VELL DRI LLI NG AND COVPLETI ONS SYSTEM This invention relates to a systemfor
use in creating and carry out subseq ions in a well an
particular, to a systemwhich all ommmlmMMMmmmm wel | bore, f ei t{dhﬁw 2007
subsea or at the surface, whilst ensuringgidpat the well pressure at the

wel l head is controlled. Wien drilling a well, the single nechanical safety
barrier is t he BOP st ack WEDDhDRILEING ANINCOMPILEFIOMNS SYSTEGP r am package
contains'the high pressure rans and wusually the nedi um pressure annul ar.

For ‘'subsea the BOP | ower riser package, 10 connected to the upper end of
t he BOP ram packlrgis meeratto"rﬂmds t@alsgstdnsmonae&tadafm@andbbaymmlewent

package, for exa n.the eve n ene en tq rel ease and
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requires to bﬁoﬁiﬁl”ecj with a specific 15 nud. Most top sections of a hole
can be dri B ‘h a standard nmud and in a nmethod which follows

conventional pr athenedrilicy ra el the \smgles negchanicall é.afdtyfb@rﬁvet e thee BDRC stagkt h

mud col ums_and .t ecessar ng._i carr ut or
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versus t heﬂmﬂoprmpa&ag(eh;mleaampte, in the aderd nflarcemergenty wmmaseﬂwm)er and
affects the _rate of penetration. f=inally, the kick control pressures need

t 0-bg cont Y6TT%d in order to rranage a well kick and to maintain the
abilljty to circllite peetido galt abeitherfa fihe pressurel erHion kidkecantrol isdequited wheht s,
} 25 Dri I ht
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t he hydBocmudorMoft top seations of m hate cer be drillediwilis @i $fandard reud ebd in amethadi on
is to drillnidns ﬁfl&ﬁrg%h%ﬁ@nbhpéc%& colum whi ch has a | ower hydrostatic
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under bal anced &umentiygwelzare drillgd frognthg sHifagawithmyid Golyrang,and ihedecesgary
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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.

' 25 Drilling a production well with a balanced or overbalanced mud weight can clog
| open formations causing severe permanent pennéability damage, i.e. the hydrocarbon
flow rate from the well is drastically reduced. A solution is to drill the formation with a mud
column which has a lower hydrostatic head pressure than the reservoir'pressune. 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 downstream of a surface BOP, the well annulus flow has to be choked back prior to
entering a low pressure separator in order to remove any entrained gas in the return mud
flow. The mud at atrhospheric pressure then passes over shale shakers to remove the
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mud pressure in the BOP being above atnospheric pressure. A neans of

seal ing around the drilling string, whilst at the same tine al l-owi ATt pgy7
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 entering a | ow pressure separator in order to

remove any ewttipgs pagr tgenteringithe mustpumpsyBior subsen BORopemticns, thedeasityof the
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head to the surface. ig'pﬁhg% >I/a qngg‘rﬂggl Qﬁ%ggerbfrﬁlﬁﬁ?él ng 'fatgﬁb en"Wm te 0
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oot ] ng! and ar Fogahe W, for Saaivple, WFing! At the WA odifl opERAFBhS b the
drilling i completion.dasting and wekavetlse | ~} open and free formations can be
up to 50% hi gher Graai hd phdlf athBlritadi T RRrMrob BrifiRy f thEGEIUEROR NS the
manner. Typically underpb.afgnced drilli n IS on yrf lFek”%orma on land wells,
15{4$ opposeentands(ee smalins canibe UpdJoraage bight trndt thgrwelbhadsbeandriled inad
the consi debabkRtiord! Afarer. idAYy JURde bafitickd 8fllind R orfy<petfdifhed dn trkd wells,
necessagx to have access to the BOP. the chgkes, the "'separators, H;e
punps, @hd 3SORRFSEd iR spres walls. dup todhecomplandy ol e operationandithg comsideirhis
water (i . esik20sF thethaedware rBfiiRd. o BXahfié [iMo hédesshfy tdHave Hebesd vthd BOFe
20 overburden r&ssqég of the ground above, . whi ﬁgewoul. be expe h%nce on
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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 fomation pore and fracture pressures 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 wells to be provided and these wells need
to be evenly spaced 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 well must remain within the safe
drilling limits in order to control the well completely and so that it is possible to handle
unplanned 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 kill

lines, operating in the narmow mud weight window, and then attempting to control a kick

on the surface.



pressure will result in a well kick. Accordingly, there is a narrow
operating pressure 25 margin in between the formation pore and ﬁr@c¢g¢e20g7
pressures which limts the distances which can be drilled in one stdge
especially in a horizontal section. In order to drain a reservoir fully,
it is typically necessary for nore wells to be provided and these wells
need to be evenlUs-ABR76d55ehows alistizbhtll dubseacstpuratiohlsyster Whichdd piped oftf

the field e accessed.. Accordingly, ,devel opnent.s of .t hi ort .are
extrenely CHEEpe o daies i 14 Hep bhd BRI SeRarlion Uniyandl ap ifependen, |
must *remai nrgértid Mud fuaf The@ybldn Bgerated dithé ambicewated pietiredandthereféihe:
conpletely It Is pgssible to _handle wunplanned scenarios which

an@ so .t hat 5 e' ]

i ncl ude wel Woulf et suppart anyud,in the,drilfing, psgy tion relative to the large
mud circgl ati ng metotiing toumepresemtfinderitiond therg i:mﬁﬁmedt@&ystahtﬁw e wenl
circulation volune, the gelling effect of nuds i ch increases the friction
and t her ef &@@W%%ﬁﬁ&“‘&? gSi8essure, the friction caused by the
limted size andalwempédd;of the choke and kill lines, operating in the

narrow nmud wei ght wi ndow, and then att tin ont rol ki.ck . on _the
surface. -2 2 t'@ 3R pa 2 000 %?%ggé@'ﬁﬁw@ﬁ?@@@&ag\%a" axial
separ at i on poyé ertEndltigdforh thedwlitba¥f to thBethdramd; of the riser unit to a sea

bed grayity separgti.on unit, apd with_an independent _.riser .for nud

et ubnatd e ook Brvicn abduedte Bher pa0 31 B A0P FIF Br iHas ol el HRRer e
woul d not fiftpowell ddgd;ud in the drilling riser bore. 5 According to the
present invention, . reds.provjded a systemfor use i operations,
th?"‘,syst em conpr‘i‘glf"hga. eé’ff\%f'?ﬁeéh € PEEF 'BQ@WS@BHH%QQ'QF%%A%%
t-ol-the wel | head asdpdratorig cemnautiicationbwitte thex flaid dakegoff isach i, inalideh @adutt-

