VELL DRI LLI NG AND COVPLETI ONS SYSTEM This invention relates to a systemfor
use in creating and carry out subsequent operations in a well and, in
particular, to a systemwhich allows access to a well bore, 5 either subsea
or at the surface, whil st ensuring that the well pressure at the well head
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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 permeability 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 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 to remove any entrained gas in the retum mud

fiow. The mud at atmospheric pressure then passes over shale shakers to remove the
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entering a |l ow pressure separator in order to renove any entrained gas in
the return nud flow. The nud at atnospheric pressure then passes over
shal e shakers to renove the cuttings prior to entering the nud punps. For
subsea BOP operations, the density of the nud columm neans it is necessary
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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
to be evenly spéced across the field to ensure that all regions of the field are accessed.
Accordingly, developments of this sort are extremely costly.

30 When drilling in deeper waters, the operator of a well must remain within the safe
drilling limits in order to control the well compietely 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 narrow mud weight window, and then attempting to control a kick

on the surface.



the large nud circul ating volume, novenent of a floating vessel that alters
the mud circulation volunme, the gelling effect of nuds which increases the
friction and therefore the 35 circulating pressure, the friction caused by
the limted size and length of the choke and kill lines, operating in the
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The pressu cont ai ning means may include a riser containing a hydrostatic
T TSl Sediolt | |
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 stiing, 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 fiuid.
In a preferred embodiment, the separator includes at least one toroidal separator.
A suitable toroidal separator is described in our International 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 fiuid, 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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30 of fluid. In a preferred enbodi nent, the separator includes at |east one
toroi dal separator. A suitable toroidal separator is described in our

I nternational patent application No. PCI/@B03/01253 and is defined as a
separator for separating nulti-phase flow, the separator conprising an
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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 irrespective of the
| ambient sea water pressure allows a variety of advantages to be achieved using the
present invention. Firstly, low pressure drilling, extending to under balanced drilling, can
be carried out. There is a superior control of the mud pressures when drilling in narrow
pore fracture margin areas by controlling the operation on the sea bed. Thirdly, the ability
30 to control a kick at the subsea BOP rather than at the surface, results in greater and a
more reliable control. Accordingly, the above advantages allow operators to extend their
drifling range in a permeable formation and results in a higher production performance

from the completed well. - o _

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,



present invention. Firstly, |low pressure drilling, extending to under
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| nven%w%stam 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 inthe

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 driling 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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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 systemof Figure 2
using a seating elenent in the subsea BOP to elimnate the hydrostatic nud
colum in the riser, Figure 5Ato F show various drilling and well
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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. _
Of course, when the lower 26, middle 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 drill string 23
or other tubular in the bore and provide a singie 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
amedium pressure contained zone. Within the lower riser package 15, an upper annular
31 is provided and, above this, the lower pressure zone is located and.includes the flex
35 joinf 21, the riser adaptor 22 and the riser. The low pressure containing means of this

zone is mainly the hydrostatic pressure of the fluid which is retained in the bore open to

the surface.



27, upper pipe ranms 28 and shear blind ranms 29. These four sets of rans

conprise the high pressure zone in the BOP stack 17 and they ran w thstand
the greatest pressure. The |lower, mddle and upper pipe rans are designed
such that they can close around 25 various dianeter tubular strings 23. O
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fluid comrunication with bore 20 in three chatlons 63 ach ) ocation
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| ocat |EGESSARY A insialied whemmf&wedfef yerkjiog,of cpHpin sectigny otled The nud

booster Ii n?h@%dmﬁaﬁé‘rbﬁarﬂ Blisclvdys the Sulb baespoof 18 Whichdizelf hasa stfamtar Lower
over R W 2B st AR 5o B8 [P BB 5, 20,7 e
r enovabl y c&m@ﬁuaidepamtmaw isyzovided erounh theoiull there §fod 21 8sand ingludies can
L i O
vvel I s]ﬁhpe BOR hoezentdl dng 26d iisplovided foheedebling bwepmommmhlﬁlqtﬁs"el f. has
2 SeRAHDE cofbtet'to Adw YsEih A8 WARRA irtsi ' cdoRRetb 10 thftiordHB. O thRY | 0us
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
niud fiow 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
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 fluid
enteﬁﬁg 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 fluid causes heavier fluids and any solid particles to move to the outer
circumference of the bore 40, with the lighter fiuids on the inner circumference of the bore

