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AND SYSTEM FIELD-OF-THE I NVENTION 5 The present invention rel ates
generally to the field of offshore oil and gas drilling, and § APR ?
particularly to a nethod of and systemfor drilling off ,ﬁsogﬁ,‘ggng E)Ués
wel I's in wya@apksrdouoyant substantially inconpressible articles are Injected
into the drilling fluid colum at one or nore injection points to reduce
the density of drilling fluid colum aboVe the injection point or points,
thereby to adjust or alter the drilling fluid pressure gradient over

sel ected portions of the drilling fluid colum. 15 BACKGROUND OF THE
| NVENTI ON Wth conventional offshore drilling, a riser extends from the

sea floor to a drill ship. As is well known i , ghﬂlling fluidis
circul ated down the GMULTI-<ERARENF RﬁIPﬁENGbﬁgghgﬁeﬁéﬁnﬁ¥us, the casing set
in the borehole, and the riser, 20 back to the drill

ship. The drilling
fd uid perfornms several functions, including well control. The wei ght or

density ofrghe o iTHE IONs selected so as to maintain well bore
annul us p re above fornati

elhl df
"ki 6k . and 25TBR|RBREFFALt HPEe PILP USRS YenRraldyt khat thiee fie es not

ressure, so that the fluid oeg n%t thod
hydr aul i cgkkyn&Fachyl eahliegaer dnilingndrch s PRETACRAFEYi &R, 2 PFS 8eep
water, the pore pressure anq fracture e r£ 10730 &alsS wedl® iy wtidldhy
cl ose togefhand SMSBPGeﬁ°Fogﬁﬁiiﬁn$c%ﬁfg%éé%u ation ?? a kick, it &:s ta
necessarybggyggkngabgtgggiqluyliﬁgbmpressible articles are inggcte in

the drillipg fluid column at one or more injection points to

" reduce the density of drilling fluid column above the injection
| point or points, thereby to adjust or alter the drilling fluid
pressure gradient over selected portions of the drilling fluid

column.

15 BACKGROUND OF THE INVENTION
With conventional offshore drilling, a riser extends from

the sea floor to a drill ship. As is well known in the art,
drilling fluid is circulated down the drill stem and up the'
borehole annulus, the casing set in the boreholf, and the riser,
20 back to the drill ship. . |
The drilling fluid performs several functions, including
i well control. The weight or density of the drilling fluid is
selected so as to maintain well bore annulus pressure above
formation pore pressuxe, SO that the well does not *kick”, and
25 below fracture pressure, SO that the fluid does not | .
hydraulically fracture the formation and cause lost cmrcula?;on.,
In deep water, the pore pressure and fracture pressure gradients
are typically close together. Im order to avoid lost. .
circulation ér a kick, it is necessary to maintain the drilling
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pressure between the pore pressure gradient and the fracture pre%ffre
gradient. Wth conventional riser drilling, the drilling fluid 5 APR 2004

hydrostatic pressure gradient is a straight |ine extendigngron1 t he

surface. YWyguddy@rostatic pressure gradient line travers
pressure gradient and fracture pressure gradient over a short vertical
di stance, which results in having to set2 nunerous casing strings. The
setting of casing strings is expensive in terns of tine and equi pnent.
Recently, there have been proposed systens for decoupling the hydrostatic
head of the drillina.fl uid.i ri the gedidesit wendincheaisef ul
hydrostatﬂ“%ﬁr?%gf%%%m%ﬁ&b%@-e gﬁ%% ﬁgsﬂsem; %re referred to as dual
gradi ent gFidthurg pysseuse quedifndual gradient systens, the hydrostatic
pressure in the annulus at the nud line is equal to the pressure due to

TEO38Y3 ¢ he pore

the depth of the seawater and the pressure on the borehole is equal to the

drilling fl ui dgpimereshesneiqiesstiser Hrdlddngi ntheodrbiling Theidat er

20 0 B e e b AR i st e

1
Sing string “and a reduction of the

total nunpgg ﬁﬁrféééﬂg §hi & Nggdr e triad pressachi gvadiapt phipechiraresspra
hol e depth. T

O e e i Rt
drilling flytdarghbeasvaktibgl sebstdrome,. wHiich segydssedn having to set
numerous casing strings. The setting of casing strings is
1 expensive in terms of time and equipment.

Recently, there have been proposed systems for decoupling
the hydrostatic head of the drilling fluid in the riser £from the
effective and useful hydrostatic head in the well bore. Such
systems are referred to as dual gradient drilling systems. In

15 dual gradient systems, the hydrostatic pressure in the annulus
at the mud line is equal to the pressure due to the depth of the
seawater and the pressure on the borehole is egqual to the
drilling fluid hydrostatic pressure. The combination of the
seawater gradient at the mud line and drilling f£luid gradient in

20 the well bore results in greater depth for each casing string

- and a reduction of the total number of casing strings required

b to achieve any -particular bore hole depth.

I. Phere have been suggested three mechanisms to achieve dual
gradient system. One suggested mechanism is continuous dumping

25 of drilling f£luid returns at the sea floor. This suggested
mechanism is neither environmentally practical nor economically
viable. )

The second suggested mechanism is gas 1ift, which involves
injecting a gas such as nitrogen into the riser. Gas 1ift

30 offers some advantages in that it requires no major subsea



The second suggested nmechanismis gas |ift, which involves
such as nitrogen into the riser. as |ift 3D offers sone advantageszgmpklzm
it requires no major subsea 2 9 APR 2004 PCT/ US01/ 18493 JiikbiAgkés0 3

mechani cal\ycpfiwispgent . However, there are sone limtations associated with

I nj ecting a.gas

gas lift. Since gas is conpressible, there are limtations on the depth at
which it may be utilized and 5 extensive3surface equi pment nmay be required.
Additionally, because the gas expands as the drilling fluid reaches the

surface, surface flow rates can be excessive. The thirdhguggggted mechani sm
to create a.dual  _gradi St @Pwievey TRheget heedsohei hgnitaLHORF om t he
under wat é?ecmlr%eazé%‘g{ﬁ(m?rgé’t he surface-. seyera HO%”BLEﬁlé}’S{:ﬁgfehéN@
been suggesselatediokindh ngps ekikhy| SiRGERI2SpaSi EPVRTGrSpTacenent  punps,
and centrijfugal punps. a f WTRhSH €5 mRkopedatiliestl andbility
needed tolm@‘éf?f?n?l??n %i‘%%ga*{lf gdns, but they have the di sadvantage of
hi‘gh cost and reliability, problens 15 associated with keepi hg conpl ex

punpi ng systens operatin reliabl Llr@er.. BUMNVARYNEE1VHE

| \VENTI O\Exhenﬁiﬁéeﬁ?rﬁﬁgﬁn?%ﬁ%?%glia%hééri:ge mul T fg{rxua;di ent rnethod.of 20
and systggggg?sgrfbg!3gsaex§hhdboa$.tﬁkii#i%ﬂkﬁ%u ,14Iﬁ§§§hfﬁe% of the .
|

present iAVENTIon injeécts oyant, sub L al) YasdiRFOnpressible articles at
one or noserfapect Féﬁfﬁ&angc’%nth?%eé&go%éaé ¥ dr

um of drilligglfluidar%ss ci ated
with the well barerndea isdiygested pechinisy e FRALS éh G FaHe riser
connect ed s .
system is pumping the drilling fluid from the underwater

1 wellhead back to the surface-. Several pumping systems have been
| suggested, including jet style pumps, pqsitive displacemen?
pumps, and centrifugal pumps. Sea floor pump sy?tems provide
the flexibility needed to handle drilling situations, but they
nave the diSadvantage of high cost and reliability pro?lems
15 associated with keeping complex pumping systems operating

reliably on the sea floor.

SUMMRRY OF THE INVENTION | | '
The present invention provides a multi-gradient method of

20 " and system for drilling 2 well bore. Briefly sta?ed, the system
of the present jnvention injects buoyant substantla%ly | .
incompressible articles at one or more injection points into the
column of drilling £luid associated with the well bore. An
injection point may be positicned in 2 marine-riser connected

25 between a subsea wellhead and a surface drilling loc?tion, a
cased section of the well bore, ©r an Open hole sect?on cf the
well bore. Preferably, the substantially incompressx%le
articles comprises hollow substantially spherical bodies.

In one embodiment, a conduit is connected between the
30 surface location and an injection point in the riser. A slurry



section of the well bore, or an open hole section of the meil bore.
Preferably, the substantially inconpressible articles conprlsékgﬁBﬂﬂwh
substantbﬁLHéﬁaaherlcal bodi es. In one enbodi ment, a co sob/gs46PNnect ed

bet ween surface | ocation and an injection p0|nt I'n the riser. A
slurry 2 9 APR 2004 WO 01/94740 PCT/ USQ1/ 18493 4 containing the

substantially inconpressible articles i§ injected into the conduit at the
surface location. In one enbodiment, the slurry conprises a mxture of the
substantially 5 inconpressible articles and drjl| ng fluid. The drilling

]1: : ui g brmqnttaa.mmq @%M&Mﬁ%ﬁdlb@%@ﬁﬁ%%{s&ﬁwlﬁ fef \inigghed ng
ul d b, Ghiddd g‘ﬁﬁ%{’# U MRl £08E €1 o B4 b Y1 ok enfiodt %&fier

wei ght . I'nCONpressi article slurry

i nj ect edcith raidny icdnptises isenxtuslet efntbhe vellystantei ahkywnpr essi bl e e
articles may be separated from the drilling fluid prior to injection,
thereby to increase the concentration of inconpressible articles injected
toainto the 15 riser. The separated driIIing fluid is returned to the

surface. The slurry. al ternatiyv esy a u

subst ant%‘bﬁqJEP‘?erﬁfo‘rﬁwlree%tﬂlceleasrtarngl gﬁéﬁﬁg&/a#g rgf’# 35 Hlﬁ%lﬁfuld
enbodi ”F-I{E B MBS fie WHIRAHH RGd bem:dbstaﬁﬂilaialmelgswhmgsm bl e
articles |ncludes means for separating the 20 substantially inconpressible

articles fromthe water prior to injecting the substantially
| nconpr ggsy ﬁ;&lrfjb&;i&%éﬁdf) ditulaitear inl BhENBeEIDBEEEENGx: ithendpass for

separating stanti al i nconpressi ble articles |ncludes févessel

pLB] ti orel] chRETIH eIy e&h%rﬁrﬁ&lﬁﬂg fhuligeard) ipgogpeessib

article slurry may be injected directly into the riser.
Altermatively, the incompressible articles may be separated from
the drilling fluid prior to injection, thereby to increase the

concentration of incompressible articles injected to into the
15 riser. The separated drilling fluid is returned to the surface.
The slurry may alternatively comprise.a mixture of the
substantially incompressible articles and water. In the water
slurry embodiment, the means for injecting the substantially
incompressible articles includes means for separating the
20 substantially incompressible articles from the water prior to
injecting the substantially incompressible articles into the
*_ riser. 1In one embodiment, the means for separating the
substantially incompressible articles includes a vessel
positicned adjacent the injection point. The vessel is gas-—
25 pressurized to form a water~gas interface. & slurry inlet is
positioned in the vessel below the water-gas interface'and
coupled to the conduit. A water outlet is positioned in the
vessel below the water-gas interface. An article outlet
positioned in the vessel above the water-gas interface and

30 coupled to the injection point.