t he ot her 10 ey e'a@o he,at.her e . e

f or cont ai nﬁ:‘gsﬁf H&@f'ﬂg§ﬁ r\'l‘ﬁpl w\%lcﬁnﬁ)gasoe ?’ggq%? hﬂgé%%é@%‘?g%éﬁnfjhe
pressufl® cont ai ra pessemrnimbidevies BORach of pacloagwre oatlets feonatherseparator for
conmmuni cat b%w‘gfg;tﬁ% %Pﬁﬁ%' Wisd S ¥tGtedldt dﬁécrgntt\p%ﬁwea& grék%ﬁresa mul ti- phase

medi um obt al ne e well "can be separated Int0 its constituent phases;
and 15 a pr essuriRrefasably.dhe geegsuee enntrobdevies inglvdewat least ene gt a ehokefor 3 pHitRe

separat or {fQf 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 arranged 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
) . 25 drilling of the well. |
| 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, will 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 2 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
separator comprising an inlet for a multi-phase fluid, a plurality of outlets, at least one for
35 each selected separated phase and a main annular tubular bore through which the multi-
phase fluid is caused to flow and to separate into lighter and heavier fluids, the bore
having an outlet for each of the lighter and heavier fluids.
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allowing the systemto be operated at different well head pressures.
Preferably, the pressure control device includes at |east one of a choke or
a purnp _ If a punp is used, it is preferable that it is a var it 3®e
punp. The system preferably conprises a control systemfor nonitoring and
controlling the operation of the pressure 20 control devices.

Advant ageously, fthe spiteftimag adarioabll Jf@mrmfmefmﬁeaWalﬁep&H' tons, and.
use, a downhole string to se her et hraugﬂ, whi | stléﬁai néai ning i

b essure. | SHIEACh IRIOAbTIRATIOT BIAY DS IRAUTIER SroLnAg fUlthearal. pug

pi pe,; tubi ng.thé delidobiidd.t ubing, cable, wire line or ot her such devi ce
which is run down into a well_ during or after th 5 dril _of . th | .
The pressure i sofhe separRtal rrefembly bag an osilel Pée§§h9'293§ﬁehs Widg Wﬁ(}'ﬁé
seal andg i eferably rotatably nounted to allow, for exarrple adrill
string, whrch in use, wll be rotated, to be operated w thout rotatr nal
frictional resi s'f'afhé!éi emwm@masng@rﬁﬁggﬁea ing,4it betwegq the r
cont ai Ni Ng hdy &y ¢ head 30 of fl UI d. In a prefer ed enbodi rrent t he
separator includes at I'east one toroi separ.at or - sui t abl e, t.or 0i daI

separator is desRecasdingtoa Buther aseediath Hgseﬂgp@rpogﬁhemd%pmgmsep
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flow, the separator I‘ISII’]Q? an in é@{:tl- phase fl ui a

pl ural ity of outqg{st’ﬁﬁpP‘é'anf %H§e~f%""8§' tE’I? ?‘é@%@% d phase and
? rr?: n anngl ?r taltwuafr éé?j’at%tbrlé@#@ihdmgﬁﬂiuthmmlhr?ulzatlolnhﬁﬂﬂrh‘elepbdlfos m:asre,ed
o ow and to e .into lighte avi er u e -

(3ut | et FBPa’@;EE "‘PH@S‘F m%ﬁdﬁk‘@rﬁ‘ggﬂﬁﬁﬁp‘?‘ﬂm’ﬂs %9 %?95(5@3 he
syst m rray@d@hﬁ,e gsconprise one or two further toroi daI separators
and;” or each tor al separato ted around a ful
t hrough which a s%%qﬂ?rﬁtq'gg&gaﬁﬁ{%ﬂgﬂe P‘Fﬁé“'?é’ﬁ&?%‘t‘le?“% %r agﬁl thas
an out &t from embroiﬂlalg;epamﬁcr fluid, liquid and solid 5 slurry. The system
may add tonal | Yyl N ddidbef L b0 5roide 0 i oo PSS Mhaldin S90CRI e

and a slurry pu
a well during downhole operations the method comprising the steps of:

supplying multi-phase material from a well- head through a BOP ram package to

a full bore spool;
20 diverting the multi-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.

t) 25 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. Firsﬂy, low pressure drilling, extending to under balanced drilling, can

be carried out. There is a superior control of the mud pressures when dilling 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

drilling range in a permeable formation and results in a higher production performance

from the completed well.

_ 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,



According to a further aspect of the present invention, there is provided a
separator for use during well operations, the separator unit gogrrm;l]sgﬂm
10 a full bore spool for, in use, connection to a BOP ram packdge; and a
toroi dal separator surrounding and in comunication with the spool for, in

use, separating nmulti-phase naterial delivered to the_sdoool fromthe sﬁ@P
r am packagespacially whendhillingiin deep watersare cansiderable o Fhe ivVention is¢ awayel, it
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separator. résent nvention also provides a nmethod of sep%até%%.
material producebh 4 submeazmisdiment # aepareton hesitiongstnesr theweltheadferspparating
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e Lty T P A T e
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phases to #zhé eperated ptibeidesicedwiessira thalweud improverrenyentiong| drifingegetations

systemto I j r - ® . i hidef @arai
Supar at o abEd i Perlh e U 18R ArBEeP Ay eBfniadSs dFpdtind wte Margin
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i oplra oS 46278 e )
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o ; St re :
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coptyrol a e subsea E er than at the surface,. sults |
grédl er andnd logss sand |the sslablishieent|of afirppaarRPynd ?H@"afﬂb\?’@'ég'\‘/%ﬁpaadﬁ r

al | ow 0Per alepffe b 8411886 IUH éxtréifély dwhkarogrationa per meabl e for mat | on
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by 35 renpyimiintdifed) 6 ka RjURSBUHE hab té Hitatedfl onapesatd nivre shedyifitheliqdiddevelt i c
colum to the surface. and the fl ow ng friction through the riser vertical

