1 2 MAR 2007 WELL DRI LLI NG AND COVPLETI ONS SYSTEM This invention relates

to a systemfor use in creating and cant' out subsequent opeﬁ&émﬁs QUZ a
well and, in particular, to a systemwhich allows access to a b% , b5
ei ther subsea or at the surface, whilst ensuring that the well pressure at

the well head is controlled. Wen driIIing a well, the single nmechanical

safety.barrier is the VWFLEDRILINGAND PRETIQNGSYSEEM. The BOP ram

package contains the high pressure rams and usually the medi um pressure
annul ar. For subsea the SOP | ower riser package, 10 connected to the upper

end of the BOPThigninpenticiyeelates 4¢ masygtam for use inliceratingandecaITy owh SUPFRAUSHD r am

package, I ' ' f %{&h t ' and
vessel . T(ﬁ%rr?lee toﬁﬁllﬁrﬁéﬁggﬁyg}&g 8 rgggﬁér/g}!&gé or Ki c{ﬁ%'!)tr’f% I's
requi red eilhensubseaef akthe sysfaseawhilstiepay atthe well presswir atithe welihegdiis es
to be dri pdgth a specific 15 nud. Mst top sections of a hole can be
drilled wth a standard nud and in a nmethod which follows conventional
practices. CurWhen driling|a well; dhejsingle mmecharioah satety bagierist theBAP c8rtkms
and the BSSi2bNo 1P wk I OThe ' priSs i fams Ah@Or .
When dri :&Iglﬁn&a Xw%l I, F ﬁegzlr?‘qud m?gﬁr‘éhfgadaw ?%@@F%@Fgr fqr‘ﬁ%me mai n
reasons. usually the mediupy pressuse AnnularenbFerapulsea; the BORlewer figer backage,

gr adiqgnt cyhhédedidyfic lﬁ)dyrbhhbﬁﬂ\e‘ﬁép%?aﬂﬁé li9aREhYELH B tisdhectad fom

fracture pressures Is critical.:Secondl'y, the formati on pressure versys
the nud fheBOR @m pagkngssiofexampla in igevental an smesmenayde felease BEfigRiang ne
rate of pgagyration. 'Finally, the kick control pressures need to be
qpﬂtrolled in order to man%ge_a wel | kick and t .the ability to
GiJ ejibe

i dcul ate the Thesneed todnl T 8o, Pressie” W’e?qr "@Q@FQHW@M n
Dri | I'i ngeAteRhg G- S6inNhbie Iow préstuie RAmhatiere@hieh regtielab dethlledwithpsigstific an
he W AL KRR = B = RN AC ST
i s to drihichitbRow® comvertional p;b_cﬁicémd col um \_Nhi _ch has a | ower hydrostatic
P el 5 e B 15 ap B Lo B o 4
based, ombniodisglis darded gatsfram, ar atpthe drilltfloon.  WihenirillingzewBIlRhe pardaweight
the use igfa C&irtitégi %&&e;oei;r ﬁ"ﬁ‘ge rIHQr?. r%%gbrqs r ﬁrg{lfr fh@ H&Esune differential on the

20 kick/fracture gradient which gives a drilling pressure margin between the pore and fracture -
pressures is critical. Secondly, the formation pressure versus the mud pressure
(hydrostatic head and circulation pressure) affects the rate of penetration. Finally, the
kick control pressures need to be controlled in order to manage a well kick and to maintain
the ability to circulate the gas out of the well within the well design limits.

© 1y 25 Drilling a production well wrth a balanced or overbalanced mud weight can clog

open formations causing severe permanent permeability damage, i.e. the hydrocarbon
flow rate from the well is drastically reduced. A solutionis to drill the formation with a mud
column which has a lower hydrostatic head pressure than the reservoir-pressure. This is
generally known as under balanced drilling. Muds that can achieve this could be water

30 based, oil based, foam gas or a combination. '
| For surface BOP operations, the use of certain preferred muds could result in the
mud pressure in the BOP being above atmospheric pressure.

' _ A means of sealing around the drilling string, whilst at the same time allowing the
tubular equipment to move in or out of the well is necessary. In known configurations,

35 downsiream of a surface BOP, the well annulus flow has to be choked back prior o
~entering a low pressure separator in order to remove any entrained gas in the return mud

flow. The mud at atmospheric pressure then passes over shale shakers to remove the
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mud pressure in the BOP being above at nospheric pressure. A msﬁz‘én ﬁb? :
sealing around the drilling string, whilst at the sane tine'al | t he

t ubul ar equi pnment to nove in or out of the well is necessary. In known
configurations, 35 downstream of a surface BOP, the well annulus flow has
to be choked, back prior to enteri gg a |l ow pressure _separator_in order to

remove -anFUENISATREte gatering theyaud pUMPRS- AR subseABOTIRPeRtipng: thedepibpl the:
pressure trhgdchlaffrAheaNei isitte8sayal psratdthiighthe s0face BOP Wiithd Weithead

cuttings prior to entering the nud punps. For 'subsea BOP operations, the
density ofrgiire PBH‘QC‘SF%FH?WSI%U‘?-f‘y‘i"?SWQE&%‘&F%/“lecﬂE@@Pate through the
surface BOP w tydibfliyahdéreamnced ﬂﬁﬂiﬁgehé%ﬁb% lrfitesd foh@m tubm inf peEAasdent | C

head tqo the_ surface. ,’I’ypl cal | Y .underbal anced drilling has geen A b%d to
coi |t dbi Rbitepimplicity. e dbe seil wubing isind) ratalgg, hes pg tool jaintsiand qﬁitvb%nlé i s
not rotat g designe8 foP Wibihgithite §ﬁ?p66'ih dridobROof HBShold thdée Presefe.f OAn
tubing to _be stripped in and out of the hole under pressure. An _inportant
criteria foporiant ar amurderpaienced welligthatygt nodinge Wﬁ’#-i@@twﬁm

t he for mapé Gubjéited 48] (el Predsurd eAs KE Forviation Afast HE prétetlidn Wont ekcedsive
protection from excessive q%r essu‘rﬁ, consi der abl e darmage w || ?ccur ver
qui ckly. RIESSum, ongiderable damage wilocour yeryquiekdy; Jhis aepligs in allaspeets oh) e,

duri ngodracddesBihg the Wel, for Exarhple, doMi@ dHmAG the Weil "éasittEopsatihE hinfiing the
testing and r.kovers. On e prinme advantages of under bal anced

of, th
drilling SAMPELEPNtES ?F@M‘B’W'he } open and free formations can be up
t 0°50% hi gher Oraofithe plifhe\sivantages bfandetbalahest drllig is tisatpedductionfromiehaer .

