30y dhedual

riser system.100 is representatively illustrated, with
%i‘f;%%? eglﬁbﬂ]cﬁ%% tegnl v ‘leah bt g ?etFPeRYrtion of,
t15é MEb t @PROUShY 34PMbébiPedh Selie ISustét NINPE6 £ 4R@ the

tubul ar string 212. Use of the external actuators 278

susfare (79 Sk Tycherrf43%al in this exanple, since
they permt all of the nodules 202, 222, 224 to be
qui kg Exbvednyehimy | e reprbcebled oatt hezingeghe subsea

] 0 ek ri 2 dephct ed. |
FhEESF, et b St Brea (b Ve [ONMEE “hifebioh Sharem
iblusteatedularFEEri 32 RdY fake tleerpbaad &f obhé henjection
riser [ 206, ver, other means_ _of .supportin
Y1EShoatf Mool B85 B ik (Tt ar L Qo PRER b o
comyubet Lsedyith &eshrethe?2d |ThaniefiesgbotyspstemtdPFIG.
such as in severe weather . conditions, it may be
3PV LD BEHBLF Rt YR EVRS t TR B ERE r TRV 22 Qui TRt ychokes
s Affh d st &l Endied 0t Of fnd ROt Stutsev O védesiRXi&F N@d the non-
actuators 278 enables this operation to be

refe@ormy SHR d8 quied| Serger € opiiehl @Rt 19 . thhe sensemes e2bnt
aQi L Abdyr £ogfc One or nore of the actuators

It may now be fully appreciated that the above
description provides many improvements in the art of riser
system construction, drilling methods, etc. The riser
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,
222, 224, 226 and anchoring device 210 to be run in on
tubular string 212 and locked in place by hydraulic and/or
mechanical means. The internal modules 202, 222, 224, 226
allow for annular isolation, well isolation, pipe rotation,
diverting of flow, dynamic control of flow, and controlled
fluid injection into the return line 342 and/or into the

riser string 206.
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278 to function properly, a conventional subsea

renotely operated vehicle (ROV) 320 may be used to
wWop@sarse0e he WO 2008/ 058209 PCT/ US2007/ 083974 PET/632007/083974

actuators 278. As described above, the ROV 320 nay

al so be wused to perform naiggenance on the subsea

control systens 119, 120, 142, 304, and to perform

ot her tasks. Also shown in FIG 30 are sensors 230,

336, 1338, Plef Noy s Pty ef@@céﬁéélglé'%d&%ffigggiogzgf £24.

The sensors 230, 336, 338 n be used to nonitor
rpasswei zed siedr abn plespwaiesr dehbbing wrerationhevhere an
iSOYERCI LI StE éx‘“"“frﬁ‘tgﬁ 109l cal]¥ey Ofnéhertlere riser

per?ornance of “eath hodul e 202592225 20979 EXt @t ha
fLbhnestwi bv@72s neyqbereded to connect the sensors 230,

336, 10 338 to the control systens 304, 18. Referring

addithenal $&r neystemFl @D SllowHei sbbLtiSySdeMmhd Gfel Bbore
representatively illustrated during installatjon_of _
3tonbr it e e%‘&ﬁ%‘?ﬁ%%tb%s%l‘?ﬂ%%gﬂn? herlve drodete g0 206, This

pSHRLEs t Ne PRGt €5or 035 Py Q&Q%Pé@i/éﬁetéﬁ , é@fﬁﬁ%é/e{ uch
| arge 15 bore access throggg e riser string 206,

t
agrailye | @Rl @F 101 0Pt Bt el bnebetieen ele nasaemities,
ro . 1 he l.es: : I ' I
e o S SR EL R R ABR RIS Ploviariback to
stHofevertoi comk 1 hudenappyedi ptessutrdadr iihingt diperd ypess .
and conbi nati ons of conpletion 20 equi pnent can be
I nstEhé edi sdr csight éhel 0ddodesi 292f 182001 PPy im dual

keeping with the principles of the invention. During
STRILERT ot PRTCTRE LR SO eRFerd REFHIERT %0 ROTPRL
d¥al VEndiosihd €a 202n € afi et taed 1 e ¢l esesawdi digokde 112,

conpl eti on_equi ppent i s assenbl ed_and conveyed into

1the 123 r132rPQ3+i HPSDSWDIRR 3 VI Ve nbRitiier Iprer342,

ad hfe £ONPL eéﬁ@ns%ﬂf‘é@g%olg’é%éﬁifé‘lé hem UpPeke r:jnl?]@éea and

string 206, and one or nore of the annul ar sea

swotieeschobe gpatensecan e slbtked handnfiul by spdierdarg.
TﬁPgufeﬁg@ééu@Héaéoﬁﬁiéfﬂtglg% the dual gradient fluid
(e.g., the fluid composition 150) being in the return line

342 during well control operations.

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
the internal modules 202, 222, 224, 226 anywhere along the
riser string 206 from the slip joint SJ to the lower marine

riser package LMRP.

The riser system 100 has the capability of having
multiple annular seal modules 222, 224, 226 installed in the
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
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above the conpl etion equi pnment, the valve nodul e 202
can be 30 opened to allow the conpletion equi pnent and

w0 b@siost2od ar string to be safely conveyed i nt BCT/H82007/083974
wel | bore 346. WD 2008/ 058209 PCT/US2007/083974 - 64
In this type of operation,_tgg spaci ng between the
annul ar seal nodul e(s) and the val ve nodul e 202 shoul d
be |ong enough to accommodate the | ength of the

' | 280, 282, 284,

rco%‘?+€%'8ﬁ_s€£@iéﬂf%h§ﬁﬁo%@é ﬁ&‘nﬁé‘?ﬁ&s #es, 30 2

8
ration simlar to that 5 shownin FIG
3¢outan becerrd moduldes sppov pded. by Reiermamgfacturer, which

addj tionally now o FI 32. -anot her_ configuration. of
ngidles COFe JepRlbutetely St RO raf e HERLOD
isedenal | gpebfyléed | usédhtleskes p ebdch the injection

conduit 11 is connected to the drilling fluid return

| i neTH® BéLer TéySteh NBO @8]l Ddws NfEEt fOL tiheréd | dddess
coqyosition 150 directl¥ into the annul ar space 228

tRroygR W RRasERRRY 2B 1Y 100 YheRrthe (mogubes, 204 thel, 224,

220N UF &hdPad Of t I fa £ SPe | Mot T1mbEls LRGPLASY t#O8t+Sctions on
injected into the drilling fluid return I1ne 342. 15

ne¥Na hi QPERdREPNS P HPEPEedvtee Brem ai floakipg drilling

veor g, T Sranocdiiel R ORtGE hle WMadRRedToRE 200, 224,

236 i ¢4n Pee ugeitckby reguleved band onesperzton ¢dme run
| 228 d, t th |1 b 346, (f
QR PLo TS RRh greb b csnrdSnothn PH o) S hip 3es-

benefits of dual densj dual radient. drilling
oan 0¢ 11 Tt opratabal 06, £hEat® re b het (s inds 2ee,
28ens28y, f2ed ds3@6 ©asbé depDbyédecistbsgin €hokeot#8y table
depicted in FIG 32, the fluid conposition 150 is
RT 22 cRREM3} oFt S0 $eF PPN CORRKR tPEAQfeFRRLY heS no need

£f&FI éfé‘&n@élfi&irﬁaﬁété@ﬁnéé@fo%zoﬁoﬂ\ﬁ@é&fﬁ% iﬂnﬁ@nt in
choke 117 and val ves 115, 116 at outlet/inlet 44.

thevieeen podl sakxeul @f be rigcohpl Fehedhelonhser esys ogm ahgo .
of outlets/inlets 40, 45 or
The riser system 100 provides for continuous monitoring

of flow rates, pressures, temperatures, valve positions,
choke positions, valve integrity (e.g., by monitoring
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.

The riser system 100 can accept deployment of an inner
riser 36, if needed for increasing the pressure differential
capability of the riser string 206 below the annular seal

modules 222, 224, 226.

The riser system 100 can utilize protective sleeves 35,
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
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54, as well. In another feature of the configuration
illustrated in 30 FIG 32, the fluid conposition 150

woreysioss20nj ected into the drilling fluid returPer/UB2087/083974

342 at various different points along the return
line. Valves 374 are intercoggected WO 2008/ 058209
PCT/ US2007/ 083974 - 65 between the injection conduit
11 and the return line 342 at spaced apart |ocations

3?{gg?b%fgtéf%f%fhﬁif:%Tlfgéstaaé _ﬂ@atd€ﬂéefnﬁgr d%ameter

s aval in the riser system 100 or
ofjash¢ i ¢onvgnioioma hernise ivinigiwgedubnh demsriseorstring
zggal 5 gradient drilling techniques with all, or any

portion of, the return |line 342 between the

outlet/inlet 44 and t surface rig structure 238.

The ‘FvléJss%%S}ﬁ%?/eIBeP@%n‘?‘?%PJr%% B‘Eﬁg | $2T ot h%e%ﬁb%%%ﬂes
2ZDNLIDE SySIEem 12R €esss | best abDy@. idheny npedét prand in any
%gsten1_10 illustrated in FIG 32 may take the gla?e
CHPIPREI PR ect TRA 2REEH 2907 H BT Zhov e 2 HrafRfeer 226

cdNOa TPUbSl 9PET B Sndd bEPH URIed | O '%@i@@cngther. The
injection systemof FIG 32 could utilize valves

Si m4iRg 1&&1@&@{%%&@54@8, CHOKES266] MEATof 0L £HOkE

14, non-return valves simlar to the non 15 return
agbllgeos M arhsprefsles | A70t o2The s&hsot 86 21and seal

bc?]ﬁégr% gd ahovessdt gmy noy géalfl ubd ys@&’ﬁ’éa?féfé&? thal1ow
€ above ~“deScription provi dés many” I nprovenents in
interadngdabibety lsgtstesm cdnffevent anodulesd |amd different

tmsthodf:,, g%c The riser 20 system 100 all ows the
YRB%IAF 8991 H8° 212 to be noved in and out of the well

under. pressure i variety of different types of

ri | TRRG opEr BRLe 200 md b dersdl Shceen {Upgyton vith a
bITﬂE@Q@@P P4-€SEhks B MR a NS POE Hlte dI?st | AR@/ OPes aBdPNhodule

The riser system 100 allows for various interna

4 rotiy| e 20bsensspbem 2bi0 Pop pedurtier | vl Aeer otgeen
th® PELIMd "3 P8 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
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

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

increased in a portion of the riser string between the valve
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tubul ar string 212 and | ocked in place by hydraulic
and/ or nechani cal neans. The internal nodul es 202,

wQ2@g/022d9 226 allow for annul ar isolation, wegT/US2007/083974
i solation, pipe rotation, diverting of flow, dynamc
control of flow, and controled_-30 fluid injection
into the return line 342 and/or into the riser string
206. WD 2008/ 058209 PCT/ US2007/083974 - 66 The riser

nddei e dP0a 20301 €5, 11314 7 10D Plg Bor PIEGSHELFEE LRET
In deepwater drilling operations where an

tule banesitairg f2 X god nthé&iriser esfuried, 2Gmd where a
riser fill up valve is required. 5 The riser system
100 zih | awsulsol s¢abmodulde2 ) | Hd4 eor 32A%6 fmayn $dwl an

b I i h | dul 02. Thi i
2R 1S5 s 578 [ereatatis BRseh creotng iae g ihgs
thihel £oNPt e1h®M2 EZUI prdt aSld r i KOt dovil bl 21 @aseeybbi€sent

etc.,, while still maintaining nultifle fl owpat hs back .
digpharrthcRt tHhe ohitPiRY nehatedl ptestetattve | tenghe riser

sOPEAGL 2 OFSwher NSréds S€Fe SYST BB AODs AT Th 1S pbeXidh | bt Yihe
i n dual gradient, underbal anced, managed pressure and
rheefestr g | betideopcehe i oabvei nedehe 204 | arg the neneular

, 17 positi oned subsea and in
S%%gkﬁég%#% %%%é %%%§55}%§'mell as the surface choke

S A SO0 LS g e

be I'inke yre renoves
om@npt exoty afinyher dsedl gnedinkes 2221 d224e.226 which seal
fluid c osition being in the return.lin 342
cher 1S SR TSt raf® herie i e Lotade §1 Lipo Lous a a
tdog1 &t | oveislyad 191 aeli €é DS apaHHsge 204 houthd hennular
drilling fluid having to be punped to surface from
Sedb BRAUHR A2 2% enttt n%rt%%G bBEk Jp?%%‘é‘ﬂﬁ O oPF tIFRI SuePeals

2¥ o ide 2ph Ik Yok osé@l/eacg&‘iﬂé@l@hé NL@SE1 P POFUG 212
along the return line 342 to surface, and the
whikxibheitybubaposiriny 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
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.