40. As the bore 40 is mounted substantially horizontally, gravitational effects puli the
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A toroidal separator 19 is provided around the full bore spool 18 and

i ncludes a 20 tubular bore 40, which ran handle the flow rate, burst and
col | apse pressures, is in the shape of a horizontal ring and is provided
for receiving nultl phase flow through inlet 41 which is connected to flow
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S@#8 dwff via the exit kines 52iand is directed in to the gas spiral 44. As the fluid passes
down through the conduit 51 and the gas has been removed, it is the mud which moves
to the upper inner portion and this is separated off via exit lines 53 in to a common
pathway 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 prooeés. pass out of the conduit spiral 51 via
cuttings isolation valve 57 into a cuttings slurry pump 58. As shown in Figure 2, a cuttings
grinding unit 59 may be provided between the cuttings isolation valve 57 and the 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.




and a little entrained gas | eave the bore 40 through exit line 42. The wet
gas travels upwardly through gas spiral 44 by neans of a spiral conduit 49
with the pressure/flow rate controlled by a choke valve 56. The |iquid
within the wet gas is forced onto the outer wall of the conduit 49 and
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t he The upper seal 34 %cts.as a_pressure I sol ati ng
devi ce to coigus A ﬁ'@‘ﬂr‘%@ BPR sgparation package 16 having beeh separately run,

preferably on a drilling string to reduce rig time, and parked on a nearby wellhead or
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 5E. Using the separation and pumping features of this invention this now aliows 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.



the drilling mud in the well head and of any fluid entering the well head
fromthe formation 15 which elimnates the need for a static fixed hei ght
hydrostatic nmud head 100 in this riser. The bore of the riser 22 or the
annulus formed in the bore been any tubular string 23 is now i ndependent

of the returfjdgbifitydo félt@?"trfe\’r%ftlﬁrﬁ\mﬁfpﬁséh%inﬂh@sum BOR rgns thét losger now
re enter the spool "bore 18 above the pair of | .e sg(al_%w34 and flowto

‘the sEeeiRNS ‘PW“PﬁbOfd‘bﬁ\mﬂ{ caimbe dnlled i A gonsia 'Bﬂ‘? geny pgaves the
confi ghady &k biMeShul %ns@ﬁaﬁ@ﬁg tm inRolRsdl fér éddhﬁsdcﬂoh dehdler m of a nud

return |ine 10 own in Fig . 5AtoFs S O I ons
and how t he m@elgemaeahﬂwhdwﬂydpg# and egmpning Uv@r'ﬁ ﬁasﬁ'gis'g’?ﬁ

Fi ggr esabsed BOP RAUBRRUGERALAN, Atifaelaaad iaﬁeéeawm@pthgﬁmémpaamawe un,
preferably on a drillin strln to reduce rig, tine, ;e arﬁfa on .a near by
vel | heEB'stﬁfad@BtBﬁﬂﬁ’? @B hq:eé‘ﬁroge ing fgnde g\fé)ﬁ% DFbsea
BOP 1 agbieaskd Haclure s!uE%B Wﬁrchfi@ﬁmibbeélbteolfahd\@éﬁjheadj(ﬂﬁaé t flow to the
conven Ona”é@o“”ln tu(ﬁegl g&hole sectlgg as sho‘wnln Fig.

5C. nyeptienaliwslis Hisagu requires t &mfr'e‘aa"r' e Boting BLA, cping

| sol at gfing b wessiﬂeﬁmafeetﬁbwmed%nﬁétmnm?m%mmmwﬂ fomationewhiER i s

di sconnected. The, vessel

now ros a onnect the to the
B0 o coiig Ay siferaca sl Aametrr KRS BROE RBhgSe M longey
connecéedtions &f hok: M’Dbéfdn'ﬁ@’lri one Dhﬂkélgﬁd lessazashimsinings larEr@uﬁEd Bsitimg t he

separation and s of | S ve n_this,no next
sect | dRotrs Hifcanekepabnpedic e oo oL Msre AR the e 1o o8iucnaf 1

f or matdgke. po 35 pressure or the fracture pressure could not support up to

t he surface_gs-shown |n 5F he a a

pressur e |nTﬁﬁé’a§HB§§tF@ 9“'5?%% E %e%équﬁs'n%réﬁé E‘p?)@éqﬂn

cars beedpeétltedmawemopemOBlmtheulﬂeldg delling, a Woikoverwelbintdreentionar I@/Plc!lhangl ng

cel cotPRAQP SRopiain e ot fRrEEHaLT Belte FERal bt Mtouf o 189 | .,

t he _wrdlui_mmrBCP return nud pressure, dlfferent mud pressure/ depth
gradient isg % gvsggrga?g,ma Me%%ntqﬁﬁ% Qﬁme?ﬁirﬁﬁh&%rhqﬁa?ommc&éke-rﬁafe
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operating ra matl ons pore and fracture pressure which is
not podichthe upparmdrqftamdlhnad Hadis copnesigdiia 8 BOR rang package 17 RaviggnAsht i onal
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whi ch operafisn. TheREPrampackage irenperted; aldts s pPghemd: to
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€ess asi n

the. ceing firledis,epniaied. { ABOWSBSS LA EoMEBNBLF 55T TGN 15 Showr -
withan atmospheric mud diverter system 114 and, above this, the anl floor 115. The