yRi cal | d bal d drilli ' Y I | ] .
Srosed 1PTA TogdPastions.san pe e 1 5 st yhe ke Wy cRdbesn dder fra”
o hays agbece ba e B e e palan oy pe Thn i LoV er o) e T

t access ta -
st Ve o Yinse wed. Alie KBS am b PR diRE 8beiation pA wi G ieRlle )
met r es orsizeoofthe terdwarecrequired.r Forexample, it isnezetsaly tto have ac@Ssdo thetlBO®en

pressure 4 BRed rtﬁg%%P%FagX%é i ip@ﬂ@éoﬂhg ﬂbuﬁu&"&eehbsé?ﬁgq? %ﬂ%%@éﬁl I ow

wat er | ocati on Wel ans séreservoir have a
pressur e cagdfallyve to the hydrostatic head of water. Therefore, a small

increase in preselbvatar( eeP08d mbftes or more), some reservoirs are notsubjected tothe
20 overburden pressure of the ground above, which would be experienced on land or shallow
water location wells. This means these reservoir have a low overburden pressure relative
to the hydrostatic head of water. Therefore, a small increase in pressure can result in
fracturing the formation, causing an underground blow out. A small decrease in mud
: pressure will result in a well kick. Accordingly, there is a narrow operating pressure -
: "‘} ‘25. margin in between the formation pore and fracture pres‘sute_s which limits the distances
 which can be drilled in one stage especially in a horizontal section. -In order to drain a
~ reservoir fully, it is typically necessary for more wefls to be provided and these wells need
| to be evenly spéced across the field to ensure that all regions of the field are accessed.
. Accordingly, developments of this sort are extremely costly.
30 When drilling in deeper waters, the operator of a welt must remain within the safe
-drilling limits in order to control the well completely and so that it is possible to handie
ﬁnplanned scenarios which include well kick operations such as kick detection relative to
the large mud circulating volume, movement of a floating vessel that alters the mud
- circulation volume, the gelling effect of muds which increases the friction and therefore the
35. circulating pressure, the friction caused by the limited size and length of the choke and kil
B lines, operating in the nammow mud weight window, and then attempting to control a kick
‘on the surface. | ' ' ' o
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fracturing the formation, causing an.underground blow out. A small decrease
in mud pressure will result in a well kick. Accordingly, tHAet AR 280harrow
operating pressure 25. margin in between the formation pore and fracture
pressures which limts the distances which can be drilled in one stage
especially in a horizontal section. In order to drain a reservoir fully,
it7is typicall }JSde62886456 shmwaa heriweital subsasesqpapatiofezysteml whivkse piped]

need to RQe. ss. .t | [ Eut =1

Tho i el b GHEELHRBRRRF RIS B3 N6 biskns) SsBaBiRBH it SR with anliflschEiehl

ext r enel y risersiol nudIetumenThie systemgoperatissidine apbient watdnpregsorenand thetefarene| |
must reny| § Lh f L] L. ts. Jn order to control the well
conpl et el %gi#&o&?hgﬁ ﬂ%& rﬁ'éd g'{)g'fldor{ﬁg‘d['ﬁ)ggﬁe{%ﬁe unpl anned scenarios which

i ncl udé wel | kiAdkonding & ithen present imentioonk thisee dés pravidededh systean fop uselie well ge
mud circu ' . at. _of a floating vessel that alters the nud
circul ati éﬁ%ﬁ?ﬁ%e%ggﬁ%*egﬁ%@ﬁf ect of muds which increases the friction
and t herefore thweld®ad rcul ati ng pressure, the friction caused by the

limted size a i ' (=0 TN (o PRI 0 R
narow mid vei BrOb RDRACERE SoRBSERH rl eno 1o i ReinBRE 2Rl iny B e
surface. barelkextendihy fooithev@lihesd 16 fsbotheowsda hori zontal subsea separation
“syst eyp Whi ch i ' tﬂahrﬂhle S5 Fd ' .S ﬁ%% it
sgpar!’ﬁi on uni ?dggﬁg%\,tﬁ/% an | nPepe% e?it r %@ﬁé?%ye?rﬁ;ﬁngat'ﬁ'ﬁﬁs. e @;élst gm
oper at es ofithe welldeiadent water pressure and therefore would not support any
mud 10 the At afiliddake ofbethRef theprebsfictdibibina MtnR bR B BOP YSH pheRagd:Ne! ©
i s provided a systemfor use in I'"" " operatiofis, the system conprising: a
véDl head; a BGP separglacicagpmmunication avithy thenluid take: off sueh Hiat ase. arf@ultyi ng
an axial ok nebrilifiel IR (HAAPLATBRSchSERInRS feEorflient Bnasedeuhae

above the other end of the BOP ram or cont al ni n?,pt e pressure, of

] package h
the i | head;amasumovmdswmmmotg%epf@mpeﬂ% g thesgra@lpcfosng

the BOP %W%ten@t&ﬁ@éb@ﬁa@éd hﬂdiﬁéf&ﬁl@éﬂﬁéé@ﬂr&%ﬁﬂ%&t he fluid take off
such that, inuse, "a nulti- phase nedi um bt ai ned fromthfe wekl can be
separat ed i nt I°referaplypdeiRrersire GoRiEl devigrgncludes atleast one of a choke or a pump.

If a pump is used, it is preferable that it is a variable speed pump. The system preferably

comprises a control system for monitoring and controlling the operation of the pressure -
20 control devices. '

Advantageously, the pressure isolating means may be aranged to aliow, in use,

a downhole string to be passed therethrough, whilst maintaining its pressure isolating

ability. By downhole string, we mean any form of drill pipe, tubing, casing, coil tubing,

cable, wire line or other such device which is run down into a well duh’ng or after the

Y 25 _ drilling of the well. A ' ‘
The pressure isolating means may be a flexible seal, such as an annular seal and
is preferably rotatably mounted to allow, for example, a drill string, which, in use, \_rvill be
rotated, to be operated without rotational frictional resistance.
The pressure containing means may include a riser containing a hydrostatic head
30 of fluid.

| _ In a preferred embodiment, the separator includes at least one toroidal separator.

. A suitable toroidal separator is described in our Intemational patent application No.

