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-DRI LLI NG AND COVPLETI ONS SY TitwinEmump enti on rel ates to a systemfor _use
in creating and carry out smwmmlﬂmuﬂmerat ions in a well and,?iifdR 2007
particular, to a systemwhich allqws access to a well bore, 5 either
subsea or at the surface, whilst ensuring that the well pressure at the

wel | head is control | edwEepRANING ANDCOMPLETIORSSSYSTEMEChani cal - safety
barrier is the BOP stack connected to the well head. The BOP ram package

contains the high pressure rans and usually the nedium pressure annul ar.
For- subsea t he TiBiPirveién rélais @%Bﬁﬂém_féﬁ)ué‘é)iﬂr&éé% hRd chRy eaPSibseqdent
the BOP ram package is arranged o be di sconnected from the BOP r

package, oRraratieasn a8 welhandJnpaticulas to g syslepywhich allgwsacegss tq ﬂé’eﬂlrgé’é? and
_vessel § }eitHe? sidRealdr o lithé guﬁéoe?wngfleraslu'ﬁhgmmt@wn resglrd 8f thkiviiheadis' ol

I's required when entering a perneable | ow pressure tormation which _
requires gontialledy | | ed with a specific 15 nud. Most top sections of a hole

can be drill edwhéh drilligrBORER tedsiAgé mecRari&il ety arfibr i thed BOP stack -
conventional practices. Currentl wells are drilled fromthe surface th
mid ol urkraneted ladheaiallbeay The 8RR B pgokage captainsthe ioh pressurg s andh

?L i1 f1 aguayVme Hfégidmwt'eésl}f@' bandide Rod quﬁa@tth?!s?a m'{érr]iﬁs% paekage, f or
hr ee in reasons. Firs , e pressure differential .o e .

(i ks 19 acqanecteia tor upae i ¢1ibe BOE G padkage BarGoged 19 e REomRdetlPThe
pore and the BORFEm pIRagE, fobexample] initiseévenbotanethergenbytd relemb itiveviserandur e
versus the nud pressure (hydrostatic head and circul ati on pressure)

?4.. ects t¥88Sfht e of penetration. -Finally, the kick control pressures need

‘a-pe control | FHeireed Wedrill at aittvrgelow\prédsuké”cdr fan Kick comtrohlsarequirdchwhen

ability to,circulate t as out of the well within th i mts.

25 Drill i%e@%?@&uraeﬁgf? [prespyrR ool whicp %ﬂ"mi%é?-gﬁh%d%a%&sﬁgﬁﬁl

can ct®g mughe Mdstrtoptsectisnsalia ihole carvbe drillest witin erstapdardeatd aind jn d ametheod

i.e. the o) I mthe well is drastically reduced. A
S} S5 onenBihdithcdced

solution 1S tO _|onvvitharrud_colurrnv\hichhasalower
hydr ost ati ¢ heGumentig.owvells areahilled fomdbe sydage withemud colurms and the ngegssaly | y

known as ek %r@?%%?ﬁf%a%ﬁtiddﬁ!&-at]\ﬁé%ﬁﬁ R8br. CANhES BHANE VRIS teOrud gt er

30 based | ) as or _a conbination. For surface_BOP oper at}_.isons,
the use &% & efitigalnfastars or BEee AN (BATANS: ElYY. jthe tppgssure differential’ on

20 kick/fracture gradient which gives a drilling pressure margin between the pore and fracture -
pressures is critical. Secondly, the formation pressure wversus 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 perméability damage, i.e. the hydnowrbon
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-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 downstream of a surface BOP, the well annulus flow has to be choked back prior to
entering a low pressure separator in order fo 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 _
:sealing around the drilling string, whilst at the sanme tineial MARI M7t 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 j)rlor to entering a | ow pressure separator in order to
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wor kover s cofptetion, téstingrandewarltowersages of under bal anced drilling is that
production fromthe..open and free f Lon he 90,01 an
i the wel | hagbgggﬁﬁﬁqumeeagﬁvége%%{,@%h%aﬁ'gﬁa ﬁﬂﬁﬂ%@"%‘g‘bﬁg@%“%%ﬁgr}
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BOP, 15heaslopResed tohsubsepavellsodue ta the complexity afiheiapemation and the condiderable

control tBe.SHhE Pardedre red dised. Lﬁbﬁéﬁ%@%@% %ﬁﬁﬁ&%m % %i?%;(?é.’

some reservoirs are not subject : ¢ ressure

ground abtheechalgss theusaparatass cihgepimans.candit mush bedrossiblg togpntoph the sysiem i on
wel |'s. Thesrei@RNS. t hese reservoir have a | ow overburden pressure relative
to the hydroste%tic head of ter. Therefor

, a small jncrease j| ressure
can result in Ingsepwaterdie A00DmetEs oMok some etV sHcHrI P Bt . A

smal | 2decoe@darden paedsure 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 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

e

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
dnplanned 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
lines, operating in the narrow 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 pqqerﬂﬂpzngpcture
pressures which limts 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 nore wells to be provided and these wells

need Lo be evaRby BIRSA ARNESS thfiSofaPhihidh SsHiRn'alert bbichigppea ol

the field are accessed. ev ] I I's sort a
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i ncl ude walouldnatisuppertanyongd inuthie drilling dserdwrecti on relative to the large
mud ci gcul atin ' e L hogtd Eaﬁiﬁjd lselifl Swdiid
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and t her ebperatiphe, the systeoutemprigingr essure, the friction caused by the
limted size a h of the choke and kill lines, operating in the

narrow nud wei g w ndbw, and then attenpting to control a kick on the
surface. -2 1 2 BOR 200 packsge/campstesitatsonarendtaihei wellvead andihavingaspaxiadi on
system mb&gé’ﬁe"?&'nﬁ%ﬁfﬂ'etm' J%0 bifer'dnger unit to a sea bed gravity
separation unit, and w an | ndependent risér for nud returns. The system
oper afl@s at t h@ devigeahovadheother erd of theHAP ram peckage forgantainingtheRressure any
mud in thge@leivel fshd:i Ser bore. 5 According to the present invention, there
is provided a system'for use in well operations, the systemconprising: a

fbl head; a BOR fluihtake off hgtveanthe pressum corftainingdneansiand e BPRfam paskageyi ng
n