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
flow passage 204; and applying a pressure differential
across the closed valve module 202, thereby pressure testing

at least a portion of the riser string 206.
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25 the internal nodul es 202, 222, 224, 226 anywhere
along the riser string 206 fromthe slip joint Si to

wWo b@sloss2e? marine riser package LMRP. The ri SPCT/E§ENTOR3974
100 has the capability of having nultiple annul ar
seal nodul es 222, 224, 226_ipgtalled in the 30 riser
string 206, in any conbi nation thereof. The seals 216,
218, 220 in the nodul es 222, 224, 226 nay be active or

pas | 1 ] Y, r
hna W 2bGeT obbobd B ot ohaus. o SU RS B TEe

modube a202. iThe podul en hofisting st D68, p289ag@ 8204 28isposed
306 can _accept modul es provi ded an nef act ur er

G R S e TR R e i

stebpec20oe T elowddr ped | d@snesehdn bDB£smaet €echrd hiehe

riser syste 0O allows for fu bore access t ugh
Tl r?‘%én%{%‘gggt%% SHRFLR h%eijob?ﬁ%s?%%t%,%gmand the
upEEr 8y I EFRVES: 1 dMNEZ BS Oy HOEutdPOB: NG &Y string 206 to

restrictions on nornal operations or procedures from

2 ar3Y oTE TR e 1 23%g VERR SIPPEH %‘h@rW%%‘?@a%?’%ﬁ%@Y
ri fﬁf@dgégérgogheZggsegzétriﬁ& 266 €anhe ﬂ%%g%%ﬁhcture

retri'eved and an operator can run conventi

2h&ng-of f tools through the riser string 206. The riser
system 100 all ows all nodul e housi ngs 268, 280, 282,
284, Tix®6mé¢thdd eyl Hyedhehr onghuddethotstgp tabl enstilling

as_norial riser _sectio T. e pr rably i1.s ng, need
R B TBE A4 FmSFEL ¢ 0f22  oRPh oF o Lt o Bp | P17 Fassage
2401 piEmt thd ahhel aPoseHDohodiBa 0éimg dPe2BBivOrtd heeal an
riser system 100.. The riser system 100 provi des _for

anptah Corontt PEHEESR Fhow +3gesSthirdstfesand a tubular

st eIRer Al 21 €Ss i VAONEd PRSER1PNShe £1OKELPOSALd 09G4 . ValNe
integrit _ée.g., by nonitoring 20 pressure _ _
piessererd] bfererosal vapREEIngt $1eR i MYy skebide 2qncreasing

pgéésuﬁésinlgﬁe ﬂfﬂwLé%%Eaiﬁg20§3$et&@%5 TRE $EISO Hodule

are connected to subsea surface control systens
202 9%nd26he 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
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
204 between the valve module 202 and the second annular seal
module 222, 224 or 226.

The method may further include the step of increasing
pressure in the riser string 206 between the first and
second annular seal modules 222, 224 and/or 226, thereby
pressure testing the riser string between the first and

second annular seal modules.
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304, 142, 18, 19 for nonitoring and control of al
significant aspects of the riser system 100. 25 The

WO 2@8/05829%5t em 100 can accept depl oynent of an PEIER2007/083974

riser 36, if needed for increasing the pressure
differential capability of $he_riser string 206 bel ow
the annul ar seal nodul es 222, 224, 226. The riser
system 100 can utilize protective sleeves 35, 30 48

3 : .
to pfﬁt€ﬁ §¥5§§u9@ddffﬁér@@ﬁﬁi%nggagéfg%p%%%?Vg@ﬁe portion

360 1n the riser string 206
ofrodhe esizer sioring n2@ @l wietch The pressurk apeseed mdy the
rotective sleeves 20 058209 PCTLUS2007/08397 -
ogRHEE LIS SpERAndTLE o024, THEth "o (R RESH g o
titk ankder sofitde2COnvienth ohal seédsesd | ©d nd SwebElsead t he
riser strj 206. The riser system 100 permts the
SEEHﬁﬁ%ﬁeségg'nndules 5 222, 224 and/or 226 to be

installed in any order, and. in an conbi nati on. The,
annuf ¢ mebpo R’loorinebude fie rsteRs @b GPRVeRLing a

tP9g1dF onedi hel Py ther sl ik | P sHssdde 2@ ChAl@ sealing
profiles 358, 262, 266, 264 or latch "actuators 278
aR@dSerr Ingstipgotubybar oguring et apdeeebt1am borke flow

30 334, : 36 N, 2odaL gl 0
p%%%% %ha%%ggﬁ?Tifﬁuﬁgtﬁggﬁ ﬁ???%%ent Hgd% é§&§%3$$ dhnular
spladé e22ftbetypes dfie misdesstiheg val ¥ camdduhe 2@2uhay

be. used. in conjunction with a._plind BOP at 1he
SUEHFeal? o Pt the Bedie o cPaedhial Betifag step may
flifehét Sktic Bydé e DPi f@r i fieckunskedt pr so4 @k ¢ oni Hetheetubular
the well bore 346 and the surface n the rjiser_string )
SBHENI 4+ pR t eI BRTEERR SbotRe dekteT pt F o Prols dekigh 1s

dié56sed SYStRERA OOh vy £y EBYoARTS UEIS? Ba @l ¥1ge {€idRZ%t
which selectively permts and prevents fluid fl ow

Wil ughe at WhelpR0os pabRagel 204 eseker e opRF xR nit | Fhe
£180 WO 2gd 1 564, StTing

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

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
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
between the riser string 206 and a tubular string 212

positioned in the flow passage 204.
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206. An anchoring device 208 can rel easably secure the

valve nodule 202 in the fl ow passage 204. The
war@hoss2ng device 208 rmay be actuated from a BUbESR07/083974

| ocation exterior to the riser 25 string 206. Anot her

anchoring device 210 may rel gasably secure a tubul ar

string 212 in the flow passage 204. The anchori ng

devi ce 210 may prevent displacenent of the tubul ar

SUU I Rdend @AY VEnd PudllCehé SeLepl I bR %2001 4184 an
pressure 1s 30 1ncreased in a portion of  the riser
istermal beooweion h24 @ afore ¥ DODG/ @5B2699curing the valve

P 7/083974., - 69 nodul 02_and a seal 214
mogl 580 RO pet e RRSe 204y 2 R th Al f8lng duptner
lodet 1d5e24 31 r2 44y 206/ 0 A2 afnfidbarssebl ndroahd es @22r i 224t he

or 226 may. seal n nu S e. 228 be en the
appdegr _s%?%%gm%‘éf%n%za {] heigt uﬁﬁ@?aw _s’TIF‘F né]\-l\g“izPasr%ge » and
wREEEHDR | N HeMhER 2O FBY1 P EXERS i ofli BIP| EetRAt r Det NSt ring

tubul ar string 212 relative to the riser string 206

2Qhetrt pragk el FReseclemdetonh 2iPoriton B4 hetoriseart

i ng.b n,t h I :
164" LB O MELYRTOEM o000 SR ATEY o riser

stheng | betwegst @ppdoit eragnd nednmiect boes o2 3 2or 23 Anedl| Bhe
rfggé gndules 222, 224, 226 which seal the annul ar
space Eﬁhn%étmeen the riser string 206 and a tubul ar

stri 212.in th | o assage 204. The annu I

oo e 81vE A0 AP RE dnftar mlaf Mer Bl 7L 224,
236 2AStaPlBng 220epdimdly S€bso agatmsind hedé udii @it Bidj | g

212 while the tubular string rotates within the flow .
anRRALHRI %%%C‘Th%o%ea?‘l%mzﬁgasz Mayt? T EE R G Hhe tFeSpective

mbdPLd F e BAF 10 t31ehe ThEsSLALt 220g MRY6 [ EMBAE actuating step
stationary within the riser string 206 while the

maylbinekude rengeeing rat baeeh vinember t Aed 2023al 2220. 26heot
tREN e I8 BYe BRogE1 £CE 6 Y €1 Y25 2B A | Y226 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
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.

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
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,
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extendabl e into sealing contact with the tubul ar

string 212. The riser system 100 may include at | east
wor@sess8dr 230 whi ch senses at | east one par aP€r/E82000083974

nonitoring operation of the valve nodule 202. 25 A

met hod of pressure testing-aygiser string 206 has

been descri bed which may include the steps of:

installing a valve nodule 202 into an interna

139091 YRR of ' Y4 PASGADE o d0dmEXLEOH! 510 LREObal 1ye

riser string 206; closing t al ve nodule 202 to
comeecbsyd prevem féspectiow nddwlghhoweing280 pw282, 284,
3fp@ssage 204; and applying a pressure differentia

actoss the closed val ve nodul e 202, thereby pressure

testin at least.a p ion of the.riser string 6.
Wo SH0S Bhtsbes e ron s 0dd 1R Batkl eh L &7 ong
s&tEPoBy0 | HeY Litke Secleasy dhe valve 3nwpdul 83 2014 B15,
ortion of the rom1$?ssa e 204 dj sposed between
(0]

1oppobtte bl chiheR o b, 284le4stHeNG | 3eFumitatey 312

ar@for THE, | ONET 2 €NTe £OONGERE | B Lo FBY1 HELME fot NE7 S
riser string 206 to a subsea wel | head structure 236,

edrRIr Rakly upprireeked connel | bhseBPeayiceciee operatser of
13 fx&é‘ﬂvéoa@n(g%znﬁua{/éﬂ §ée§i‘%6‘c§@lg§82O%PeZé‘f’PefZ@n&jn%/or 226.

connection 23 rigidly secure the riser strin
TR 6n¢thodhenay gakso uthelede 288 dOedhef ndi sppbacayg the riser

further,include the st of,installin annul ar
PREET oA 003 ThaT o ke h (PRE it Prngl P cdeyieeted
v&Dde 3i0h the, anm) ar15pal 16pdud e, bE2 g DPBratdX¥er t D34,
annul ar space_228 between the_ri ser ?trin%b

I
A CHETAIRIEAT 1 bt ARGV QY 1 56 ADE PG EH S v R OF t

tht QWY PasSEgarP4adi® AP, pressure differentia
applying step may include increasing pressure in the

fl 0%&@%@&%3%)‘("%1‘1@%& hend ak ¥ srogll €on 202 ARl the
annul ar seal nodul e 222, 224 or 226. The nethod nay

hydirawbkic | pentmel t henes eP0 of31mst 31 8 i eternally 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
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
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

electrical control line 89.

The method may include the step of connecting at least

one lubrication supply line 53 or 322 externally to the
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anot her annul ar seal nodule 222, 224 or 226 into the

flow 20 passage 204, with the second annul ar seal
worR@aloss2bei ng operative to seal the annul ar spBRCEUIRB7/083974

between the riser string 206 and the tubular string

212 positioned wthin the _fygpw passage 204. The

pressure differential applying step may further

i nclude increasing pressure in the flow passage 25 204

Y : i d, t n
T o B2 0o 6 556 s met o nay T ar Then ¢ Of
th@c&m@@laheseabpmmﬂul@cze&sih@ﬁ pr%@eLme¢h¢dtm@yrlem¢ude

trlqgg Qetmegn the f| sts€ ond annular ggﬂ line
H%d%? 22X %@% or 2 hereby pressu e

32@3¢xmgrmﬁely|5@rt5érrﬁ@ebeﬁwe3mgth@6fféﬁtré&W&nSﬁ@ond
%Qnular seal npdul es. WO 2008/05820§ gCT/USZOO7/083974
lubgycanpt, ﬁ%mp?%%sﬁ?%rﬂ?$f%§%§W?£Y optyi ng step, the

portion of the riser string. 206 wh Oggessu

t est BRE AP BEAT et e RO HES Vit he %‘HUI%Z@ Ghideh dhgleast

okONEEET | D6 231 ©f 28 HevkiSRIsS4T rw%am@smﬁ@ tS®bular
secured to a welfhead 5 structure 6. The net hod nay

sF5eg | Ak udel tdethe epabwlar corveyy e tesibui B int hagt Low
p&esaddiPod ne rfﬂlgv\%é’é‘fsz?‘ﬂ@ 39421@19' AL Lge n@fﬁh the

securing the t ar string at a p itron |
t@h@h@gestsnnghbaZfluThbf$ew&i32@rmwpnrembiMrSm@ﬂuemary
ular 10 space 28 be e rlser st

o Rt U o R TR e 2 O I BhEckuRbla Fe g a1

réppt o nglelte@ tm sédarthes. i nnheldeeampiyai Ngay rss eased
gressure via the tubular string 212 to the portion of

Heer ety st ‘?‘?h@l Poethrreph ke Jd?%‘bo%%%llb‘é‘i’ QME3fe with

tN&!| vgouPsH! & 2 apfhthe position at 15 which the
tubular string 212 is sealed and secured in the flow

passage e Te%‘ﬁd MBh AeTa FBYed UIhd@E1e NEd id25 e 3 £P 226
of utilizing a
installing sézps 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
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
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.