In the vessel below the water-gas interface énd coupled to the conduit. A
water outlet is positioned in the vessel below the water-gas int@i9fARRe4AN
article outlet positioned in the vessel above the water- g_%] W& ace and

30 coupl eggfgibAG i njection point. 2 9 APR 2004 WO 01/ ok SO1l 18493
5 The system of the present invention may include neans for recoveri ng
the inconpressible articles fromthe dridling fluid returned to the
surface location fromthe riser. In one enbodinent, the neans for
separating the i ncorrpressi ble articles 5 fromthe drilling fluid i nfcl udes a
screen device for par atizn K&st e eyt |10:lq§131d£nahaanSI |for
cuttings fr omtfe (¥rs| Ief“i nf Qhe Pgeggﬁgnis%reen devi ce hasda. g_glﬁq_&;md
the incorpu&saidiiy the mmuomdpgesarlbllaaag’é%c%%nf’{% R HRth ngl’he System

of the present invention further s Nend OFi SEPAT dln nand he
| ncorrpresls‘#tb-}%‘%ﬁf t5| ﬁ%ﬁtﬁche lé’%glt B°e R

r cuttings. The neans J‘t?i eto'afeé ng
the inco £ ardHer Im:fsr choxt rsepdratﬁ-nﬁu'{-@?- NHREABPRESS Tt U
wat er-fil vessel paositio Lyeyt bRCAEYI €6 SEHE es@pdtatixsg and
t-hes dri | IfMt‘F%s‘i‘f‘r]&rﬁ‘i% c%é‘r?c g@v%ce Q%g drill cuttings sink nd t he
subst ant i g#.# SEorRI SRS &l eridlied end Agall EHEEERYS aEFBWi E@etﬂ
alty i n

subst ant i conpressible_articles to_he,r eL| i._hgmiﬁegm Pesygibdec
of the waftuidn tPee @EERED F9ViLP A3% K %\l?egcei%odl Er{ent 8

I nconpressible articles are mxed with the primry dr|II|ng f|UId. The nud
punps punp the mxture of inconpressible articles and primary drilling
fluid down the drill string to an internal injection point 25 deflned by a

dr| l | string,S¢RaratLofafgdri thekt tion ik oxze. The system of the
present invention further includes means for separating the

ressible articles from the drill chttings. The means for
ill cuttings

incomp
separating the incompressible articles from the dr

15 may include a water—filled vessel positioned to receive the

incompressible articles and the dri
The drill cuttings sink and the substantially

incompressible articles float, thereby allowing the

substantially incompressible articles +o be recovered from the

20 surface of the water in the vessel. | |
In an alternative embodiment, the incompressible articles

are mixed with the primary drilling fluid. The mud pumps pump
the mixture of incompressible articles and primary dril;xng

11 cuttings from the screen

device.

fluid down the drill string to an intermal injection point

25 defined by a drill string separation and injection device

positioned in the drill string near the depth of the seabed.

The drill string separation and injection device separates the
ible articles from the drilling fluid and injects the
The separated drilling fluid

incompress
separated articles into the riser.
" 30 continues down the drill string to the bit and back up the



postTtroned 1m trne darrri S .

string separation and injection device separates the inconpressiEIe
articles fromthe drilling fluid and injects the separated artic SSARR0G
the riser. The separated drilling fluid 30 continues do Lhd<l String
to the bitwenHs&ls&k up the 2 9 APR 2004 WO 01/ 94740 poy Dl iSulis'
annulus to the riser, where it mxes with the inconpressible articles for
return to the surface. The drill string iénjection method does not require
that the inconpressible articles be separated fromthe drilling fluid
returned to the surface. 5 Preferably, the substantially inconpressible

articles §£§ 1ﬁ§jggﬁgﬂeiﬁieeihewﬁEié|ﬂﬂNmﬂMeuidithluha ancempzessiblei ci ent
to reduce e

ensity of drilling fluid above.the_i.njectl pPoj .Q_a
predeternhntﬁcﬂeﬁsfgy.r?ﬁBrHeﬁgi?§eFFQﬁ£%Fﬁé d&PFI%ﬁéeﬁlﬁ%égﬂﬁn9§ﬂ%cgg Grm
is determ.n C [ t ' L@R@om) fsipbild art@dlewshbee pf is -
drilling ngﬂagdgﬁégt§gaﬁ?ﬁgﬁ?rfﬂgﬁiiggﬁintialﬁgz;ﬁé I N g#pre&gible P )

articl es; spparatedefuemsthy 6filhing ubkiichGey sSUBFE%%arti cl es;

f‘zd tsnvei Zr} Ihlei ﬁg%‘%g%%&ﬁﬁ‘;ﬁ%%ﬁﬁsf%fﬂs} alH bmp e EIAES iaita clest iades.

odi ment of” the present inventi.on, th%ﬁh
density piefegtiekd ingof thieddirnllbagr fLeid gosvasy &%%é@%é&#&%‘?&% t
equation P - POt BenSity 6t0ariY¥#L§ fiuid above the injection point

1 to a predetermined density. The density p of the drilling fluid
in the column is determined according to the equation

a (100-v)p, +vp,
- 100

where _
py is drilling fluid demsity without the substantially

15 incompressible articles;
p, is the density of the substantially incompressible

articles; and

v is the concentration of the substantially incompressible
articles. In the drilling fluid slurry embodiment of the
present invention, the density p of drilling fluid in the riser

is determined according to the equation

_ 2,0, 2,0,
O, +2:

Where
p. is the drilling fluid density without the substantially

25 incompressible articles:

p, is the density of the slurry:;
Q. is the drilling fluid flow rate; and,



I nconpressible articles; p, is the density of the slurry; Q is the
drilling fluid flowrate; and, 2 9 APR 2004 PCT/US01/18493 WO 01$ 944PRQ0Z
Q is the slurry flowrate. BRI EF DESCRI PTI ON OF THE DRAYNGRoThs4dse 1 is a
schemati co\g fWsfRb @ systemaccording to the 5 present invention. Figure 2
illustrates a drilling fluid slurry injection systemaccording to the
present invention. Figure 3 illustrates 2 sea water fluid slurry injection
system according to the present invention. Figure 4 illustrates details of
one sea water fluid slurry injéection systemaccording to the present
invention. Figure 5 |IIustrates detgjkh of an alternative sea water fluid
slurry |nject|@mi@?s to the present is invention. Figure 6
illustrates details of an alternatlve drilling fluid slurry injection
system according to the present invention. 20 Figure 7 illustrates a
sphere reggygpmygms&ghTH@Eo@ﬁ' resent invention. Figure 8

i Il ust rat ernative_s | el ke syistenmpeessding ot ithiees
are i nj ect ed |ﬁlﬁuﬁ?|ﬂa}§ ﬁrgﬁﬁlng ¥iuid the drill string. slurry carried

he |n#ﬁggéﬂﬂ pPAehthyn25 Figure 9 illustrates an. alternative system
e Figure 2 jllustrates a drilling fluid slurry injection

system according to the present invention.
Figure 3 jllustrates a sea water fluid slurry injection

system according to the present invention.

Figure 4 illustrates details of one sea water fluid slurry

injection system according to the present invention.

Figure 5 illustrates details of an alternative sea water.

fluid slurry injection system according to the present

15 invention.

Figure 6 illustrates details of an alternative drilling
fluid slurry injection system according to the present
invention. |

20 Figure 7 illustrates a sphere recovery system according to
the present invention. .

Figure 8 illustrates an alternative system, in which the
incompressible articles are injected in a primary drilling fluid
slurry carried to the injection peoint by the drill string.

25 Figure 9 illustrates an alternative system, in which the

jncompressible articles are carried to the injection point by a

concantric drill string. . .
Figure 10 illustrates an alternative system, 1in whic e

incompressible articles are carried to an injection peint in a

30 casing by a parasitic string-



drill stri
i nconpressible articles are carried to an injection point in a
by a parasitic string. 2 9 APR 2004 WD 01/94740 PCT/USO /19193
DESCRI PTI Qi bpé4760 ri ng now to the drawi ngs, and first to W’HHF‘E’ ,93a drill
ship, or other suitable offshore drilling platform is 5 designated

general ly

ng. Figure 10 illustrates an alternative system in “higgsggggmb
DETAI LED

by the nuneral 11. As will be apparent to those skilled in the

art, the figures of the present invention are diagramatic in nature and

not dr awn

to scale. Drill ship 11 is adapted to performoffshore drilling

in the nmanner known to those skilled in the art. A-narine riser 13 is

shown connected between drill

ship 11 and underwater wel | head and bl ow out

preventer DﬂmmﬂLEEndM%%ﬁRifﬂiQNéraIIy at 15. Drill ship 11 acconplishes

drilling by rreg E rrf%’ritr{d‘p helirﬁhhhbs | B4 1fi €SP Nes t Bilgdireon t he

surface to a b

drill bit @33 %H::Ip’ﬂ,blda:Idﬁhemgs\géabl(enoffshéﬁﬂ)d—?-"slblﬂ%%%ﬂ

11 for |if

which in turn is connected tp a
éﬁFQﬂl*? shi p

ting and | oweri dr|II e 11 t Odpd Pen20cdi t
21. Rddi t idprilgmptad t%ﬁ%ﬁ?ﬁhﬁ%ﬂﬂﬁn 5%%)%§sug%§g§ig;w§%t§$§ tgﬁle or

top drive,
known to t

pi pe 17 amk®oiiagmapreiastR

and ri ser

*rhﬂés R4 Pk | 1hn ditid larshi p:h]al fh.qulresabﬁ the present:HaveRhher

ose skilled jn the art, dri g Leul gtedy dewmpdrl | |
E%PfQ ’Tgnfﬁrgﬁé bg? giggnd up bore hole 23

d@ € i perShip deifskEre drilling #nupbecmﬂl’eﬁt FervByEPem

i ncludes a nmud “punp, 25. Theh§“§}é¥ of yd RUIR LR 1§ §8nBRekRdcbAnacted

condui t

15

20

25

those skilled in t

petween drill ship 11 and underwater wellhead and blow out
preventer stack indicated generally at 15.

pDrill ship 11 accomplishes drilling by means of a string of
drill pipe 17 connected from the surface to a bottom hole
assembly 19, which in turn is connected to a drill bit 21.
suitable lifting gear (not shown) is provided on drill ship 11
for lifting and lowering drill_pipe 11 so as to apply weight to

bit 21. Additionally, rotary equipment {not ghown), such as a
rotary table or top drive, is provided in drill ship 11 to
rotate bit 21.

In the manner knmown to those skilled in the art, drilling
fluid is circulated down dxill pipe 17 and bottom hole assembly
19 through bit 21 and up bore hole 23 and riser 13 back to drill
ship 11. The drilling fluid circulation system includes a mud
pump 25. The outlet of mud pump 25 is connected to a conduit
‘27, which in turn is. connected to drill pipe 17 through a swivel

29.



APR 2004
the drill

PCT/ USO1/ 18493 WD 01194740 9 According to the present invention,

annulus or in drill string 17. Pressure at the bottomof drill st

Is great
bott om ho

u-t ubi ng

ing fluid in riser 13 is lighter than the drilling qui(iq'Hng@'

ﬁrohm%ot he annulus pressure at the bottom of b&E¥YVERE 5 The
e

pressure differential can result in fluid flow . due to
when rmud punp 25 is turned off,afor exanple when adding joints of

drill pipe to drill string 17. Accordingly, a drill string valve 30 may be

i ncl uded

in drill string 17 to prevent fluid fl ow when nud punp 25 is

turned off. Drill strin vtgl ve r?é%ems&n%gei‘blfhl OphaV dFs 10 ingret Lyrdesiar e
i %éin ed down

| oss when

dr iRFSHL I i'ng punp own drill string 17 while

gr event i n,_gi%mgﬁy\hfg Thigh Reint i ithet draddingf Fletd| inntPe| FRPIET Fhetf t o
rill ship t hrough ri

ser 13 is 1 a .t t dg at7 ops
syst em t hatilhcstatrgal’ co%ﬁ%%la%sﬁfg?‘eggﬂg}g%rQgi‘éé%“éaﬁ driTling fluid
i s coIIected?tég @g?ﬁnkh§3anﬂﬁ1ﬂﬁ1ﬂﬁhssmmneateﬂhbobPHEOEnPEtb%Feh%ﬂlguﬁﬁ'25

by a conftf
20 for i nfretbottomopahe PFRIFHIR

wel | head
small cir

i nconpr esadiiagagbiotescfoRptlSePiRE N

di anet er
drilling

ccording to the, present i Qv [ JrSyst ednui8 prLewi ded
sﬂﬁéﬁ%f%ﬂﬁ??@lgghiggguriser 13 near

éS' LD b Hggﬁgn‘ PEsn hbe PUEBEMEE dssitvraedr ol e§oHr 8X2MBARCFBE as
PEs*CIn ? e preferred embodi ment, the Ruoyant swhsteBibahlby a
b4 ﬁ%?}%n cal i Cl i

articles having a

%&Eige\%ﬁt%ﬁﬁﬁ 2519009 hae Wé Cimiluckal dn Krild sspingofd fPom

a conventional 100-ne shal S SCk ; 3
Pr ef er abl )briah‘ént fluid flow when mud pump 25 LS %u%ne@l%%f. D%%.Ill string

L

15

20

25

30

valve 30 must allow flow with minimal pressure loss when
drilling £luid is being pumped down drill string 17 while

preventing flow when mud pump 25 is turnmed off.

Drilling fluid returned to drill ship 11 through riser 13 is
cleaned with a solid separation system that includes a
conventional shale shaker 31. Clean drilling fluid is collected
in a tank 33, which is connected to the inlet of mud pump 25 by
a conduit 35.