~anjjaxi al  bor e gegdigion th EhPMUGatoR! Wie atk RGiditiRe oifieich anat; inllsé Amiee
above the other end of the BOP ram package forcontaining the pressure f
the wel | Haﬁﬁmsdmpawmm%wﬁ@ﬁ heensraed inte its ?%tmwﬁ@?\mﬂ@ d

the BgB ram pagkiessure TohBERIEVIGS oh @aER BTNoheGRImdTE oML fidie thid Sephritak foof f
epar at ecloes Fie oGP e Rer g B Areret waINGSR PEESUIRS cont r ol devi ce on
each of one or Pisfetatiythepsturetontrel degee intludes atleastioneof aghdkesrsymiem t o
be oper at l?g p%tmpg ésft;seé\h,el? %s g%!elrarﬁg Mrﬁ% aVaRable speed pump. The system preferably
comprises a control system for monitoring and controlling the operation of the pressure
20 control devices. a
Advantageously, the pressure isolating means may be arranged to allow, 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 during ‘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 a preferred embodiment, the separator includes at least one toroidal separator.
A suitable toroidal separator is described in our Intemational patent application No.
PCTIGBO3IO1253 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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Preferably, the pressure control device includes at |east one of a choke or
‘a punp. If a punp is used, it is preferable that it is a varr E%e} eed
punp. The system preferably conprises a control systenrfor fion g and
_controlling the operation of the pressure 20 control devices.

Advant ageously, the pressure isolating means may be arranged to allow, in

use,  a dounhohheykidilidy 3 BEGRBRAR bohfISise!dhe Blo funil roRtal ségairatorsgand s
i

pressufe isol atrn By downhol e strin L of drill
pi pe, tub@r@Cthm'd\@ Se@%'iﬂm't'!]ﬁ)'h@mo%‘éﬁﬂ %roum?g'"mﬁ%smd éﬂ 2GEET e
whi.ch is fo%ﬂe%iri sigbtfinédvel | during or after the 25 drilling of the well.
The pressure isol ating neans Y be a flexible seal, such_as ﬁ!!"‘? ncg a#
seal and is piTéksepsrator prefembly hapan outiet far eachyql 9asspus fluidp and;sold
strings V\$|ﬁ.2 inuse, will be rotated, to be operated without rotational
fri ctrona si stance. The pressure cont ai ning neans may include a ri

cont ai ni ng a hyithesystem mayadditiopaliyinciudg aguttings gringding wpf W@ﬁﬂ@lﬁﬁ?gﬁ %og he

separator, érlm.@spg'tn | east one toroidal separator. A suitable toroidal
separator I's descr 8

in our International Patent applicatio
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The ssenasaineiehasemalsTy %%rr@@a%ﬁé%?' i e R B pgetagnio ts -

r at or soridflient phaSés:h toroi dal separator may be nmounted. around a full
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a well during downhole operations the method comprising the steps of:

supplymg 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.

25 The ability to separate at the well head at a specific pressure m:espectrve 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 bal_anbed drilling, can
be carried out. There is a superior control of the mud pressures when drilling in nammow
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

R

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 hydrostatrc column to the
surface and the flowing friction through the riser vertical section. As such, the benefits,



for use during well operations, the separator unit conprising: 10 a full
‘bore spool for, in use, connection to a BOP ram package; and a toroidal
separator surrounding and in comunication with the spool {fon¥AR Rilise,
.separating multi-phase material delivered to the spool frorﬁtﬁ‘e BOP ram
package into its constituent phases. Such. a separator preferably has at
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urm . h _ ; M | | h oy
section. %m%b%%wﬁggggﬁgﬁ@gﬂﬁhgﬁﬁ@egﬁéﬂ??y when dri Islwi‘ﬂéﬁiuf\quqeep \thcgr,
ar e considirepab$e thatiitddesnotdraw in any @8sever, still applicable to surface
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environment, a separator positioned near the well head for separating
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;

5-} - 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;
Figure 6 shows a conventional surface arrangement 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
BOP stack assembly 10 is, 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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Fi gures 1A an show a configurati on of the_present invention of the BOP
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stack as 117 A wel | head assenbly 11 is
formed atwelfieadoprd estenddntoghe bple inthe Staﬁ'ae% taincthe weell 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, 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
}; 25 various diameter tubular strings 23. ' SR
- 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 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 joint 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.