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
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| east one sensor 111, 118, 124 and/or 131 to nonitor
pressure within the riser portion during the pressure
wQQoodios$2e9 ent i al appl ying step. Al so descri bedr@busmor/es3974
a nmethod of constructing a riser system 100. The
met hod may include the stepsyof- installing a valve
nmodul e 202 in a fl ow passage 204 extending
| ongitudinally through a riser string 206, the 25
| v I 02 i L ye; ' erm
e T i T R e e P o b saad o0a: 1oas
ocmmdsensst a230 ng3 36, | 2381 e bomriteeadt nbeltse 2,
224n08Lornaf20: 10 (D {1 0w paszage. 20 L1 hE ANDUI 8T or ot
PLEAT odut & el ng operat?ve O preven FTOre 1T ow
14400 Ugiie adif atinell sl 8P ated 2ABn Bla bes e mbdel ¢$ SE02, 222,
ﬂri/v{] 206 and a tubular string 212 positioned in the
2%to %%ssage 204. WD 2008/ 058209 PCT/ US2007/ 083974 -
72 The nethod ma%/ i ncl ude_ t he _steps of providi n}g
i nt & nAF - bERY i BRCRY 19raki %@cg%e%ew?fhgm@
tial é/@edpém(gf” CcdftedPihdCah | DNV H@ESGYC i @NTl externally
provi ding another |ocation 242, 244 and/or 246 for
teeal FReandtsbeyr? 0, t9e Bhapntheariniettortendedt 1is
. ¢ ’ h o
cGfun oLl bl R LPESRRRE £ROL pdRGe g Rt iElng
lofigitedind bnt tlonsu@d Ot h@4Rjs@ddstRilig i 204 ihsbsllasg an

" 2t : di , f th .

g o SefhtThR ATt & Batr ctfnect | he BHDY BASSae 204,

thdeadfulasesesl rmeduld hise ined visosDellib e 02n atiite aflndly apassage
seal nodul e 222, 224, 226 jnstalling. steps may al so

PREWFET PR 2Rt BT | TN T HR o T hy Vi e B, THARr

s€PPhg 296 ¢ %@&@éﬁ?ﬁn%h& {@SPESE | Yeri @l £ {RtAtiNe £TDow
the riser string 206. The actuating steg 15 may
pam%é%ga@eﬁglwlmwm%rsmg 2%%, boggeensthef

tﬁgﬁléfsggfiljlé’% dl e 202, r 22er @@r”fin&zﬁoé’“ ﬁ@if‘izing the

annular seal module 222, 224, 226; rotating the tubular

an
e1nclude

string 212 to thereby rotate a drill bit 348 at a distal end
of the tubular string, the annular seal module 222, 224, 226
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.

In the injecting step, the fluid composition 150 may
include Nitrogen gas. The fluid composition 150 may include
hollow glass spheres. The fluid composition 150 may include

a mixture of liquid and gas.

The riser string 206 may include a portion 1 having at
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
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corresponding internal profile 262, 264, 266 fornmed in
the riser string 206. The actuating step may include

waleaplosg2ding a respective |atch nmenber 254, 25BCT/RSB07/083974

260 into engagenent 20 with a correspondi ng externa
profile 270, 272, 274, 276_ fgroed on the respective
nmodul e 202, 222, 224, 226, and wherein a respective
actuator 278 on an exterior of the riser string 206

se{i spl t re td t
of e thog GRTRE e fon [0 CEPEE Lhtnod il CE Ride

dsspbacbiy tie er toemepeiniom 1velve woduketdonsl g e@tnected
Vg%t Of 1he TiserestIng 200, a0d |0t LEONDECLIRS 4o,

4 ?b u
an anhllar’ seal dur'e %ou5|ng and/ or
aparthobudihea rrseirgttalbbDe ®BRCh of the interconnecting

steps may include displacing the respective 30 nodul e

houstigy MSOho@&ray 28dc13@6 tie Osigdpa ¢ Dt @synéebl wg RT.

The digglacigg step may_i ncl ude diéglacin t he )
hydedetts veen el BLrotsT ng® 28! oXernahly 3be e otter

stPEnG ORI V208Dt Sr EontdL Blg | £894cON6n Obf &l ¥Euid 3,
114,115, 116, 121, WD 2008/ 058209 PCI/ US2007/ 083974

comrr@siq;tzqr} 133, amvert ororizac bl aphackydrdal b¢ gentrol lines

: . |

“550. 0 O IR e L R L S ey T Rl B

res@or$stom@o® pr206. sethe aneBiodavangiatlidastephacing the
| 310, 113,.114 . 115 116,. 121, 122, 133 d/

YRR TLEE | SR Oh e BT 47 oFEShST TR o of UBESR R dtely

op&bstednecliid Lat 2 0 314Te @t h@d Sma e X1 8¢ Nddldé Yconnecting a
connected to the riser portion for operation of_  the

hydr 3l En S alY ot 12247 RS beptreal gontrply) hrne 20

b@&feer Ot HEEs iBE 8O Ch y@Ya @l 5O ¢HEtHEE sp@cshePaPiand a
dlspla0|q%%$he riser portion 308 or section 30 with

sypbaextleydaanlieorpreerel systee Bao, 3iagnalgsfonigperating
5 %-3& %%3‘1‘ &g? O LE o 1 3y < £ & CHAB! AL OLe Bl AN PT

t t

B S e aney o o7k ° ?

supply hydraulic fluid to control injection of the fluid

composition 150 may be multiplexed on the electrical control

line 20.

The method may include utilizing at least one sensor 21

to monitor pressure in the injection conduit 11.

A drilling method is also described which may include
the steps of: connecting a drilling fluid return line 88,
194, 342 externally to a riser string 84, 206, so that the
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
connections 232, 234 of the riser string; conveying a
tubular string 212 into the flow passage 204; sealing an

annular space 228 between the tubular string 212 and the



10

15

20

25

30

through a rotary table RT. 15 The net hod may i ncl ude

the steps of connecting hydraulic control |ines 90,
WQ1®3/038289 external ly to the riser string 206 POF/US2007/083974

operation of the valve and annul ar seal nodul es 202,

222, 224 and/or 226, and conpeciting the hydraulic

control lines to a subsea hydraulic control system 20

304 external to the riser string 206. The nethod nay

rBLSP siPEAYILE he 51 £Pi 0 gﬁ@' '@Eafhé‘eg?’dxﬁ@a‘&ié? 222, 224,

control syStem 304 usin subsea renotely operated
2%@hi cdea By e Pwbhbar nslyrimel 2t thetheegbpfrotate a

co ctin hydraul i c, suppl y_ljine 90 and an
afPEETEIL I 1 Yo R e LTS Eip B Hhing . te
atydl @l s€a L abdwl e Sy52 e 304 206 seslihqcehdyaimul € space

ntrol system 18. Signals for operating .the subs :
2?2@0‘5%{&% E%%t?%?a%&%‘ge?ﬁ%h %‘gsg%%%‘? e‘FJE/l”sHb%Ingld 81
fRYAr ek | Enhli LA € $9aoper B8 erd hg @t FEcaNTo@MLbRIv Lt he
nodul es 202, 222, 224 and/or 226 may be nultipl exed on

dribling £lekd rreureohin®l 342 netlry. L ipeingt fibrl nejcluding
' t t : i
v+€%¥#€ea_beﬁ f@%ﬁ%}&@ﬂ@@%ﬁﬁgg%g% 3 €8%bse®NEhoke 112, 117,

ation supply line 0 externally to the WO

129081 3% 8200e PCT] LUS2000e889T 4to - thyd risgerssringg2@P6to

for Jubricating a bearin ssenb 324 of _ the annul ar
chSEeby A ALY & BEEILLG SOORIN d SAdefire ™ he ot an

of connecting at _least one luprication.return linge

oo I et ep o f vafrEhy e | KRy SISO 6L hhay Fng e
attibtid €aed 1 Ty ovatnendeetié NPl s Seadt i S2don Tkt lesunt! | itiman
.seal nodule 222, 224, 226.inc|ludes at | east _one sea
1BYQrVenBLOn S0 iRk A1 Bkt misthe des Hhef sfowRhetag
pPdgsyhel e the tubular string rotates within the flow

passage 204. The seal 216 or 218 nmay rotate with the

10 tﬂ@@'P{séfré@ﬂi@%ZZO@Tﬁb§efﬁcﬁ@@aW@%péﬁ@ﬁ&ﬁ 308 having
stationary wthin the riser string 206 while the

atybedsr ereivglwa2310, 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

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
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,
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
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rotates wthin the seal 220. The seal 218 may be
selectively radially extendable into sealing contact

wWOowaok/0582be t ubul ar string 212. 15 The val ve anPCEHOR200A083974

seal nodul e 202, 222, 224, 226 installing steps may
i nclude sealing the respectiyg nodule in a

correspondi ng seal bore 328, 330, 332, 334 forned in
the riser string 206. The net hod nay further include

thDEhSEEPP1 D] {FFI 1 £Y4 ”glgzlfrég& %@1@?@1&’@& on the

protector” sl eeve 20 35,
ektertespohdiomgt sehl L boe el 38,1830, 332, 334 prior to

the steps of installing the respective one of the

val vEha e gnod | reay sblad:lwnbejum‘ejsliZ:@:Qng 222, 124, @26.sdhsor

th 'nc e the step of retrieving a

17 For 558 o 12} bebil 568 et Hor kr e e f vt rBerSirH g Lutd
r@bu?f6l prié 088t 019He step of installing the valve

nodul e 202. The nethod may include the step of

ret ragytigr ad SER] i RO et 6Ot EEt Qs ST BOYE@ WbicK 8ndy Ofhclude
Wthin the riser string 206, prior to the step of
the s3EePs Ry t hengidtl BRI st af Lhvhudenybar seal modigle 3222,

23DexFB} 1100; oy | mwﬁﬁayt 1% PR fhgd CAGL ORESENHOT
111, 118, 124, 131 to nonitor pressure in the flow

l@ms‘a@@ln@bhy b‘elnlvmhtmermaq/mestmm&(z@z timel fhest annular
S80S LU RO SR EO0R OR02ERoL T BR00 h08RSA

oppoditze n@n@tcmemd:ti@mm IBNs023230f €136, rBa%r YO h@;

t t t t e di t
SRl tg T e TR a8 Sy SR ¥hadh Siring 206
av@l ¥ ec aivgh @nnst afngeal 2 npgluties 203 Ii‘éﬁé'sa@e 2244 22H1iAing

drilling nethod is al so described wh n%% i ncl ude _
et LT o ot L abr ol RO | 4 0ot Foh Conddh ¢ e Sealing

s€Xh B ABhd Ypet PoPmdd SR BL i ng @@@ulé? d0Aind Meotates within
i njection condU|t Is comunicable with an interna

the ol paskagRaPD axd ehltgmgeconveying 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
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
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
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
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10 longitudinally through the riser string 206;
installing an annul ar seal nodule 222, 224, 226 in

w0 b@sibs2e passage 204, the annul ar seal nodul BCER097/083974
positioned in the fl ow passage between opposite end
connections 232, 234 of the y9ser string 206;
conveying a tubular string 212 into the flow 15
passage 204; sealing an annul ar space 228 between the

sit.#pﬂé) tnml@l@h@cr}ﬂ}é@f étf%%fiéé%fﬁé Jc*ﬁé'%& ﬁlgar

Iar seal no 222 226; rotating t
stnbm¢a212st¢tmge21ﬂutbimh@h@bweabtat%h@.ﬁeall2b$tm8m8be
di st al f the Ly r.strin t he annular
s&lofe fyaly o 88501 B SREAMTN ELLRIQ SLHES SPNASE ien
t & 8t wiltbivi 1 dng) $fmum@t2&2ng step; flowing drilling fluid
81 fromthe annul ar space 228 to a surface |ocation;

and Ti¢ afétiNed andy Ul flc COdPOost 11 DA AHOat hBya 4 Gne sensor
density | ess than that of the dri|ling fluid into the
1%%nu1%¥'sb%% %2@9%+%9¥h%r?$§%%?|b% Pt e 1R2s9TIG 204

bdBfed i) €6d | POrSt ePnd t A She@IPOSELL PMd@R1ERY222, 224,
i nclude Nitrogen gas. The fluid conposition 150 may

22¢¢l ude holl ow gl ass spheres. The fluid conposition

150 may include a mxture of liquid and gas. The
ri sek buriher 206they {inciesker Boedrvhbeh mdnvimglade Bloe

Sa%@%nu neﬂé&%]’?lﬁ%g%ﬁul@ 1 %oc?&’l@é i@ a%é’i‘e 224 gnd/or

ator and east one actlator’ 4a, 4
25h Extam nohtgrrahnEbdededssdade 204 eexipamdion ﬂomgmtudlnally

controllin |nJect|on /05 09 PCT/ US2007/ 08 .
CHrough 3 ]Eﬂ% Siki's %%n}p/f%fﬁ I&%‘% ﬁﬁg%?%ojdn Ig éd in
thactusle paléspdachegréde épﬁ@sﬁl@@réﬂl@rbdnﬂ‘ééihléﬂﬂ@ 232 234

externally connected, valve 8, 3a, 3b, 6a,
of AT B OF %trﬁ@ganhn%%¥ﬁhﬁ%ra4%ubuh%F %%?b@%hz%? through

af Of M ¥ri 8P| &f Rack Jhec ABIMOGuTEY 20E) U@'@zt h@z@&ﬂ?&/@f 226;
connecting hydraulic control [ines 7,

aRrstehem| $J,m1ﬂbt¢m@om$Js}érret,rm‘ﬁgmmthaoeulimple modules 202,
2§9Ptffilaﬁg/épjffé'PPoﬂftﬁgefiéﬁlﬁgssage 204 on the tubular

string 212.