25 pressure containing package has an outlet feed line info an automated choke manifoid
108, which drops the pressure of the mutti-phase medium retumned 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 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 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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ri sks. The various steps shown in Figures 5A - F can be applied in a
different order in 15 respect to the well operation, whether being
drilling, a workover well intervention or to pull the BOP separator package
for maintenance, service or repair wth or without using the drilling
_riser.  Fi £ . faGer: ﬁgﬁﬂgﬂt | GkeTbr th
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107 whpassedialong the gamventrline bl & inte pogashanding pgekaga,? 10 wheree ORgIGRN t hi n
t hepor ' ' ' [ j 'rgn@gdﬁiw RCe
con?i gﬁ? atl gﬂg{ogggjﬁ%%dmgv‘\f@%ﬁ%& ss‘f_) e?ﬁi{t?atn%ﬂ. P\j;beb%l? g’pgg/%st e_m'114 g_{and,
above isiseparatésband suppliediorthe pes ventling Phresaligsshuphihan pesspsiae@tplidsas an
out | et iy I mani fold 108, which drops the
pressﬁ%sg%'ﬁgg%ﬁ{!%ﬂgg&ﬁengﬁﬁrqﬁoregét]ﬁghed fromthe drilling zone .to
at mospheri cTheemudris sappliethalong pt Mish sEppldlingn bigt hasoos Heancresuced,r e
then & i ! ' 4599 ideld|td bdostthé passsidithé 11 and

Sigritta i‘@t"?Pﬁ‘éﬂ’ssWé' RERBRI Slinpa $596fs drbl P

an opti | I'njection pug@wvl .30 The atnospheric fluid storage
t atks mud tg thegenuineddrilipiRePressHie: eRnditinned rayd, supplied frem RugtRs ! 24.

pri mard-h¥iqdk bl e , nped using a punp 113 via a return |ine,
back idrﬁt)‘\c/)ld'tg%g dﬁ%ﬂ%?prg&g&%gi&#g 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
wel | head injection line. 35 In Figure 7, the well head, BOP ram package and
pressure containi ng package are substantially 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 nent, to separate -10 the
mul ti-phase nediuminto its individual phase. This ensures that the
pressure for the individual phases does not have to drop to atnospheric
pressure. The separated phases are supplied al ong individual supply lines
117. The gas is passed along the gas vent line 118 into a gas handling
package 119 where the gas can 5 beée further processed. The solids slurry
passes into a gas scrubber where any residual gas is separated and supplied
to the gas vent line. The solids slurry then passes into a solids
processi ng package 121 for further processing. The nud is supplied along a
mud supply |ine, but has not been reduced
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significantly in pressure. Additional punps 123 are provided to boost the
pressure of the 10 nud to the required drill pipe pressure. New

condi tioned nud, supplied frompunps 124, provides a pressurised m xing
system CLAIMS 1. A systemfor use in down hole operations, the system
conprising: a wellhead; 5 a BOP r alp|fmEage connect ed at one end to the
wel I'head and having an axial bore extending fromthe well head to the other
“end; a device above the other end ofrthe BOP ram package for isolating the

pressure of the wel | head. fluid take.of f  between the .pressure containing
means dnd t h@ EISTH L0 UsF s B QPR L IS S TP SRABAERS: | on wi th the

fluid take offweilheldf hat, in use, a nulti- phase nmedi um obtai ned fromthe

wel le can be_sepat al 60,1 9Lgo Lhingans dh HEWARBIRE Wenilth 2R HaShg W ignt o

device on eal re et romthe separator ow ng the
syst embbee betangingfren the wiliheaddathewethenend; pressures. 15 2. A system

accor i ng t o GhaicMsboy MRS Gindr A oP RBOPAaAARIkEbe A5l SIS HeEsure | €ast

one of a choke or a punp. system according to cfaim 2, rein the punp
i s a vafthebwellkerdid punp. 20 4. A system according to any one of clains 1