BOP stack assenbly 10 is, in this exanple, conprised of a BOP | ower riser
:package 15, a BOP separator 16 and a BOP ram package 17. Tlp ﬁp‘ﬁ §rar at or
16 conprises a full -5 1 2 MAR 2007 bore spool 18. The fuII bore spool
.18, the lower riser package 15 and the BOP ram package 17 are connected in
such a way that there is a continuous bore 20 fromthe |Iower end of the

BOP stack throuthe BOP dsseHitiNe10 Rifls®6u ;heatvﬁfh dtioke BOS kit Wnd&ﬁlﬁﬂ &foslérfﬁz@

stack 17 is connected to the upper en IIhea

ol ace. 5 Ml retuayling 404 andicytiglitry | 2 g e Tersunpiving 890 te prgdopn e "

system OpBbﬁi Fﬂguré‘tz shoRl thBsedre éﬂrdﬁtﬁéldsétr@%ﬁéﬂﬁ Sut thay cbﬁldlb%siudépkaﬂdeﬁt to
allow the nud td flowto the surface vessel The wel | hea h_ge d]
ke ine

pressure Upxibledinestieadipapyay fom: the BOBdackf Qand upte thegyr

part of t§g id gippddl Wittt 8ehake valvBshThée chaké 1idd 60 id A thiskRamPRY in a aAllid he
LRP 15 i s connect ed to the end of a riser pipe . The r.iser

connect s egrEmumication witlhsthehiare 20 ip thrge lopatiops 6 99%%‘%!'! ﬁpng'%‘fdua'

W t hi n t hgrapehGwidBh ifcdrtiinkd by pdiref valvésedr ovi ded. Such a strl ng may
|ncorporate a nunber of dlfferent t es of co onents, i.ngl uleg suga

pi ping, joint R PPsHE %ﬁ&quP?eﬂm aki
its | overyA¢é 652bkfove tﬁé)iah fin@ sd rddtérshhé b@ie 20 at WP lozatiens, gainttiach ofivhivks

the circulation or the flow of desired fluids through the well. 15
Al t er Mt 513 a Raleol@alesPhay take the form of casing, tubing, coil tubing,

wire line or calpehudBoddtdfineBRPOMIEHLS intb ivahous stages of e/ sépargtas $6 tamdough
t he BOP se‘gﬁéator and thebE% ram ack e into the wellhead 11. Fig. 2

Z’n ws thel q'ﬁ@‘&&_ﬂ?&b@% | e, having a wear bushing 24 and
-plurality of peaweeq ulswmwrsanaﬁlanm@dmoam epperiannulze 31)wid BORcepatitexisend

stack 1 HPYede T BRP-ssrarer 167 el Rinseltig Vaid Moo AfinE ™"
bore 29 a3@io thatrit werwmmgro?ﬁﬂwmbpdnm oftiee BOP raoveackpged7 lstmtdd figs be

ool e oD Rl BOR: ofiftallBl RineflicBfufcR Br Sbr@Rd o SRR YAt Bffio Wy | THoS2

four sets ressure zone 1 n stack 17 and
they can wit hsﬁhﬂ@@ﬁ@egar@mréﬁtlngﬂmmeefu“ borespaohd$ whighdigelé hama separatorpi pe

rans are
ram are gl M@ngnﬁm%@ il 85 Ang 6P YaHbusRrzoeALL @R 28, amet ef
pipe rans are mdamqagtor 19 providedarpynd the @g hose speg! d8and;i ﬁ‘guﬂ?ﬁ B

str 'h Zelubﬁfé? lboré 20Svhich @Ramndi ke fidv eatehBarst Bhd %Ilaﬂsélﬁw%&re%r & Wemiegned
SHe at peetg]f aoﬁoerrlz%[nei‘gl nntgha% lg %pov%led }op rrggeq\pmé rr]neultfl-;r)f'\a:;e ow {hr&g% 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
| rhud 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 mulli-phase flow into its continuant phases for further processing
and delivery to the surface.

30 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 fiuid
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

35 multi-phase fluid causes heavier fluids and any solid particles to move to the outer
dncurhferenoe 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

-7-



or other tubular in the bore and provide a single pressure nmechani cal
:isolating barrier 30 between the pressurised drilling fluid and the
surface. Above the shear blind rams 29, a |ower annular 30 i$ P @88F and
this can also seal around the drill string 23 or other different dianeter
“tubul ars when cl osed and provide a medium pressure contained zone. Wthin

~the | over pLhGer ndidctoniids-he 1Bier BORT paﬂrw@mhe Bdre 40 pridttiisiesutts ihthalighter
this, the Tower pressure zone is Iocated a3 géludes the flex 35 joint 21,

the riserflddamaying® thadnneaunnes pertior sure contai i ng means of

this  zone i's pRlGinbd Sl WHiGHES, the ﬁf:mwmo:i& providdd withilexiblimes 42sand 43
retained in the bore@mgen to " the surface.

07 T
assenbl y fou theheader andlighterfiuids respeslivelko Thﬁqult %'B‘:’L 456% ﬁnﬁ'ﬁr]g% E&bog? "ud
returngl i @@%@&F dttid 6&8/46 aHd i¥ rﬁdumeaea tH OLR6r IbWEr Sotiph yontign bithe bote
g

and from re shows ese, are part of th er

t hey coulﬂobé'hermbmg%fm mséwhsﬁré'q-%@srnpe&&ﬂﬁ@"%ﬁm?ﬁﬂ% 5? ﬁik

10 and uppei,fﬁo fbﬁ b{ﬁc The 1s2bA dflum@oéuétes Icﬁcﬁqtsbpﬂelﬁbnﬂei'nhuﬁomhemw
e choke n

val ve 67

e 60 is, in this ex fluid C
with the wabm@¢weque@my?|%"'9§e°?a@¥) ‘eﬂhﬁé’ﬂ‘ﬂ ”‘Tﬁwe uaI

branch wh edWittdutafealing e spémton BﬂmeﬁhvddtenoppOSI te side of
t he BOP, ﬁ'ﬁgﬁ?&llne ' e eﬁé