section. ASMPFeRO thatdt dosrAqtdEaw INgNvES-o cr 2007 o |
An example of the present invention will now be described with reference to 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
hydrostatic mud head in the riser according to the present invention;
; 25 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 element in 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;
Fiqure 6 shows a conventional surface arangement for the drilling of a well; and
Figure 7 shows a surface amangement 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
BOP stack assembly 10is, 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 comprises a full
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especially when drilling in deep water, are considerable. The invention is,
however, still applicable to surface wells and shoul d not be Z&eQ(To280
limted to subsea set-rips. In a subsea environnment, a separator positioned
near the well head for separating out any gas and .cuttings fromthe
returning nmud fl ow ensures that, by using appropri ate 5 punps, control of
the wel | .caboreespuamnl 8. f‘lrbmfmlhboneeqmcﬂ 18) e thavedi sisar packdge teand the BOBrapy -

tial
Dt at oy AR R BohPRAH kb KBl 1dR0% B oBhlfedys bl 20 o ol P
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ressure" dril]i echni s, and_per i &ontro
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t he st gc onfiguration is,arduo Leve i e
and, as a | @'ﬁiﬁ'ﬁﬂgr"e Brerstet @ééﬁéﬁ%ﬁgt%%n%w\iﬁ%ﬁgﬂﬁeﬁbm te
mat elr3 : al ﬁ : smfzimeaaagégt OTHebweltHeadetufim mmwd pmls‘sur\(lem wilhble ltmjmirestaht?[ muthpressure
est abl i shngn a firmarea arou on, Whi
c:m be bas @hf g&)alﬁs EaRM)9 Bﬂﬁﬁﬁ?’& rﬁﬁéﬂ'tmgﬁm tﬁno?éﬂe qﬁ@fﬁg‘ﬁgo £
devi ces al &:jtbels.mfewt‘latoohhectednﬁmewel evbbba nsertm?e éaﬂpaﬂhEmsecapedoaTec\:ms the]c

t as_ 1o or operate nore slo i
{nﬁlenl ?I‘Gfd '?‘Z%\ssembbgibg%gspﬁa?e"?s %iﬁ W i n gny gas. An exarrpl>/e of
the present i nveWithimtheitidre 20ya @u@an-smmmfm@mmmMmorate
o tho. o c SEnimBAt B itehy ef B gRBpbhets eibdng Single il TafiGRchBMEbOR
subiséa B@guwaqwodmgmnandam B3y Haveamttachid et itp kowes gad( ﬁmt toeli agrihbgeraned
oY ooyt heouSIrHe, AL Which{Uiiohs 166 cirbEibR of tie o B fick bRl 8 wena

g Syst e ea

vi ew t hrou mwth a drostatic nu Iin the riser
accor ditdg Mema;rvml)emmmmﬂawﬂw@mp&m@%twgac%mm yire {ipeRf

separ at or gﬁ %ﬁ.sg%naHQ v?hlcrﬁ’sgm‘éb@sébr?Wﬁ@s&héﬁ?ﬁﬂ%BOP%Bﬁét&%BlﬂBBbP

vi ew t hrou e system of ur e usin el enent __in the subsea

BOP to eli mmmﬁae 'mmqmlli\@ae Tufiea stt}ﬁwsl“?? wﬂl@eaiﬁlhg@?'"ﬂﬂ AR
show vari ouavﬁl.gl i lvvewr mydmgeu andsa qilduanuycm @tsmgetsan@mgstmdsm set in3the

S 52 WIBERL Al TE elS  “S ef orui te
' 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, middle 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, middle and upper pipe rams are designed such that they can close around
) 1 25 various diameter tubular strings 23. - s
Of course, when the lower 26, middle 27 or upper 28 pipe rams are closed, whitst -
the bore 20 is sealed the bore of the drill string 23 itself is still open. Thus, the shear blind
rams 29 are designed such that, when operated, they can cut through the dill 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 joini 21, the riser adaptor 22 and the riser. The low pressure containing means of this
zone is mainly the hydrostatic pressure of the fluid which is retained in the bore open to

the surface.



Figure 7 shows a surface arrangenent for drilling a well usi n% t he present
invention. Figure la and b shows a subsea BOP stack assenbly Yo6aB@T 2007
wel | head assenbly 35 11. A well head assenbly 11 is forned at the upper end
of a bore into the seabed 12. The BOP stack assenbly 10 is, in this

exanpl e, conprised of a BOP |ower riser package 15, _a BOP separator 16 _and
a BOP ram packagd' h@ﬁoﬁmsg@wyéepﬁaa'&@@ﬂpnl@dwﬂwh@@@aklﬂﬁﬂ|andn51 resh7

bore spool d8q rdfifmfiink! 10301 QRARYIsidRy u&Q%bQﬁ é¢ &ﬁ{puyg?gcmﬁa@o 4Rd ROR fhee

BOP ramy. . package 17 are connected 1 n suc vvaé hat” there is a

cont i nuous B@Pe Bigure 2shews these@re pad ofithe Heermiystem Buldhey conld ibetindepaadenter
end of the fteliﬁi !p,p(gn &é& ' e

upper end of t l%ﬁmngﬂb‘%gg@"%a an iﬂie ggg’l ed | ;}é%ﬁgggﬂgie%]ugﬁgﬂgﬁ&g}%g li‘i'glei S
connect d 169 ishequipped withr ghokesiabies6%.h&he ohokediog 60 ag, iim this grampiaein|a,Buig
return nud pres ; hes IS fol e . o%ﬁﬁ RO
surface vessel. 8%?%“%%&%?&'?1%%“%%8%Fg%véﬁ“ﬁ e '? E‘?ﬁé%ﬁé@a’??@
mud pr essurhsanch whichlis @optolieddyrapair of vajves64. of the riser will contain

at nospheric air Eo%ae Jal2 1N A ; ' 0 ilf Peldhoxand
of a riser pipe %3%]2?‘31’? e riser pi pgcglg'nt?\%g?ltlﬁtgheéﬁs%8“%@2@2?2%’?&10.. t%o a
surface veyable €hdweforertheikill ling 6 f\gntersrthe hore 80 at twp logatiansuaggin eaeh efgwvbigh s

provi dlq@. - Rgh ?ﬁﬁwww&@#‘i ncorporate a nunber of different types of
conmponents, Inc Ing sinple @:?pi ng, joint nmenbers, bore guidance

equi pment and nayhemud beesienhkne 62 Conreqtyide vareus stages of theoteparater, 16 gng; ¢

or a sinplewdpRiss Phikale a5IRNS Vid'galéd 68 ation or the flow of desired
le'gi}ds through the well.~15 Alternativel the string may take the form of
casi