The retrieving step may include operating anchoring
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
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
space 228 between the tubular string 212 and the riser

string 206. The modules 202, 222, 224, 226 may include at
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conmposition 150, and connecting the hydraulic contro

lines to a subsea hydraulic control system 142
wezasnsehot o the 10 riser string 84, 206. The PE€L/NSm07/083974

may include replacing the hydraulic control system

142 utilizing a subsea renntghy- operated vehicle 320.

The nmet hod nmay include connecting a hydraulic supply

Iine 9 and an electrical control Iine 20 between the

A0S €5n DY L AU i &&’I‘érf’éz S‘%ﬂs. gngfe@?ﬁv@l%%éﬂﬁéé and

ydra ic contro system 1 at1 ng
préreesiubsEhuhy df bow | theowyh othgyElewn gagsage s204ct i vel y

supply hydraulic fluid to control injection of the

fluis drbhbbsgtmethﬁoiﬂB@e$mIib¢di@b@medWMicthncludes the

t | | 20. 20 Th od |
sEors é#ﬁSS%%: Ran e 5550 128 e rresh Ja ooy e
stRihde2in &edi dnrLomelustridg 206lf i £1dwmbndgredhdol 15g af 5wid

descri bed whjch nmay include the steps of: copnecting
from the | ?ﬁgmﬂr%? FBRERre | & ndughace 1 Ca’%h‘?n e‘k%%r?aa‘ﬁ’ylllng

f1@i@ F&SFnSIIhOBPE; 208, isPedbphigtherBBi@rédhpdgition 150
fluid return line is communicable with an interna

hayng pasderel tp4less erpmgthahget u@h%athyl%mq)u@huxcﬂmelnto
t% &fazlzlgiﬁéﬁ”ﬂl icﬁ‘s SLL+0%9 Ale agg%'éﬁ f*r‘? gﬁ”@o&?@it 11.

oW passage the ar sea

oppot oF B p%%“é%%%‘éc } ohd Tty CHHERIE N ORI o,

helilowmgylazosveyheges andibort aa mixtmgeﬂiﬂ lnqmldh@ndlgws.
passage 204; sealing an annul ar space 228 between the
t ubullee & jedgiRd 2saamel e ﬂKbE@ﬂ@/@éB@ﬂang from among

PCT/ US2007/ 083974 - 77 riser str n t lizjn
M B e R o 9 S e B8t L tag  Flif return

1indud e shdi e 2l2jéOciberebyqept at e for dimjéc@iﬁg 3diSe
at a distal end of the tubular string, the annular

fhetd eomreeibbon D30 inbg %@%I¢ﬁbl¥h@ga%%®}%rr%%%5% Eine.

228 during the rotat|n§ step; and flowing drilling
f| uiBhgmethod 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
to a subsea hydraulic control system 142 external to the

riser string 206.

The injecting step may include injecting the fluid
composition 150 into the drilling fluid return line 342
downstream from a subsea choke 112, 117, 123 or 132 which
variably regulates flow through the drilling fluid return
line. The injecting step may include injecting the fluid
composition 150 into the drilling fluid return line 342 at a
position between a surface location and a subsea choke 112,
117, 123 or 132 interconnected in the drilling fluid return

line.
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fromthe annul ar space 228 to a surface |location via
the drilling fluid return line 342, the flow ng step

WO p@Bosi20y varying a flow restriction throughPer/sE8iyewes3974
choke 112, 117, 123, 132 externally connected to the
riser string 206 to 10 therepy pmintain a desired
downhol e pressure. The step of varying the flow
restriction may include automatically varying the

1 ovh 1@et{] 4 ARethdA WL OLIBEL diBb e VERRL] @ed Oen
thereb(glsrrajl' nt%%et %gdg%?re dom%lﬁ%fée ﬁg%es(g]%%e. elSSteps
offheinsselling i ay 20Buhay $exl unedaleozi? pn230%ha22mgin an
.at | east_pne valve 3 at_l east_one accumy| at 312

i et 57" £ 00T MEdfad f0t ot bnd ha e MR By s quan o
riderrésetng pooé j orthé oinopksat $&gl thedwld sieai tdokecdded in

117,123, 132. The nethod may further include

tl&‘?sﬁ%“&i%s%%e rPREYEHR r PRRPS DS 30 vF e efLons 232, 234

o £Xt 188 NA & &r COPNERY 0t Nath VEo Bty 1 3¢ CAINBb @b d Sdrul @Pdseal
actuator 314 through a rotary table RT. The nethod nay

Mol @ el Zonhet t PR A dEk kP i ehe ohtowI Passaee 8F47 omnd

i i f .
sEALEAGR Ykl dP LpR6E 224 | BOcdilen 2e [l ser string and a

tepnl @6 sonieet?hy imetiy df bowigaseage ohtllhesngotle first
agﬂQgggoggdéa#&igr cgniroldg séen1119, 120 external to
e riser s?rlng S RS e’ net hod may incl ude
connectin he hydraulic .control line 87,, 93 and, at
 oactisaoat vty Yok moh Hiriegeabind 1tpeadilfy space
229ebstbsen tiydraldét sonin@l 26y Simdn HE, t FOulRP srimg 212
.surface hydraulic control nal s for

.system 18. S
15 Rt T HOY (RS SU0R o2 by Bl TR0 ohe of 1 876t i 19eond0

ahPul S| €641 iRbdu &P P2 2 hyss aul 3 £6 fhni te tOnhEORIB@lar string
operation of WD 2008/ 058209 PCT/ US2007/ 083974 - 78

repetenokethinp the 7flaw3passegemy be nul tipl exed on the
el ectrical control l[ine 186, 192. The nethod may
i nclrieh uef | ihe ngnrlaeaseabrrodeledrmay 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
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
one sensor 118, 124, 131 to monitor pressure in the flow
passage between the first and second annular seal modules

222, 224, 226.

Another drilling method described above includes the
steps of: installing an annular seal module 222, 224, 226 in
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
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111, 118, 124, 131 to nonitor pressure in the drilling
fluid 5 return line 88, 194. Another drilling nethod

wo g00d@ss20® bed whi ch may include the steps of :PCT/US2007/083974

installing a first annul ar seal nodule 222, 224 or
226 in an internal flow passgge-204 extending
longitudinally through a riser string 206, the first
annul ar 10 seal nodul e being secured in the flow
Ss t : 0Si n | 3
o e e
sbeingenl 2 het rlsest soné nge@D6E2 1and2 b8t ub20 ainse rilmg @iular

inthe.f]o Ss utilizing .the first annul ar
sty R 0P85 5788 26 b IS dg ol | b IR R Blce 226
beerdert nMetle whl ser tdler indu @8 siid | tige rolilai Esr wsthimg 2h2 in
flo assage; an hen. conveyi a second anpul ar_sea
t%dﬁng >SSHR %Q‘E 2551 1 he h‘glg‘?l%‘%\?]pa %ge&z%m %,20, the
séABind U RIosifd NBe Pddrmddevh vball arasi’l ngi 2124 8®yn the
remain in the fl ow passage 20 204 between the

teipbat t st kg cohhekt i 6052 28P: 234 of the riser string
206 conti nuously between the sealing and conyeying _
st epBhe Thethed Harly nddse nergltiede clhe ngtepe @hnttskalling

o B 2200, DL SO WlSag1 532211190, 95 a0 e 1o
passdgei D@4 | hendeclveml eomadpingeath ninelut @b @Ry 2Wdimg 212 at

226, while the tubyl i thin the fl
1EERE A0 THISEGEOhh 2ritl 4l E bt it o o5 Soms priiiar
s@xb mdYuléncl ude at | east one seal 216, 218, 220 which

seal s against 30 the tubular string 212 while the

tubutipé méEhd@ Py 24 BSo WM AP idé hehd | svepassageaLldg the
The seal 216, 218 nmay rotate w th the tubular string
a@ﬁ%laqh%P%%%l2%%Ob%€We?%n%P% W5 o008 pEEPoY6 and the

t T 4B200/{ 83974 in (e FI&LI QA YG 3Hd Nut PRI £1 88 the
string 206 ile the tubul ar
first annular seal module 222, 224, 226, while the drill bit

348 rotates.

The first seal 216, 218, 220 may seal against the
tubular string 212 while the drill bit 348 rotates. The
first seal 216, 218, 220 may rotate with the tubular string
212 while the tubular string rotates with the drill bit 348.
The first seal 216, 218, 220 may remain stationary within
the riser string 206 while the tubular string 212 rotates
within the first seal. The first seal 216, 218, 220 may be
selectively radially extendable into sealing contact with

the tubular string 212.

The method may include the step of retrieving on the
tubular string 212 the first seal 216, 218, 220 from the

riser string 206.

The tubular string 212 may or may not rotate during
drilling operations. For example, if a mud motor (which

rotates a drill bit on an end of a tubular string in
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string 212 rotates within the seal. The seal 218 may
be selectively radially extendable into sealing

w@omsasg20mi th the tubular string 212. 5 The neCTOS200®983974

include utilizing at |east one sensor 118, 124, 131
to nmonitor pressure in the_fgow passage 204 between
the first and second annul ar seal nodul es 222, 224,

226. A further method is described which may include

on%%4§%qg r&ﬁia&f@ﬁa$fiﬁﬁﬁr%4té%%§¥qypfif§n Ogluid

r2 , nd/or 226 in an interna ow passage 204
texoeghli Pe | neigdt Ldimabsgd, tdr blihng opseat sons ngpr e

the modul es being installed in _the flow pass
DBl Gt OpOLTt e BN COTRect i st Sl 7 {f The
afinskar s§sangnodubes t2217), aQ224pu2 26 i $gaP12f £ htloelgdnnular

15 an_jnterior of each of the nodul es 202, 222, 224
SR o?égz‘%}?et%%l Pherrki e t’%\‘h‘%‘bﬂ%]F ySTEERY e%szgr%%tes
A i PALL ITDOMY EScERiBl et 23, SELIm@NGH Dén 226cd I oppdP&tions.

fl ow passage 204 on the tubular string 212. The

I et ryeVi 9 5¢ &0 I@Yerhi6d Lien 0PN A ¢ N & COIM| A Jand 0
devi ces 208, 248, 250, 252 for the respective nodul es

desgrcribed epjodf bealelome edRlUpesnade byp2one 2skilbed iprthe

. Cve ; O Ctri ’ _
aft SPLESGHE Mo £LALAY Ced gy O |APELLR" 81 e adbing0h (s
inmvericiomt oThe 2§i8oediremas | s cdemectved t @ar¢ hexemskary only
égriﬁg §06. At. ]l east 25 one_of Efe anch$r$n .Eevicesn r
G ALEVIPe PRt EHTS: YA s(stA 1 YRRt T Y ‘%Je hrgytons are
poehisl e 32 dronvibthxt€lié ofcoObpe tde theernvsitidg. 206.
The npdu] es 202, 222, 224, 226 gﬁgninclude at | eas

t
ArRr ALY ar tReatCoRE P E RY2ES 25% WP chiBEees G the

PO RENBY SOSELI BLSY, et vees shey t L] BEd Sby | fige 2dPaims
and the riser string 206. The nbdul es 202,” 222, 224,

thae fallevicl tie aeon® D082 1E829va PrH nshody/ @8B974 -

e&ﬁ&valents of the subject matter of the claims.