61 One chok
bef or 80t he ki | m,w@%@%@‘éah&%fw@@m gaﬁcﬁ gﬁPg ! ﬁ‘ gﬂc of

whi ch  10tdrSid¥l 45,% |R§Jid sﬁhlu&ﬁb\@%*aﬁéectﬂihmemd-nb@oem«ag separation sechondéltmd nt o
-various stages of th par a

Xagves 688 ctings @f“?‘?ﬁ! sﬁﬁ%?ri% nﬂ%ésﬁ?au% mcg%%@cﬁ%h ere §ﬁ%@%§ﬁ§'§9"ﬁd%§@
var ?gﬁtsogé‘?\%‘ésct i onﬂﬂéemet"T R 8 P vV Py nd
of the BCWhMatehaW E‘Q 'i‘; 5’%15!9?%5 ?Hptstng Spérﬁggﬁsi% ‘gjrjpé I NS a%?ggm n'se
r eqlw :1 ig a:narnl yaki bummneatrhmeu ligaid, toexit giroogteexitine 42?§?I$Poﬁﬁrgfm;316
inclu

igﬂ H{ﬁﬂﬁﬁﬂnﬁ LaaI ? O bGRe kb %‘ﬁ'ul?ﬁ@%t fine &P:

whi ch can?¥ Spring or various sized tubulars 23. A
t or oi dal separ aherwél@asstrayelswnmdm thmugh Bes spiral 4ddnemepapef a spirhgonduit

-|ncludes | ; et
E’P‘L.s IHow rd oqgﬁﬁoéd% 9 Skdvaine S5 hfh\é/nhardamuhu wé

for roce Séé;sf‘é&iq opiRdbe outasywallpbirgiPanApE A9 A collects. R cBin Soifls Y i
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 -
-}; 25 off via the exit lines 52 and is directed in to the gas spiral 44. As the fluid passes further
'v down through the conduit 51 and the gas has been removed, it is the mud which moves
fo the upper inner portion and this is separated off via exit lines 3 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 prooéss pass out of the conduit spiral 51 via
cuttmgs 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 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,



which i s connected to flow passage 42 which, in itself, is connected to the
-bore 18. In this exanple, unseparated drilling mud fromthe BOP ra

package bore 20 enters the BOP separator package full bore s;pfi?&ﬁ 480 The
static hydrostatic mud colunmm 100 exerts a set 25 operating -pressure in
"the subsea BOP stack 10 and forcing the; returning unseparated nud flow
and any fl ui ds |phighér leesle of separation afe reqeiredthie fhases canhe admitted foimxthes t o

the separator .19 via port 70 jn .the t o H&Bs

“separ at or SQRAAYAN Hglng&pqqcpgg ar #‘W?@Bﬁ%ﬁé@%ﬁ“g hﬁ%‘?{)’%& f?i%'ewﬁﬁ%\?v | Nt ‘(156 %\g

cont i Nuanpe Ph@viied farorielot bach pxivtiee 42n43 tapdovie additionaltsepatatiop hefase dhe 30

The di aneter of the re. 40 i s dependent upon the flow rate and burst and
its 3i

col | apse PRIESONGY L typi cally between 300 and 1000nmin dianeter. The
flui d senteri nFigie Pshicws@furthep refinensdit jo thewsystenvindhatthe full bore spegbhll has

direction and on the outer, circunference of e, 40 ' a
jetting a®tRnohseels Iﬂfgfet'%b'y mwga@lﬁ&eaﬁsaﬁ%{@f%eﬂ%?%%%?&?ﬁ%h Igow
Wit hin t hgphiratioAdiled bR tite sarmkatayfdndvertitiet "“Remouable dbalTaridhbedthgtie patephase

fluid causes heavier flui ny solid particles to nove to the outer
ci rcunf erm%?f?ﬁ@%ﬁ@dag%ﬁ?h the lighter fluids on the inner

cirunference. afhd bppéoremovible Aeal 3¢ ibenergised so rasutn provisieha tflawd Hight seal
hori zontal ly, gravitatiqnal effectls I el '
1 ui d20t o SPnes méd a’b‘ghe. ipes poffon orboté 20008 RO AsepFAU fiud |
t he |i ghtiarthefibwetportioniof boren20 Hbeiumseparatgsbmugd deingosupplied tetheoseparator 12
can be seen in Fiqure 3,1 i re 40 is provided with exit |lines 42
?ﬁ 43 9 &Oﬁtel;hgh{ﬂee‘?'é%\ﬂ%ir%ﬁple?gﬂ ui ds respectively. The exit line 42
s )tangential (Rhe ippercenbdd abtscs a préssueniselating devicede eoninthe nressHriff ed
on the ouger lLower ba | : | R $he'Brhtiort he
{hﬁi (H!I?rf%n'ﬁ@ dhttﬂgé;lvgﬁﬁédao |a{"f ér{ﬁh}?@ﬁﬁteﬂﬂ tHd\wefiiddd fhom rh

lighter f angen 'y “to the upper 1nner top _portion of

the btse whichElimihatesttheneed fartestotic fixed heighidiydeestatiemud disad JORkn thiiParhe
flow whighy g’%’"% %g ﬁ%&?{ér% $rAhE SRALNR fBRfled EMRIKYre bk dnpaabaiarsting 2Bes

connecti ons nes can be, changed wi t hout, af ﬁgti ng t he 55
oper at i onnew indrpandeshef e retugning sud;flop systsm. | Serarateddpud freg mud pump