- PCT/GB03/01253 and is defined as a separator for separating multi-phase flow, the

3 separator comprising an inlet for a mutti-phase fluid, a plurality of outlets, at least one for

35 each selected separated phase and a main annular tubular bore through which the mutti-

~ phase fluid is caused to flow and to separate into lighter and heavier fluids, the bore

having an outiet for each of the lighter and heavier fluids. '
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15 a pressure control device on each of one or nore outlets fromthe
separator for allowing the systemto be operated at di fferale@tMmlggb'pad
pressures. Preferably, the pressure control device includes at least one of
a choke or a punp. If a punp is used, it is preferable that it is a

vari abl e speed punp. The system preferably conprises a control system for
moni t or.i ng and Thersystsim imay additiensally sompriseioneles twe fusiher toroidgl sepsfgters and..
devi ces. éqmt r dSDbahd %?gp @efedd

al l ow, in use, tg?%%é%ﬁe@%ﬁ%%ﬁhe pag'ts'dé%ﬂlt"%r et rdﬁé’%,ﬁgﬁhﬁ{hfé@t

mai nt ai ni tegthetweelbiseddained.i sol ating ability. By downhole string, we nean

any form of dri E&ig ' ‘pm.:fg i ir;fgrba SEh {iCand S&ldPr
ot her such dev:-lt% |§Pfgmrf%%b' own iﬁﬁ,{ogﬁ%f%ﬁ& u |ﬁa or lg?‘t'g&r the 25
drillihg garryhe well. The pressure isolating neans may be a flexible seal,
such as an ann I » ’ : lﬁ’ﬂ?ﬂi&ﬁ akpaitord Or
exanple, a dril gs?ﬁ'lg ﬁ{g@%fjgwénﬂﬁﬁ@g?@%#@ﬂ%%'ﬁ“{ratl)r%/gate , tge'tt')g‘eoperat ed
“wi t hout randchaistured pdmpcti onal resistance. The pressure containi ng neans nay

include a ri sehcg&m@tgiaqgﬁlﬁ%,{%gggpga@{% ig,eggﬁﬁnveﬁﬁoﬂfu;%g:ﬂ &ovid@d%s&ﬁ%g\éﬂ ed

~ enbodi nent, the separator ir east _one toroli ‘separator.
sui t abl e foouse dating well opemtians, thessapasatar LRt 6eMPTSIAGr nat i onal pat ent

appl iﬁft i on NO? .fuuPﬁJ/e%%%%iﬂﬁ?ﬁ%s@eoﬁ@&ﬁhiws%@ﬁ réim PReRIGH; @ndl OF
separating nmulti-phase flow, the "separator conprising an inlet for a
nul ti - phase f|ateroidal pepanatarspreundinglanddn cammusigatiop withthe spgoldar fn use,

sel ect ed aRNALGHMHESedMleal TIVeRY LS sidshHbROBOP ik paialagsimtoinst he
e | | ca

mil ti- phaSe used to flow and to separate into |lighter and
hedvi er foopstityent paasesre having an outlet for each of the lighter and

heavier flui dSSUcrﬁa_éeﬁ&%p?é?%uﬂmaikﬁswamésaﬂabéﬁmabwe@a@acﬁemmne
a
|

or two further torol separators and, or each toroidal separator nay be

mountiéd Foputhe tereidal separal

O&pool, through which access to the well is
obt ai ned. The HRAGESEMINRNIOA BRBIpYOVIdSs Sietivdlopéepritirepnitenbl rodamasrdrh ui d,

2 B cuying, danmioe Coeralipns fhe Mol caprsing B didpd B! Ude @ cuttings

supplying multi-phase material from a well- head through a BOP ram package to
a full bore spool;

20 diverting the muilti-phase flow through a toroidal separator; and

separating the multi phase flow into its constituent phases. )

The method preferably further comprises the step of selectively choking or
pumping the constituent phases to achieve a specified wellhead pressure, thereby
allowing the system to operate at different wellhead pressures.

Ty 28 The ability to separate at the well head at a specific pressure irrespective of the
ambient sea water pressure allows a variety of advantages to be achieved using the
present invention. Firstly, low pressure drilling, extending to under balanced drilling, can
be carried out. There is a superior control of the mud pressures when drilling in narrow

- pore fracture margin areas by controlling the operation on the sea bed. Thirdly, the ability

30 to control a kick at the subsea BOP rather than at the surface, results in greater and a

" more reliable control. Accordingly, the above advantages allow operators to extend their
-dn’lling range in a permeable formation and results in a higher production performance
from the completed well. . - L :

S The present invention allows the effects the water depth to be eliminated, by

35 removing the back pressure on the well caused by the mud hydrostatic column to the

' surface and the flowing friction through the riser vertical section. As such, the benefits,




and a slurry punp. According to a further aspect of the present invention,
there is provided a separator for use during well operatlons E
separator unit conprising: 10 a full bore spool for, in u$ @gtlon to
a BOP ram package; and a toroidal separator surroundl ng and in

comuni cation with the spool for, in use, h tgpd al
del i Ver edesreciatly whrsbtirilingim dacp \3@?&%%&‘9&%@ n#@gﬂ"&"{%ﬁs%@tﬁ"
phases. %@&ﬁcﬁbw%waeé wel|§ GAH BPoId st b%tsde@ﬁt&ﬂ)eqi’r\ﬁteﬂrtembs& selupsol
device on ‘each outlet 15 fromthe toroidal .separa T%ﬁﬁoriéreg ratin
i nventi on al solpasybsrREenyimBIesl &5fe SFB‘?i’r"ﬁ‘FﬁPeﬁdP AL TEPPEINg,
wel | durigg Vﬁ'ﬁ%rﬁi &Rﬁﬁg’éfr&ﬂ&héh&uﬁﬁh@ﬁ%@ﬂﬁﬁ’éh&lr@gm&)@mmaﬁfmpﬂate
suppl yi ng mu phase material froma head Lee @ﬁ/‘f CE age
a5ulnurﬂa$eﬂcy]3@bpftW%I Gan be fgoyesk N‘P reme Mo g‘héa1 or d| dal
separ at O_VI;R el pa iR réﬁioi}&gtdi‘éhﬁiiﬂétingﬂlﬁﬁﬁtérld@ptheﬁe@t | Tiiis akowa the sepdrator

hases. e net hod f t th t-
Choki mg dp be aparpiedgt ivaciesisnd PrassurR taf oL maroyepavertpng g ee Bk o o
pressure, ﬁd\%ZS QT_@be bh:tﬁcf‘hékgo#*l@ﬂiﬁsﬁfé‘tdi}llﬁ@&bh er?quaésmdmmmr iniaegid
ressures e abi |i e a e we i &
Br essur e Tof kigk sopipl, cingd ‘tﬁT@ﬂg%g s?@ﬁ%'@f’d'ﬂ?é%&ﬁ%daw §&§§ng& ety
of awntWP%d&mwn%ew@dugm&ﬁt iritercopnediagtpipewarktandrconfiolssto| the BOR

drill t der, bal d drill d
out . Theragks %uémex nlguredi e e Sty sSe weldh ind, 86 e FEIERT
o A iBep Wﬁaiéw@uﬁawommmdmbxemmﬁmt | Sughtalses bpﬁmetmoﬁnudm“sea

ir , the a to ¢ a Fgﬁg,gﬁg.
fthan at taﬁgyg‘a?? éﬁ'@‘? %%@gs“'ﬂeﬂfgé?gpnaar{ﬁé%m‘%gréear%gl%ﬁa I'eé contro
Accor di nghodulé hﬁnmeadyanbﬁt@emeey'dmkwapmm'ahm to ext end their drilling
range.in a per abl e%‘];"g(r?f?ﬂ lt HI%%JF esul Q?ethg tﬁephlg%s,% | torﬁan

per f dPrance resen
effects bbenﬂiatainedi ¢t Aliquid permpl hias toswitdh OHpr operatemow sigwdmﬁmsaewd wvedsure