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the invention, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of the present invention. Accordingly,
the foregoing detailed description is to be clearly
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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| east one val ve nodul e 202 which selectively permts

and prevents fluid flow through the fl ow passage 204.
waoasiosd20ng met hod is descri bed above whi ch i neCT/U8R07/083974

the steps of: sealing an annul ar space 228 between a

tubular 5 string 212 and a_rgger string 206; flow ng

drilling fluid fromthe annular space to a surface

| ocation via a drilling fluid return line 342; and

injewﬁ%ﬁglg At gesoposi tion 150 having a density

| ess than that of the drilling fluid into the

drilling fluid return line via an injection conduit

11. 10 The fluid composition 150 nmay include Nitrogen

gas,, hol ] ow S re .mxture of liquid

and bés. AT%%§+%j%%%$%g’§?@§&§%§{?§blude sel ecting

from ano mul ti pl e connection. pojnts between the

ar 11 RLTe JREHLE AT EELASPLPELY | BB Fig Brevents
f tohdluf 1o Ithesugh) @cfiomg piesadsd éxtnd Cogpbshdlondlvdl 1y

into the drilling fluid return Iine. The nethod may
R e t FESRE epS BRI comicti ng hydraulic contro

lines 7, 9, 17 externallg fo the riser _string 206 for

contYREFEHY 2 nfLEdt RPOROTHRI RV HCC coRboRFPbh Sspures the

valde CROMELE | 1Y tRe hysraphdsagontrol lines 20 to a
subsea hydraulic control system 142 external to the

riser string 206. The injecting step may include
injecting the fluid conposition 150 into the drilling

fluig retpd 1jHe. %?st&ﬁv\é‘ﬁtéfé‘fﬁ\fioni@ﬁ CloPPkEing a
112, 117, 123 or 132 which 25 vari ably regulates Tl ow
se¢pdighneiher teg | deéwngee |which ereleasabhe. saderesj actilpglar
incl I 0] g the fluid conposition 150
S?%f%g?ﬁ% %@%Ifgﬁﬁ §+%§£ ?éturn line 342 at a position
between a surface |ocation and a subsea choke 112,
117, 123 or 132 interconnected in the drilling fluid
roturn 3hd! s 'R 008 OSPA00. T2 RAROIL D3RS sécona
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 a

seal between the tubular string and the riser string.

4. The riser system of claim 2, 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.

5. The riser system of claim 1, further comprising at

least one annular seal module which seals an annular space
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A drilling nmethod described above includes the steps
of : installing an annul ar seal nodul e 222, 224 or 226
w0 nooafss20mt ernal fl ow passage 204 extending  PCT/US2007/083974
longitudinally through a riser string 206, the
annul ar seal nodul e being segtgired in 5 the fl ow
passage between opposite end connections 232, 234 of
the riser string; then conveying a second annul ar sea
é@&g?éﬁ gl%g’rj?gedﬁf O§t12 %'ﬂ@ éh@ufnllfé(‘f %tc‘ J?rQ%h@nFlow
seal 1 ng an annul ar spatCe 228 between t er string
passlage. t ubul ar string 212 in the fIOM/passage
utilizing the first 10 and second annul ar sea
nodul es. The sealing step may include sealing the
annul ar space 228 between the riser string 206 and
t he 6 ubul Plie st i$em Qﬂétemnofh@léimmﬁpammageiﬁOﬂhe annular
utjlizing the st and, second annu seal
sepb mdaife L5 {pdct ShelEeRt are FethamESE pdRiR aSainst
tié t Hitbu 1 e étﬁﬂh@&ﬁl&ﬁg@-tl@cihu]@tﬁl&hesaﬁm afoSLeds within
nodul es may include at |east one seal 216, 218, 220

thdi EHP€ 235291 nst 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 remain stationary within
t he 7ri seFhet¥isryr 2865 W | @%/t%baﬂﬂlb@} arhereimgtipg oseal
%@é§% hife 4 f&ﬁ' st {c}? seal 218 rmay be
ectlv y radi a ext endabl e into seal i ng cont act
Mﬁth t he tubul ar strlng 212. The nethod nmay incl ude
the step of utilizing at | east 25 one sensor 118,
é24 131 ﬁﬁ nPfé%P S UG£ éfa£$ fl&ﬂvr fﬁs seal
et ween t second antiul ar’ seal nodu
réﬁ§1n§2§taﬁiﬁhaﬁwOWhEhlmrthé|r@s@@t@ﬂﬂlm@swhlbedtméowmbular
|ncludes t he |nst I1'ing an annul ar sea
?er%ﬁﬁte%éﬁ;tgﬁ% gn internal flow passage
204 extendi ng Iongltudlnally through a riser string
206, the annul ar seal nobdule being secured in the
fIOM/passage bet ween opposite end connections
The riser system of claim 6, wherein the seal is
selectively radially extendable into sealing contact with

the tubular string.

10. The riser system of claim 1, wherein the first
anchoring device is actuated from a subsea location exterior

to the riser string.

11. The riser system of claim 1, further comprising at
least one sensor which senses at least one parameter for

monitoring operation of the valve module.
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WD 2008/ 058209 PCT/ US2007/083974 - 82 232, 234 of

the riser string; then conveying on a tubular string
wQidsass2beast one seal 216, 218, 220 into the PCTUBZENT/083974

seal nodul e 222, 224, 226; and sealing an annul ar

space 228 between the riserggtring 206 and the

tubular string 212 in 5 the fl ow passage 204 utilizing

the seal 216, 218, 220, the sealing step bei ng

per f p§ medy Whi i o@-gfhéf%géﬁr§4§e i 4 ¢ U ag ¢ 51 d ngthe

€
212 1s rotate The may al so nclu e the ste
mefhodstampy hginanohdestepsmudfs seal nodul e 222, 224,
226 in the flow 10 passage 204, and then conveyi ng on
t he indbtdhrisg ra ngai mmduleaSmt@n@noiMEerm@hlldﬁgitudinal
seal npdul e. The

8, 220 h
£ ‘t’h%%s%%‘!g‘/g;‘?’é‘%e‘i?%@i??ig‘é FRuh, e lfl%%5| T

annul ce 228 etmee he riser [ 206 a e

e n ERS St e D5 Tt 2% 4 ool gt Fhald®e10w
th&éﬁ@ﬂifmbthbWIp@és@@@pl@mdseal nodule 222, 224, 226,

while the drill bit 348 rotates. The first seal 216,

218, 5 St e G 541 £ Fereh Py agcBdEd Neh&ldlosed
mhlleggﬁéﬂﬁgllﬁﬁglt 348 rotates. The 20 first sea

volee padulepotheyehniRERSHER tertingurarledst gy poupion of

tH@lffséﬁ $ pH%ar string rotates with the drill bit
Irst seal 216, 218, 220 may remain

stationary within the riser string 206 while the
tubul ar string 212 rotates wthin the first seal. The

Fir5t seaby 206 idd. 02201 B Pe 29y SPLEFLLNE Ynstanting

radi a end into sealing con
st@@ufuwthmr|¢@m§m£5e§h$emmrhm@ ipy vatveldeodinke sirepa of

oSEEIOS TP HG MRHSE B 053 Pobited 7l Hha
séebndl asppdsitg ddd EBYn&Et IBys NOf €10 af Bs&tirs#€ing.

14. The method of claim 13, wherein the first end
connection secures the riser string to a subsea wellhead
structure, and wherein the second end connection secures the

riser string to a rig structure.

15. The method of claim 14, wherein the second end
connection rigidly secures the riser string to the rig

structure.

16. The method of claim 12, further comprising the
step of installing a first annular seal module into the flow
passage, the first annular seal module being operative to
seal an annular space between the riser string and a tubular

string positioned within the flow passage.
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drilling operations. For exanple, if a nud notor

(which rotates a drill bit on an end of a tubul ar
wareossg20n WO 2008/ 058209 PCT/ US2007/ 083974 - P@BUS2007/083974
response to circulation of nmud or other drilling fluid

through the notor) is used,. gyilling operations can be
performed without rotating the tubular string 212. The
annul ar seal nodul es 222, 224, 226 can seal off the

annu{ ar 5pso qg@t@3§ &PQ%F&ImOIG eP@lﬁ“@He?%U$§§ﬁP8

212 rotates uring drillling, conp etion, st ation,
deiﬁeremmﬂe&|@p§lYle|$ee§pEQrth@rem¢mmwxmﬁmSlva@a®EQm
IShO reanJ(_jndelhcf ed é’_TDdIfICgtIOenS CEy vaim mo ufe and
P BT RRTROIT AepArting T rom Y he Spit
thé tamﬂmammumatrséallﬁbdmy@nt|on The enbodi nments as
descri bed are exenplary only and are not limting.
Many vari ations and nodifications are possible and
are within the scope of the invention. Accordingly,

the sgoperigé MEOhEEtdPNc1Simole ) iﬂmfelﬁiefoCérhprlsmg the
enbodi nents described, but is only linmted bﬁ$
StPRi ¥ {%5¥%%}1$%I¢oﬁ?c?%% arppkabf Sel AL Ilnto the

c1de phes b, €I Y-SR SaRfulde S&b] arbadBd tsEi 0 55@%atlve

cl ains. course, a person skilTed in the art woul
t@npmala theratnylaonspaes deeoreot the nbore slestng mm@nthe

tt%u g%f@%;!féé/ftf&%’% E‘ﬁfn of 4 hflév@ pa L4 00e .

rea ecra nmany nodi 1 cati ons,
addltlons substitutions, deletions, and other
changes nay be nmade to the specific enbodi ments, and

such es are c ated y the C|ples of
She b o opse e EneR of "RLELF ot s g TR R 1S Petelre
dilef @i dedli absapp Py 1 0q $’6e[b &@ﬁhéeaéémpﬁﬁsemdemcf@@@lm
bei n iven b illustration and exa
P]E‘F\%S‘g]b‘g r+i %IP%I %Jc%“fbep%‘?s%%% %‘?’%‘%%‘?ﬂ‘ ’?%eﬁ‘]r IB%‘?"h]gg and
thé Rddeshgohghy1dY {481 anpended claims and thel r
equi val ents. WD 2008/ 058209 PCT/ US2007/ 083974

20. The method of claim 18, further comprising the
step of increasing pressure in the riser string between the
first and second annular seal modules, thereby pressure
testing the riser string between the first and second

annular seal modules.

21. The method of claim 12, wherein in pressure
differential applying step, the portion of the riser string
is between the valve module and an end connection of the

riser string which is secured to a wellhead structure.

22. The method of claim 12, further comprising the

steps of:

conveying a tubular string into the flow passage; and
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15

- 84 WAT IS CLAIMED IS: 1. Ariser system
conprising: a valve nodule which selectively permts
wapaspsevents 5 fluid flow through a fl ow pasBEm©S2007/083974
extending longitudinally through a riser string, and
wherein a first anchoring deggce rel easably secures
the valve nodule in the flow passage. 10 2. The ri ser
systemof claim1, further conprising a second
ANCROLL N JOYAS o5 WL E£1ng L RASADLY1 SLCHE LEn@ SUPM it ion
string 1n the tlow passage. 3. The riser systemo
in| Ghen Plowhpassage hesgethmd Abubdchbow ngs dewevented through
reveni s _displacenment of the tubular strin rel ative
2R el Fr sl ABRRL T csbtrh forPiE AR s e
spothdgpnawd the riser string between the val ve nodul e
and a seal between the tubular string and the riser
st riviger@Dn 4chd herésSere Syt £ Oht LARI ApRly ik t&esp further
conprising at .least one annul ar seal podul e which )
C%‘Eg 55¢H IPRLY HR9 sPacEcased vREFS T TeS Y s rthe ripuigy string
td Nend U8l oSt 6f NEhe aPfs ¥ ES €F g LRI SECAHG 98d MYetween
devi ce prevents displacenment of the tubular s rlng
ar

the|wlve nedile andethetposnptiwenapreliel ethe tpgou

' i P [ he riser ri en the
AR PLANRER Helied n LT o B gRbeTS

riser systemof claiml1, further conprising at | east

one annul ar seal nodul e which seals an annul ar space

VO 8/ 09_PCT/ US2007/ 083974 _ - b

et st T Hedhdd PR L FY gt in0iem FolRFIs 18 ene
spas safjeut bl idheg raselesyst @e ofetsar Mo, mohet@r nptdesure

annul ar. 5 seal nodule igcludes at | east one_ s

o
WEHTER £ael STSER ROE t oM TR 2P PTSREWRT | 1§ Herential
appbplRg stepng rotates within
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the flow passage. 7. The riser systemof claim®,

wherein the seal 10 rotates with the tubular string.
W@2008/088209 ser system of claim 6, wherein the sPel/US2007/083974

remains stationary within the riser string while the

tubular string rotates withge the seal. 15 9. The

riser systemof claim®6, wherein the seal is

selectively radially extendable into sealing contact

Wi thy 4 € hey tpbu) frifgst A0c g Ther [ Ser M Of

claim1l, mherelﬁatie #?@%t %ng%%r?ng %%vi%%g?% ro e

meichodt @empr beiag sulbs estépsabfon exterior to the riser
string. 11. The riser systemof claim1, further

conpinstapbl atg 25vébastmodelsensor o hpaesses extending
| east one rameter for _nonitoring operation of the
1oAF St Y i Sheh bop b8t rekt (o0 el modire
bdZng Aot HotlvOf t Pr €SB €i v By i Pgrmit | &8 prevegs theid flow
met hod conprising the steps of: installing a valve
LhEARIR e ot LW i PRRFMIP7 1 ¥Qi tudi nal  fl ow passage

extendi ng. through the riser string; 5 closing the
val vErFedhl 809 o2 hkeddy prevamruidyised] Jpdihe otgynthe flow

pd$€add OV PESSRGET a ANEe AP PhYENDe B LL 5§ SSEEr g {TET €8 Abvent
across the closed valve nodule, thereby pressure

flesd | ftowt theewgh aaporrrvhabispade beteeentthegriger string

i TorTRe onmd S letopiiotf e SALPRRead,

portion of the flow passage di sposed between first and
second opposite end connections of the riser string.