|t erl I nkidigngha8%ntér HaSpsal batb 1abovelthglpair breriovabiisdalsi 34 and Iﬂbqud)g:
stabilising spiral section , .a nmud cutting,.sepgratio I on: a
cuttings PEFAREAIN @saq"aﬁ"%‘.a?m&"hgw&@ﬁha'é i l:so‘f?p'}r}'lgg'gaq%f‘ F‘g'r"? 'Izzft%g ud
and spbi dgeed foF 4 Bkira Rraiithe foinmef awhid retiradinef10dvetiowrcodlig.itl-et. 41 :
typically coul d. al so co i se of _ bW f 1] ki s%ﬁp%ﬁcﬂé ds
and the separa |'%‘t‘fef‘nr’cﬁ)g?pg %t?"bé’?ﬁ@?‘s°ﬁg'{ak'8%§s@’§h“§t“¢?{sé Bok
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.: Lo
-' 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

I,

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.



- 15 mainly gas but within entrained liquid, to exit through exit Iine 43.
-Solids, oil, water, mud and a little entrained gas | eave the bore 40
‘_through exit line 42. The wet gas travels upwardly through oh¢ $@inr 289744 by
~means of a spiral conduit 49 with the pressure/flow rate controlled by a
choke valve 56. The liquid within the wet gas is forced onto the outer

wal | of the COﬂ'ﬂb&hbnﬁQtﬂmﬁecﬂH@Mmﬁpmsﬂmllnﬂmmlmﬁmmmf

wal |, {iquid.drain p| d
Separ at cSoFIF PRECSLE! BMALSES A v 4 torsa B e, FriiaRl ing ="
32, passes i ot ey ““’@‘”“ui . “?;’ST‘F.”‘EM""‘"“‘& ':'““"“""“"m'“*"“"””“““”“" e
: tion, se
portion of a srﬁYé‘F'eE{UfbjﬁPPﬁ@f deny! é"ﬁ’ﬁ‘ 8&5%1"1'43% '%%ﬂ %lﬁ'ét& '?r'%l
g% IGQE; 2%0?&3;!9!1 Qt@fﬁpﬁ:ﬁdﬂbo@gshm tatherentemud pressuresdeptb grazfierit Ilsaacbmabiet
Vi n
spiral L}ﬁ 'P%Q‘Y?I‘@Pﬁ’ep%é QSF%E?I‘RJ eﬁ%f pfe%lgugdﬁ 3%@’8@%3'1}7‘?"@“‘ ?ﬁ:
2nd Pﬁ?sbf’?fi e B ok oo Dy St eh
i

passes Vi ﬁ“gaﬁé)rd n %T@PF'BW'%?‘@E%"?‘G FRaviRE ‘ﬁﬁ%’"@%ﬁgwwﬁﬁ%ﬁw
\r/ :figge% t:gla]ppaepreeﬂgqlﬁﬂegiolhmh é< ?éleﬂﬁgmhat}jﬁ Ltg(%m%tE%mEMnmgmﬁIMMn

. cho and i.n 0 r
most  dfd’ PUIRHeallp Jificrenss drilng patel B orRr fikarls o8t
l'i qui ;ﬂ ggdectwﬁs dsf?golé bambbfdﬂlldd iith bnegphpge)aadsiessm@gf?ggégngﬁ M%L%Dm
spira via G 1 n 7
A shown [IFRY biiFe e it nive il Bobibod pOis il ooRtRal |
thg CU]Etltﬂ&Ifm atlon val ve 57 and the slurry. 35 punp 58 to reduce the
size o e cu litecﬁ?,
in a cutting/ slt'{rep%ol%%e é@zﬁowwﬁﬂ&%ﬁ%@ %ﬁgg"'@&ﬁ aé@ﬁ%&@%%%girﬁgﬁ
are r&§ui r&apenhte tpha@éi;opeea’ﬂobewbﬁm b@ogfdoﬂvagf%wp%@'er wel intervention@s fapulh
second or gEaﬁkaﬂeti%F P%&]r('lat)éﬁérYoe %@Hhée‘ Sepair Withl GHwithoUESsing tHean

be provide as on to provide additional
separatlodﬂbm@ﬁéfthe spiral conduits 43, 51. 5 Figure 4 shows a further

e B e e i
appl i cati Uﬁ“qﬁ ‘F‘@d’pBBér ?'Néofs%n'@ﬁ!a%@f?ﬁ!f %ﬁ'l"g ergéo %%?E\fg'ﬁlrpeacg@%e 7l QQ \gnggéarer]tng
t he - pap endes@ iRt insedridraFigiee, Mielkaams, annulars and valves to allow appropriate -
operation. The BOP ram package is connected, 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 manifold -
- 108, 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 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 procéss. The
solid slurry can be passed into the cuttings injection pump, so thatitcanbe 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 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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The upper renovable seal 34 is energised so as to provide a fluid tight
-seal 10 between the separated nmud and the upper portion 0 fbghg?%@yand t he
unseparated nud in the |ower portion of bore 20, the unsepar d d being
supplied to the separator 19 via port 70 in the wall of the spool 18. The
“upper seal 34 acts as a pressure isolating device to contain the pressure
of. ~ the dpielrhisichtiaed rmaditheinkeits eividaal phate apisf énsiuteethbetiepressue faritheead

fromthe forpation 15 which elininates the need for a static fixed height
hydrostat'PQ‘VFﬁ}{i"ﬁBﬁiPleﬁ'PPttrPﬂ‘@tPi(gBP?o?HHoﬁP CHYH®ri ser 22 or the

a][mulhus f or medTha sjeggﬁ!ea hb@éﬂlamsudpﬂbtlIaMngahdegalzﬁjppty linesvi 170 dbp@addat