According to the present invention, a system is provided
for injeéting buoyant incompressible articles into riser 13 near
wellhead 15. In the drawings, the incompressible articles are
depicted as small circles. In the preferred embodiment the
buoyant substantially incompressible articles comprise
substantially spherical articles having a diameter greater th?n
about 100 microns so as to be separable from drilling fluid with
a conventional 100-mesh shale shaker screen. Preferably the
articles have a density less than about 0.50 gm/cm’ (4.17 pounds
per gallon (ppPg))- Also, the articles should have sufficient
strength so as to withstand the pressures encountered at the
maximum water depth in which the system of the prasent invention



gallon (ppg)). Also, the articles should have sufficieht strength so as to
wi t hstand the pressures encountered at the 30 naxi num wat er deptl‘lghpmkh
the system of the present invention 2 9 APR 2004 PCT/USQ1/1

01/ 94740 li,,§74|dsed. Exanpl es of suitable articles are §c‘%{‘§‘16?1?%‘\ép gl ass
bubbl es nu'} actured by the 3M Conpany and M ni spheres"d such as those
avai l abl e from Bal noral Goup Internatiq@pal, inc. Houston, Texas. The
ScotchliteD4 gl ass bubbl es have densities of about 5 0.38 gm3 (3.17 ppg)
and service depths up to about 9000 feet. The M nispheres7m are hol | ow
general ly spherical bodies, ypi.ca ) | Sedesnlite™ ghaser,

that are jensesbt urFe‘d’-Tm:'ﬁ‘lf‘%?m‘:’ffit t?slr"%P'ghﬁf %?Eggléé%o%eresi n. Carbon fiber

M ni spheresa' range in_densjty, f beyip 9n ¢ 3a.gd] MbRi §3h68e $y suchaBsut
0.66 gmlwekes Bﬁgb’&!ga)c%‘ﬁae%al%&e %gn\??icgadgptﬁ -

s of up to. 15,000
Accor di ng,§ 0. 4 New Pl BaeTe ffbnemamratlhsrpnﬁoﬁﬁ#egéﬁf%naﬁftFﬁgésﬁ‘g‘%’:“'

injected Mto riser 13 in a drilling flui ENET iHidd bf B urry
i s punpedréxgen drThe w%ﬁhl?%maﬁlgﬁsilh cl?élson}§apa| ntéi-{dfsll N Tiser

13 o
t hrough a_conduit_43 ,qoRRe s beviel |adpiafs arpdep aABUEVHOSY rﬁ%?tbe a
con%ent i oflaP® n%}%néS'EZnsgggrg%?i ate valve_or i nJ_'! ecti Lsysiem 47 i s

POSi ti onegyiNus £9BENEfedD adjeadeniforngererdhlHof ﬁﬁcﬁge s%{ur t'y is

preferably mixed in a nmxipg.ta £ UANGRiRE:,t @hlte avel etnuifaghiys esh
by a condtypiggllhslfi FF 6@3%|§§ﬁrgés%%qin det ai | herei naf éﬁ“[i heres™
conposi ti'en.af siBerstuin¥oraad ehexy rfewin on GHHROTHT es | néa%
riser 13 are controlled sq as t hi e deg (edsslrppd) bg dbemtd @ePSity
in 25 risemny®. ipsdeRELhY %EP@sa%?gfi%j%%tﬁn into riser 13 the,n, geat.

1 gn/cm® (5.50 PpQ) and bave service depths of up to 13

According to the present invention, the incompressible

articles are injected into riser 13 in a drilling fluid or

seawater slurry. The slurry is pumped from drill ship 11 to

i to
15 jinjection point 41 in riser 13 through 2 conduit 43 connected

the outlet of a pump 45, which may be a conventional mud pumpb.

An appropriate valve or injection system 47 is positioned in

conduit 43 adjacent injection point 41.

The slurry is preferably nixed in a mixing tank 51

i ill be
20 connected to the inlet of pump 45 by a conduit 53. &As wil

discussed in detail hereinafter, the composition of the slurry

and the injection rate of the articles into riser 13 are

controlled so as to achieve a desired drilling fluid density in

25 riser 13. As the articles are injected into riser 13 the

incompressible articles mix with the drilling fluid in riser 13,

thereby reducing the density of the £luid in riser 13 above

injection peint 41. o
The mixture of drilling fluid and articles flows upwardly

30 in riser 13 toward drill ship 11 to 2 diverter. The drilling



reduci ng the density of the fluid in riser 13 above injection boint 41.
The mixture of drilling fluid and articles flows upwardly 30 7hAPR ¥8 13

toward drill ship 11 to a diverter. The drilling 29 APRP,%{;‘(Mﬁ 8493
PCT/ USO1 4@ 47400 01/ 94740 11 fluid, with articles an Al 0ﬂjlcutti ngs, is

carried fromthe diverter through a conduit 55 to shal e shaker 31. Shale

shaker 31 separates the articles and d¥klilled solids fromthe drilling
fluid. The clean drilling fluid flows through shale shaker 31 S into
drilling fluid tank 33 and the articles and drill solids -travel off shale

shaker 31.ipto a. sep LoD t L 11Thettingenpiessabriedr ETeRckh®r e
%l]f"'}%‘mgjééﬁ 2L At L P0s t A0k i g

col l ecte paration tank 57 and conveyed,t I %k NQ 5dnihepugh a
condui t HYvetveththrawghl Rngordnit 33 Lﬁ"rf?‘@%oapﬁgﬁ? é "t ﬁigi%;%ﬁ .
invention, 10 drillin | yid; e r5d i iaed eolixdisngrban 1¢F BH a
condui t 6% EBRAERFE] gggdgkpigﬁégfluid'fénk 3301 t0.a ﬁsagrghgk gogpce of
drillingghbyid, SHehcaeanbdsdliimg"fhHg Hd W IAFENF STy € ogaggnt of
the present invention, .conduj 114 Sy cdNHIRC 0 ilcl e Smidr daridfl sedvdsSer. 15
Refserri n@nﬁa\/\fi{-’blgﬁﬁﬁr gﬁ'?,lg‘t Eé‘?g ?% ?slﬁtgvm det aill s, of .a qﬁrg.} i ngyof Ui d

sl urry i Rj8ekhop sy shemeachakernglt bnthea FFRRFAHRAELThVATRYT oii AS “Shown i n

Figure 2, conduit 43_is cqnnected to._{j d 3 | séptddtdiorpdiantk 7. The
SLUrry ofinoseRecssEn F30 AR, drkoeaflacs i s, si

€s and drilling fluid is sinply,injected
into risendl3cikeyed arl inximgi tankls1 THer ey sreRFBA b&?‘p&?ﬁ? 45
i(rl? gare rilllsinsgelf%ﬁie S0, A% 9baigkRat §F @ piégenly dirpadmtion pressur e
10 drilling £luid may{ie supplied to mixing tank S1 through a
" comduit 61 connected to drilling fluid tapk 33 or to a separate

source of drilling fluid, such as “base mud.” In the seawater

slurry embodiment of the present invention, conduit 61 1is

connected to a source of seawater.

15

Referring now to Figure 2, there is shown details of a drilling

fluid slurry injection system accoxrding to the present

invention. As shown in Figure 2, conduit 43 is connected‘to
riser 13 at injection point 41. The slurry of incompl.:ess:.ble

20 articles and drilling fluid is simply injected into rn.se;:' 13 at
injection point ¢41. The pressure provided by pump 45 (Figure '.F)
is selected so as to be greater than the hydrostatic pressure 1D
riser 13 at injection point 41. A suitable check valve (nc?t
shown in Figure 2) is provided in conduit 43 so that drilling

25 fluid does not back flow in conduit 43.

according to the present invention, the drilling fluid used
to make the slurry may be lighter than the drilling fluid in the
primary driiling fluid system. Due to dilution, the lighter the

" 30 drilling fluid of the slurry, the more the density of the



2) is provided in conduit 43 so that drilling 25 fluid does not back fl ow
in conduit 43. According to the present invention, the drilling IBUWBIMBed
to make the slurry may be lighter than the drilling flui §crfysoly@ssspri mary
drilling lohfsmystem Due to dilution, the lighter the 30 drilling fluid
of the slurry, the nore the density of the 2 9 APR 2004 PCT/US01/ 18493 WO
01/94740 12 drilling fluid in riser 131@an be reduced. The weight of the
slurry fluid can be reduced by renoving weighting material from the
primary drilling fluid prior to formng the slurry. Alternative

separ at eb‘llegif%&t'%v\% %}Lteu&taasiql ud 3 ury ahl bedredycede pPhearsicht I?%%Bhgl ui d

must 5 I'n either event, be prope | glat Pri8l feookei ng
punped bagi,sopne Tvted dras |be stgdurpd RYf éFF‘Pﬁ@“ﬁJf#?%W’S%@%, there is
shown a seawat ey - sl ug&gili{ggecgiﬂra ptdloemtac €orning thet ALUEF¥sent
i nvent i onthedEAR %3 provi des a ni xture of s§a@%t [a288uaEli ghasavimaya
separ at i of) genatiyelyi on sgmaxahe | Hahtieds §e &Pal Iy at 71,7 System 71 Wi”
be described in defail wih,[es0eCtvdr Fitdie et ihaxyd AFilIABdofipda TYF

L MA e . : .
sysﬁen171b¢sf%5m“%€Y%% to infection point, 41 b E%§F i table cepduid-143.
Drilling £Lu#’gog@y1§ewdighteédprim‘n 9 I Pt‘%‘ g’(‘?ﬁ wdt WR3 “or system 71
through a Suftable conduit shown in phantomat 75. Referring now to Figure
4, there sBtxrshewn one enbodi nent of 20 a seawater slurry jnj | m
according to tResRE@SAHt now to Figure 3, there 18 st T JdHWadd L RS

i i it 43
injection system according to the present invention. Conduit

er and articles via a separation and
system 71 will be

The output

provides a mixture of seawat
injection system, jndicated generally at 71.
described in detail with respect to Figures 4 and 3. ' ;
of system 71 1s connected to injection point 41 by a suitable

conduvit 73. Drilling fluid may be diverted from riser 13 to

15

conduit 43 or system 71 through a suitable conduit shown 1n

phantom at 75.
Referring now to Figure 4,
ection system according to the present

there is shown one embodiment of .

20 a seawatér slurry inj

. X . 4
invention. In Figure 4, |
includes a diverter conduit 77 connected to

the separation and injection system,

' indicated at 7la,
A screen 79 having a mesh size smaller than

slurry conduit 43. j
: essible articles is disposed between

the diametexr of the incompr '
3 and diverxter conduit 77. Screen 78 Separates

Jurry conduit 4 |
* . ; The seawater is discharged

the articles from the seawater.

through the diverter conduit 77.

-
.




7la, includes a diverter conduit 77 connected to slurry conduit 43. A
screen 79 having a nesh size smaller than the dianeter of the Zggﬁimm
inconpressible articles is disposed between 25 slurry copggiptorhgsan

di verter y@hgedsuo 77. Screen 79 egad tes the articles fromthe seawater.
The seawater is discharged through the diverter conduit 77. 2 9 APR 2004
PCT/ US01/ 18493 WD 0119. 4740 13 The sepddated articles are forced to the.
inlet of a punp, which in the illustrated enbodi nent is a Mineau punp,

I ndicated generally at 81. Moi neau punps are well knQwp %o %hgs§Pﬁéilled
in the art an htehg%ﬁ' nol-dde adt PEDES easé vinwed tp SHRp LR 8*5%h&l'TtAl gear
pair wherein 6ne o the gears is a rotor and !hew,qhleh pund,statddcatede
out| et of;plehnaau tinenp 18 nstsag8RneRPRETH- i 1) ecti on poi nt  43. ngﬁgét 75

i s connected ta thea\{Vbrﬁle-t Mo i niBLNgatpHUaPe Sdeltlo AR N REEE L T eéifrom
ri ser 13 9% 1@’1. | neau pu 81 nay be ovgeeqiéq,;g_g%‘uepuﬁwlﬂtmfa Mbi neau
punp | fli4i derained atobwkresh dince-ugds ﬂﬁ¥ﬁ°gﬁ§s%rtlc es, thereby elimnating
the need for, separate éélelct‘g'apreq_h hydr agl thel gemss B4 & OFECH A} r"'rrﬁF of
dri$ling hebiFhSY fBte. Mbi neau punp fluid aqs L NGO essi bbnadtéd! es
and i nj echgndpats sk ustatomt o The satled of HRfae? dﬁﬂggint 41. While pupp of
the illustrated 15 enbodi e i gdiiiiearspigpeothestedktel taei irlee Art
will recobpi ¥l eRE+CBny stirt abl e punp,. _such s.gagg mpggggg,l3dt@pﬂﬁagm
centrifugghsnEh6. pRdEPE} HmysERPlS & HdHIdtig Po iy pr esent

i nventi On'inlet of Moineau pump 81. Moineau pump 81 may be powered by the

wn conduit 43 with the articles, thereby

j do
1 fluid pumped . . |
ing the need for separate electric or hydraulic lines

from the surface. Moineau pump 81 forms a slurry of drlll%ng
£1uid and incompressible articles and injects that slurry into

riser 13 at injection point 41. While pump of the illustrated
those skilled in the art will

eliminat

15 embodiment is Moineau pump,

i n
recognize that any suitable pump, such as vane, piston,

j the
diaphragm, centrifugal, etc. pumps, may be used according to

Q resent invention. . |
i 7 gure 5 there is shown an altaernative

Injection system 71b includes a vessel 85

According to Fi

injection system 71b. 7 : .
oned near the seafloor adjacent injection point 41.