25. The method of claim 24, further comprising the
steps of providing a first internal location for sealing and
securing the valve module in the flow passage, and providing
at least a second location for sealing and securing the
annular seal module in the flow passage, and wherein a
minimum internal dimension of the riser string at each of
the first and second locations is at least as great as a
minimum internal dimension of the riser string between

opposite end connections of the riser string.

26. The method of claim 24, wherein each of the valve
module and annular seal module installing steps further
comprises actuating an anchoring device to secure the

respective module relative to the riser string.

27. The method of claim 26, wherein the actuating step
further comprises selectively engaging a latch member of the
respective module with a corresponding internal profile

formed in the riser string.
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15 14. The nethod of claim 13, wherein the first end

connection secures the riser string to a subsea
wowedolos2dd structure, and wherein the second ePdI/US2007/083974

connection secures the riser string toarig

structure. 20 15. The nethodggf_claim 14, wherein the

second end connection rigidly secures the riser

string to the rig structure. 25 16. The net hod of

claim12, further conprising the step of installing a

first annular seal nodule into the flow passage, the

fi1Siq AN Al SERba AU £a il 20, APRLALI Y CLAL o€ By step

annul ar space between the riser string an ubul ar
fetthen @mmprlﬁaﬁddM$phamlm®eaft@mp@@SBW@elaﬁthMEmber into

2008/058@09 PCT/USZOO?/OS%S 17. Thf'gEtFOd qg
CRYIYHIRE Whe? ef CTHES PP SRS e’&???%?]en?lf% Tappt yHAGT ©°
ti15é epedpidhtfe CAOGMPI1SLSandOlEese Y a PFESSEE€ivE dd€uator on

fl ow passage_between the valve nodule and _the first
a%n%’?‘g?l%’éa?fn‘b%l%ls%r 1BEE RS FRYPRY SrSklafemart of the
réspdbelveonPedsi fembde., step of installing a second

annul ar seal nodule into the flow passage, the second

annul ar seal nodul e being operative to seal the

annul ar space between the riser string and the 10

t ubu) @r t thin

The Tt hotl 61 el oy 05, C AP ot o t e o Gasrp s ofng he
steps eventi al applying step further conprises

increasing pressure in the flow passage between the

val venhededeneeidiid & heabee onodabe uhews seal asmoplate. of the

rfg%rngrfﬁéPOd 8f claim 18, further conprising the

interconnecting an annular seal module housing as part

of the riser string, and

wherein each of the interconnecting steps further
comprises displacing the respective module housing through a

rotary table.

30. The method of claim 29, wherein the displacing
step further comprises displacing the respective module
housing through the rotary table with at least one of a
valve and an accumulator externally connected to the

respective module housing.

31. The method of claim 24, wherein the riser string
includes a portion having at least one valve, at least one
accumulator, and at least one actuator externally connected
to the riser portion for operation of the valve and annular
seal modules, and wherein the method further comprises the

step of displacing the riser portion with the externally
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step of increasing pressure in the riser string
between the first and second annul ar seal nodul es,
WO b@sois2opr essure 20 testing the riser string PET/NMAEENT/083974
the first and second annular seal nodules. 21. The
met hod of claim 12, wherein ¢n pressure differentia
applying step, the portion of the riser string 25 is
bet ween t he valve nmodul e and an end connection of the
odhRELLSE APy i £ dii BECYF O6hd Cade b hea-ShetCd U Stary
22. e nmet "o a|n112 er conprising the
t@bb@s of : 30 conveylng a tubular string into the fl ow
passage; and WO 2008/ 058209 PCT/ US2007/083974 - 88
sealing and securing the tubular string at a position
in the flow passage, so that fluid flowis prevented
thromgh Pine anethad sHacka bret keenfihiehet seomst 1 $ ingg atide
he ular strin erein th ressure
st crerrotredhing tuditubid treskiol chibes St Ermayingto
th&ICF BESE s PF PSG UF 8r Vopet i dnibe athStvaDge 4MdtdEnular seal
portion of the riser strlngqulch I s di sposed. between

medel &%t \RNAoTRARCENENY el FomliE GPRerel nkiredutara

séﬁéé&‘ghy&ra?@ﬂ@dc@ﬁgréfcé‘%@@'eﬂl nei@@rﬁélp%cpa@ﬁégﬁlseﬂo
. The method of claim 12, further conprising the

serepdof utilizing at |east one sensor to nonitor
pressure wthin the riser portion during the pressure
differential applying step. 15 WO 2008/ 058209
PCT/ US2007/ 083974 - 89 24. A nethod of constructing
a ri3er sise emethdd ofret hatn cdiprferger heompepsing : the

step of replacing the hydraulic control system using a

subsea remotely operated vehicle.

34. The method of claim 32, further comprising the
step of connecting a hydraulic supply line and an electrical
control line between the subsea hydraulic control system and

a surface hydraulic control system.

35. The method of claim 34, wherein signals for
operating the subsea hydraulic control system to selectively
supply hydraulic fluid to operate the valve and annular seal

modules are multiplexed on the electrical control line.

36. The method of claim 24, further comprising the
step of connecting at least one lubrication supply line
externally to the riser string for lubricating a bearing

assembly of the annular seal module.
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installing a valve nodule in a flow passage extendi ng

| ongitudinally through a riser string, the valve
wOo@alos8289 bei ng operative to selectively perm PCEOS2007/083974

prevent fluid flow through the flow passage; and

installing at | east one annuyar_seal nodule in the

flow passage, the annul ar seal nodul e being operative

to prevent fluid flow through an annul ar space

bet n t ri Ly : d '

pos;l\fﬁlabne (lanlht eoél%%/vn%%\%%@ggg' 2%#%% rarée?rﬁ%%i%?ng the
stépi of 2onfecthey aonbedst ngne heubsiepsiofl peovini hina
efiEStal Ny erpal L opatlon. f0r, seallngo and, : SeCUL PO LOE £rom

varve ur® TR the ?¥om1pa§%age, and prov?dlng %aé%
theadséanisgcasskeniorat i on for sealing and securing the

annul ar seal nodule in the fl ow passage, and wherein a

m nimum i nternal dinmension of the riser string at each

of the first and second |ocations is at |east as

greatg as Bhe Mh&tHAM dHtETNBh 24 erise 08 Of thdCaihSBir seal

string. between 20 opposite end connections. of the

meqiake LRGeS 2at IersheePRE R i ¢h sealmher @t ingackhe

t@buide yetv ﬁpﬁﬂéetﬁ@dt@@@P$§TS§f¥%gr@%@%@bs within the
Installing steps further conprises actuating an

f bote her s sdelevi ce to secure the 25 respective nodul e
relative to the riser string. 27. The nethod of claim
26, wherein the actuating step further conprises
sel ectively engaging a | atch nmenber of the respective
modud 2. wi The ametho@spbnell agmi 38 erwidrernfithe 30T oroeates
wi@%tte r%ggﬁ g}riqg. WD 2008/ 058209 PCT/ US2007/ 083974
t-90""28 % et Hot" B claim 26, wherein the
actuating step further conprises displacing a
respective latch nenber into engagenent with a

correspondi ng externa ofile formed on 5 the :
e R RS esa oty STt Fo o VESRET, thé Heah ppmains
st iGNa BYtRI£9In Ofhd heiséBest Bikd NGhLPEISEBe tubular string

di spl acenent of_ the
rotates within the seal.

41. The method of claim 38, wherein the seal is
selectively radially extendable into sealing contact with

the tubular string.

42. The method of claim 24, wherein each of the valve
and annular seal module installing steps further comprises
sealing the respective module in a corresponding seal bore
formed in the riser string, and the method further
comprising the steps of retrieving a respective seal bore
protector sleeve from within the corresponding seal bore
prior to the steps of installing the respective one of the

valve and annular seal modules.
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20

respective latch nmenber. 29. The nethod of claim 24,
further conprising the 10 steps of: interconnecting a
wQ a2008058200lul e housing as part of the riser stPCTHyS20ameB83974
i nterconnecting an annul ar seal nodul e housing as part
of the riser string, and 15 gkerein each of the
i nterconnecting steps further conprises displacing
the respective nodul e housing through a rotary table.
30. fhe | & : r ej i j
step4$hr?ﬁ%?q%§%%%?§ggq%$§ﬁTggfhgfgﬂgﬁggg%ec ?%%fgg efte
sheplub® réfoubeniny he oseml tihere opaeyetabl eslvene afrorastthin
one_of a _valve and an_accunmul at or externa
R te S eV ai e B Pl el LU S0 o e B L i e valve
mddeleet hod of claim 24, wherein the riser string
i ncludes a portion having at |east one valve, at |east
one accunul ator, and at |east one actuator externally
connected to the riser portion for operation of the
val ve4 andrigd ik €iod seal c 1@l 25, fnecNEerbmptNe€ing the
nmet hod further conprises the 30 step of displacing the .
SteR P PR ET HRVIRY P t $RE B XRRF PP F QL ST 2D 0Bl @B 00rom within

tﬁgﬂ¥£§890§£9§§§7ﬁrior9@0 @H@n§@é§dofaiﬂ§tafffﬁguiﬁégénnular

and act uat or rough a rotary table. 32. The netho
sedl chedwled, further conprising the 5 steps of

connecting hydraulic control lines externally to the

riser string for operation of the valve and annul ar

seal nodul es, and connecting the hydraulic contro

| i ne45t o Bhe subsleed hyfiraldin Zéont fulthystcomextermal the
s%ébtgf ﬁéff{zigéré@gleéék one sensor to monitor pressure in
the flow passage between the valve module and the annular

seal module.

46. The method of claim 24, further comprising the
step of utilizing at least one sensor to monitor at least
one parameter indicative of a performance characteristic of

at least one of the valve and annular seal modules.
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33. The nethod of claim 32, further conprising the

step of replacing the hydraulic control systemusing a
WG wses820€not el y operated vehicle. 15 34. The PEL/OS0TV83974

claim 32, further conprising the step of connecting a

hydraulic supply line and angglectrical control |ine

bet ween the subsea hydraulic control systemand a

surface hydraulic control system 20 35. The nethod of

cl ai 5 34’AV@@IP1JFn§ H08h S f Qbm PP§£€<%'E‘19etél€e}1§é‘bc§Pa

hydraul i ¢ contr ystemto se P ect] supp

h dr 0; t e S .
B LA o BOBEEL o Y5 R0 OO oo
sﬂ:rrumg ZﬁoSGEnaﬂ'hEhereimwuiomlmmut fsir¢dremunicable with

f t
of oiRteiedt G 55 Pade SEUNETIAG 1 She ERAladlEy enrouan
tlsé rihgef osttidg} cating a bearing assenbly of the
annul ar seal nodul e. WD 2008/ 058209 PCT/ US2007/ 083974

- 92i nStal Theg neh hosth@fa €] 8éa HhodiLe t hert KONMProwi possage,
the step of connectin | east , one lubrication
thetappulaheseakimedial¢ 3b?bn‘if hee$iskenaed rJthgtl?%rflOW passage

bé@xké‘éﬂi” SGpbdPEd CaG EERRRCL onDESE | D 25588 Y r Pn 8-

The et hod of cl aim 24, vvherel n the annul ar seal

md%@n%%}fi#&eé Alph £ ts@f‘ ﬁlkl) ﬁ!"f‘%l‘fé‘ BES é‘é@éé‘ét

t he ar strlng Iet strlng ot ates

h%ﬁ%%gﬁ% g%e Sea ?g%%?%% ﬁé%w%@ﬁ @ﬁéggg?@{afléﬁPlng and

the t ar strin
tlzﬂé). r Ther nethoag ofit £l 82 Mm@ 8thehenmi hat heeskahodehaj ns
15 stationary within the riser string while the
t ubut@tatsimg ng drothtlest vat ha ndidealeahd of the tubular

string, the 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 density less
than that of the drilling fluid into the annular space via

the injection conduit.