1 owi ng PRI Shvent dogs ortibw MBI TR, | € P 0t on. 'Ae suoh. -t he. henef i ts.
-4 An example of the present invention will now be described with reference 1o the
accompanying drawings, in which: :

20 Figures 1A and B show a configuration of the present invention of the BOP -
separation package connected between a subsea BOP ram package and a BOP lower
riser package (LRP) using a defined hydrostatic mud head in the riser;

Figure 2 is a schematic cross sectional view through a system with a defined
L - hydrostatic mud head in the riser according fo the present invention;
ey 28 Figure 3 is a schematic view of the separator of Figure 1 and 2,
. " Figure 4 shows a schematic cross sectional view through the system of Figure 2
'using a sealing elementin the subsea BOP to eliminate the hydrostatic mud column in the
riser;
Figure 5A to F show various drilling and well installation stages using the system
30 during the formation of a subsea well;
Figure 6 shows a conventional surface armangement for the drilling of a well; and
Figure 7 shows a surface arrangement for drilling a well using the present

" invention.

Figure 1a and b shows a subsea BOP stack assembly 10 and wellhead assembly

35 11. Awellhead assembly 11 is formed at the upper end of a bore into the seabed 12. The
o BOP stack assembly 10 s, in this example, comprised of a BOP lower riser package 15,
'a BOP separator 16 and a BOP ram package 17. The BOP separator 16 eomp_riees afull
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1 2 MAR 2007 especially when drilling in deep water, are f?ﬂﬂ%ﬁEﬂ@q|e The
I nvention is, however, still applicable to surface mells and’ sholul'd not be
seen to be limted to subsea set-ups. In a subsea environnent, a separator
positioned near the well head forseparating out any gas and .cuttings from
the returning nud flow ensures. that, by using appropriate contro
of the -webprecsppalet@rothe el bere ﬁaoa’eh%.tf@etlewgﬁ REr A8 %

t her eby Pps L'Wé.%r&\she Qiin ShéH ﬁmﬁ@&w&&mﬂ%&@i@m théibwer

al | ows the separat or oper at e t the desire ressure at _wo
it ove. cend ehinedHaP tadk throvgindp dhe LPBRENCAlda P 5 dna WRrRIELE VRO o
pressur 963%532 .Q%ﬁhﬁ&éiéa Wi %Jl%ﬁf ftthéw@llﬁl@c{d TREAY s sddid iipleecont rol .

I n US-A- e separat or | ocat ed on one side of the 10 BOP

and thPs will ﬂ'quaeépmegﬁ lﬁl%ﬁﬁcﬁ%’ti@ﬁﬁ%hﬁ&lﬁ g i Mﬂaeémﬁe@mﬁﬂr@ to
the BOP aéﬁ[ AG¥enheda tefurf qpud g&ﬁdr@ Qhéﬁ:s%%fﬁéténttt@: AW e nivd BT8R 1vether

and, as wat er seabeds consi st of unstabl e

b
A or ) csureevesset, The wellsaad eiurprmid aressura wil e e dogmsialiamud prgssure
establ i SQ@WLS%\J %uﬁhﬁ%aﬁbw@n&r‘ml éor@éxn%hsébﬁéaemmr ﬂ.@ﬁppemdul e

can be b IS an extrene erati on. he pressure con rtge

d
devi ces Mfdbe &RRI18 lﬁmﬂn@ﬁédﬂﬂﬂ!%eﬂﬁ\‘i’éﬁé‘sPhP‘Pﬁéz%bpﬂP%f'%‘Fr Rigg conie
i Nt NGglopiasSorbl 104 o SAHERe VaSsAIRERRA FigDh! of operate more slowly i

the liquid |evel rops, so that it does not draw in any exagﬁee of
the present i n¥thin the hare 20 fubsiarstang 28 isprayiged., Sueh @ﬁ@g‘Q'ﬂaY
acconpanyd fgmeEedf difidrent Bypelidt Romplonehey fr@:ﬁjdir@ améle?puphfgvxjomtmws;rwmon
of-.the present invention of the B s raL|? ackage, c t ween a
Subsea B@MidancERAuiRMENLARA H‘%’@a“[&oﬂ@? jatdis ?}"c’i‘g’k?b‘gg"‘( ?ﬁﬁg&”ﬁ %8' %{F‘are?l ned
hydr ost ats”uﬁ muiedwdmcn dllbersrthe Rircufation of tie ﬂ@v af aéistassmﬂm.as Hroagh theatetbnal
| Zl'ciévrﬁ“rnéﬂ% v g Mvanke Ui form oF e i, S SFER i Raing PR BB | e
separ at olpr ethelr b@ﬂfp%nén&l‘vﬁhléh l_sﬁie@:%%lﬂrts bmmm@hhmmnsepmtsramw
L " FhnRios S RSB e 21 e P, B b=
show var having |V|Iréarrtgjsﬁmj; 24dnd agilataliyt obcasingahasgersi 2fi whinh arpssetin 1o
during tQeuf OBkl Ykt iRt tBHfe #PiHe seabed 12 in the well drilling operation.
20 - The BOP stack is provided with a number of closure members for closing both the -
bore 20 and/or on the string 23 and these include lower pipe rams 26, middie pipe rams
27, upper pipe rams 28 and shear blind rams 29. These four sets of rams comprise the
high pressure zone in the BOP stack 17 and they can withstand the greatest pressure.
- The lower, middie and upper pipe rams are designed such that they can close around -
} 25 various diameter tubular strings 23. .
Of course, when the lower 26, middie 27 or upper 28 pipe rams are closed, whilst
the bore 20 is sealed the bore of the drili string 23 itself is still open. Thus, the shear blind
rams 29 are designed such that, when operated, they can cut through the drill string 23
or other tubular in the bore and provide a single pressure mechanical isolating barrier
30 between the pressurised drilling fluid and the surface.
Above the shear blind rams 29, a lower annular 30 is provided and this can also
| seal around the drill string 23 or other different diameter tubulars when closed and provide
a medium pressure contained zone. Within the lower riser package 15, an upper annular
‘31 is provided and, above this, the lower pressure zone is located and.includes the flex
35 joinf 21, the riser adaptor 22 and the riser. The low pressure containing means of this
zone is mainly the hydrostatic pressure of the fiuid which is retained in the bore open to
the surface.




