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to the field of offshore oil and gas drilling, and mremi%g%éﬁi@

met hod ofoandsmystem for drilling offshore oil and gas Tn which
buoyant substantially inconpressible articles are injected into the
drilling fluid colunmm at one or nore injdction 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 Wt h conventional offshore driIIin%ﬁEa risg&neégg from the
sea floor to a drill MFIE-GRAPEENE| PRIGHG | METHED 4PN itting fluidis
circulated down the drill stem and up the borehole annulus, the casing set
in the borehole, and the riser, 20 back to the drill ship. The drilling

fluid perherip ozeviarml IfvERTIONS, including well control. The weight or
density of~trme—drtiTing flurd i
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necessar . ‘ ‘
the drilling fluid column at cne or more injection peints to

e reduce the density of drilling £luid 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 RACKGROUND OF THE INVENTION

With conventional offshore drilling, 2 riser extends from

the sea floor to a drill ship. BAs is well known in the art,
drilling fluid is circulated down the drill stem and up the
) borehole annulus, the casing set in the borehole, and the riser,
20 back to the drill ship. )

The drilling fluid performs several functions, including
well control. The weight or demsity of the drilling fluid is
selected so as to maintain well bore annulus pressure above
formation pore pressure, so that the well does not “kick”, and

25 pelow fracture pressure, so that the fluid does not
hydraulically fracture the formation and cause lost circulation.
In deep water, the pore pressure and fracture pressure gradients
are typically close together. Im order to avoid lost-

circulation or a kick, it is necessary to waintain the drilling



2 9 APR 2004 WO 01/94740 PCT/ US01/ 18493 2 fluid pressure between t?gkgﬁ{e
pressure gradient and the fracture pressure gradient. Wth conventi 2004
riser drilling, the drilling fluid 5 hydrostatic pressure ' LS a
strai ght Wpras9¢30endi ng from the surface. This hydrostatigegﬁ§§2%?g§
gradient line traverses across the pore pressure gradient and fracture
pressure gradient over a short vertical &istance, which results in having
to set nunerous casing strings. The setting of casing strings is 1
expensive in terns of tinme and equi pnent. Recently, there have been

pr oposedfg_yﬁherigs:gggug_quél@&é@g thdepdydrpséasice hgaddbvénthendr thiel ng fl ui d
in the riser fromthe effective and useful hydrostatic head in the well
bore. SufracdynermressurefgFrdde®s- as dual gradient drilling systens. in
15 dual gradient systens, 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 theitoredwventsovgliatisertdeilling) i bhef Auidliper §da8d

c
pressure, The conbjnation of th r_g ' at ;t.he 5
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each casipye Hutfice aNdTHi seHydtrbshabict heesshak guabdentsf ldas fgaverIes
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nmechani sig+ese GONLhHHEUGedtiiBaNIdi 2batkedr Whiichg rekuild sr ey iatg tie seb
floor. This suggested nechanismis neither envir%nnentallygpractical nor
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econoni caumergiahrasingestEiBag - sudhBsERITABON SN SRS Y AL IS i ch
iqyplvesexpensive in terms of time and eguipment.

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 borehele is equal to the
drilling fluid hydrostatic pressure. The combination of the
seawater gradient at the mud line and drilling fluid 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
to achieve any particular bore hole depth.

There have been suggested three mechanisms to achieve dunal
gradient system. One suggested mechanism is continuous dumping

25 of drilling fluid 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 inte the riser. Gas 1ift

30 offers some advantages in that it requires no major suvbsea



injecting a gas such as nitrogen into the riser. Gas |lift 30 offers sone
advantages in that it requires no nmajor subsea 2 9 APR 2004 PCT/USQ%!&ﬁﬁﬂﬁ4
WD 01/ 94740 3 nechani cal equi prent. However, there are songg#éﬁ$%ﬁﬁ§pns

associ at egowedr@as |ift. Since gas is conpressible, there Imtations
on the depth at which it may be utilized and 5 extensive surface equi pnent
may be required. Additionally, because tBe gas expands as the drilling
fluid reaches the' surface, surface flow rates can be excessive. The third
suggested nechanismto create a dual gradient systemis punping the

drilling fluid fraom the.underwat wel | bgadebagk komeha initfatdens Sever al

punpi ng ?F§$§ﬁ§‘ﬁ§€ge%§%ﬁmggéggegégéY ihcludiﬁg jet style punps, _positive

di spl ace’é%@ocw,wﬁﬂﬂ gest Littgal Spnops gaSea sf CEBPLaRRI B\t dHETS RETe
i bil

the flex Ity needed to handl e drilling,si.tuations, ty st ve the

di sadvantldge kit ioe® essthandePEPi & iVﬁ%gbpﬁ%bﬁ%ﬁ%E%%“Q?§6€F§¥e Wit h
keepi ng conpl ex punpi ng systens operating reliably on the sea floor
SUMVARY of THE | NVENTI ON The present invention no%%Ees a ti- ffient
metshod ofexiénsiide SyBréRTE0RQHAPPERRgTE YT r@&%é.r i eﬁ%ﬁ%%'? he
system of the present _i.n | LR Hag FIhsidntdadhys the

i ncorrpreg%‘?‘{ﬁ‘ésgrﬁ%%l ggsaﬁtﬁ(&aﬁ%r Ia%t)?glte?r%&gg%lﬁor? paoints into the colum of
drilling fdsscassenirfaed Elow thserseldanhde 2RSS %cti on point may be

i face dri |11 RoST BEAEKo I8 S EAe A oCRAT a1e T 1° T S men”
hol e sectiooygh §8€pumping the drilling fluid from the underwater
1 wellhead back to the surface- Several pumping systems have been
suggested, including et style pumps, positive displacement
pumps, and centrifugal pumps. Sea flooxr pump systems provide
the flexibility needed to handle drilling situations, but they
have the disadvantage of high cost and reliability problems
15 associated with keeping complex pumping systems operating

reliably on the sea floor.