ositi '
; connected to receive the

i i t 87
85 includes a slurry inle
T vessel 85 includes a seawater

Vvessel 85 also

25 sea water slurry from conduit 43.
outlet 89 positioned vertically above inlet 87.
includes an article ocutlet 91 positioned vertically above

Vessel 89 is partially gas pressurized so

outlet 89. ;
e r outlet 83, As

as to form a gas/water interface above seawate

30 illustrated in Figure 5, the seawater slurry flows into vessel




I njection system 71b includes a vessel 85 positioned near the seafloor

adj acent injection point 41. Vessel 85 includes a slurry inlet g9 ABRABEt ed

to receive the 25 sea water slurry fromconduit 43. Vessel 85 i des
criRoh e

8seawat er aou{g{l‘@ 89 positioned vertically above inlet g¥ €s an
article ofP% positioned vertically above seawater outlet 89. Vessel

89 is partially gas pressurized so as tq forma gas/water interface above
seawater outlet 89. As 30 illustrated in Figure 5, the seawater slurry
flows into vessel Z9 APR 1004 PCT/US01/38493 WO 01/94740 14 85 at inlet

67. The inconpressible articles,  hbei bypy apt i cfd gw biepiwey dyeyaptessel 85
towar d t i8S gds/indedr 87t e& §c&RCP uFng ?/ separatin themgﬁ/%ffgé%mthe
seawat er . .,The . SepArahednS vesaeat 85 ftbwasdo eo‘ﬂaﬁ/&'é%%?r rough seawater
out | et 89f. Sthe ™ nconpressible articles are collected and injected into T
riser 13 by a suitable injector indicated generall ytg% 93T%Ln%§§59£tg§

may be a Nbin HiddaHdmselveel drpinghrofPRBe yure™ b, re 1S
%{ge%%agj %I% e nat 9

i1 lustrat native separat.i LRheskhRRteySbaklaccendi nFheo
theg presgadwabeentlons FRwWRT etsl”?ee]aggl g’ﬁgghg?e punped  f

N, rom%_pe .Surf age

in drilling LLuld.shyieYarthierad reddecaliliedtiedg andupBI REF eI RGP FRE “Eams

conpositi® d"Wweight “as t he pr'lég{%qéj%l |énr%q-a1f1!y“'a‘li._ 913, t riEedmerbase

nmud. Basepgud smﬁahiﬁt%]ae%ﬂ/va% 5 *ynthetic oil containing no

wei ghting material, Hgaﬁe?éﬁﬁté@nth@nm“n ection systemof Figure 6 is
er t the

simlar tB3¥hBSsBava slurry Lnjectio t ridsuest rat ed in
Figure 4, excepeferring now to Flgurg N AP S HINYS

and injection system according to the

-

wherein the drilling fluid may
drilling

present inventio
surface in drilling fluid slurry, j
ame composition and weight as the primary
Base mud is a mixture of water or .
rial. The separation

be of the s
f£luid or it may be base mud.

hetic oil containing no weighting mate

* e imilar to the seaﬁater

and injection system of Figure 6 is s

i 2 the-
'slurry injection system {11lustrated in Figure 4, except that

separated drilling fluid is returned to the surface. The

indicated at 7lc, includes a

. _ Co . tem
tion and injection SYS .
it A screen

r conduit 77c conpected to slurry conduit 43.
e diameter of the

20
diverte

79c having a mesh size smaller than th

incompressible articles is disposed between slurry conduit 43

Screen 79c separates the articles

The separated drilling fluid is

and diverter conduit 77c.

i fluid.
25 from the drilling .
returned to the surface through a return line 80 coupled to

diverter conduit 77c. | |

A suitable subsurface pump 82 may be provided 1 .
e 80 to assist in 1ifting the separated drilling fluid to the
gas lift or other suita?le means may be

n return

lin
30 surface. Alternatively,



I njection system indicated at 71c, includes a diverter conduit 77c
connected to slurry conduit 43. A screen 79c having a nmesh size s lnb!Pﬂr'lUﬂ’o
than the dianeter of the inconpressible articles is di gggﬁ]ggllfhggy\gg
slurry conduit 43 and diverter conduit 77c. Screen 79c parates the
articlesWBYAYY the drilling fluid. The separated drilling fluid is
returned to the surface through a retunms Iine 80 coupled to diverter
conduit 77c. A suitable subsurface punp 82 may be provided in return |Iline
80 to assist i-n lifting the separated drilling fluid to thgﬁmﬁ&&grf cg.
Alternatively, gas lift or other, sui.tahk ngh&eyr DELiNg 91 39
APR 20045 4 {864 1ig4 amries T35 tfed l%lnggfgggﬁgto assi s% i na{-iééiﬁﬂo$§8ed
drilling fluid to hey £okee B4 Itmrniad iyeoy AdERCSEr ARY | RE Re furt her

al t er nat PYEL2G8} aceht "the inlet of pump 8 cpe t:gsguﬁéédsupeiurb}}ei n the
flowli ngd? Qcéhﬁeth%inlh’@r@%yp‘é‘l‘%bﬁ %’ t':r]{eta(Ee 4

€ separated drilli,n ] ction
of the surface, fl iodr_tLg pe; g et praesby certalrd imgr ti€e SFH2E2. e@:h%’kpglg?[ﬁf}g
slurry p&ApWASIPR gure - and’wi t hout punp necessary in this situation:

ptherwi se, there will not be enough pressure at the sea fl t d he
driTling 11uid bagk tQbReasesl aae gustaae tnp LR B (Ao bt PR The

drilling @aid &9 A% Féturn ine 80 i heayi B@d dhe nuuey 840 icondui t
The separﬁ\ﬁc}_-}f\@ﬁuﬁ as dFé TeETecent Fﬁae‘dlg%{&ﬁegl nl et of, 651 ﬁgﬁt{_gﬁie Wi Sbh
again in the illustr at, &« ik ;i Gthebbisneauthe%ﬁﬁl. > F
gener al | PRRSTAREY Prof orabl V. Lhe concentrailofrilling fluid back to the
sure at the sea oor to o .
pres fube” effect since the drilling fluid in

r than the slurry in conduit 43.
trated at the inlet of a

1‘ ' surface due to the “u-

return line 80 is heavie
articles are conceh
d embodiment is a Moineau -

preferably, the concentration

The separated

pump, which again in the illustrate

indicated generally at 8lc.

. . th
is maximized by balancing
o omponent flow rate of slurry

pump,
15 of arti L8
subsurface pump 82 with the ligquid ¢
if a slurry with 50% by volume of

rate is 400 gpm and the fluid flow rate is 400 gpm.

e flow rate of

20 subsurface pump 82 pumps separated drilling flu:'..d at 400 g?ll;
| the concentration of spheres at the inlet of Moineau p?mi ’
will be substantially 100%. The space betwe?n ?he :ztfz e
injected into riser 13 may be filled w::.th dr%lls.n:. ' ulhantom .
25 diverted from riser 13 through a conduit indicated in p

86 connect to the inlet of Moineau pump 8lc. N |
Moineau pump 8lc is connected to injection
Moineau pump 8lc may be powered by the fluid
thereby eliminating

The outlet of

point 43. Again, .
d down conduit 43 with the articles,

s ydraulic lines from the

30 the need for separate electric or h




e T 0T IS Ol ATt T el &S T 5 max! m Zed Dy pal ancl ng supsuriace punp
82 with the liquid conponent punp 45. For exanple, if a slurry w’th@g"{ugy
volume of articles is punped down conduit 43 at 800 gpm the art18l f% W
rate is 400 gpmand the fluid flowrate is 400 gpm if 2pcswubsunsisice punp

82 punps wepnsased drilling fluid at 400 gpm the concentration of spheres

at the inlet of Mineau punp 81c wll gg substantially 100% The space
between the articles injected into ris 13 may be filled with drilling

fluid 25 diverted fromriser 13 through '"a conduit indicated in phantom at
86 connect to the inlet of Mineau punp 8lc.

The outl e i £1°) 8l c
'+ Comnegagin.| nhguteomnale, che s ghi o P TR .

fluid ornt 43. Ag elimnatin u oYY G tecklmvizeh thiesd &1 cl es,
t her eby mihbeUnPEGPffoi’*'-@é"ﬁare’k["glggec *thé

ric or hydraulic-li net_rs {f‘g?f'he 29

APR 2004 W@%ggo 493100 ab 9370 posten fGERPRIRERN ST 6 The punp of -
the illust efModinment is wll rgcggn{:g hoabréfend/bimesit omp, those

skilled idgitd.heuaps,s®3y £& PR aﬁlcgf:oﬁ, diraphragm centrifu aIth é%kabl e -

PAP, etc, PUMSe gpé/igarp; usebancaiudi 1§ subshanpiadékt 1eAT e AN The ‘

semud 1S subst

weight of ba [ antj al | ess LhaBetBak of ppeh ght Baseribbi ng
fluid (e.wsigHahgnickbiig 15 )J.J’I:‘?dsé H’l&.l,g has the sgme chem stry as the
wei ghted nud. Therefore, a snall || )

same chemistry as the weighted mud. Therefore, a small

has the .
amount of base mud injected intec the riser with the spheres will

not contaminate the drilling fluid in riser 13. .
A separated fluid return system of the type illustrated in

Figure 6 may be used with a seawater slurry system in order to
l -

the
satisfy any environmental concerns. In such as system, th

e

d
15 being discharged into the ocean near the wellhead. The returne

seawater could be reused to make the slurry or it could be

processed prior to dumping into the ocean. .
Referring now to Figure. 7 there is shown detalls of the

system for separating the drilled solids and incompressible

. fq7 s . d
20 articles from the drilling fluid. The drilling fluid returme

r
from the riser 13 is deposited on the surface of a shale shake

31. As is well known in the art, shale shaker 31 separates

solids greater than 2 certain size from the drilling fluid. The

25 separated drilling fluid flows through shale shaker 31 into

drilling F£luid tank 33. Separated solids, including -
incompressible articles and drill cuttings, travel over saa
Tank 57 is partially filled with water.
ble articles

shaker 31 into tank 57. .
Accordingly, the cuttings sink and the incompressl

. . o
30 float, thereby separating the incompressible articles from th
[



contam nate the drilling fluid in riser

13. A separated fluid

r stem
of the type illustrated in Figure 6 may be used with a seawatefﬁzimlzli%
systemin order to satisfy any environnental concerns. pcirdeiedss system

the sep
bei ng di

%é}l{,ﬁg7ﬁea\/\/ater woul d be returned to the surface rather than 15
sC

arged into the ocean near the well head. The returned seawater

could be reused to nake the slurry or ilf? could be processed prior to
dunping into the ocean. Referring nowto Figure. 7 there is shown details

of the

system for separating the drilled solids and ing¢

ible 20

articles fromthe d{e%y i nﬂ’ﬁé | 44i1d.1 eBheodlt.ils| ang eoliecked fom t he

riser 13&:@1@%@9%
known in
size fro

bE?ﬁo&féf shak e58 hede rdiBPasdda
ATt he

on

e surface of a shal e shakerinBd afbicbesedte
rat@g *BEPI'ts greater than a Egrtai n
drilLing H\uid. The. 25 separ aUedodr kerngefFiPR +PERs“Fhr ough
d

shal e shakélegie@nfse PIPRG TT Ui 11 tank 33. Separated solids, including
i'ncorrpres%i b‘L_e articles and drill cuttings, travel over shale shaker 31
into tanf*57  "Tank 57 is parti gk% fid) achavd Hsnafldmstrag@sr 8Pngly, the
eutd i ngs si nkReAGTEABY H&’g'nﬁfess Fe articles SOAJlIbg%tT dcenely axepar ati ng
the i ”COrQ};t%?c?aﬂi%aWS@w itr shichethe ADERFRIRR FOS017 18493 WO

01/ 94748 ri

bot t om ofcdmriedt @ HGFFHC

ed solids, The dibtl edssabiisear sl ects P T AFRES
FR& I nconpr essi bl e,_ar ti£l@snaie 8 caiect ed

fromthe surfacgmqugﬂplax_smn‘mrg faudfect EBNERRLIYTHE Fiser) Referring now
i

to Fi gur B,

15

20

25

30

elsillustrated an 5

cles are mixed with the primary drilling

incompressible arti O et

nveyed to an jnternal injection po

o (Figure 1) pumps the

drill string 17. The primary mud pump 25. e
y of jncompressible articles and primary dri g

i i injection
the drill string to & drill string separation and injec
. . i i th of the
i 101 positioned in the drill string near the dep
e d injection device 101
ality of

slurr

seabed. prill string separation an
ub having a screen 103 and a plur
tion and injection davice 101

m the drilling f£luid

includes a +ubular s
orifices 105. Drill string separa

s the incompressible articles fxo
into the riser. The

down the drill string to the

separate

and injects the separated articles

separated drilling fluid continues

. . . W
i back up the annulus to the riser, where it mixes with
- for return to the surface.

the with the incompressible articles

The drill string injection method does not re

ple articles be separated from the

quire that the

i drilling fluid
incompressi

returned to the surface.