Fi'gure 6 shows a conventional surface arrangement for the drilling of a
and Figure 7 shows a surface arrangenent for drillinp2aM8i200dsi ng
t he present i nvention. Figure la and b shows a subsea BOP stack assenbly
10 and wel I head assenbly 35 11. A wellhead assenbly 11 is formed at the
upper end of a bore into the seabed 12. The BOP stack assenbly 10 is,
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shape of a horizontal ring and is provided for receiving muiti-phase flow through inlet 41
which is connected fo flow passage 42 which, in itseff, is connected to the bore18.- In this
example, unseparated drilling mud from the BOP ram package bore 20 enters the BOP
separator package full bore spool 18. The static hydrostatic mud column 100 exerts a set
operating pressure in the subsea BOP stack 10 and forcing the; returning unseparated

rent
ance
bi t

?h of

| e,

re

d
re

ntud flow and any fluids which have come out of the well-formations fo be-supplied to the . .

| separator 19 via port 70 in the wall of the spool 18. As such, the separator 19 can be

- utilised to separate this multi-phase flow into its continuant phases for further processing

30

‘a5

and delivery to the surface.

The diameter of the bore 40 is dependent upon the flow rate and burst and
collapse pressures, being typically between 300 and 1000mm in diameter. The fluid
entering the bore 40 is preferably cause to enter in a tangential direction and on the outer
circumference of the bore 40, thereby causing a jetting action which helps to induce and

~ maintain the velocity of the flow within the bore 40. The circular flow that is induced in the
“multi-phase fluid causes heavier fiuids and any solid particles to move to the outer

circumference of the bore 40, with the lighter fluids on the inner circumference of the bore
40. As the bore 40 is mounted substantially horizontally, gravitational effects pull the
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The | ower, m ddl e and upper pipe rans are designed such that they can close
around 25 various dianeter tubular strings 23. O course, V\%e_nﬁﬁ%ezé@wer
26, mddle 27 or upper 28 pipe rans are .dosed, whilst the 0

seal ed the bore of the drill string 23 itself is still open. Thus, the

shearblind rans 29 are designed such that, when operajed, t . can. cut
~t hr ough *t heavigrifiuidstowerds the lower eutge portio afthe Wt@@ﬂ%‘?’@ f&ﬁ&%ﬁlﬂqﬁg‘l{%’
single pr ‘,;%ol stihé pore 49 bet ween tha pressuri sed
drilling ftiﬁ gﬁ’ Pﬁgégﬁ{re{g?gh@bbﬂﬂn py

Above the shear i n g{; % V\ﬁ
annul ar 30 i s pssanbesegndn Figuse Satheinain barg 40 '%PGWH%"IW “"Iesg PMdS3
or other g &Mﬁ%rﬁnﬁﬁﬁhﬁrw}e@mcﬁw theegitlimngz e héittial o thebotiom

pressure cont al

t I k
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and-i ncl Uges thB et ikg ésfdr%@itg%rﬂhm :éln&ﬁintéuiwﬁg%hua R ®nHe upperinner topThe
| ow pressure containing nmeans of thi zone i s mmi he QZCH OSt%‘Ff‘
pressur e Rertiemef thehare @9 cthe @@E@"&Pﬁ@& quilet ﬁe%g?lg'&%ﬁiﬁpep We.
612 %gﬂ%; eIB%?@@?o?éé&V@%ﬁd]tﬂeﬁmé'tﬁé I6dlBh iof the'bbihettiohsoffie dsit |

61 and oost er return line 104 and ccgttln/s urry line 102 |ines
f or suppl|yieﬁg@ﬂlh§|@a!\§e€mthp%ﬁﬁ?ﬂ@9tﬁﬁﬂpeﬁ §gf8ﬂg N-hese are part of

the r‘l@er systfra bebarkitiis aRideél hﬂolfﬂdmﬁﬁﬁmig aréb@xa lghe spiralest, laamud riggavay
fromthe SOP stack 10 andu to the s g hokell e nd.

etul ppog tafotel 450n B skl iag Spiel SoetioR 46; 2 MRkt Serpraonseil &7 and, |
fluid  congnm édaohlas tr%q.saa|madéwbemddnqa1secmanmagmucahdsomlon

§eehva
{hé. oppositisexawpis haypuicaasaiondrieidh st st Spical BeliBals oM Breft o
choke Vv@ity@af, diifiPhid divd Sollds énmeﬁébpammnﬂalmee 40 perdils wet gaw that is
oo s "ol s s mb T RS i 6 SickyBeBf e e 431 SPReS b JeBr B
Ri ser Packageitid ehfsifed \gas loale/the e 4Bahmmh exdtdineciBer annul ar 30 and the
Feoval v conrtt e Srsaroeis (ol thiuoB SR SHREL 44 B mitins B BEpRA Tontlit
" renpved UQwiti the prpmnekﬂow rate chmtralied bmvbalcﬁ(‘&g!e 56. sFhaliquid withiniae wet
gas is forced onto the outer wall of the conduit 49 and collects. At certain points in the
20 outer wall, liquid drain pipes 50 are provided to direct any liquid that has been separated -
from the gas flow back in to the liquid stabilising section 46. The multi-phase liquid having
trapped gas; which exits through exitiine 42, passes intd the liquid stabilisation section 46
which is the upper portion of a spiral conduit 51. As the liquid spirals down the conduit 51,
any entrained gas is separated to the inner upper portion of the conduit and is separated
25 ' off via the exit lines 52 and is directed in o the gas spiral 44. As the fiuid passes further
~ down through the conduit 51 and the gas has been removed, it is the mud which moves
 to the upper inner portion and this is separated off via exit lines 53 in to a common
pathway wﬁich 'passes via a mud isolation valve 54 to a-mud pump 55. The gas which
reaches the upper end of the gas spiral 44 passes through a gas isolation valve 59, past
30 agas choke 56 and into the choke line 60. '
At the lower most end of the conduit 51, the cuttings slurry, containing some
residual liquid and cuttings from the drilling procéss, pass out of the conduit spiral 51 via
cuttings isolation valve 57 into a cuttings slurry pump 58. As shown in Figure 2, a cuttings
~ grinding unit 59 may be provided between the cuttings isolation valve 57 and the slumry.
35 purhp 58 tb reduce the size of the cuttings particles which are to be pumped back fo the