0 termwmn mu oW s parate u

re-enter ong B&Qasmefﬁﬁ %ﬁﬂ?sngfi@?ﬂ) %%&%%@#}F%W to
the sgr fl?éﬁlrlh@r bRibeSSEY. eTtid é&lﬂ's sltﬁvalia'Ssﬁ”E thtoaghs gun@bemher“éfany mldual gas
configuration elimnates fhe need b xtrg W‘} nthefort§n ,ﬁrrud
return I|'ﬁ§eﬂ?§@t§‘l’|§ﬂﬁsPPP'ﬁdé°tﬂegﬁ§§ﬁ? h(eosqﬂ i "Bﬁ%se&d'é RS

~and how kh-gogg? 2’pﬁjiifh¢hembbé%smgl inawell drilling programre
Figure 5A show separatj o rBaCk e 16 av|1 ueleﬁ%ss ratel
preferably on dhe El\“pl isi AYprlied ﬁE’ c§ PRY {'H?reb 5§
near by wWedigifieshty dmbhamdn 623 Emgnmendéatebowtaepmtofanal

subsea BOP ram ack nnected to a, well

convehfi Jrad It?/ﬂlfr'ieﬂl’g?@‘]’f"l‘@'pfad’ée?ﬁﬂrﬁ itigred 'u}é?-|s"5§”e°§‘ﬁ%% f“ﬁ’gﬂizé‘ :

5C. Wen grbeidBsR sreBalirdedanixirarsyiem] 6 |s required, the well can be
isolated using 30 the features of the BOP Ram Package 17 and the LRP is
%’rg}connect ed. The vessel can now nove across and connect the LRP 15 to the
OB separati on package 16 as shown in Fig 5D, and nove it across and
connect it to the top of BOP ram package 17 as showmn 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 optimum nud density that either the
formati on pore 35 pressure or the fracture pressure could not support up to
the surface as shown in Fig 5F. -9 L i~i51't LGC ! The. ability to alter
the return nud pressure in the subsea BOP neans that |onger sections or
nost of the well can be drilled with a constant nud density. This saves
tole costly changi ng of the nmud density and rig tinme invol ved for each
section of. hole.
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f By selecting. a optinumdensity nud and conbining it with the ability to
.select the 5 subsea BOP return nud pressure, a different nud
pressure/ depth gradient is achievable. This gradient can be selected to be
in the safe operating range between the formations pore and fracture
‘pressure which is not possible if the return nud has to flowto the
surface. I'h conventional wells, this now requires the running ard MAR®087T ng
of* a casing string to pressure isolate the drilled formation before
entering the next formation which 10 could require difference drilling
parameter. Using the BOP separ@t giigreans | onger sections of hole can be
drilled in one phase and | ess casing strings are required. Both factors
wi || considerably reduce the cost -of the well -and the exposure to certain
operational risks. The various steps shomn in Figures 5A - F can be
applieg in £ € o the well operation, whether
bei ng gl’l I IR gﬁ&ﬁ%ﬁ% d’ogvﬁho cQ)pe ?%'{ai/@g emcﬂmp gm%'ul | the BOP separator
package for nalni @F‘? serV|ce or repair with or without using the
drilling riser W§ 86 shows a surface arrangenment 126, either on | and
-or a platforn1de G §|Ch’the@fg per end of a mellhead 11 is . connected

to a BOP ram pack § L tﬂff‘ RagkRer gonngeied pong cai to- s gwalisendaand; hayingian axisk bore
numer ous raps,..annul ars and val.ves to all ow appropriate operati on. The BOP
ram packagee’ﬁ@d%" e wrsihgadorthe Qierdiend, to a pressure cont aining
package 107 whi ch utilises annulars to ensure that the pressure of the
fluid within thef pgsure ispiatingdepiaeiabess totlios oucd fitsd3 O Kipios

gozventl onal surface configuration is showmn w t‘han at 'm)spherl ¢ mud

iverter systemdafluidtakeolfhbveen. saidiiressure Iselaliing debioé hrukthe BOBraithack@ds; pressure
codt ai ni ng package has an outl et feed line into an autonmated choke manifold
108, whi ch dr opsa tdperafpr éfs somreurnéatiom evithube fluih ks @fhaeidh dimt; rigfuge, matliltifphien t he
drilling zone to atnospheric pressure 109. The nulit-phase medi um at

at nospheri cmpthmssahtamcﬂ fromn:thef Wellamn. bosepataed imisitsuoagieai plos@pakage 110, fluid
storage tanks 111 and an optional cuttings injection punp 112. 30 The

at nospheri c f | ui dipsisofeagerd daks chkic dfagd braRora SutkisTth heB&hattR rRdowidpe, SO
that the liquid, primarily drilling mud, can be punped using a punp 113 via
a return IlmesysnclnamrbebﬁéraedJnemdawnk{vcmicp@p@gsmybl ng string 125 and reused

during the drilling process. The solid slurry can be passed into the
cuttings injection punp, so that it can be reinjected into the well via
the well head injection line. . 35 In Figure 7, the wellhead, BOP ram

package andj @?‘.ﬁ&ﬁ YERrGRANTAIIMNY WRAEHATEp@Eshire control device includes at-least one of a

choke or a pump,
! |
[ A system according to claim 2, wherein the puinip is a. variable speed pump,
4, A system according 1o claim 1, further comprising & contra] system-for- motitoring and

controlling the pressure control device,
5. A gyslem according to claim 1, wherein the préssure isolating device'is arrainged to.allow, in
use, at least one-downhole string to be passed therethrough, whilst mai'ntail._liﬁ_ng'QE'pl'_es__sure isolating

ability.
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f’substantlally simlar to that in Figure 6, but the outlet feed |ine passes
.Into a toroidal separator 116, such as that described with regard to the
subsea enbodi ment, to separate -10 12 MAR 2007 the nulti-phdsg wERIiMaYi nto
i t.s individual phase This ensures that the pressure for the i ndi vi dual