As will be apparent from Figure 8, the injection point may
W

designated generally by

iti in a cased hole section,
e P designated generally

the numeral 107, or an opén hole section,




I njection point inside riser 13 in a slurry formed by the primary drilling
fluid. In the systemof' Figure 8, the drilling inconpressible 29tAPRI2804
are mixed with the primary fluid and conveyed to an int ef,‘?ﬁbshmjsggtion

St

poi nt 413\vb|%519m mud punp 25 (Figure 1) punps the dri ring 17. The
slturr

primary y of inconpressible articles and primary drilling fluid to a
drill string separation and injection dd&w the drill string 15 device 101
positioned in the drill string near the depth of the seabed. Drill string

separation and injection device 101 includes a tubular_sub havigg screen
103 and a plural i‘tﬁ( of; P4 fisenkOmell bolrest rRagiaepetht KPWRN i%‘%%?i on
devi ce 108Y SRHAHHTEs the I'nconpressible articleg,f g_gng%ﬁggngaill,yi gg fluid

20 and i n%ﬁfiﬁeahﬂxs\emaru'@d erast el s M TRE F'sef. The separat ed
drilling fluid continues EQ&M.H@ 1Hd le1St Hore, t ast HedipatedndthadR-up the .
annul us t ea2shedrider SSRARFE it“mixes with fhe with Liehacgnpeessikl.e
articles pgonrgbuet sethtorutPdcks 2% e shq 198§ i njection net hod does .

not require that the, inconp ' i ot afovivarellyr dnedbier weldhdore,
drilsling flui dBYr@PHH?Qd%?‘S §-§23§€%§%§%‘“ as will eag:e APRY £ YealhPeHe gure 8,
t he inj eC.(tS_'h@n paikRLreRyradienpesini Bhedvehl PIE AP NG € Section, desi gnat ed
gearal | b3 thg nuneral, 107, n° ap,PPRBr heb&iBR&d | OIBY desjeptsingdigal [y 2 9
APR 2004 ing@ctrirds PRGOs BY ?ﬁe nuneral 109, of the mellﬁggﬁﬁl i wed |
known to thQSeeskijided d raiske hofe sasbionol RS RATH DA 15 "def i ned by a

ore can be lowered with a lower

open hole portion of the well b ‘
By injecting the articles at

1 concentration of articles.
the pressure gradients between

je between the open hole
gradients, thereby further

multiple injection points,
injection points may be adjusted to 1

fracture gradients and pore pressure

'15 reducing the pumber of casing sections that need to be set.

to Figure 9, there is shown a further
alternative system, in which a slurry of drilling fluid and
incompressible articles is carried to 2n injection point 41b by

concentric drill pipe arrangement, designated generally by the
a 1
concentric drill pipe 115 includes an inner drill

es the normal drill pipe functions, and an

Referring now

20 punmeral 115.

‘pipe 117, which serv

- outer pipe 119, which acts as a conduit for the slurry. As

shown in Figure 9, injection point 41b is defined by the end 121

25 of outer pipe 119.
injection point 4lb may be posit

or open hole section 109.

there is illustrated yet a

invention.

As described with respect to Figure 8,
ioned in riser 13, cased hole

section 107,
Referring now to Figure 10,
ther alternative system according to the present

fur
a slurry of drilling f£fluid and

30 In the system of Figure 10,



section 109 is an uncased section of the bore hole. 5 By noving the
i njection point dowmwardly in the well bore, ,the pressure gradZ%ﬁP&ﬂmn
the well bore above and bel ow the injection point can bgc}H&&mﬁhn”Ddified-
By injectgpggbdo articles into a cased hole section, the pressure gradient
I n the open hole portion of the well bore can be lowered with a | ower
concentration of articles. By injectinglBhe articles at 1 , nmultiple
i njection points, the pressure gradients between injection points may be
adjusted to |lie between the open hole fracture gradients and pore pressure
gradi ents, ther ebéi;bliret hek iLlesedycagriee o rdve L ngfe cddsion odBEt AdRs WPhat
need to BESSEPFESRATErT"ng now to Eigure 9, . there,i asg"ﬂ/fh thild Sreing
al t er nat iyveagwet &isle sedrion 49d| Gfr ghﬁfwﬂﬂ Ik??%eg tww ancﬁlgﬁr{_g”%mg{ essi bl e
articles is carried.t . N-eCtiizgn bAted linty tle conwekiy | 4 pi pe
ar r angengil - d@ﬁr@?aftté'cfa%gr%rn Iliqb;/:la?he 20 \r/]\#ﬁ‘ ral, 115,. entric drill
pi-pe 115 inghiddas prarditbre daxeholg palli7as FR%V et the normal drill
pi pe functions, and a .outg%Pég %E%%gblﬁhbﬁby@@tSaﬁBialeﬂnﬂkﬂtlﬁlﬁcﬁ?ﬁ;
slusry. As sHOWPRSFEHit’e 9. 1 nj ection point 41p_is gefinggeby the end
121 25 of ; Qut amy, Pi PPsdd Sheds ttes craafBomt RTPESERREY (B FPghife®s, injection
poi nt 4l1b tay be positioned in.ris ; 3S hehgiaseat che #DFexor open
hol e sect sehfi@benReFRrTe ‘@%3‘6‘&% 0 l{—Ilist\]:fi:jc e%?o;'e'gfhere i'ﬁ il ugt {:ﬁ‘éegl\){fa a
further aééﬁgggﬁiygl§yst@ntmmtomﬂisgpwatQHua AbheserPStiYefft P6n-""30° Tn t he
system of "Figure 10, a_slurr% A, A | dishfilowi:d and 29 APR 2004
PCT/ USO1 1184tk Wi 8%F 0317 481 {87 PY

i '(IOQ—V)}?,"'VP.
U P= 100

where

p, is drilling fluid density without the substantially
s

incompressible articles;

1% p, is the density of the substantially incompressible

articles; and

v is the concentration of the substantially incomp;essible‘

articles.
From the equation,
by volume of 3.17 ppg spheres reduces the d

drilling fluid to that of seawater (8.6 PPg
to reduce the density of 14 pp9g

it may be Ehown that a 20% concentration
ensity of 10 ppg
) whereas a 50%

concentration is required

Thus, the metheod and system

i i ter.
i11ing fluid to that of seawa
o : over a wide range

25 of the present invention are clearly effective

of mud weights.
In the drilling fluid slurry (without f£luiad return)

t of the invention, the incompressible articles are

enbodimen > ;
pumped from drill ship 11 to the sea floor it the form of a mu



ol e section 107 of the well

string 131 cenented into the annul us between
wal |, as indicated at 133. 5 in operation,

bore by a parasitic string 131. Parasitic
casing ill and the boreh8lagR

inconpressiblﬁyagﬁxagb3articles 004
are injected to the riser near the seafloor, preferag

i arate
suffici emoqlf?‘?@.duce the density of. the fluid in the riser substantially

to that of seawater. The density p of tdpe fluid in the riser is given by

t he equation: (100-v)p f +vp, it. P - 100 where pf is drilling fluid
density without the substantially inconpressible articles; %g ih%g t he
density of the substantially inco essi.b 2bd+ ChEses awiltlv dxl g
concent rgiiany of Thre %%rﬂ%ﬁﬁ%%%ﬁp%gggi ble _arti ié‘g.rg{zgr}ﬁhghe
equation, it nm %ﬁengygkt{ﬁgrébﬁxﬁhanaaﬁéwgr5PPoﬁluQ bg olunme of 3.17 ppg
spheres F¥¥tet  the densit '

sity of 10 rillingibhui dThe tkasity Pe&kat er
(8.6 ppg)ivber ans diB@%n%oTa‘é%rﬁ?lé%ﬁ%nwg‘séérné:(% F"ed t o_reduc

e ; sty of
14 ppg drilli 0 FLuigytoytBat Dh emmjeninm@pmhélﬁﬁﬁogﬂ%%?lg‘% em 25
of the pﬁbﬁeﬁ@u'ﬁvéntlon are clearly effective over a wide range of nud
weight's. jlnqtkendblyl khegefbBatdo3furry (without fluid return) enbodi ment of

the inventidn, the jnconpressible articles are punped fromdrill ship 11
to the sea flqgglbéiiﬁégiorn1of a mud 7 2004 PCT/US01/18493 2 9 APR

o, +9.
Where

. . l

jncompressible articles;

10 p, is the density of the slurry;
g, is the drilling fluid flow rate; and,

Q, is the slurry flow rate.

e

rate in
11 with drilling £luid flowing at 800 gpm, the flow
we

e

7T 4 ases to about 30%. Therefore, the maximum sphere
ecre

ur

i i arated
transfer system or the drilling £luid transfer with sep fi »
ra - - -

fluid returm system. Accordingly, the maximum drilling
u
1113 3 ithout
density with which the primary drilling fluid slurry Wi "
e v 3 o
* fluid return embodiment of the present invention can be use
- is about
duce the density in the riser to that of seawater 13
re

. . . ‘mar
0.3 ppd Thus, with higher drilling fluid weights, the primary
10.3 ppd-



WO O 9ATA0—20— St urry. 1he starry puo S Xes W

drilling fluid in the riser thereby increasing the fluid flowz%tAp ?[@ t he
riser and diluting the sphere concentration. The density p of e I% din

the riser inthe drilling fluid slurry enbodi ment 5 i spgQTuUse/ 18493t he
equat i orWOPRIO P r On+ Q \here p, is the drilling fluid density w thout
the substantially inconpressible arti %es; 10 P. is the density of the
slurry; Qis the drilling fluid flow rate; and, g, is the slurry flow
rate. 60% by volunme Wen punping 800 gpm of slurry for exanple, s heres in

drilling fluid of the sanme wei ght as the r PE¢nR AehBRey d€illing
fluid beirag1nycilautddsiRrEResEBFER AT rﬁ]agm?t \%/gﬁiﬁc\% thdrillin

the sp decreases tq.abqgut % Jheyelianengt he
mexi MM spfentesf ithied sedvataseSLREEY GRYSFERY EHF i RaLeRy ttgl A
out d50~1 1 gthe seawater .,sl ur SteRrést Pgdn IANIC dilprdedret®r t r ansf er
Syst em dfluiiee s¥steM n§Y Itﬁlled%‘[#g‘ﬁ%er W th separ anl_'i.eq’bﬁ f Iéii.q.lr.q;t#rﬂ‘ﬁ)@t em
Accor di NGl ert N JiRVE Bemudreid | | B3 teruativelY delfs ity Fnch t he pri mary
drith ngweigurln? ssiltl{lrar iovl\'nxst,h%%e system of the present invention may be

combined with other dual gradient drilling technologies, such as

gas 1lift or subsurface pumps.
From the foregoing, it may be seen that the present
gradient drilling system that

' i ion provides a nulti-
10 inventl P iy

overcones the shortcomings of the prior art.