“surface in a cutting/slurry line 102.




necessary or installed when required for working on certain sections of the
well. The BOP separator 16 includes the full bore spool 18 p@iﬂﬂRiﬂm?If has
a separator annular 33 which can seal around the drill spring or Vvarious

sized tubulars 23. A toroidal separator 19 is provided around the full bore

spool 18 and ingl.udes a , 20 tubul. b 40, . whi,ch
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flow Figures 5A to F show various' operations -and how the BOP separator can be
optimised in a well drilling programme.
Figure 5A show the BOP separation package 16 having been separately run,
. . .. preferably on a.drilling string to reduce rig time, and parked on a nearby wellhead or
) 25 dummy wellhead 106: e
o Figure 5B shows a conventional subsea BOP ram package 17 and LRP 15
connected to a welthead 11 for conventionally drilling the top hole section of a well as
shown in Fig. 5C.
When the BOP separation package 16 is required, the well can be isolated using
30 the features of the BOP Ram Package 17 and the LRP is disconnected. The vessel can
now move across and connect the LRP 15 to the BOP separation package 16 as shown
in Fig 5D, and move it across and connect it to the top of BOP ram package 17 as shown
in Fig 5E. Using the separation and pumping features of this invention this now allows the
‘next section of hole to be drilled with a optimum mud density that either the formation pore
35 pressure or the fracture pressure could not support up to the surface as shown in Fig 5F.




which it is expected to receive and therefore the |ocation of the
connections of the exit [|ines can be changed w t hout affect g Qe
~operation of the invention. 10 The separator is divided into @ M@ 2007
i nterlinking areas a gas spiral 44 a mud ring toroidal 45, a liquid
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condui t %ﬂ n#}f}fsﬁ guttings slurry, containing some residual liquid and
ro e

cuttings drilling process, pass out of the conduit spiral 51 via
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cut ti ng/ ppefdtionl The BGR ram PatkageBBoritied, at its upper end, to a pressure confaining
package 107 which utilises annulars to ensure thatthe pressure of the fluid within the bore
being drilled is contained. Above this, a conventional surface configuration is shown

. - "withan atmospheric mud diverter system 114 and, above this, the drill floor 115. The

-y .25 . pressure containing package has an outlet feed line into.an-automated choke manifold -
SR 08, which drops the pressure of the multi-phase medium retumed from the drilling zone
'to atmospheric pressure 109. The mulit-phase medium at atmospheric pressure then
| flows to a solids processing package 110, fluid storage tanks 111 and an optional cuttings
‘injection pump 112.

'30 . The atmospheric fluid storage tanks 111 function as a mud conditidning zone, so
that the liquid, primarily drilling mud, can be pumped using a pump 113 viaa return line,
back into the drill pipe or tubing string 125 and reused during the drilling process. The

. solid slurry can be passed into the cuttings injection pump, so that it can be reinjected into
_ 'ﬂuaweﬂwaHKEWEMme|medxmlme

3B In Figure 7, the welihead, BOP ram package and pressure containing package are

~ substantially similar to that in Figure 6, but the outlet feed line passes into a toroidal
separator 116, such as that described with regard to the subsea embodiment, to separate
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I f higher levels of separation are required the phases can be adnitted for
a further separation using a second or third separator. Aﬂmemmmnmmﬁy
addi ti onal tubular bores 40 can be provided as one or each exit |ine-42,
43 to provide additional separatlon before the spiral conduits 43, 51. 5

Flgure 4 hows,.a .further. ref o.,he sygtemin that e ful ar,
S0l 16 TR AR ettt il ehges ThRisires Bt e ore st B e
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"Renovabl e sear. an r,n t e aten ent e 416EP. The
upper rennvabléhgéﬁpaﬁﬁ iﬁdﬂ r@H“%V@V? Wﬁ?ﬁq} éﬁ?QEE5$
10 bet weep%édee HAGHR mﬁ] @i:l mﬁi ha.edl mﬁtw fgag mﬂdﬁng)mﬁcfagbqﬁe vﬂﬁbr&lﬂga géuac%n
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oot Ba B e toper et ThEFois Slisd heosss MNP S SEUBbETWIME o) GoIdURboss o
upper seaib sépartédand sapplied16 ltlﬁ@giw eéatlineg The\solids bmnvtﬂﬁerapaisseb intpaeslids e
~of the drillin nuq?geﬂhhi,wgphﬁgad and of any fluid entering the well head
fron1tkmaRQE¥ﬁﬁ pac or need fora static fixed height
hydr lost a]Ei c rrmiheemﬁd hﬁOsuppl'tebl alohgsarnguilhanﬁ;w dinef Butchas aerbaandoedweﬂ
annul us for in.the bore t ubu strin ow i nde nt
of "t he. r IR i Bresstte At Syl Sk Viled o bipss PR RE SHRD
re- enm@r rhixdtotherbqliniddrlbipd pressure Newomﬂmbaeimwahj supplizdSrobd pampss I 2dw t 0
the surface.in the cany ntlonal k%%urn mud conflguratlon Thi s

conflgurJY?ﬂﬂaE?ﬂmﬁﬁﬂn d for a extra line in the formof a nud

return line 104 shown in- Flg. 3. Figures 5A to F show various operations

ang how the BOP separator can be optinised ina well drilling programe.
Fi-gure 5A show t he BOP separati on package 16 having been separately run,
, preferably -on a: drilling string to reduce rig tinme, and parked on a

near by wel |l head or 25 dummy wel | head 106:: Figure 5B shows a conventi onal
subsea BOP ram package 17 and LRP 15 connected to a well head 11 for
conventionally drilling the top hole section of a well as shown in Fig.