48. The method of claim 47, wherein in the injecting

step, the fluid composition comprises Nitrogen gas.

49. The method of claim 47, wherein in the injecting

step, the fluid composition comprises hollow glass spheres.

50. The method of claim 47, wherein in the injecting
step, the fluid composition comprises a mixture of liquid

and gas.



41. The nethod of claim 38, wherein the seal is
selectively radially extendable into sealing contact
WowRak/05820 t he tubul ar string. 42. The net hod oPCT/US2007/083974
24, wherein each of the valve and annular seal nodul e
installing steps further conpgsises sealing the
respective nodule in a correspondi ng seal bore 25
formed in the riser string, and the method further
conprising the steps of retrieving a respective sea
bore protector sleeve fromw thin the correspondi ng
SealSPoreI‘h@rljné)El?5$ € B HRSs P! wlﬁ‘éf?iﬂ'@}getf‘fse string
respective one Valve and annu Seal  modul es.
11&@11&/@&0@8}@@5‘82@9 Mimﬁzm?l@%@mne v@Bve A3at Tl‘@ast one
of cl urther co

a?%‘t“P‘ﬂ Ty a%@"a?t b]oeraesTor%‘?%c?‘g\?u%*f%lév%x’f‘?%?ﬁtﬁ h‘r‘?]nneCted

td hehe i ﬁmeﬁtmﬂgl@m | B6r t @0 B g ofnfest Bbh i vf the fluid
val ve, podul e. 44. The nethod of claim 24, further

CRIBRAPT et PRy 1 #RA “%1?%5930? FRe MRV SULERPT pepmerises the

sPEPLSET @ 5151 £8VEG T EREN W §&F Moot Ofon | $LEN SERE NExPEFRET 1
to the step of installing the annular seal nodul e. dy

camneqird ned heel, ofceumihabar and tdefurigp®drikioggh e rotary
tShep, of utilizing at |east one sensor to nonitor
pressure in the fl ow passage between the val ve nodul e
and the annular seal nodule. 15 46. The nethod of
claim 24, further conprising the step of utilizing at

| easy, onergenor,de OPNLIOfnal | SRSl DS BEAIESY the

i ndicative of a performance chatacteris
steps of connectlng hydraulic control lines externally to

the riser string for controlling injection of the fluid
composition, and connecting the hydraulic control lines to a
subsea hydraulic control system external to the riser

string.

53. The method of claim 52, further comprising the
step of replacing the hydraulic control system utilizing a

subsea remotely operated vehicle.

54. The method of claim 52, further comprising the
step of connecting a hydraulic supply line and an electrical
control line between the subsea hydraulic control system and

a surface hydraulic control system.

55. The method of claim 54, wherein signals for
operating the subsea hydraulic control system to selectively
supply hydraulic fluid to control injection of the fluid

composition are multiplexed on the electrical control line.



at |l east one of the valve and annul ar seal nodules. 20
WO 2008/ 058209 PCT/ US2007/083974 - 94 47. A drilling
woregaokosB20onpri sing the steps of: connecti ng aPCT/US2007/083974
i njection conduit externally to a riser string, so
that the injection conduit_iggcomunicable with an
internal flow passage extending | ongitudinally through
5 the riser string; installing an annul ar seal nodul e
in the flow passage, the annular seal nodul e being
positioned in the fl ow passage between opposite end
connegt i rise [ n r
ctrite i roe dret B ECELELE: £, £SEHR Mool e  ehe
s‘sgaoef bet Wweenindeat ubehst cheisgnsod to heomiser stessgre in
& |l|2|n9 t he an ul@r seal nodule; rotating a dril
Qﬁtl%ﬂe%.ﬂ?%t%?n Wa-of the tubul ar string, the
annul ar seal nodul e sealing the annul ar space during
the rotating step; 15 flowng drilling fluid fromthe
annul ar space to a surface location; and injecting a
fluid conposition having a density less than that of
the drilling fluid into the annul ar space via the
i njection conduit. 20 48. The nethod of claim47,
wherein in the injecting step, the fluid conposition
conprises Nitrogen gas. 49. The nethod of claim47,
wherein in the injecting 25 step, the fluid
conposition conprises hollow gl ass spheres. 50. The
met hod of claim47, wherein in the injecting step, the
fluid conposition conprises a mxture of liquid and
gas. WD 2008/ 058209 PCT/ US2007/ 083974
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- 95 51. The nethod of claim47, wherein the riser

string includes a portion having at |east one valve,
w@rooBes®R09 one accunul ator, and at | east one arCT/EBIINT/083974

externally connected 5 to the riser portion for

controlling injection of thegfluid conposition, and

wherein the nethod further conprises the step of

di splacing the riser portion with the externally

Forary th E‘?’* T e R A R A
COTRELSANG LG, o SUEDEY Bl NGRS 40O L) SOMIELy o
er na e

| i nes ex riser string for contro
rl$¢EC$tDmn@f $®etmaulUheo@npbklmgoﬁluamdr@bmnwcllm@ is
he ont r ol nes a 15 subsea dr
R Wike UL RS el CLR LS L Eag
1 od hodd Dia T1 @i thB2ugh Uflﬁ@&l@@ﬂpﬁtﬁim@,the step of
repl acing the hydraulic control systemutilizing a 20

subsegs £ £1101 184 Ya® P gl Bslr Ve Tl fod e Theth@t hDsw Obassage,
claimb52, further conprising the,  step_of connecting a
t%%d?%%?1%rs%%%4ym¢¢%%eah%l%% EW%%E%?%%@ 1R oHe® of LPY neassage

b@ﬁké\@ﬁ%% BEs S SERd YRRt LofONG £ OLnSYST &8 a@@'n%?

surface hydraulic control system 55. The nethod

cl ai g, u]]%élc %\gﬁf&' 500! St fPig ﬂﬁl@éatt,]ilé‘gfi&? ?é‘é’é&g?‘e

hydr a systen1to selectlv supp

hydr@@&ifn%'&ﬁdaﬂ t%@&cén$§%ﬁééﬁ'£ﬁetiﬁ% }ng and
conposition are nu e electrica contro
théneisaﬁ)QOﬁBm@SQQDE&iIﬁQLEQ@O@ﬁ@@B@ﬁ4sealgﬁod6£e The
nmet hod of claim47, further conprising the step of
utilrataging dedsilbneisemson diost@hi¢mwmd @f eslsereubular
stgfhépjggtlggng quééal module sealing the annular space

during the rotating step; and

flowing drilling fluid from the annular space to a
surface location via the drilling fluid return line, the
flowing step including varying a flow restriction through a
subsea choke externally connected to the riser string to

thereby maintain a desired downhole pressure.

58. The method of claim 57, wherein the step of
varying the flow restriction further comprises automatically
varying the flow restriction without human intervention to

thereby maintain the desired downhole pressure.

59. The method of claim 57, wherein the riser string
includes a portion having at least one valve, at least one
accumulator, and at least one actuator externally connected
to the riser portion for operating the subsea choke, and

wherein the method further comprises the step of displacing



5 WD 2008/ 058209 PCT/ US2007/083974 - 97 57. A

drilling nmethod conprising the steps of: connecting a
waleioBloss2go fl uid return line externally to a rPGEUS2007/083974
string, so that the drilling fluid return line is

conmuni cable with an internajgflow passage extending 5
longitudinally through the riser string; installing an
annul ar seal nodule in the flow passage, the annul ar
£36% 1 SDAUL & DES NGy '{ﬁ@nggtéﬁqéffyf%%@%é@g@alve,
et ween opposite end connections of the riser string;
acouneyd pgr sandbat awater i tgréwgln & heofdow palsbage; 10
seal ing an annul ar space between the tubular string
and the riser string utilizing the annul ar sea
nodul e; rotating a drill bit at a distal end of the
tubub@r TEheimgthddeoBinmlbhan Seal fupduwte seapt igimdiethe
annul af space , durin he rotating. step; and 15 .
> SEERW™ M iRnadicad %\gd{??%% e %"f‘%fi% PR QL gline
eSUEFREELY OEat tiod Videt hetBind | foE ool Bing Nopér&tion of
the flowing step including varying.a flow restriction
the rheie a 2RGHERANRFBKRI eklier F3UEbh et etrt ol e to a

sUbSES BYALAQ 1O coNEFrSLYs PR & al R &rfefi £ §dc owphol £
pressure. 20 58. The nethod of claim57, wherein the
stremdof varying the flow restriction further
conprises automatically varying the flowrestriction
10 wi t hout human intervention to thereby maintain the
desi red downhol e pressure. 25 59. The nethod of claim
57, &her eThe tiethoderf stlaiy 60 ncfudelsen pomprosing the
having at_| east one valv . | east, on accunul at or,
st o Fenfeins b dridraftic sy Rl B B R e
eléSEriar teomt fOr Dpes dbéhiged et isebseits €hokgdranllic control

system and a surface hydraulic control system.

15
62. The method of claim 61, wherein signals for
operating the subsea hydraulic control system to selectively
supply hydraulic fluid to control operation of the choke are
multiplexed on the electrical control line.
20

63. The method of claim 57, further comprising the
step of utilizing at least one sensor to monitor pressure in

the drilling fluid return line.
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30 wherein the nmethod further conprises the step of

di spl aci ng WD 2008/ 058209 PCT/ US2007/ 083974 - 98 the
WO 2@s/055209ti on wWith the externally connected vBECTES2007/083974

accunul ator and actuator through a rotary table. 60.

The nethod of claim57, further_conprising the 5

steps of connecting at | east one hydraulic contro

line externally to the riser string for controlling

oper@y 1 0t Ori 1 N'n§MRELho @ WLRIRNEELY Nohd Ner e apl |

control line to a ea hydra ontr stem

ext e{rq%%a}i?julﬁ%]ea rff}%t éﬂﬁﬁfgr é‘gafjmoa—tli] e nfﬁ hé)rq J(_)lfdéernal

claim her conprising the step of connectin
fidre pyssage i excamding lomelandizallel ectoughal a consenl
| ine betweep.the subsea hydrauli ontrol system and
S U1 2 bt FRTEHA 1572 DyedRe hebng SFQURER poy the
f Dbw Ch&é s &, bartips€h NoSpests évd copeset idgs the ShbdSebser
hydraulic control systemto selectively supply

ShyHrAulic fluid to control operation of the choke are
mul ti pl exed on the electrical control line, 20 63. The

met heRP-bENE| & METI13Y r $PRTe RPHTERR nghe hel Y epthing and a

tﬁ%ﬁiéf!@Qrﬁﬁg|P@SEh@nﬁléﬁnﬁ&ﬁsége“@@iiﬂii eSRal £i F 4k
the drilling fluid return 1ine.” WD 2008/ 058209 _
aRCTI US2999) 0839T4e , -tlp® sealing dstep i peimetpeformed while

2 SGEPLL 00 Shecstens,ofar SoptallL0g.actissl agaul ar

e in an Internal passage extendin

| . . . . .
R o B N e TR
f paws Spaes et e Nt log posh i Baenst comigect i ons of the riser

65. The method of claim 64, wherein the tubular string
remains in the flow passage between the opposite end
connections of the riser string continuously between the

sealing and conveying steps.

66. The method of claim 64, further comprising the
step of sealing the annular space between the riser string
and the tubular string in the flow passage utilizing the

second annular seal module, while the drill bit rotates.

67. The method of claim 64, wherein the second annular
seal module includes at least one seal which seals against

the tubular string while the drill bit rotates.