- . . or
incompressible puoyant articles into the riser reduces

3 be
eliminates the nead for complex subsurface punmpsy which can

i ed
expensive and difficult to operate. The articles can be pump

the injection point using conventional mud pumps, thus

* - ive compressors and nitrogen

eliminating the need for expens

(3 N [] f
required for gas 1ift systems. The articles can be removed, 1

om the drilling fluid returned from the well with
The articles can be injected at
g fluid column to yield multiple

necessary, fr
20 conventional shale shakers.

multiple points in the drillin

casing installations.



fluid return enbodi nent of the present invention can be used to reduce the
density in the riser to that of seawater is about 10.3 ppg. Thus, wth
hi gher drilling fluid weights, the primary 19 APR 2004 PCT/USQO /18493 WO

01/94'10 21 drilling fluid slurry system al one Cannot reduce thfgﬁﬁg?mgy
of fluidin the riser to that of seawater. Accordingly, in such®"i ances

the seawater slurry system the lightwei2ght drilling fluid system or the
article concentration with fluid return 5 system shoul d be used.
Al'ternatively, in higher drilling fluid weight situations, the system of

t he present invention may be conbined with other dual gradient drilling
technol ogies, such as gas lift or subsurface punps. Fromthe foregoing, it
may be seen that the present 10 invention provides a multi-gradi ent
drilling systemthat overcomes the shortcom ngs of the prior art.

Injectiig tﬁﬁqgﬂpmﬁﬁsible buoyant articles into the riser reduces or

elimn for conpl ex subsurface punps, which can be expensive

St e SR A R R bespyAPRE115bbpet havinge®t i on
poi nt uslngAcs)mmiﬁﬁpémeﬂ%paS?Jeﬁ%u(sb%Qe, S

elimnating the geed %gis .
expensi ve_conpressors anghdd tfager areiduiimad losptas | PRECEySYTRE The
articl e8°tEA be' Fenoved, if. necessary, fr qh%h% gghhhhngffauﬁmliagurned
fromthe wel h ukihl?ﬁgcﬁth@t?Xﬁ&ﬁmsﬁ§¥éﬂé %ke s” The articles can be

injected at nultiple,poi Lo the drilling fluid colum to yield mltiple
pressurélg#SdFBﬁYg,s?ﬁgré§§§?

urther reducing th I casi ng
install ati ongn 2n9eAPRop06¥steR for injecta SJ%QE&H@ialq&

sal in’j ion point
incompressible articles into said column at an injectl o)

petween said bottom and said drilling location, said

i ' densit
incompressible articles having a density less than the Y

. i Ca a
of said drilling fluid; ang, o |
étion system for separating said incompressible

ar |
rew £ rilling location

from drilling £luid returned to said a
eturning separated

articles
j i r
from said column, said separation system

i / ted
drilling fluid to said drilling fluid system and separate

‘ id inj i em.
incompressible articles to said injection syst

b i ;d injection
2 The system aSs claimed in claim 1, wherein said inje

system includes:

\ i nd said
a conduit connected between a surface locatlop a

injection point.

| $ i sad injection
3 The system as claimed in claim 2, wherein said inj

system includes:

means for injecting a slurry compril ' |
nto said conduit at said

sing a fluid and said

substantially incompressible articles 1

surface location.




bottom into a seabed froma drilling |location, which conprises: a
drilling fluid systemfor creating a colum of drilling fluid above said
bottom an injection systemfor injecting substantially inconpi@8si¥Raik
articles into said colum at an injection point between said bottom and
said drilling location, said inconpressidble articles having a density |ess
than the density of said drilling fluid; and, a separation system for
separating said inconpressible location articles fromdrilling fluid
returned to said drilling, fromsaid colum, said separation system

returning separated drilling fluid t i Iddd 10 ddid dlmst e sadd
separ at ed ﬁh@oﬁwﬁéggiBFeCéPgPEPeéntS?%gﬁdgiﬁ?ecti%n,systenl 2. The system

as-clainmed in claiml.Wiegeiinisagdfiojiéction systemincludes: a conduit
connect ‘BE?Megﬁbélsﬁrface | ocation and said injection point. 3. The

systemas clained in claim?2, wherein said injection systen1jn§%gdes*y
means for injecting a sl urpiy.cQEphinsicndia 4| uvBesnin ssaid S i &8

i nconpr essi KIE a°‘ryﬁ%cel"bsas| r(l:[%lg“%i d conduit at_said sg;f acefJ@%dﬁlt ion. 29
APR 2004723/ -colifr isses esukes aoitdiadsdd PAWERENRFY, hhet 8F% sard f1uid of
said slurry conprises a drilling fluid. 5. The systemas clained in claim

4, wherein said fluid of said slurry conprises substantia . Unwei d
drilling.flupg system as claimed in claim 3, wherein said Eiglg WE ghig

slurry comprises water.

7. The system as claimed in claim 3, wherein said meéns fox
injecting said substantially incompressible articles ln?ludes.
means for separating said substantially incompressible |
articles from said fluid of said slurry prior to injecting said
substantially incompressible articles into said column; andi
means for injecting separated substantially incompressible

articles into said column.

i ' i r
8 The system as claimed in claim 7, including means fo

returning separated fluid to a surface location.

i i id for
9 The system as claimed in claim 8, wherein sald means

i i i s a
returning separated fluid to said surface location include

return line.

10 The system as claimed in claim 9, wherein said means for

i i ' means
returning separate £luid to said surface location includes

o . line.
for lifting separated fluid in said return -ine

. . . ns r
11 The system as claimed in claim 7, wherein means fo

! i ! icles
injecting said separated substantially incompressible artic

jnto said column includes a pump.

70039678v!



conprises water. 7. The systemas clained in claim3, wherein said neans
for injecting said substantially inconpressible articles includes: neans
for separating said substantially inconpressible articles fron1sai? Uhﬁh%k
of said slurry prior to injecting said substantially inconpressiblg
articles into said columm; and, neans f3 injecting separated
substantially inconpressible articles into said colum. 8. The system as
clairmed,in claim7, including neans for returning separated fluid to a
surface location. 9. The systemas clainmed in claim8, wherein said neans
for returning separated fluid to said surface |ocation includes a return

line. 10. The systemas clainmed in claim9, wherein said neans faqr
returni 12 Se%@%@ tLii dst 818@k@asunfeleith ctatWhareit Sidés "REEHs * For
lifting Séparate Fluid in said return Iine.gg¥gfgr5 ans o ahcilBesThe

syst em agpelraitied isaidl akhsranthpédyi Hy“YW S Separ at e subs;gg}ially

i nconpressible articles _inta;sal dyg®lgimehdie!subed surrgnt 1260396781 2 9
APR 200£CT£EM HAVIRE ?ygggﬁlgé Claimed inclaim?7, wherein said means for
separ at i ) shaird ssulpdleantricdllgsi.nconpr essi bl e articles includes a screen
havi ng a nesh size smaller than said substantially inconpressible

articles. 13. The systemas clained in claim7, wherein %?idaﬂﬁéﬂﬁa or
separat iy saih Sislantisaldsiimecoipr e3sinl @ arpeEPel FHLT ST A vessel ,

sai d ves;;iaﬁﬁiggggggz r;§§g¥;£g¥iff% [ @Bressible articles includes:

i j rm a
a vessel, said vessel beilng gas-pressurlzed to fo

water-gas interface;

a slurry inlet positioned in said vessel below said water-

gas interface and coupled to said conduit;

i i id water-
a water outlet positioned in said vessel below said

gas interface: and,

it ] i ve said
an article outlet positioned 1in said vessel above

j id injection point.
water-gas interface and coupled to sai 3

i i ! ration
14 The system &S claimed in claim 1, wherein said sepa

system includes:

i i i i ticles
a screen device for separating said incompressible ar

and drill cuttings from sgid drilling fluid.

i i i id sgreen
15 The system as claimed in claim 14, wherein sald §

i i i i s are
device has a mesh size and said incompressible article

larger than said mesh size.

i i ! ns for
16 The system as claimed in claim 14, wherein said mea

i i ! ttings
separating said incompressible articles from said drill cu .g

includes: e
an at least partially water-filled vessel positl

i i i ings
receive said incompressible articles and said drill cutting

from said screen device.

70039678vl




wat er- gas interface and coupled to said conduit; a water outlet positioned

in said vessel below said water- gas interface; and, an article outlet .
positioned in said vessel above said water-gas interface and coupIkMAE&ﬂWL
said injection point. 14. The systemas clainmed in claim1, wherein said
separation systemincludes: a screen dé&vice for separating said

i nconpressible. articles and drill cuttings fromsaid drilling fluid. 15.
The systemas claimed in claim14, wherein said screen device has a nesh
size and said inconpressible articles are |arger than said nesh size. 16.
The systemas clainmed in claim 14, wherein said neans for separating said
i nconpressible articles fromsaid drill cuttings includeg: ane | east
partially W&Eg{,-giéé&fi yeSSEdipediin aledmt 34 .r ¥BEFTa"sEP Y% Aconpr essi bl e
articles’and Sai® aril cuttings, fromsaid screen device. 70039678vl 2 9
APR 200@ev2bel7ncThdesyateh? @ SP&fTed in claim 14, wherein said screen
devi ce includes a shale shaker. 18. The systemas clained in claiml,
wherein a portion of said colum is defjned b riser RAee! biEg saigubsea
wel | head gandrge systameakocdaiundand S i j @%F%gﬁnb%igﬁqis positioned in

said riser adjacent sai,d well by sl sukeaTive 19 and @ ai mod
in claimqm@mn]is defined by a ??ggr YhEREE I iR ygﬁém

in ) i ! i itioned in said
surface location and said injection point 18 position

riser adjacent said wellhead.

The system as claimed in claim 18, wherein said

o jes are injected into said

substantially incompressible artic

id inj i i to a
£luid in said column apbove said injection point

predetermined density.

wherein the density p of
the

20 The system as claimed in claim 13,

! i i to
drilling fluid in said column 1is determined according

egquation

(100 -v)p, +Vp,
P= 100

where | s
p, is drilling fluid density without the substantially
/

incompressible articles;

is the density of the substantially incompressible
P

articles; and

articles.

, . . aid
21 The system a$§ claimed in claim 19, wherein s .
' 3 i i sail
lly incompressible articles are injected into

antia |
o of substantially

column in a slurry comprising a mixture

70039678v]




subystantTa -y TTICoNpressT b e articres are 1njected rnto sald riser at a
rate sufficient to reduce the density of drilling fluid in said colum
above said injection point to a predeterm ned density. 20. The system as
claimed in claim19, wherein the density p of drilling fluid in said
columm is determ ned according to the eguation (100 - 1")P7 + vp2y PRUCN
where P1 is drilling fluid density withdft the substantially
i nconpressible articles; p, is the density of the substantially
i nconpressible articles; and v is the concentration of the substantially
i nconpressible articles. wherein said 21. The systemas clainmed_in claim
19, into said sgﬁg{ant!eﬂéﬁég 839iibbefantdckbs éﬁ@?%ﬁ?e@t%ﬁ colum in
a sl ur rineIRIrs st @ Hxilre o substantial |y 7003967§Yh 2652¢ Re APR 2004
i nco”p(rjc??ﬁﬂﬁo aFih o esn andh diriideng o IGEtgTmRBeeASFPY 5 8~ driTling fluid
in said’riser is determ ned according to the equation PP',0O,,, + PAQ
Where peguatsothe drilling fluid density without the substantially
i nconpressible aricgleg, pf is the density of the slurry; Q,, is the
drilling fl uwﬁugm&rggé; and,

o, +

L =3

Where

p, is the drilling fluid density without the substantially

incompressible articles;
p, is the density of the slurryj
5

0. is the drilling fluid flow rate; and,

Q, is the slurxry flow rate.

wherein said

i i laim 19,
e system as claimed in C |
o ; to the density of

predetermined density is substantially equal

seawater.

i i i id
23 The system as claimed in claim 1, wherein sal

su

spherical articles.