- phases does not have to drop to atnospheric pressure. The separated phases
are supplied al ong individual supply lines 117. The gas is passed al ong
the. gas vent line 118 into a gas handling package 119 where the gas can 5
be further processed. The solids slurry passes into a gas scrubber where
any rd&si dudd-sygtemn-dceoidingas slkinels Avtdreuial pietalrd ignlathie. dgwies Walflexibloyeal The sol i ds
slurry then passes into a sol i ds processi ng package 121 for further
processing. The nud is supplied along a nud supply line, but has not been
reduced slgnlflcantly |n pressure. Additional punps 123 are provided to.
boost = he A TRrei ' hRGIREISUre. New
condi t';llt one(%[ ﬁﬁ%ﬂ{&c,_ 1 F ed lfur}‘g?ﬁ pum’gmﬁg%sgu%%éﬁ%gg&‘gé %ragggﬁlrléﬂse m Xi ng

system c¢ -11 17 MAP 2007 CCAI~v>t;S A" system. for: t ae: in d own;

hol e. operation t he systen1conpn sin a wellhca4l ; 19( tityat . i at <|

, €. [|| at. .o n 0 avin,:an ai |.:boie stet
di ng gﬁ“ﬁ? dlﬂ‘t%ts ?"1"’ %‘m@alyﬁgﬁy mountcd rt< ttre .isolating
d vt ..: pre .the o1l er-: end o tarsi pact a f|UId fake O f between said
pressure isolating evice and the 1U, OP rani pac ug; a separ tof in co

i i munication wth' _Lhe_fIU|d take off stick thatitt .use, a. rnttld-phi e
i nedi @ n - SHEVIIGHEAECOIIKE (0 Glyiwned, WhEteiic Preprc isplakiig &yice s 6)“?3%@08‘6%"(&% uent

ses,. .and a pressure control device on each of one or nore outlets: From
Eh s dwydrosietie haadiof 0l owi ng  the systemto be operated at different

well | head pressures. 2. A systemaccording to claim11, wherein the pressure
~control device includes a.t:|east one of a. _

10.  Asystem agcordingto claim 1, wherein the separator contains at least oric toroidal separator.
1. A system according fo claim 10, whercin thie scpatator contains two or three toroidal
-separators.
12, A system according to claim 10, wherein the toroidal separator is mounted around a full bare
spool,

-i

.l\

i
13, A system according to'claim [, wherein the separator has outlets for gascous fluid, liquid and

solid slurry.

14 A quctprm arcnrdine tn clatim 12 fiidfier cnmindicing a andHiee ‘orihding vmit hatveesn 1he

separator and a sturry pump.

1s. A separator for usc during dowuhole op'émti(_'_)us,-.tlic separator unit compiising;

a full bote spool for, in use, connection to a BOP ram umit;
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oliolfevor a punp. 33, A systemaccording to clai.ni.2, wherein the:punp.is

.a. var.i abl e speed punp .41 A s femaccording to: ¢ aiml1., turih.er
- conprtswg..a control s rstemfor nottitonng and ctinUalling i | t2; MAKS 26€1
control device. 5. A systemaccording to clam 1, wherein the pressure
‘isolating device is arranged to allow, in wuse, at |east one downliole
siring to be passed thcrethrougli, whilst maintaitung its pressure
isolating ability. 17Qr30,01(i6CQu.io7ai 12. 2 MAR 28, 07 6. A system
accordi ng to cl fidmiaal o] ot <O L9 SULEL 1.5kt QG WLSe | Shadid Lexi bl e

Fidtoidl sEhRE .‘ﬁ"gﬁ{‘?,“@r‘@i-@na IHeEminaAbbh MIIRY bERI, \hefbid L

seal. 7. A system ac rern the pr essure i'sofating
seal Ts ol My B RbbeRlorsERpter St BNE GHLATAAMECRT G Bod Fhrs weliEE B e

pressure il§n?é:aa (;_n 'dgVii%ﬁrin .r_i?er _%ont_ai ning a hydrostatic head of
fluid. 10"M"APSREPFENTL0ER %ﬁiﬂ%swa A%, wherein the separator contains

at | east once toroidal separator. . 11. A system according tao claim 10,
wherein the sep‘ér"g'twg‘rty Egﬁﬁt%““n SROfRS @ saidh tridgl yeparefar. i said plirality of A
system according.to claim 10, wherejn the toroidal separator is nounted

around a ftketsidsludes afdenst one owlet fir each obthe gaseous.anuiiand guiingsishury phagessped n t he

separator has outlets for gaseous fluid, |iqui d'"a:'

utlets for gaseous fluid, liquidand solidsiurry.  14. A
syst em accor di ngplilittafpressus, cofiten] deadres,odtiesin sprmgue contralidmger igprovidedign. uni t
bet ween t he separat or_".i_a'nd_ a slurry punp. 15. A separator for use during
downhol e opselefsatdyralitief gitlor at or unit conprising: a full bore spool for,
in use, connection to a BOP ramunit (Z MAR :Z001 a toff of sl s pastor
surroundi ng and in comrunication: with the spool, wherein said
(o A methiod of separating material produced from a well during downhole operations, the
method comprising the steps;
supplying multi-phase material from a wellhead through a BOP ram package to a full
bore spool;
diverting the multi-phase flow through a t_oroii_l_’al separator,
-separating the multi-phase flow into gaseous, mud, and cuttings slurry phases; and

controlling the pressure of each of the gaseous, mud, and cuttings:slurry phases so asto

achieve a specified wellligad pressure.