5C. When the BOP separation package 16 is required, the well can be
isolated using 30 the features of the BOP Ram Package 17 and the LRP is .
di sconnected. The vessel can now nove -across and connect the LRP.15 to the
BOP separati on package 16 as shown
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in Fig 5D, and nove it across and connect it to the top of BOP ram package
17 as shown in Fig 5E. Using the separation and punping features of this
invention this now allows the next section of hole to be drilled with a
opti mum nud density that either the formation pore 35 pressure or the
fracture pressure could not support up to the surface as shown, |nl.‘,{:%,(ge Ed;.r
1 2 MAR 2007 The ability to alter the return nud pressure’ Hid 2
subsea BOP neans t hat | onger sections or nost of the well can be drilled
with a constant nud density. This saves the costly changing of the nud
density and rig tine invol ved Flet¥ach section of hole. By selecting a
optimum density nud and conbining it with the ability to select the 5
subsea BOP return nud pressure, a different mud pressure/depth gradient is
achievable.  This gradient can be selected to be in the safe operating
range : betvve&"':i-]mﬁa‘rmmt&amﬁakppﬂmmmdhésyamimmmppmﬂgsure whi ch is not
possible if the return nud has to flowto thé “surface. In conventional
wel |'s, this nowawsilEides the running and cenmenting of a casing string to
pressure isolate the drilled formation before entering the next forrratron
which 10 coul d & tﬁtl%&ﬁ?&%&tﬂéﬂﬂhb REd RAHE R B 28 T %&?a
separator nea Ionger ““gections of "hol'e ‘¢an“be driied in™
| ess casi ngshlind GemakBndine ‘ gnla factors will consi derably reduce
t he cost of the’wel i and't e exposure -0 certain operational risks. The
various steps s ikl re e G hefFhihad fferent order
in 15 respgct ?%"t"‘dr@m .t-tﬁ%tcéﬁmve{ﬁe %%G?gel”' aritrT g’% a wor kover

e wel'T “operation '
wel | interventi %] S cagestor el nt enance,
Ul ok o Pl n b8 pRE SRE Gin Rk @e 8 shows

se vice or repair w fi- "Tiser G

a-surface arran Lt her on. I ng. or..a platform deck, in,. which the
upper end of a \%eesfg%g%et%rl%ffﬁt R, '{}eﬁ gigd;ta%tﬁllf'sré% o s ai’F“ &1 %Y, >
20 descri bedsin Fi.gur numer o ranms, annul ars and valves to

al | ow appr g‘ﬁ#l“&t@’%‘p@% @’g ﬁﬁﬁ‘@ @?%“ﬁ%ﬁp‘&&lﬁﬁﬁeﬂ%ﬂsﬂt Efﬁﬁ%é?%d at its upper
end, to a pressure cont ai glrfcpeg package 107 which utilises annuI ars to
ensure that the?BFeesRsatgdcriveoy sagh of ope opmarerrtletp bre mfiié?ﬁt"@tﬁ%ﬁ?ﬂiﬂ@ﬂﬂﬁ s
cont ai ned. _Abov_e th| s, a conventional surface configuration is shown
wi t han at n¥ & disdar differowywlibed prasisd, above this, the drill floor

115. The -25 pressure cont ai ni ng package has an outl et feed line into an
-aut omat ed choke manifol d

z A -s'jr:sfteizt according to claim 1, whevein the pressuie coiitrol device inelirdes at least one of a
choke or a pump,
T 33 Asystéimaceotding to claim 2, whersin the pumip is & vatiable speet pump;

4 & system according todlaim 1 Kuther eompusmg & contral §

wontrolling thie pressure contiol devie,
A.. Asystem gecording to claim 1, wherein the pressure isolating device s atranged to-allow; in
 use, at least one downhole string 1o be passed therethrough, whitst maiitaining {ts pressure isolating

ability,
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108, which drops the pressure of the nulti-phase nediumreturned fromthe
drilling_zone to atnospheric pressure 109. The nulit-phase nedi um at
at nospheric pressure then flows to a solids processing packéh% MAR, 286V ui d
storage tanks 111 and an optional cuttings injection punp 112. 30 The
at mospheri:c fluid storage ‘tanks 111 function as a nud conditioning zone, so
that the liquid, primarily drilling nud, can be punped using a punp 113 via
a return line, back into the drill pipe or tubing string 125 and reused
during.the dri.l. e . solid slurry can be passed into the
cutti %@1 i i BT O PaHE iy e Pgprepurcighlaingdevae adbaiblenloe| | via
the wel | head |nject|on I|ne 35 In Figure 7, the well head, BOP ram package
and pressure containing package are substantially simlar to that in
Figure 6, but the outlet feed. line passes into a toroidal separator 116,
such & t havsystestacodihow elhior Goderintibe: phissusisdangeaviotisae atnuidrecabepar at e
-10 1 2 MAR 2007 the multi-phase nmediuminto’its individual phase. This
ensures that the pressure for the individual phases does not have to drop
to atnospherlc pressure. The separated phases are supplied along individual
Fging ascliin: 6, MASKRC: @hGOG gy 8BSt |ine 118 into a gas
handllng package 119 wheré the" gas can "5 be"further processed. The solids
slurry passes into a gas scrubber where any residual gas is separated and
supplied to the gas vent line. The solids slurry then passes into a solids
procegsi Ng ApRateadfcdidhisf figt liong a
mud s%ppl y i n!eé Cbut gé@ﬁ%&%ﬁgegﬁ&gg ﬁﬁﬁhfség égn? Cant 555% ﬁ&g?éig%gmg
Addi t Rk dfggare provided to boost the pressure of the 10 nud to
fhe required” “'prpe pressure. New conditioned nud, supplied from punps
124 provides a pressurised m xing system -11 1 2 MAR 2007 | A system
' for use in down hole operations t he systentconprising; a wel | head ' a BOP

am PRGKAOR CORNSE Gl 9BR COLR NS HEL NERt AP 2N i8R kA, PO e

ext endi'ng

Pl A gystem according to claim 10, whereln the separator contaiits two or three foroidal

separators,

12 Acsystom acoording to claim 10, whorein the foroidal separator fs mounted around a fall bore

Eﬁ@ﬁh

13 A systom according to chuim I, whereln the soparator has outlets for gaseous fluid, liguid and

olid sy,

14, A system according to claim 13, firther conprising 2 cuttings ‘griiding unit betwees the

 separator smd a slorry pump.

15, Aseparator for use during downhole aperations, the séparator unit compiising;

a full bote spool for, in use, copneotion o ﬂﬂﬂ{’mﬂuﬂlli

1750 4o, fem) :
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a pressure isolating device above the other end of the BOP ram package; a
fluid take of f between said pressure isolating device and the BOP ram
package, 4 a separator in comunication with the fluid take r;of.f Rzgg@
that,- in use, a nulti-phase nedium obtained fromthe well can é)A rat ed
into:dts constituent Omed; and a pressure control device on each of one or
nore outlets fromthe separator for allowing the systemto be operated at
di fferent well head pressures. 2. A system according to claim1, wherein the
pressure control.. fj Vi Ge. | ,I udes one, of .a .choke or. a,purrp,‘ .3 A
syst em accor di ng %" #i .-,,-u:;ugaﬁgﬁygﬁh,t%,ﬁ' BBt 4 A
system accordt i:si-ng @ control-
moni tori ng ¥ SRS e R ipRass uvierinbelveied dx Ui siacol dionntis BRR
accordi ng toi.c;l al.m. 1 wher e| n t,he ,.,r essure i sol ating devr ce is arranged to
allow, in W "ﬂtﬁ%ﬂsﬂﬂéﬁﬁu g culbpERsbI pheses;ng to he passed theret hrough,
whilst maintaining its pressure ‘i sol ng ability. tzar acattsaarsrui 12 r
1 2 MAR 2007 A sspliralin efcedledi dipoted ail Sidricpoidabepasingr, tiberelr esd gligglitisof at i ng
device is a flexr bI:e seal A system accordr ng to cI a| rrﬁ wherer n the o