24 The system as claimed in claim 23, wherein said

substantially spherical arti

greater than about 100 microns.

cles have an outside diametexr

i } i aid
25 The system as claimed in claim 1, whereln Ssa

i i lass
substantially incompressible articles comprise hollow g

beads.

i i ss
26 The system as claimed in claim 25, wherein hollow gla

00 microns.
beads have an outside diameter greater than about 1

70039678v1




cl ai ' i ' .

seawglé?i a;:?g}ﬁrg;Pgd ggn5|ty I's substantially equal to the density of

eSS bl e ti . The systemas clainmed in claim1l, substantial

| noomplesst D cles conprise substantially spherical articles. wh i
e systemas clainmed in claim23, substantially spherical srern

ar
Sy;!tglmeZshg?/:i ﬁgdoytm fle. di aneter great¥dr than about 100 microns. 785APR Bk
atticles comprise Lnlf aim1l, wherein said substantially inconpressible
s clairedin Clain$250“%9|ass beads. wherein hollow glass 26. The system
100 mcrons. 70039678yl eads have an outside dianeter greater than about
claiml vihe vl 2 7 2 9 APR 2004 27. The system as cl ai ned

rein said substantially inconpressible articles conprlsesIn

hol | ow reln stic
notlow ohel nheL §¥SPL_& L& %ﬁ%%@aleuﬁ%oagmsr@aﬁwgrgoﬁ @pifling a wel | bore,

whi ch CQUBétﬁﬁﬁlaM]? snepspmssibl}%cat’—rﬁqlgc]ﬁfbﬁ"é}% EF%yqlr %Iéc%krﬁr::?e!sgfglt ;on

g;:;g;ﬁiggg%gﬁgﬁéo gggéglagg&+#é%grg|ghg at an injection point positioned
articles having a density |less than the deﬁg:?ydrllllng ocation, said
28. A method of drilling a well bore, said well bore having a
bottom, into a seabed from a drilling location, which comprises
the steps of:
injecting substantially incompressible articles into a
column of drilling £iuid at an injection point positioned
petween said bottom of said well bore ard said drilling
location, said articles having a density less than the density
of said drilling fluid to create a first drilling fluid pressure
gradient in said column below said injection point and a second
drilling fluid pressure gradient above said injection point;
separating incompressible articles from drilling fluid
returned to said drilling location from said column of drilling
fluid;
injecting separated drilling fluid into said column at said
pottom of said well bore; and,

reinjecting separated incompressible articles into said

column at said injection point.

29. The method as claimed in claim 28, wherein said step of
injecting said substantially incompressible articles includes:
conveying a slurry comprising sald substantially

incompressible articles and a slurry £fluid to said injection

point.

30. The method as claimed in claim 23, wherein said step of

injecting said substantially incompressible articles includes:

70039678vl1



in said colum below said injection point and a second drilling fluid
pressure gradi ent above said injection point; separating inconpressible
articles fromdrilling fluid returned to said drilling |ocation fromsaid
columm of drilling fluid; injecting separated drilling fluid into saiﬂ
colum at said bottomof said well boreg and, reinjecting separatéa APk 2004
inconpressible articles into said colum at said injection point. 29. The
method as clained in claim2B, wherein said step of injecting said
substantially inconpressible articles includes: conveying a slurry
conprising said substantially inconpressihle articl n : Er¥rbhuid to
sai d i nj ect i g¥paroi Mg SDid THEPTFEHIR dd &Pﬁfﬁ?ﬁefﬁgg}gi%¥g§?k§herein sai d

step of injectin i d.subs | al e e sassishbetantialey i ncl udes:
70039678&@2%1‘2?@9@%“2‘60&%‘%@% a”{r%é ¥

€parat | sai d substant, a #x inggggaessible
artiC|e§n£6@§}e§§iglélﬂftyciéﬂiIhmniﬂﬁiQ(FQLﬂmﬂﬂqfn&ré ry"8ubstantial |y
i nconpressible articles into said colum of drilling fluid. 31. The met hod

as clainmed in claim 28, including separating said inconpressibl.e articles
and drill cuttings.fEeMusatdaidedl 1i ngldinizl, INCIAEFePREFTES *Oi med in

clain13i}'inc ading separating, said inc ssidl: tey s &fildom sai d
drill CBE&HH@&CO@ﬁIE?HébﬁBtﬁﬁﬂlﬁée%|%?ﬂﬁﬁp$%faﬁgﬁ#§§%{ wherei n sai d neans

step separating_.sai.d i nconpressible articles fromsaid drill cuttings
incIude§F1&ﬂ§EﬁaF3Vﬁ "said inconpressible articles and said drill

32 The method as claimed in claim 31, including separating

said incompressible articles from said drill cuttings.

j i i te
33 The method as claimed in claim 32, wherein said means sStep

i i i ings
separating said incompressible articles from said drill ;utt g

includes:

discharging said incompressible arti
r-filled vessel.

cles and said drill

cuttings into an at least partially wate

. » 1 . » n
34 The method as claimed in claim 33, including recovering

' i ially water-
said incompressible articles from said at least partially

filled vessel.

. e .3 intection
35, The method as claimed in claim 28, wherein said injecti

j ) ween a
point is positioned in a marine riser connected betwe

surface drilling location and a subsea wellhead.

36 The method as claimed in claim 35, wherein said articles

i i i sitioned
are conveyed to said injection point by a condult po

outside said riser.

70039678v1



: : e netho
claimed in claim 33, including recovering said inconpressible articles

fromsaid at |least partially water- filled vessel. 35. The nethod as
clainmed in claim28, wherein said injection point is positioned in a
mari ne riser connected between a surface drilling location and & % ARRSHB
wel | head. 36. The nethod as clained in & aim35, wherein said articles are
conveyed to said injection point by a conduit positioned outside said
riser. 70039676x1 2 9 APR 2004 29 The nethod as clainmed in claim 35,
wherein said articles 37" positioned are conveyed to said injection point

by a conduit p inside said_riser, .38 13 hask esi e | s b 4t Si&f m 37,
wher ei msai dreomrliod iafcclgedes aﬁi FHIE‘?

pe. 39. The nethod. .a imed in
cl ai m 28, wher ei n%&s]aéod dJUE Gt ipai poing bbs?t?%‘g‘d"'f @Oa&c%s%e‘%fecti on of
sai d wet¥e R Y Wherei'n said articles 40. The method as claimed in claim
39, condyiigposdidoneskr are conveyed to said injection point by a c outside
the casing of said cased section. wherein said articles 41. The nethod as

claimed in claim39, conduit positioned  are conveye Q:§ak@nénjection
point by.a c LSk denblieasasl angned is\'aicd‘-ac‘é‘séa'sé'g’ %Eg %21 The met hod as
clained™In cFal m 41, wherein said conduit

jneludes a drill pipe.

1 3 b '

1 r 1 a

ld 1 4
ax

i ion.
outside the casing of said cased sectl

b8 S
14

a

j ion.
inside the casing of said cased sectl

includes a drill pipe.

r n ]

said open hole section.

4 . I}le l(.ethOd a u..a—“l\-: d in Clalt.l -- - -EI - - =
S

includes a drill pipe.
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ettt szt pe TS TS AT T Te e T o 43, Tne nmetnod as clal ned 1 n
claimhole section of said well bore. point is positioned in an op 44. The
met hod as clainmed in claim43, wherein said articles are conveyed to said
i njection point by a conduit positioned in said open hole sectiod3 MB.200fhe
method as clained in claim44, wherein said conduit includes a drill pipe.
70039673x1 2 9 APR 2004 no 46. The netbbd as clainmed in claim28, wherein
the density p of drilling fluid in said colum above said injection point
is determned according to the equation (100 - v) pf + VP, p 100 where
pf is drilling fluid density w thout the substantially incon%é?ssibug
articles; p, is the density_o he..s ni g alwhyeterconpresEnsidY & 9%l es;
and v 46t hé”t?or‘i@éﬁ‘f’ﬁ"a??oﬁxg%kfheggu%g?gﬁti ally, i ncongresséi £ .$rti cl es.
47. The, gt C}% a8 Qlpiinedaia ebakmm2gbovkesaith 521 &t SUdNR ANt ally
inconpr%55| articles are injected ggkgnsaid colum in a slurry

conpr i si@geeninied wasdifgh$Ca ea@ﬁy inconpressible articles and a slurry

fluid, and whergin the illing fluid the density p of drilling fluid in
said colum p@ﬂivg‘gﬁhd*ﬁéjection point is determ ned according to the
100
where

p, is drilling fluid density without the substantially
/

incompressible articles;

p, is the density of the substantially incompressible
5

articles; and

. , ‘ble -
is the concentration of the substantially incompressibl
v

articles.

47 The method as claimed in claim 28, whexein said
pressible articles are injected in
ure of substantially

and wherein the

to said
substantially incom

column in a slurry comprising a mixt

incompressible articles and a slurry fluid,

drilling fluid the density p of drilling fluid
4 injection point is determined according to the

in said column

above sail

equation
— mem + p:QJ
an + QJ
e ' i he substantially
p, is the drilling fluid density without the s

incompressible articles;

p, is the density of the slurxyi

O is the drilling fluid flow rate; and,

0. is the sliurry flow rate.

=S
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=eguUct o 2@ TP
! _ T r@ TwQ v nere g
g:ﬂi::g 3#tPﬁgtsfhe subz;antially inconpressiBié1alfigrgsqrblI:zgtggur
urry: Q,, is the drilling fluid flo i
}Eecfgfg:¥8flan;;g}ﬁ.tzgoggg7$¥i 2? APR 2004 31 48. ¥%;ahgihggdés %®d&%&@4
;o\ sity o said inco [ [ [

o X ressi bl e

an the density of water. 49. A systedifor agFusting chrEnggzrgs ess

radi [ il [
gysteﬁ?%diniﬁ'gg{unn gf_ drilling fluid, which conprises: a drilling fluid
system o dr'{l' i ng rilling fluid into said colum; a conduit co% I
illing location and an injection point in said col um; gﬁCtEd

i njection syst i : : _ _
o oas L o P%Fepc:_#anignédqtiql 84 nCOBGULhe fe 1| the ydewsity sthg a
i nconpr b \ ificonpressible articles and a slurry flul i d
drilli négf?}ﬁ?&“‘i’;ﬁ@?ﬁ]{%ﬁpﬂmaﬁ@ tlﬁsﬁeﬁéaﬂhéhetgénaé %i Y va%“fésﬁs g

i ' dir ressible a separati _
articles and said drilling fluid returned Prgﬁf;g?dsngﬁgafo;afgparat|ng

sepa [ i .
PR 50 SUCHILLRL PP 0 SE0RKS 6 fasnrs Grasacrs 30 CeiMT
system grilling fluid, which comprises: e articles to said injection

a drilling fluid system for injecting drilling fluid into

said column;
a conduit connected between a drilling location and an

injection point in said column;

an injection system for injecting into said conduit a
slurry comprising a mixture of substantially incompressible
articles and a slurry fluid, said incompressible articles having

a density less than the density of said drilling f£luid;
a separation system for separating said@ incompressible

articles and said drilling £luid returned from said column, said

geparation system returning separated drilling fluid to said

drilling fluid system and separated incompressible articles to

said injection system.

50. The system as claimed in claim 49, wherein said slurry

fluid comprises a drilling fluid.

51. The system as claimed in claim 50, wherein said slurry

fluid comprises substantially unweighted drilling fluid.

52. The system as claimed in claim 49, wherein said slurry

fluid comprises water.

53. The system 28 claimed in claim 49, including:
means for separating gaid substantially incompressible
articles from said slurry fluid prior to injecting said

substantially incompressible articles into said column; and,

70039678vI



—SO—TreSyStenTas crarmed— T crar m 49, Wherelnm sald sTurry  f1rurd conprises
adrilling fluid. 51. The systemas clainmed in claim50, wherein said
slurry fluid conprises substantially unweighted drilling fluid. 52. The
systemas clained in claim49, wherein said slurry fluid conprised SwPReflh
53. The systemas clained in claim49, including: neans for separating said
substantially inconpressible articles flX2omsaid slurry fluid prior to
injecting said substantially inconpressible articles into said colum;
and, 70039678vl 2 9 APR 2004 32 neans for injecting. separated
substantially inconpressible articles into said colum. 54. The system as

claimed in claimb53, including neans_for |G 198P3begrelswribyef | ui d
to-a surfacemtasat for. 1B8ESCTH s?%?%ﬁﬁ%ﬁg(ﬁégéga in cﬁgin154, wherei n said

means for _.returnj parategmgl urry fluid to said surface | ocation
includeérﬁng?ﬁrﬁhP?ngs 56. The systemas clainmed in claimb55, wherein said

means for returning separate slurry fluid to said surface |ocation

i ncludes neans for lifting t gid i soiehuding mdanse £057. The
systen1é§—c|§PEEGYFHSEISaniggaéﬁesgi%isaid nmeans for.- iq%ﬁcting said

subst ant i gl ¥ ;inBC QupRessell elarrycfésifintd 3af' e LS uhPF I tides a punp.

58. The 'system as clainmed in claim53, wherein said neans for separating

said substantially inconpressible articles fromsaid, sluréy fIanképcludes

a scr eerwa\éiﬁ%h%m SisZ @1sMmkidennt kapimsatd shpseant Fatt y"T#Bnpressi bl e
S.”59. e

areiete returning ;2S2;22é§;$¥d¥rg? qude%'gh?é’sﬁ@géeénl§§aﬂiﬁﬁans for

includes a return line.