casi’hg, tubing, Beweendheigrergnnglaridoea thewpres anpulap Bhethe BB sRRAIAIONIRI ch
T o U P ap P Aot it i mi
into e we ead 11. Figqg. sho e we a usin , an a e,
v ng 8 wegsoHieHi fan sy Gonsies upher o T OB jemgkade SEoGEER)

set in thenet@dddipadindtdliedwendequiied foh wobiih@g oh ketthin seetdiechf e wall.t he wel |
drilling operatign. The BOP stack i | ded. wj r_of re
nenbers for cl osﬁ??gBégtﬁ?p? or Wd?é”éﬁs iﬁgl}r’@%o@nsw\éie{ggvﬁifﬁég‘%ghafn “Hﬁa@fér

i ncl ude | oaemulpr B8 whichs cabseatiadulind the dell sprivg oCvgrioup sedpitpdans 235 28 and
shear blind ra ; %aﬁ r%gg g{g),ruh LhR1 181588 ik Giesls ©
zone in the B@”B%t?(grgﬁztl] arﬁ%thlﬂlge;ise%%r\{g\ﬁdt st%(?;\ t heﬁgﬁea@st _ Sr es's.ur_e.

20 tubular bore 40, which can handle the flow rate, burst and collapse pressures, is in the
shape of a horizontal ring and is provided for receiving multi-phase flow through inlet 41
which is connected to flow passage 42 which, in itself, 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

~ 25 operating pressure in the subsea BOP stack 10 and forcing the; returning unseparated
mud flow and any fluids which have come out of the well formations to 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

N’

and delivery to the surface.

30 The diameter of the bore 40 is dependent upon the flow rate and burst and
collapse pressures, being tvpically 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 thatis induced in the

35 multi-phase fiuid causes heavier fluids 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 dose
around 25 various dianeter tubular strings 23. O course, \/\herﬁ't&ecr{o@@ﬂ?
26, mddle 27 or upper 28 pipe rans are closed, whilst the bore 20 is
seal ed the bore of the drill string 23 itself is still open. Thus, the
shear blind rans 29 are designed such that, when operated, they &eg %

thr ough t heheswierr fluisis towardg she bwwemw&ernodmmfﬁhfpho st isreaultsyipthedig %"

single pre 'bo bet ween t he pressurlsed
drilling fl%ﬁ’mde' g%@ﬁ@h&&%ﬁ@&% ove {eﬂwgheﬁ %I ind rans 9 a
annul ar 30 i s prAscatebe aaen irhFigueead, the m:am b@rs|40asommnqmth'wne§ﬁ¥?ﬂg4§3

or ot her dg&{@gﬁgt di ﬁnm%%eh [L, 168y C 'TR8 edit ARl 4R iPshgentiaftd élbotidm

pressure c omer riser package 15, an upper
annul ar § 3kircemferencelettha bdre MISMW&@ ore tHewter lowerdbotiom pastien of the brigy o

and -incl u?@s tﬁ?e g}(ﬁ?%§§ P gﬁhﬁr ﬁtﬁ(’i’s fs lﬁgﬁnt@g%}’i ntnglﬁf Nfle uppedihidét topl he

| ow pressu Reans ol one IS hydrost atic
pressure ofportion 6f the dovdaah The loeat@mcéme autigtds, mp@U@petﬂﬁmde@mm flew

62 gng Sucgvég%hg gp%?if%@ﬁyl nemfgezlfa g’ecuttl ng/ %%%gs%eﬁﬁes

for suppl yilings thnibd changetiwithou affestin@tre opergtiereofthslieetiehese are part of
the ri syste JERPRRIGN I Blgas! Qaﬂ dgngnay
from tf@r BOP st anhie %%r?sokfé/gie?ﬁg{ surface. %g g'le% Qg%s sbﬁ'ﬁ&tai 1dng

line 5 6
equi pped witerbidal 4ammqwasta@usmg spial semsioa 46, aénlabcmgng peparatian %ﬁ%a"ﬁn a

fluid friiantd eohd '
hag':')bg ;ﬁ%ual ¥)%lr ancﬁﬁe\/ﬁoﬁ.ﬁe ?gjéég‘rf{d%{f&l%&ﬁ%thﬁ%? val ve§664$ OrC]h
t hz pposi tla this gxample; the rea-phase fipy|through @'@ﬁ‘ut@%}mcﬁ!ﬂ@&% GOMRISE P93¢
choke  val yg @éter%ﬁﬂ{ge?ww%nhlédudé iaR8 tRd sepiratién H&reqoqoe?ﬂa@wagas that is

| ocati ons, agaln ‘eac The

boost e9l i ﬁ@“@! geéhnbm@m.q%m&r'i%% t%ngggg‘&h ?’We’”? ar "g? (1'6“'3????1]'% Pdwer

Ri ser Packgpg alitidehtained gaé’féa\(@&h@&or@mweagﬁéﬂt k2. annul ar 30 and the
upper annular 31, the BOP se arator roovi ded.

renovabl y conneckhedv&ligas\igve e @F? 935 el @%yﬁe%%e?q s?’t"glrooi]grlf I
renmoved fr Gmmbﬁmuma&swdowfmtdmrmﬂbd bynagdoke yalve 56s hdhe liquid withigdhe wet

gas is forced onto the outer wall of the conduit 49 and coliects. 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 exitline 42, passes into 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 -
) w25 off via the exit lines 52 and is directed in fo the gas spiral 44. As the fluid 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 63 in to a common
pathway which 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 a gas 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 process, 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 §9 may be provided between the cuttings isolation valve 57 and the slurry.