RS

L0 cl all_‘m 1 1

6, V\/nereln a
wherein the pre'
head of qur d

B '__f%g@g separator- 11 A system according to claim
10, wherein the" separator contains two or three toroidal separator, .12. A
system according to claim 10, wherein the toroidal separator is mount ed
arcpund a full bare spool, 1.3 A systemaccording to claim1l1, wherein the

separ gvor haggull nﬁ*épgr&?ng%ﬁgﬂéi btk froh 84St (?ﬂﬁjtg AahSe Qplérﬂ%gﬁ?, fhe
method comprising the sicps;
supplying mulfi-phase material ffom a Wellhead through a BOF ram package to a full
bare spool;
. di’;’eﬁi’ng:’Eﬁgg-m{iiﬁeﬁﬁagﬁ flow hrough ag‘?ﬁﬁi@l separs tm';
separating the multi-phase flow in to gaseons, nilid, and cuttings shirry phases; and
cantealling the pressure of each of the gaseous, mud, and outtings slurey phases so as 1o

achisve a-specifisd welllicad pressure.

...

18 Aﬂyst&mc@mpnsmg

aspool body having & bore thereiiroligh;

& first pressure isolating batrier coupled to said spool body and opexable 1o solate
 pressute within the bore ffom pressuri-below said fitst pressure isoliting barrier;
an second pressure isolating bander coypled to said spool body and operable to isolate
pressure within the bore from pressyre abave said second pressure isolating barrier;
& fluid take off in fluid comamaication withi the bore belwem: said first pressure -
| isolating barrier and said second prossure isolating barrior; |

WISEAGR G | . 4




~14. A systemaccording to claim 13, thither conprising a cuttings grinding

uni t

between the separator and a slurry. punp. 15. A separator for use

duri ng downhol ¢ operations, the separator unit conprising, a full bore

spool.

for in use, connection to a BOP ramunit: 13 1 MAR 20477 MiR @6®1 dal

separ,at or - surroundi ng and..i n conmuni cati on mﬁth the spool, wherein :said

taroi
from

dal separator separates a multi-phase material deli vered to the spool
the BOP rem unit in to gaseous, nmud, and cuttings slurry phases a

plurality of outlets. dlSﬁOSEd on.said. tor0|dal separator, wherein said

plurality of o@SFRAMOTIR

Hid genamunicqtisn sith awd Mwidtakeptir®d' each of the gaseous,

mud and cutting slurry _p.h_ases and a plurality of pressure control

devi ces, wher ei # Rliphiad outlels gis
pIurallty of _outlets.

wel |

suppl
to a

- separat or, _separatlng t he nultl-phase floe

cutti;

LUE Egeteel: L Hug'L
gaseous, Wad, and cutti ngs " sl urry phases SO 'a“-

Hdceepiaion rigiaie dachingl satlphiabty sflai d
separating material produced froma
durln@ﬂﬂﬁmhh@maﬁ,,' BI5E: fietdhod conprising the steps;

ying nulti phase materi al fron1a ‘wel 1 head t hrough a BOP rai n package
fill bore spool diverting the multi phrase flow through a toroidal
into gaseous mud, and

ey e AP okt he

achfeve e 'speCified

oos st

to

wel | head pressure, 19 A system conprising; a spool body having a bore
therethrough a first pressure isolating barrier coupled to said spool body

and_opg! ablife LRSALANT 10 AERTHAR WA B LA RafiRS,bgOM Pressure bel ow sai d

first pressure I'sol at

stire isolating barrier

coupl ed to said spool body and operable to |soI ate pressure within the

boye
t'ake

'-|sola|ng gh%

from pressure above said second pressure isolating barrier,, a fluid

¥ gtg’ ﬂ%ﬁ@@;g? S‘ﬁl bt ‘Sg’gsﬁgséiﬂé%‘?&%i"i‘%%?j ﬂﬁ%fglﬁﬁ%ﬂlg.g@epara , Pressure

| 79fl eatrtt ~nrsma ~~ 2MAR20O?

o

23, THe system of claim 21, wherein said at Teast one toroidal separator is mounted around said full

“bote spool

24, The system of olaim 19, whercin ssid second pressure isolating device is a fexible scal.

25, The system of claim 24, wherein said second pressure isolating device is an annular seal.

26, Thesysiem of claim 25, where said annlar seal is integrated jito said spool body.

37, The system of olaim 19 uether comprising a wellbors substantially verteally aligried with, dnd

in fluid commumieation with, said bore.

28 "‘If*he_ system of claim 19, wherein said first pressure isolating device is nperahlem isalate

pressiiré within the bare from pressure below said first pressurs isolating barrier when a tubular stiing

iy disposed wilin the bore.

1T0130.01/1600.1070) ' : B




a separator in fluid communication wth said fluid take off; and, a
plurality of outlets disposed on said. separator, wherein each of said
plurality of outlets has a pressure control device coupled thereto. E 20
Thee system of claim 19, wherein said first pressure isolating gqérf 967
conpri ses~a BOP stack, 21 < The system of claim 19, ‘wherein sai ?yg%gﬁ
haody ,is a full bore spool. 22, "The systemof claim 19, wherein said
separator conprises at |east one toroidal :separator. 23. The system of
claim 21, wherein said at | east one toroidal separator is nounted around

said frill bore spool, 24. The system of claim 19, wherein said second
pressyre |Sglat|ng %GVLCG i.S-a erbe{e seal, 25. The systemof claim 24,
: i ' et I8 Rertes enprsing aclewpiaser packngeanivably casplel 16 881 The

systenlof cla|n125 where said annul ar seal is integrated into said spool

- bepdy yﬂs&ﬁlﬂ'ﬁﬁ@iﬂd@@wr&@ﬂﬁmd&meconprl sing a well bore
substantlally vertically alined with,. and in fluid conmunication with,
~said bore. 28, The system of cIa|n119 wherein said first pressure
isolating device is operable to isolate pressure within the bate from
pressure below said first pressure isolating barrier when a tubular string
is disposed within the bore. fig 12 MAR 2007 2 The systemof claim 19
further conprising a | ower riser package renovably coupled to said spool
body above said second pressure isolating:device iasr~e.~triar.roras

e
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