56 The system as claimed in claim 55, wherein said means fox

returning separate slurry £luid to gsaid surface location

i d i ine.
includes means for 1ifting separated £luid in said return 1l

. . . -
57 The system as claimed in claim 53, wherein said means fo

i i arti into said
injecting said substantially incompressible articles int

column includes a pump.

58 The system &s claimed in claim 53, wherein said means for

stantially incompressible artic
h size smaller than

leg from said
separating said sub

slurry fluid includes a screen having a mes

said substantially jncompressible articles.

i rei i '. Y
59 The system as claimed in claim 53, wherein said mearns fo

. . . id
separating said substantially incompressible articles from sa

slurry fluid includes:

i j rm a
a vessel, said vessel being gas-pressurlzed to fo

water-gas interface;

1 . 1 wataey -
a slurry inlet positioned in said vessel below said wa

gas interface and coupled to said conduit;

er outlet positioned in said vessel below said watexr-

a wat

gas interface; and,
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fluid includes: a vessel, said vessel being gas-pressurized to forma
water-gas interface; a slurry inlet positioned in said vessel below said
water- gas interface and coupled to said conduit; a water outlet pD3PR lfhed
in said vessel below said water- gas interface; and, 70039678vl 2 9 APR
2004 33 an article outlet positioned inijsaid vessel above said water-gas
interface and coupled to said injection point. 60. The systemas clained in
claim49, wherein said separation systemincludes: a screen device for
separating said inconpressible articles and drill cuttings from said

drilling fluid. 61. The systemas clainmed.in cl_gi m 60 Wq?er\% nsgfléd screen

devi ce has a aregirtsicle avh1edi PASHESPPEEsPPRIG YRRFRE PR C 157 08r t han

said mesh size. 62..T 68 o 139Re sBial shfeédionhesein. said
separ at i%%te%y%a{se%qtn%efu ee::a%{agn atu%: east partially water-filled vessel
positioned to receive said inconpressible articles and said drill cuttings

fromsaid screen device. 63., The syst lai Lhnckaian avheienn
sai d scré®n TREi DETHRI RS 3 dzlllen g{?a%zlr%gm{m%ﬁe System ggpcl ai med in
claim 495y¥\€@ﬁej_ﬁbﬁld)@§1i on of said colum is defined by a riser

connecting a subsea well head and a surface | ocation i d_iniecti
poi nt is posiaiorreen leekie 195 FoRARHCEH S?éﬁdl\‘kéf’i“ﬁggﬁ.g%ge frest1es

and drill cuttings from said drilling fluid.

61. The system as claimed in claim 60, wherein said screen
device has a mesh size and said incompressible articles are

larger than said mesh size.

62. The system as claimed in claim 61, wherein said separation

system includes:
an at least partially water-filled vessel positioned to

veceive said incompressible articles and said drill cuttings

from said screen device.

63. The system as claimed in claim 60, wherein said screen

device includes a shale shaker.

64. The system as claimed in claim 43, wherein a portion of
said column is defined by a riser connecting a subsea wellhead
and a surface location and said injection peint is positioned in

said riser adjacent said wellhead.

65. The system as claimed in claim 64, wherein said
substantiaily incompressible articles are injected into said
riser at a rate sufficient to reduce the density of drilling
fluid in said column above said injection point to a

predetermined density.
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I nconpressible articles are injected into said riser at a rate sufficient
to reduce the density of drilling fluid in said colum above said

i njection point to a predeterm ned density. 70039678vl 2 9 APR 20%% ﬁ

66. The systemas clainmed in claim®65, wherein the density p of drilﬁﬁﬁ@m
fluid in said colum above said injectiom4point is determnmned according to
the equation (100-v)pl +vp, 100 where pf is drilling fluid density

wi t hout the substantially inconpressible articles; p, is the density of
the substantially inconpressible articles; and v is the concentration of
the substantially inconpressible articles. 67. The systemas clained in
claim 65, wherein said slurry is injected into said colum and the depsity
p of driéiingrﬁétgfkééh Sai ghdier irs detier disnedhacedndrhy €8NEAEYeRulFi on
_ PP, QA +PJQ " Q,+Q \ere pis the driILing tggkgOQegégkg Wit hout the
Subst ant dai1ying ricbwp® ebd| 713 FITHETLEOYE 581 SRS Ty the slurry;

Qs the drilling f14idofhoyeresan@uatQor s the slurry flow rate.

(100_v)pj +Vp,
- 100

whexre

p; is drilling fluid density without the substantially

incompressible articles;

p, is the density of the substantially incompressible
5

articles; and .
v is the concentration of the substantially incompressible

articles.

67. The system as claimed in claim 6%, wherein said slurry is
injected into said column and the density p of drilling £luid in

said riser is determined according to the eguation

_ mem +p.lQJ‘
P="g. %0,

Where |
p. 1is the drilling fluid density without the substantially

incompressible articles;

p, is the density of the slurry;

Q, is the drilling fluid flow rate; and,

Q, is the slurry flow rate.

68. The system as claimed in claim 49, wherein the density of

said incompressible articles jg less than the density of water.
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i nconpressible articles is less than the density of water. 70039678vl 35 2
9 APR 2004 69. The systemas clainmed in claim49, wherein said
substantially inconpressible articles conprise substantially spherical
hollow articles. 70. The systemas clainmed in claim69, wherein saidyqg ppR 2004
substantially spherical hollow articles Bfave an outside dianeter (greater
than about 100 microns. 71. The systemas claimed in claim69, wherein said
substantially inconpressible articles conprise hollow glass beads. 72. The
systemas clained in claim49, wherein said substantially inconpressible

articles conprises hollow reinfarced the aLtbeles.sdin The system as
cl ai med §% clB1EmAE L Sh&%eiqt A48 ﬁﬁigg ?@nhgboint s p%sitioned ina

marine ri éﬂﬁ?&%ﬂ d rhampen siblsuskaceldsi Ebnnyisecarborr i al Subsea
mellhead#éﬁﬁg The sfgten1as_clained in claim73, wherein said conduit is
posi t i ongphextcildealkiar ARSI The systemas clainmed in claim73,

wherein said conduit is positioned inside said riser. 76. The system as
clainmed in claim?75, wherein said conduit includes a dril% pi pe. 77. The
syst em asg ¢l atiedsy e asn < imdtbrigi €18dMd69nj WEEFBAD PBFAt is positi oned

in a cased section of said wel] bor Q! LEVLvEé9aAPBuEO0de @DamEtedhe
systen1a§“EF%P%%ﬂP}HycTéb?ﬁﬁeéivﬁéﬁé?%w%gaggggondurt is
greater than about 100 microns.

71. The system as claimed in claim 69, wherein said

substantially incompressible articles comprise hollow glass

beads.

72. The system as claimed in claim 49, wherein said
substantially incompressible articles comprises hollow

reinforced plastic articles.

73. The system as claimed in claim 49, wherein said injection
point is positioned in a marine riser connected between a

surface drilling location and a subsea wellhead.

74 . The system as claimed in claim 73, wherein said conduit 1s

positioned outside said riser.

75. The system as claimed in claim 73, wherein said conduit 1is

positioned inside said riser.

76. The system as claimed in claim 75, wherein said conduit

includes a drill pipe.

77. The system as claimed in claim 49, wherein said injection

point is positioned in a cased section of said well bore.
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STTHY Ol Sal g caoed seetron. 79. 1ne systeln as
claimed in claim77, wherein said conduit is positioned inside the casing
of said cased section. 80. The systemas clained in claim79, wherein said
conduit includes a drill pipe. 81. The systemas clained in claimA49,
wherein said injection point is positioned in an open hol e secti ohy &PR &8 d
wel | bore. 82. The systemas clainmed in36laim8l, wherein said conduit is
positioned in said open hole section. 83. The systemas clained in claim

82, wherein said conduit includes a drill pipe. 84. A systemfor drilling
a well bore, said well bore having a bottom into a seabed froma drilling
| ocati on, which conprises: a drilling fluid systemfor creating a colum
of drilling fluid above said bottom and, a conduit connected between a

surface J,?),catrmp AL N ad Rjlediedn ipokaeibe? eewhers i baR b i %f
g

drilling Tocation; neans for injecting a_sku ogpLising a fluid and
subst antpes I 4R s S| e S&n@sc}?ntsslgaléég%gn%%?t at said surface

| ocation, said substantially inconpressible articles having a density |ess

than the density of said drilling fluid;, ;meaps for_separatin I ;

subst ant 7@l | yTheaconpres il elaiged c’ir\e§1far15‘m%3ai HP’FFﬁ?'g Sgiaéaﬁg%ﬁ‘g‘?% ry prior

to injecti ngglsai d SUb’g&eaE‘%leglé i YIRS 8 Bheedr beek&dninto said col um;
Al 0

and, 70B%3% B?(r]‘e%f%s 4 “'means for injecting separated
substantially inconpressible articles into said colum. 85. A nethod of

drilling a well bore, said |1 _bor VAR bekt-anm isata aofeabed from a
dri | ling8Pocaff®nsYShFRH*E ot ies 5{ @Asﬁqggg'of:

includes a drill pipe.

81 The system as claimed in claim 49, wherein said injection

point is positioned in an open hole section of said well bore.

g82. The system as claimed in claim 81, wherein said conduit is

positioned in said open hole section.

83. The system as claimed in claim 82, wherein said conduit

includes a drill pipe.

84 A system for drilling a well bore, said well bore having a
bottom, into a seabed from a drilling location, which comprises:

a drilling fluid system for creating a column of drilling

fluid above said bottom; and,

a conduit connected between a surface location and an
injection point between said bottom and said drilling location;

means for injecting a slurry comprising a fluid and
substantially incompressible articles into said conduit at said
surface location, said substantially incompressible articles
having a density less than the density of said drilling fluid;

means for separating said substantially incompressible
articles from said fluid of said slurry prior to injecting said

substantially incompressible articles into said column; and,

70039678v!
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and said drilling location; conveying a slurry conpri si '
inconpressible articles and a slurrg fluid tg annPnj:L??oﬁugz}ﬁ?tlally
positioned in said colum between said bottom of said well bore and said
drilling location, said substantially inconpressible articles havi
density less than the density of said drid’ling fluid; separating SngPR2M£
substantially inconpressible articles from said slurry fluid at a position
adj acent: said injection point; injecting said separated substantially
hp??FPLSS?:B!S articles into said drilling fluid colum to create a first
ressure gradi.ent l.d 4C aj hybht i '
and a second "5’31%51 inTg fﬂr%ie%%ﬁf‘gsss& ea%glrtggi glﬁgg@%%gélﬂ%gi :(Ljﬁjf?lr}\%{:ﬁiin}@{)%m!t "
?F._A syt ey iadjdisHd ity ddlempr.essure gradient in a colum of driIIing'
uid, which conprises: a conduit connected between a drilling |ocation and
an injection point in said colum; a systemfor injecting into said

condui t & sl yf ry o \LOIMYA $4:19 13 g 4t Wel 10hosebssandi aely X 8¢
articles ™ an a.§lurry fluid, §§:d incqnpneggible arti%lgznﬁggTﬁssgbae
densi ty basson hamtiches derritad) fooms# dxdhilipengoFrb o nERRER £ 5P 5%%?%u n
said ;uq:tantlgjbefpconpressible articles fromsaid slurry fluid at a °
position %U%ﬁ%ﬁﬁ Said injection point; and, 7003967svl 2 g PR 2004_ 3s
means for i njeedatningeparakweh subsizintliiag f 1uieoRsF¥eEnbFaldaPPFEPEs F nt o

said colum, 7
sald wgPP qgégland said drilling location;

conveying a slurry comprising substantially incompressible
articles and a slurry fluid to an injection point positioned in
said column between said bottom of said well bore and said
drilling location, said substantially incompressible articles
having a density less than the density of said drilling fluid;

separating said substantially incompressible articles from
said slurry fluid at a position adjacent said injection point;

injecting said sepaxated substantially incompressible
articles into said drilling fluid column to create a first
drilling fluid pressure gradient in said column below said
injection point and a gsecond drilling fluid pressure gradient

above said injection point.

86. A system for adjusting the pressure gradient in a column of
drilling fluid, which comprises:

a conduit connected between a drilling location and an
injection point in said column;

a system for injecting into said conduit a slurry
comprising a mixture of substantially incompressible articles
and a slurry fluid, said incompressible articles having a
density less than the density of said drilling fluid;

means for separating said substantially incompressible

articles from said slurry fluid at a position adjacent said

injection point; and,
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means for injecting separated substantially incompressible

articles into said column.
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