35 | pump 58 to reduce the size of the cuttings particles which are to be pumped back to the

surface in a cutting/slurry line 102.



necessary or installed when required for working on certain sections of the
wel |. The BOP separator 16 includes the full bore spool 18 whiZl§ pgebbohas
a separator annular 33 which can seal around the drill.spring or various

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

spool 18 and includes a 20 tubul ar bore 40, h can and| e. I
rate, burst and Héigheslevelsefseparalion pee reruipgl e h%e %’N“fgﬁofgfg 'R

and, i s pfo‘@aﬁ?f‘at I udiRF&E s&domd ofHirdisephate. Nt@fWaﬁMwahmbnbleﬁbmérbmdsmmrs
connected to

oW passage 42 ich, I1n_itself nec edtot
In this emldmpaeﬁ@act!nemt line 42nfd 19 P&querﬁ‘? E%h‘befg%ore 20
enters the céﬁcflﬁt% ackage full bore spool 18. The statlc
hydr ost at i sBnud CO un?s.igapexerts a set 25 operatin res hl e in ta/%
subsea ®OP stackF-g@rtaﬁahewafwyﬁetrlﬁ%ﬂ"eﬁeﬁﬂm{hﬁayi}ﬁ@éggﬁgf‘?ﬁ’ ﬁﬁ'&sf’?‘?} e
any fluids V\Bé f E%"Frew%b fmmmaseldea@égaésmtuﬁdwwngcwmt he
separ at or Vi a port n the“wall of the spool Aﬁ tﬁ}eéﬂmhﬁ'f’ t
separ at or wph@ﬂctref iled on|the samelayanghentitled Fﬁ%’“ﬁ\fﬂtt"?s&ﬁ andg M‘?’g
conti nuant pgﬁfgﬁ,ggin&%gﬁgﬂwes& ng and delivery to the surface.

The di anete

ore 40 i1s dependent upon the flow rat
col | apse pressur'Ebe meengemp\ﬁ%lﬁ Beisvenaroised %leema? ﬂ'r“gﬁgﬁ{-ﬁgaflj'he
fluid gl?&e tibﬂe S fatdd rhid BHhE 1R @tley POAIARI bOre20 &hd tee andepagtett makd
on

di rect | on an outer circunference of t bore 40 eh
jetting acin the lemes portiansf hoge ?ﬂo#}ee"aﬁeﬁmmmviw"sﬁw%%@% Sﬁa%f‘ 1?)9 | ow
vm' thin the%%@,nﬁﬁwg"bpmeggpouW 'lthgt I nduced in the 35 nulti-phase
Ihd causes heavi er ui nd, any sol i ar S.to

:Il c}umc erence ofT'P%BPB%'rS@a&@g '#/ 5 H@SISF@E'?% g?‘ﬂge gﬂ&'ﬁa}'% PesQuteSr
I nnercir CUMeemnﬁg nitfd inftBe %ﬂlﬁad‘l&d d(salrfyhmldjerﬂmﬁb)thesveﬂbnad wnsmbmrmbpal ly
hor i zont.al gravitationa ect.s
f1 ui ds 1Po ?HE"‘P%%‘?‘%@P@( pﬂ)?‘?f"gﬁxegfh?% thgé 'ai‘l? andx?%@g)a?'gtsiﬁ ts | n
the | i ght emhe ok &F th@user2 ar tha@nnolwe foumpkin the boreheess anh tubiar string 2345
can be seen in ur r
and 43 opovesnesrfes? oL el ksl el Sehtelindy R mod (i%n 87,
i S tangent cah nbe rlelmtbotrmnOOEmeﬂ@lﬁWéhﬁ:léa'mf '?H@Vﬁbéé;eﬂb‘ Hand owioutheed
on the out Sl L QR u%%&@%hf?&{aﬁ 'rél{lrrpﬂ‘nuh%n rﬁué’n’J T eoRnibliration eliidafear thiehe

| i ghter f|UI S 1S nount tangentially eupgg I nner tog portion of
t he boR8 40eed s & exiad fin irpthetipan Sﬁ‘?I"B{d ’e§’mdf'eé stewndfigndent - upon the
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

i 25 dummy wellhead 106..
-' Figure 5B shows a conventional subsea BOP ram package 17 and LRP 15
connected to a wellhead 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 SE. 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 SF.



which it is expected to receive and therefore the |ocation of_the
connections of the exit lines can be changed without affectifd 063 2007
operation of the invention. 10 The separator is divided into five
interlinking areas, a gas spiral 44, a mud ring toroidal 45, a liquid
stabilising spiral section 46, a nud cutting separation section 4%? nd a
cuttings. r eroval Theabiliyntaaiertherelynanudp@ssygsin thegisea BORmegps aﬂﬂgﬁﬁd

and Sol'1's. oo dnt W Sn s W wel Bén B drled AR &oriBirk Wiutidbheiy! Thisdaves the

typically cou al’so conprise of gas, oil, w , i11ing nud and solids
and the sepeosilyichangingtaftiee nraidgiansity andeg tipssinvelved fareach sagtion of hglgs put

wi thin entrai nedg i aul 0. 8xX| ' L Re: SOl OilitPlolsele b iy
mud and a littl gyesn?gr%pﬂedopg@t}wggﬁ%@ﬂ%&é% ?@gﬁ{'@%ﬁ'ﬁﬁmgg’!ﬁ" .tior?g 42. The
wet gas % r subseaBORretumn mivd poegsurs @ differeal mud prepswieldep Qmél@bﬁﬁﬁ'P*MﬁUi t

49 with th thdBmha
wthi n 't he TP SRELER cArile LaLBBNObE Ui s el Fallgt Hotweln tleRnaitiis
col | ects. Atoreearichiractuos pressure whishJie neltpessiblel If the refumdmydias tgi flowstosthe,, o
provi ded { Qu dloeC in kvl Wb inid Aow REGHIn IR il add Bivbtaglit s daily

back in to iqu 1 SI'ng section 46. T1-phase | quid having
trapped gasstringhta pressutesisplate thendriled fomationzefonsgriering thedgiexh formation which

stabil igati ; | Gl el ' of Fhedh O
517 hs The FOuE FEAURY ofBrorkle SRk pbRHBRCURS UTBOR, sparBlel Medhd Johther
separ at ed tsectibrs ohhele aapee difledtin one Phase and dasg Fasingirngs %’@dﬁﬂﬁ'feéﬁ Bethy; f
via the exi | i | LIEShEk 8dst gt tHewéighddRe isufd todértaifopératiohhui d
passges furtf%%tp‘g\g@mcﬁgla?ﬁg%y@ﬁeghe co%gfjt:c? 51 and thee)gg:js$ hag been renoved,

i't.4i’s the mgHswhich noves to the upper inner portion and this is separated

of f via exit |ingge Waridds ét@p@sﬁmﬂﬁgﬂﬁ%my Fiah@e MRHEE Sn ¥ idiffereritiutider in

I solation valve 54 to a nud punp 55. The gas. which K reaches, the upper end
of *t he 1gns regRaato the wlkaresatan, B Hesb§Re SAUBDLR VBTkoyS: wal B venuat 8l Sl
gas choke % sk s8psratdipaehRadesor ntintéRandd, skhvivel arwepainaith oendtholt usig the
conduit 51, the cuttings slurry, containing sonme residual liquid and

cuttings fAFHPEHISESri11ing process, pass out of the conduit spiral 51 via
cuttings isol at i Biguat ¥howd aisutfaca agangemest 6y eithermmipnd er a pattom weckin

LBV on BATUL I e S Bl 28 Rl el rippueg i, sbnos
cuttin@® paescitersinrrtier Bigareso nbmepuspamsh gorulaes ankvalves fogllow appopriate -
cutting/ sl B%Atio'?\.e ﬁ\g%OP farf pgdggggs &fhected, atits upper end, to a pressure containing
package 107 which utilises annulars to ensure that the 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
) :__ 25 . pressure containing package has an outlet feed line into an -automated choke maniiold
) 108, which drops the pressure of the multi-phase medium returned 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 cuitings
injection pump 112.