7. A systemi compr 'smg

‘a.spool body having a bote theréthrotigh;

Z-ﬁt‘cﬁééﬂiﬁ'ii).illii’ﬁ”-iﬁé%:,bbﬁréfi’i‘bhi_pféé'sdfé'-ﬁéldw-Sﬁidf?ﬁ'ist:gmssure.iédlﬁti‘q}gr_haltﬁﬂf_;

an-second pressure isolating barricr coupled.to: said spopl body and operable fo-isolate

isolating Barfier and said second pressure isolating bamier;
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torpid { separator- separates a. nulti.phase material delivered. to the

.spool- fromthe BOP dam unit in to gaseous, nud, and cuttings slygry,

phases; a plurality of outlets disposed on said toroidal separat ? '\V,\‘A&QCPP"I
said plurality of outlets include | east one outlet for each of the

" gaseous, nmud and cuttings slurry phases, and a plurality of pressure

control devices, wherein a pressure control device is - provided on each

~of said Islurality of outIets ((b A method of separating mat eri al produced

froma well dur pﬁ@ﬁ} @p;m t he met hod conpri sing
t he steps; supp ylng nmu - sém%g erlﬁd%¢¥ﬁ#%‘&g§Whead through a BOP ram

package to a fu di v rtln the multi= e u

t or oi dal separ a% urg‘&e%&?’@@&n%’%ﬁ%ﬁ%ﬁ’ SEREL M f"ﬂﬁt"ieﬁﬁt SP é%@/é’iﬂ '%’ gEd and
cuttings slurry phases, and, .controll t he pressure of each of the
gaseous, nﬂ’g{e[si’ﬁ A piggspifesgairgl FE‘?W“BH%‘E%“QO as to achieve a specked
wel | head pressure. I T A systent conlprising: ...:.... a.. spool y: having
a? bore therethrough; a; irst ;pressure isolating barrier coupled to said
- spool - -body _and operable_io i sol at e pressure wthin the bore frompressure
bel ow&t udthgayaemef elaimt b whetsinseid fitpt prassuredsolatinpbadersnmprises s BOR staglo| at i ng
bamer " : coupled to said; spool lady and . operable to I spli te: pressure
wi thin the bore frontpressure abode sai d second: pressure is | tang f ara
er, afluid .tatte ofd" in fluid co. conmunication with the bore between
sai d f4.rst ﬂprsas;smméclamb‘l;aﬂmmg shid spdobbodgiech MAbekeg@obnd pressure isol ating
barier,. I 12 MAR ~t~01 a. separator in. fluid comrunication with said
fluid take off,: and a plurality of outlets disposed on said. separator,
wherein each,of said .plurality of outlets has a pressure control deice
coupl ed. t HEteatysiein b@claﬂihé'f ¥ RITNIA bepatalir amﬁ&-.seéfm%ﬁbﬂe Rajidh! §dphigfor,PT €ssur e
isolating barrier conprises .a BQF stack. . (q he system of claim 17)
wherein said. spool body is a frill. bore spool , 20 The system of claim (7,
wherein said separator conprises at. |east one toroidal separator. 21. The

syst ?(}1 of 'ﬂteaﬂ'}ﬂbxjn oRMALTE WheR R sHidal 1cdPER 0BG EReRbA®hoFRRALBNR saili FulOUNt etj

ar ou said f
bore spool.

22. The systeni ol claim 17, whercin said second pressure isolating deviée is a flexible seal,
23.  Thesystem of claifr 2 wherein said secoid pressurc isolating device is an annular seal.
24. Thes.ystem of claim 23 \yhcr_q-.sg;‘_gl__'annti]nr.'s_f;t;l_' is i |1lc:_gtfa_._t¢ti";i_'lj_1_t_o sald spOOIbOd)’

26.  The systemof claim 7 futher.comprising a wellbore substantially vertically; aligned with, nd

in fluid: communication with, said bore.

26-  The system of claim 17, wherein said fist pressure isolating device:is operab

pressure within'the bore from pressure below said fitst pressure isolating: barrier when a-tobilar st ng
i§ disposed withiin the bore.
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|

bor.e spool. 22. The system of claim 17, wherein said second pressure

.isolating device is a flexible. seal. 2..3. The system of claim 22.
.Wherein said second pressure isolating device is.an annular sedf2. MAR J0OT
syste i f claim23, where said annular seal is integrated into said spool

" body. 26. *111t.-SyAte of claim 17 furthcr:conprisin g a 4vellt ore

substantially? vertically Ii ad wili,.and in fluid comunication wth,
sai d; bor~e:. 26 The systemof claim 17) wherein said first pressure
isolating device :: isoperable to :isolate: pressure within the Dore from

pressure below said first pressure isolating liarri:er when>a tabula stru)g

is di A within the bare 15 12 MAR 2007 = 27. The system Of al inn 17
Fur  ndf e ot PaGottlimy o B Samprisfiac i sk SipkBaR BHUMCEBI 46N spool

body .aboye ,sai d second pressure, i solating device. i r3.0'. 0ln 6@0. 10701 16
y_s__pool bodyfgbove-s'aelg second pressure isolaling device. J
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