68. The method of claim 67, wherein the seal rotates
with the tubular string, the tubular string rotating with
the drill bit.
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string; sealing an annul ar space between the riser

string and a tubular string in the flow passage
wariosiozd2ng the first annul ar seal nodul e, thePGHEB1007Y083974

step being perforned while 10 a drill bit on the

tubular string is rotated,- apg then conveying a second

annul ar seal nodule into the flow passage on the

tubul ar string. 65. The nethod of claim 64, wherein

the tubular string 15 remains in the flow passage

bet ween the opposite end connections of the riser

stri c I t t I I.hg:

ot ephy” Gorh ety SF fEE; oF, [TRELLIR RS SERY Yeine
stdneioRdrpteptinin selad | ngs¢hestanimg awh spacehdetwieehat hetring

riser strin nd theltubular string in the flow
D%%%gﬁﬁé”h?? 4 % %2 * second annul ar seal nodul e,

while the drill bit rotates. 67. The nmethod of claim

64, wherein the second annular 25 seal nodul e

includes at | east one_seal.whjch seal s, agai nst he

bl sTie HBSCReR 65T el 47 b ¥ b dahé egeakmts
sdedbotvofy ctadm bily dbesedabide sedl sét th@Scomtddi theth

tubul ar_string, the tubular string rotating with 30
theetypplar pE 1R 2008/ 058209 PCT/ US2007/ 083974 - 100

69. The nethod of claim67, wherein the seal remins

stationary within the riser string while the tubul ar

string rotates within the seal. 5 70. The nethod of

cl ai ™ 67, T enethod hef sebdims64 sefeethee| gompriaing the

e ' seal | 0 C i .

=680 op W HHAL AR 1RO etton 10 bRt Fressure in
thonplosi pgssdge Is¢epead the | fzrsyg and| sastndnensehsorseal
mééh egitor pressure in
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the fl ow passage between the first and second annul ar

seal nodul es. WD 2008/ 058209 PCT/ US2007/083974 - 101
w(@ 2008858284 hod conprising the steps of: installPemus2007/083974

mul tiple nodules in an internal flow passage

extendi ng |l ongitudinally thneugh a riser string, the

nodul es being installed in the fl ow passage between

opposite end 5 connections of the riser string;

ins 51ng%qTégﬁggegoﬁéfiggn%3$$gggt iogerior of each

of the nodu ; and then si aneously retrieving the

mul t t ssag I

ot ri bor EafPERS Lt LB hfayl S PEREFORPEEASE LW Phssage
exe¢ndevg nhongt epd fuat herttoopygh s@sr bper ast ninancthloe i modules

devices for.the. respective nodul es to thereby rel ease
oF A R eLLegrin (FAB ALetREEs br o et OF [ fadof £ S
cStifiédgiodd J#. tHderm@éhosk o6fngf ai m 73, wherein each of

the anchoring devices includes an actuator externally

connegdeptin® & heubuBLF Strimg. tREough dMeimeéhDsl 0bf each

claim 73, wherein_at |east one of the anchoring
0369?%é@°¢%1%®ér%kme by a subsea renotely operated

vehicle froman exterior of the riser string. 76. The

neth%@e%fS%m%1%¢WQQU%h%r%@%r%%%l%%d%h%smUQEAPh%|m@QP%@S
£+ &RSth nPl&H”HA%a?@% @H@'@uﬂ\(ﬁ‘iﬁ‘dé&ﬁiﬁ?,an annul ar
e and t he

space between t ubul ar string | ser
string. WD 2008/ 058209 PCT/ US2007/083974 - 102 77.
The nmet hod of claim 72, wherein the nodul es

73. The method of claim 72, wherein the retrieving
step further comprises operating anchoring devices for the
respective modules to thereby release the modules for

displacement relative to the riser string.

74. The method of claim 73, wherein each of the
anchoring devices includes an actuator externally connected

to the riser string.

75. The method of claim 73, wherein at least one of
the anchoring devices is operable by a subsea remotely

operated vehicle from an exterior of the riser string.

76. The method of claim 72, wherein the modules
include at least one annular seal module which seals an
annular space between the tubular string and the riser

string.



i nclude at | east one val ve nodul e which sel ectively

permts and prevents fluid flow through the flow
w@awsase0 WO 2008/ 058209 PCT/ US2007/ 083974 - ROBUS2087/083974

A drilling nethod conprising the steps of: sealing an

annul ar space between a tubylgagr string and a riser

string; flowng drilling fluid fromthe annul ar space

toa 5 surface location via a drilling fluid return

[in an ' wgﬁ? [

dengzzy ?gg%ﬂ?ﬁ&%&@%%f %1é%ﬂe¢%r %%% I%@% %%ﬁ%??%e
lmnlmd¢n@tflem$t ¢@¢uvle¢nQOdmheamhlmmeQQlemttW@Umipermits

9. The cl

a0 EReYCe oh bt Lot i e Pl Batlfee,

Nltrogen gas. 80. The nmethod of claim 78, mhereln in

the injecting step, the fluid conposition conprises

hol | ow gl ass spheres. 15 81. The nethod of claim 78,

wherein in the injecting step, the fluid conposition

conprises a mxture of liquid and gas. 20 82. The

nmet hod of claim 78, wherein the injecting step

further conprises selecting fromanong nultiple

connection points between the drilling fluid return
line and the injection conduit for injecting the
fluid conposition into the drilling fluid return

line. 25 83. The nmethod of claim 78, further
conprising the steps of connecting hydraulic contro
lines externally to the riser string for controlling
injection of the fluid conposition, and connecti ng
the hydraulic control lines to a WD 2008/ 058209

PCT/ US2007/ 083974 - 104
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subsea hydraulic control systemexternal to the riser
string. 84. The nethod of claim 78, wherein the
w0 pjososs2ng step 5 further conprises injecti ngP€ES2007/083974

fluid conposition into the drilling fluid return |ine
downstream from a subsea chalg -which variably
regul ates flow through the drilling fluid return

line. 10 85. The nethod of claim 78, wherein the

| nj egd i ngn SELP 1 { Mg LREENGEPEhSERs | ) SChd fuid
conposi tion ?nto #%e d???ﬁ?ngﬁff%%géret%?%t%$%€£at a
posi t ion. bet wee f I I S
ChokesFhvey A Bt S5fce Rofiect BB iEiring and a

risee.sdBivgy 2008/ 058209 PCT/ US2007/083974 - 105 86.

A drilling nmethod conprising the steps of: installing
a fifbdwamgmpudailbead fHbdid ef romathe ndeniunbdr $pave to a

assage, extendi ng. l ongi.tudj nal l y, through a rjser
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annul ar space between the riser string and a 1

TeUBR ak 1R rYHYy ¢ IRHECTH O prRRAYEt utilizing the first
and second annul ar seal nodules. 87. The nethod of
clai m 86, wherein the sealing step further conprises
seal ing the annul ar space between the 15 riser string
and The tTiemethediag ¢haime’ | ovheebagen thée|injegting
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The et hod of claim86, wherein the second annul ar

80. The method of claim 78, wherein in the injecting

step, the fluid composition comprises hollow glass spheres.

81. The method of claim 78, wherein in the injecting
step, the fluid composition comprises a mixture of liquid

and gas.

82. The method of claim 78, wherein the injecting step

further comprises selecting from among multiple connection
points between the drilling fluid return line and the
injection conduit for injecting the fluid composition into

the drilling fluid return line.

83. The method of claim 78, further comprising the
steps of connecting hydraulic control lines externally to
the riser string for controlling injection of the fluid

composition, and connecting the hydraulic control lines to



20 seal nodul e includes at | east one seal which seals
against the tubular string while the tubular string
WO oa0ass0m t hin  the fl ow passage. 89. The mnet POTUS$007/083974
claim88, wherein the seal rotates 25 with the
tubul ar string. 90. The neth@d of claim 88, wherein
the seal renmains stationary within the riser string
while the tubular string rotates within the seal. 30
P 0, 4.+ a :
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stathal |y extendable into sealing contact with the
tubul ar string. 5 92. The nethod of claim 86, further
conprising the step of utilizing at | east one sensor
to nmonitor pressure in the flow passage between the
firs&4 andrise cosichadnot a1 seal 78 poedhdesin 10hO3inJéeting step
nmethod of claim86,.wherein eac e first. and

: of .th :
> furtheh %Wh?e%eb‘iij%‘a{ﬂl%st}?%c&u%% PRI L et nto the
ds£l BChd VEL b Bd Che tRADET i NI Ebiiset £€4mh VEF¥m €4 08@ESe & NdNoke
a. respective one of multiple correspondi ng. internal .
winteh i Yeslably t Feovlakes st iongthuauglp blapsdpskbpeg fluid
r&EIEVSEPPL 083974 - 107 94. A drilling nmethod
conprising the steps of: installing a first annul ar
seal nodule in an internal flow passage extendi ng
| ongi tudinally through a riser string, the first
10 NNy spal OOKLE Bel Ot BECHS CAArdlg Bud! Biecting step
passage between opposité end cohnections of the riser
fetthey;comprises injecting the fluid composition into the

drilling fluid return line at a position between a surface
location and a subsea choke interconnected in the drilling

fluid return line.

15



10

15

20

25

30

then conveying on a tubular string at |east one first
seal into the first annular seal nodule, the first

W@ e@B/0582¢9 Nng secured in the first annul ar seal PaDUS1087/083974
and 10 sealing an annul ar space between the riser
string and the tubular stripg i-n the fl ow passage
utilizing the first seal, the sealing step being
performed while a drill bit on the tubular string is

rot aged. Plsdﬁgllil‘ﬁp@@%‘ﬁm <9<§m]§ PR F%nd WLHSE of:

conprising t Installing second ‘annul ar

| . . he. '
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on the tu Stri east one second sea
fidre sesvage sexiudbnadisgal ompiithédi n&D] P6thAdegmed hods ef

claim94, further conprising,the t of sealing,the
SERANY ar AP ab bt Bot AR Thes 175 dPOLFTF e T Fepared 1 the
floubass ¢ | Bgtwdeh heppdoit Pass@adeontedt Zbmg dhethe riser

first annular seal nodule, while the tubular string
StHt2¥es. 25 97. The method of claim96, wherein the

first seal rotates with the tubular string. 98. The

net hotPBHCRPEE YA %, 2 \FRERPG FPRUIRF steabdrodykpalpco the
£BORIbOOGEYe W SN the riser string while the tubular

O string rotates wthin the first seal. WO

2008058209 FETLS2007/ 05301 dpocydd 99 ¢ THE: TBLAOA, and

aim?9 wherein the first seal i sel ecti ve
tyukigl &t | gtektentabtle | Hlow spadsage coni htzing tbhe t fesrst and

séé‘gr%aegnﬁc’&{%ﬂgseg 1004 il'gg met hod of claim94, further
conpri si ng e s]tep of “Yetrievi ng on the tubul ar
string the first seal from the riser string.

87. The method of claim 86, wherein the sealing step
further comprises sealing the annular space between the
riser string and the tubular string in the flow passage
utilizing the first and second annular seal modules while

the tubular string rotates within the flow passage.

88. The method of claim 86, wherein the second annular
seal module includes at least one seal which seals against
the tubular string while the tubular string rotates within

the flow passage.

89. The method of claim 88, wherein the seal rotates

with the tubular string.

90. The method of claim 88, wherein the seal remains
stationary within the riser string while the tubular string

rotates within the seal.
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91. The method of claim 88, wherein the seal is
selectively radially extendable into sealing contact with

the tubular string.

92. The method of claim 86, further comprising the
step of utilizing at least one sensor to monitor pressure in
the flow passage between the first and second annular seal

modules.

93. The method of claim 86, wherein each of the first
and second annular seal modules includes at least one
selective latch member which selectively engages only a
respective one of multiple corresponding internal profiles

in the riser string.
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94. A drilling method comprising the steps of:

installing a first annular seal module in an internal
flow passage extending longitudinally through a riser
string, the first 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 first
seal into the first annular seal module, the first seal

being secured in the first annular seal module; and

sealing an annular space between the riser string and
the tubular string in the flow passage utilizing the first
seal, the sealing step being performed while a drill bit on

the tubular string is rotated.

95. The method of claim 94, further comprising the
steps of installing a second annular seal module in the flow
passage, and then conveying on the tubular string at least

one second seal into the second annular seal module.

96. The method of claim 94, further comprising the
step of sealing the annular space between the riser string
and the tubular string in the flow passage utilizing the

first annular seal module, while the tubular string rotates.

97. The method of claim 96, wherein the first seal

rotates with the tubular string.

98. The method of claim 96, wherein the first seal
remains stationary within the riser string while the tubular

string rotates within the first seal.
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99. The method of claim 94, wherein the first seal is
selectively radially extendable into sealing contact with

the tubular string.

100. The method of claim 94, further comprising the
step of retrieving on the tubular string the first seal from

the riser string.