30 The atmospheric fluid storage tanks 111 function as a mud conditioning zone, so
that the liquid, primarily drilling mud, can be pumped using a pump 113 via a retum 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
the well via the wellhead injection line.

35 In Figure 7, the wellhead, BOP ram package and pressure containing paCkage are
substantially similar to that in Figure 6, but the outiet feed line passes into a toroidal
separator 116, such as that described with regard to the subsea embodiment, to separate
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| f higher |evels,of separation are required the phases can be admtted for
a further separation using a second or third separator. Alterrfagi @ery2007
addi ti onal tubular bares 40 can be provided as one or each exit |ine 42,
43 to provide additional separation before the spiral conduits 43, 51. 5
Figure 4 shows a further refinement to the systemin that the full bore
spool 18. hélse multpphasemedam intaits indiddualafiage-dhis\ensueesdbal the pressutedor e

. ] . ; ) ! ) d entitled
*Remova) e MU0 BB GooBHB| hVE Icfiop'th SimBthrent graBed S | Sot 216Ep. “The
uppet renovabl e Beaseatated phaseg apesuppiedalang ipdividuaksupply lineg 117 gibe gaaiis
10 bet ween r . ; 1419 9 %hed® thet
unsepar at egggg%ég'%ﬁgﬁﬁggﬁg&g?ﬁg%riﬁﬁ%?%ﬁ%@%ﬁagﬁgggar ate ndl?(% %aer? ng
suppl i ed t betfimthergpacessed. TBe solids shary pFssesinte A gasserubber whnre app pisidugl gas
The upper sge 4 act I i i %ﬁgg%§gg- i
pressglroe Ofs.%q?iaﬁgiqﬂsg%pﬁ%d;ﬁﬁﬁégﬁg Jﬁéﬁrﬁéa a%ga%gﬁgkgh ul eﬁ(g?isﬂéd st he
wel | head f poeshingfpachage 421 farFuthecproeessit@at es the need for a static
fixed height h 0s i i { i ) 0 e
22 or thegannu?lgfg‘efmgs %F@%ﬁoge@r@@p@tgﬁﬁérb@ﬁ#n@%h&?\ow
i ndependensigoificahtly inqiressuregAddifiohalpusps | 2%rerequpvided M%ﬁm opthe
55 - can oo [fiothe F&@.@S dﬁRB{b'e ﬁ@&&é? N?a@%’thdﬁ itdhed fud gﬁpélégw bmssaba, 34
he ¢ Thi s

and flow tothe "'surtace Tn'ir onventional return nud configuration.
confi gur at pmvidgs apressudsadwmixirkpsystem. f or a extra line in the formof a nud

return line 104 shown in Fig. 3. . Figures 5A to F show various operations
aﬁgThOM/the BOP separator can be optimsed in a well drilling progranme.
Fi &re 5A show t he BOP separati on package 16 having been separately run
preferably on a:drilling string to reduce rig time, and parked on a nearby
wel | 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 all ows the next section of hole to be drill2d GiCTh2607
optimum nud density that either the formation pore 35 pressure or the
fracture pressure could not support up to the surface-as shown in Fig 5F.
-9 2 6:-CCT 2007 The ability to alter the return mud pressure in the subsea
BOP neans that |onger sections or nost of the well can be drilled with a
constant mud density. This saves tt)e costly changing of the nud density
and rig tine involved for each gggtyi@n of hole. By selecting a optinmm
density nud and conbining it.with“the ability to select the 5 subsea BOP
return nud pressure, a different nud pressure/ depth gradient is achievable.
Thi s gradi ent can be sel ect ed to be in the safe operating range between the
formati gns 0 LS re i S not: possible if the return
nmud hasqto f%%ﬂﬁr@#se gco%?ﬁf'%rgh% PMWV@P , this now requires

t he runni ng and Ceneﬁltbqﬂ Is| of a casing string to pressure isolate the
drilled formation*B& Q' entering the next formation which 10 could require
difference drill |_n.---.ar ameter. Using.the BOP separator. means

sections of hol e BRPHENPACKIES $OMeTEh &t oivLa8 “bﬁﬂ VelBaad é’ﬁglhﬁﬂ“&ﬂg’gﬂémﬁe
required. Both,..f. actors will cansiderably reduce the cost of the well and
the exposur eExigiding Wﬁ&'ﬁgheaﬂtidh%ﬂlﬁhﬁﬂ@ks The -vari ous steps shown in
Figures 5A - F can be applied in a different order in 15 respect to the
wel | operation, wAEK :.Jﬁéﬂhﬁgquelabmf@ghe@lf" i heBOBIaM fatitdgpivent i on or to
puld, the BOP separ ator package for nmai ntenance service or repair with or
W fhlout usi ng t hea fldiditdke oAdpetvesresnid fFesgue molmtghbmadshnﬂ%mnwmmggerrent
126,/ either on land -or a platformdeck, in which the upper end of a

wel | head 11 i's conmeati it coimmBERv@mithalakad® LT offaveingiat, Hsuse20 mibibiueded
in earlier Figures, nunerous rans, annulars and valves to allow appropriate
operati on. Thﬂdlbh&ﬁ’fd ﬁamkﬁg@cllﬁnﬁofvﬂaﬁﬁe@duo ialconstiieipeses,afg, to a
pressure containing package 107 which utilises annularsto ensure that the
pressure of the fh picgkuitichittd) dehe QR ofBRd dHGndil duliibig trohSilie kN Reallodigy e
this, a conventional surface configuration is showm withan atnospheric nud
diverter systhesysicidioandperald@maliffdiint welltogd ghedelrbs. f | oor 115, The 25 pressure
cont ai ni ng package has an outlet feed line into an automated choke

mani f ol d.