to 3, furthef mRiMpske oRIpBvRAN fr@Sprés‘éﬁFé%ﬁ&FniH&%ééﬁd BAdAHE BOPL Fh! i ng

the pressure control device (s). A system according to any one of the

pr 8BedPAGAI%i s, wherein the pressure 25 isolated neans is arranged to
al l ow, in usesephrdtOBimi coMPUARNIOE MAthSthe @ takelsff BaGHS Btat, inheseetahmakigh,

whi | st maintaiping its essure isolating abjlity. 6. A.sysiemaccording to
ol ai m Bliasg o chteiapd ke el G by Shalrlediiat tsongligat Psee: A9 70 A
syst em accofpregstie cdrafoindEviceioarexich dffomeurassneraitiessoframi thg sepanatori fer an
annul ar, seal. A syst accordi . | Qi laim 7, wherein a seal is
7ot at 21ayiRE the SySaLEPE RBEACEH: ARl MY e el e e n t he
préssure containing neans is a riser ,

2. A system according to claim 1, wherein the pressure control device includes at

least one of a choke or a pump.

, 3. A system according to claim 2, wherein the pump is a variable speed pump.

20
4. A system according to any one of claims 1 to 3, further comprising a control
system for monitoring and controlling the pressure control device (s).

5. A system according to any one of the preceding claims, wherein the pressure
25 isolated means is aranged to allow, in use, at least one downhole string to be passed
therethrough, whilst maintaining its pressure isolating ability.

6. A system according to claim 5, wherein the pressure isolating means is a flexible
seal.
30
7. A system according to claim 6, wherein the pressure isolating means is an annular
seal.
8. A system according to claim 6 or claim 7, wherein a seal is rotatably mounted.
35
9. A system according to claim 5, wherein the pressure containing means is a riser

containing a hydrostatic head of fluid.
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containing a hydrostatic head of fluid. -12 10. A system according to any
one of the preceding clains, wherein the separator contains at |east one
toroi dal separator. 11. A system according to claim 10, wherein the
separator contains two or three 5 toroidal separators. 12. A system

accor difg t OAgg,}as%ﬁ&B@EnegC{&gg}( %f%%sid?eééh%d elafthsl avhSRRA IR Kparator

nount ed "ar oun Spo 0 13. 'A system according to anyone of
the pr @ostibing at leastene tdreidal separatatepar at or has outlets for gaseous fl uid,
biquid and solid slurry. 14. A systemaccording to claim 13, further
conprising a cuttings grinding unit between the separator and a slurry
punp. 19.15. Assystgraraccording to @lrimy #0; wiemrinhe iseraroraconiains twaordbmRe at or
unit5 cQ fc}asiisggéta ful'l bore spool for, in use, connection to a BOP ram
uni t; and a toroldal separator surrounding and in comunication with the
spool 4, in use separating nmulti-phase material delivered to the spool

fromtRg BOR r%g‘.e?nﬁ HH]E; r@ithérsm ¢ SaRs i iasitbinPih@SeFoiddifseparatepd at or

according to c , er conprising at |east one pressure contro
devi ce mourded araund a2fulifhosenspael. separat or. 25 17. A nmethod of separating
mat eri al produced froma well during downhol e operations, the nethod
conprising the steps; supplying nulti-phase material froma wellhead

p . = ¢
t hlBugh3a BdPsystemacsretieg toanyonegf theyprecedipg sfaimg; wasreintheseraripriias,nase

f1ow t BrQsi RoPghidisIitlid SiRpRAS 8hQ'solid8fim30 separating the multi-phase flow
into Pts cons ii‘tuent phases. 18. A rretr?gd according to claim17, further
conprising the step of selectively choking or punping the constituent

phases140 agiRtemacttrafigltb efimeld, iraérebmprsig dicattings grinding unitbetween
the separator and a slurry pump.

15
15. A separator for use during downhole operations, the separator unit comprising;

a full bore spool for, in use, connection to a BOP ram unit; and
a toroidal separator surrounding and in communication with the spool 4, in use
separating multi-phase material delivered to the spool from the BOP ram package into its

20 constituent phases.

16. A separator according to claim 15, further comprising at least one pressure control

device on each outiet from the separator.

25 17. A method 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 muiti-phase flow through a toroidal separator; and

30 separating the multi-phase flow in to its constituent phases.

18. A method according to claim 17, further comprising the step of selectively choking
or pumping the constituent phases to-achieve a specified wellhead of pressure.
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