2. A system according to claim 1, wherein the pressure control device includes at least one of a
¢hoke or a pump,

) i 3. A'system according to cldim 2, wherein (ie pumip is a vatiable speed pump,
4, A system according to claim 1, further comprising a confrol system for niotitering and

contralling thie pressure control devioe,
S, A system according fo claim 1, wherein the pressure isolating device: is-arranged to-allow, in
use, at least one downhole string 1o be passed therethrough, whilst mai’_htai’tjjngf_if&:pvessure isolating

ability.
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108, which drops the pressure of the nulti-phase nmediumreturned fromthe
drilling zone to atnospheric pressure 109. The nulit-phase nmedi um at

at nospheric pressure then flows to a solids processing package 110, fluid
storage tanks 111 and an optional cuttings injection punp 11 2807
atmospheric fluid storage t.anks 111 function as a nud: condltlonlng 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 dr|II|ng process. The solid slurry can be passed into the
cutting® i njAsyitemigsondngteslainndovlicrelicimpioturasoting deided s Bexiblnectliel | vi a
the well head injection I'ine. 35 In Figure 7, the well head, BOP ram package
and pressure contai ning package are substantlally simlar to that in
Figure 6, but the outlet feed |line passes Into a toroidal separator 116,
such as7t hatAdpsenndvosingitb blafie 6 wIkrdliome pRestriscdaing bGED iFBNdnnulkPscalcpar at e
-10 2 6 OCT 2007 the mul ti'-phase mediuminto its™individual phase., This
ensures that the pressure for the individual phases does not have to drop
to atnnspherlc pressure. The separated phases are supplled al ong i ndi vi dual
suppl y.g i nesy L0 A 103 ght line 118 into a gas
handllng pac %&e“1{J~“;~“°bﬁﬁ%@ggégﬁyﬁkagggﬁw»vreﬁ%r 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
1 d al.ong a

procesgyng package 121..for furt rocess e N A 1S supplied :
i sugbly 1k RS arsord o ittt BRIGERRH D jolo e g BitBP e B
Addivt i g .. provi ded to boost the pressure of the 10 nud to

hg 1ﬂﬁ%@53gﬂwﬂw%-:@e pressure. New conditioned nud, supplied from punps
124 provi des a pressurised n1X|ng system -11 2 6 OCT 2007 ]; A systen
or nse in down, ole:.operations;:;tlie systenlconpri in. ai |hpitd,

BC) ? ru kage oonneeie 1 C cine end to. ;t ewlll d; havitt d 1 bo e-t xt
tli g i1, ¢ | Apsystem poserding te clgim l,whcwn the sepatator containg at least one toroidal separator.

1t A system. according to c¢laim 10, wherein flie sepatator contains two or three toroidal

separators,

12, A system according to claim 10, wherein the toroidal separator:is mounted around a full bore

spool.

13, Asystem according to-claim 1, whetein the separator has outlets for gaseous fluid, liquid and

golid stutry.

Y A o . T . A I . T O T
‘-'_4 LAY ;‘.-‘:’l':‘.‘- ::-"_A”r‘l:'l'!iillf ’t'"l FLAANTN LY -:1!’1!ii—‘r CONTNTISNNT 4 r‘_‘i!ill'u'?: (T'"l]10"lii‘i; H ‘ ' ‘\. f{ \ 1!!‘1'5.

separator and a sturry pump.

15. A separator for use during downhele operations; the s¢pavator unit compiising;

a full bore spool for, in use, conuactionto & BOP rait tinit;

176030.81 A 50010701 13



etitii Ung d vice AL?t) Ili Oli r.et dtl el QPtami i eJ . a fluid
take ofrtietiveensaid pr sure solittitt~ clevice:attd the; App r i p eke a;
. a separator in comunication . with the fluid take off stto]t that, NAP
.a.. M13 -P t.nediumol tained fromtine well can. be separat®edGni280fts
con titut pl rises; and a pressure control device oa each of one or nore
outlets: fromthe-'separator for allowwng the sys.t ni to be operated at
different welll~cad pressures. 2. A systemaccording to claim1, whereat
the pressure contnabiddescpssiol budRg 288 i edshurMaABoD{vitR heCdpBME whérsia s 3.
A system according to claim2, wherein he punp. 1s a variabl :speed punp 4,

A system acgréiialist rﬁt_@r-é‘e')ﬂ. hikd 4 mblli-phite thiEdriaCRMRELS l'@le SndoP RbCthe BORSAR™ fOT,
nmonitorin and eO?L?t i, I'l' ngtl the 'p"rel. 's‘sn&'rgdﬁgont r@lge g%’\'/"lpc“e'.” '5?"“"'Apgyrgt em
accordi ng t Qgi€indb Pstous\ il hid diltinb R uRfSsHUr e i sol ating devise is erii~iiged
toallowin 'use,'g'ﬂa'tst 'Is’evég‘ghgdndgmg%st\}nﬁwglpgésg#ri ng to be passed thcrel hrougli,
whil st maiittaitying. bl ae swre jsolatjpna..ali: 11ty  trarad Qll. iwg 12
"5 c oot 2007 £ Pﬂgﬂ'ﬁ&%&tﬁ w‘l’%ﬁ& ‘i“+i“?d forojef sepaaton, ghergif ﬁai‘j‘t-@“‘%‘r‘%vﬁi re
ise latiz> _d, .qviiS;.isa.n i eall ?:..:sy t maor ng to cl:iitn , wli { i,
th pressur e"‘ﬂ%ﬁ%‘-‘éﬁ%@1':'-‘éﬁé{]ﬁﬂe-8."-‘E&@sﬁﬁ.’éﬂ%:@ﬁ%@.&wﬂ.ﬂm? cutiingsSlugryphasesiand g ) ng
toclam6, wie,~ua al' jis:rotatablY tr tsunted.. A systc nt tij igto
claim5 wherein ?‘rﬂlﬂ-‘ﬁgf’?&‘gﬂ}’ﬁ%{mq"%‘&lg?"i‘-‘ie-ﬁ%_@"'hﬂ'@iﬂi'WWE-FQ“‘-IP]“@“G? #&imvidedicRg a .
bydrost uti |I§ of “#lyid, . 10. A systenn according to claim1, wherein the
separat or cHP af 98l plymlitggtoutlglie. t oroi dal separator. | 1, A S.ystcm
according to Gaitu 10, wherein the separator contains tsso or th.r-ce
| oro.idal separator s, 1 A systemaccording to claim 10, wherein the
tof oi dal separator is nmounted around a full bore spool. 1'3, A system
accor dleng t# wethedrof sepavating isterinhproduspdifimtmon wellsdiving | detvehdle operalimeuthef | Ui ds
liquid and sclid.slutry. 1 'ZVQ!r , ni'ty : :r I ~i:r 1'n h~~:i1l. ;,r
rniil methpd gamprisimg thesteps) i Y in' ~i i:yii::: ~i~ 1! 1-..,11".)t. r>.ai '"tilrs.
separator and a slurry punp. _

supplying muiti-phase material from a welihead through a BOP fam package to a full

bore spool;
diverting the multi-phase flow through e toroidal separator;
separating the multi-phase flow in 10 gaseous, mud, and cuitin__g_s’_ slurry phases; and
controlling the pressure of each of the gascous, mud, and cuttings slurry phases so asto

achieve a-specified wellhiead pressure,

.. A system comprising:
aspool body having a'bore therethrough;

- fist pregsure-isolatiig: barrier coupled to sald spoal bady and opierable:to fsolate

pressure within the bore fiont pressure below satd first }gr_sss_urc-.fiédlﬁtﬂlg bander;

an sccond pressuiisoliting baitier coupled to said spopl:body andopesrable to-isalate

pressure within the bore from pressure sbove said second pressure isolating barrer
a-fluid take offin Dl cofuiioation with the bor betieen shid Gt pressure:
isolating barrier and said second pressure isolating bamier;

1797300111660 1 6701 14



15. A separator for use during down-hole operations; the separator unit
conptitiog; a full bore spool for, in use, coltnntiou:to a BOP rain unit;
1747~P91 r~S08. iowt 13 F o CT 2007 a toroidal sep rotor surroundi ng and
in communkation with the spool, whherein said toroidal sepatat®Cls@8f at es
a nulti-phase material delivered tp the spool fromthe 80? rum unit in to
gaseous, nud, and cuttings slurry phases; a plurality of outlets disposed
on said toroidal separator, wherein said plurality of outlets includes at
| east one outl et adoparater’ih fuidcominenigiise@ith saidvld AkefSwnd Nnp sl urry phases, ,
and a plurality of pressure control devices; wherein a pressure control

device is provi dedplnlityestosutiof dispbsdd R Whia! doparad “m%ﬁe‘faé_h of & :-iﬁFa'tliQPG{ of
I o PUGHY %t he

separating material produced froma wel uring down e operation

met hod  coNPraufétBastaifesiilr® BstitroRdebied dbluf i =phase maternal froma wel | head
t hrough a DO? -ran packet e to a f%{):upgd@gllre{g'spool; diverting .the

mul ti-phase flow through c+ toroidal separator, separating the nulti-phase
flowin to gaseous, , 'and cuttings slurry phases; and controlling he

mud
pressurg of 4each. ci frthe LS. . d, and cuttings slurry ases so as to
achi evé%a sggglg 1 %ﬁ‘gﬁi‘{ﬂﬁr‘\gg‘@’%gér‘l“e%@tﬂmisf‘“ iseloIng o gﬁ""’ﬂ‘?ﬁ%‘iﬁgﬁﬁ?@?va spool
body havitig a bore theietliraugli a first pr sure isolating barrier

coupl ed to said. Spool body and operable to i olalo pressure witlun he
bore fil t; pt.essure fbgl ow sgi d first ogr__ess_u_re i solaturg barrier; an second;
pressurd: i SBF SPGB M hodisminsaidsepol bady ispBborsepppl.at i d operable tp
i.splute presSurc wthin'the' bore; from.pressure ;nb ve said secotttl
pteasur'e |sulauiig barrier, a tlu d take ofd in" Chid cotlnmunicatlon with
ilia baxo b_ehve_ n aid; frit pesstu~e',. i la g;narrier and said:scCondpres
.. i sol a4 ng Thasysteny efslaim Afhieseinseid aepamtiop corqp s 42 805 onatosiépbsepdrator, i n 1 ui d
canununi cation with said fluid take off and a plurality of outlets disposed
on said separator, wherein each of said plurality of

21.  The system of claim !9, wherein said at least one toroidal separator is mounted around said full
bare spool.
22.  The system ofclaim (7, wherein said sccond pressure isolating device is a flexible seal.

23. Thesystemof claim 29 wherein said second pressure isolating device is an annular seal,
24.  Thesystem of claim 23 where said annular scal is integrated into said spool body,

26.. i system of claim ' 7 furthier comprising a wellbore substatitially vertically-aligned with, aind

in fluid-communication wilh; said bore.

26 The system of claim 17, wherein said first pressure i_sgl,at:jigg-de\'_fj_i.cq.;jl_s_i-oﬂgﬁiﬁ
pressure within'the Hore from pressure below said first pressure isolating barrier when a fubflar stdng:
is disposed within the bore.

19330017806, 1036) 15



outlets has a pressure control device coupled thereto. g The systemti of
claim (7, wherein said first pressure isolating barrier conprises a BOP
stack. 1'. The systemof claim (7, wherein said spool body is a frill bore

spool, 20. The systemof claim (7, wherein said separator conpg @Eﬁ g@
| east one toroidal separator. 2 (: The system of claim (4, fh ?d at

| eAst one toroadsl separator is nmounted around said full bore spool.

The systemolelaini (7, wherein said second. pressure isolating deV|ce |s a
flexible seal. 3. The systemof claim2. wherein said second pressure
isolating device is an annular seal, 24. The systeir of clahit 23, where

d I & .
51T, e L O1 62 AR P RRL R Rapy BS0eEERET
al i gt geubl bowls bo@%?ld chd be%xsgﬁa?qlg yni bation wth, said bor ax 2 E ‘Tlie

im

systen1of cl erefn sai ?’ﬁTessure |solat|ng device.: is
operable to isolate pressure Wthin the bore from pressure belom/said
first pressure isolating barrier Wien;a. tuliularith g is disposed within
the bore. 15 2 6 0 CT 2007 27. The systemof claim 17 fiiihcr conprising
a lower riser package rennovably coupled to said Pool body above said
second pressure isolating device. 1 | 17 7 .0P 6Calom 16
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