SUMMARY OF THE INVENTION
The present invention provides a multi-gradient method of

20 and system for drilling 2 well bore. Briefly stated, the system
of the present invention injects buoyant substantially
incompressible articles at one or more injection points into the
column of drilling fluid associated with the well bore. An
injection point may be positioned in a marine riser connected

25 between a subsea wellhead and a surface drilling location, a
cased section of the well bore, or an open hole section of the
well bore. Preferably, the substantially incompressible
articles comprises hollow substantially spherical bodies.

In one embodiment, a conduit is comnnected beiween the

30 surface location and an injection point in the riser. A slurry



wel | bore. Preferably, the substantially inconpressible articles ¢ rises
hol | ow substantially spherical bodies. in one enbodi nent, a conddéi 2004
connect ggohglyagn the 30 surface |ocation and an |nject|0ﬂcﬁggﬂymmﬁ the
riser. A sIurry 2 9 APR 2004 WD 01/94740 4 PCT/ US01/ 18493 contal ning the
substantially inconpressible articles is,injected into the conduit at the
surface location. In one enbodinent, the slurry conprises a mxture of the
substantially 5 inconpressible articles and drilling fluid. The drilling
fluid may be of the same wei ght and conposition as the primary drilling
fluid bepp§aénia@ dihel supstRntErH votrcompressHale pertioles &S| dnjected

el ght 486 Sl Wi A | AEPEEROLEIGEL T OL ShUT EXGRYGS,

i njecte |rectl Into the riser ernative e Irnconpress
artlclethaa;lhersegwmpzﬂbés(nnmiituxh|¢f|t@pf$mbst@mtmalng i nj ection,
thereby to increase the concentration of inconpressible articles injected
tointo the 15 riser. The separated drilling fluid is returned to the
seirface. The slurry may alternatively conprise. a mxture of the
substantially inconpressible articles and water. In the water slurry

enbodi rERFOTPRESHEAHS At I T RT 13 drel Kingt EHeidt | yThendsipléins ﬂleud
articl egg ynsleue%s ﬁi?éa'ksaﬂé”wé@?{ b i e diSo £0: S4DSLaNER 8! ﬁﬁfynaewr essible

articles Tromthe water prior |nject|ng t he su stantla
i nconpressible articles into the riser. In one enbodi nent, the neans for

ity T L R Sy SRR LT DR ST

10 of a lesser weight. The drilling fluid and incompressible
article slurry may be injected directly into the riser.
Altermatively, the incompressible articles may be separated from
the drilling fluid priocr to injection, therehy 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
incompressibkble articles includes means for separating the

20 substantially incompressible articles from the water prior to
injecting the substantially incompressible articles into the
riser. In one embodiment, the means for separating the
substantially incompressible articles includes a vessel
positioned adjacent the injection peint. The vessel is gas-

25 pressurized fto form a water-gas interface. A 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 abowve the water—gas interface and

30 coupled to the injection point.



25 pressurized to forma water-gas interface. A slurry inlet is positioned
in the vessel below the water-gas interface and coupled to the corfduAPR 2004
water outlet is positioned in the vessel below the water- ﬁq$ﬁﬁg‘;a0e. An
article @i bhgdarapositioned in the vessel above the mater-@gg ' ace and
30 coupled to the injection point. WO 01/94140 5 2 9 APR 2004

PCT/ USO01/ 18493 The system of the present 5i nvention may include means for
recovering the inconpressible articles fromthe drilling fluid returned to
the surface location fromthe riser. In one enbodi nent, the neans for
separating the inconpressible arti ¢l . i dIngad Imeghs nEbtides
a screen devi teef ﬁygg’éﬁaf’gt it‘rii‘f;;e Ib?ﬁ%eﬁzcéﬁpﬁegggcﬁqgégt icles and drill.
cuttingsp££oPeihagdthkl ingonbireiskiblee axtredesidiue e FhesHgi TEeifd
the inconpressible Ir_articles are |ar.ger JEsh - siz syst em of
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Fnconpr egaf,ghgm%fﬁti,%ﬁ% eamd Mo rdddareittirignghe Tirecompressdple sephiat g
the inconpressible articles fromthe drill cutti%%s edPe ofng%#gfaﬁin
wag er-fi Eren thesdridddng dadd GnPddsR & RETHIDNPT B5ET bl o~ artr ol 85 and
the dril | cuttings fr £V | GBrilhecdttihgsuftomgshei dkiaddnghe
subst ant %:H?I ﬁncﬁoﬂﬂ?gﬁﬁgems%r%l%c%rt rol g%@ %t , ther ebygal | owi, ng the

subst ant ipaliyi.i NaoEIstasidn ddevide S to wesh cobser 2adf FBR tRECPBIESSIRE

of the water in the vessel. In an alternative enbodi nent, the

I nconpressible articles are mxed with the primary drilling fluid. The nud
punps punp the mxture of inconpressible articles and primary drilling

10 articles are larger than the mesh size. The system of the

present invention further includes means for separating the

incompressible articles from the drill ctt;ings. The means for

separating the incompressible articles from the drill cuttings
15 may include a water—filled vessel positioned to receive the

incompressible articles and the drill cuttings from the screen

device. The drill cuttings sink and the substantially

incompressible articles float, thereby allowing the

substantially incompressible articles to 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;;ng
fluid down the drill string to an internal 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
incompressible articles from the drilling fluid and injects the
separated articles into the riser. The separated drilling fluid
" 30 continues down the drill string teo the bit and back up the



fluid down the drill string to an internal injection point 25 definfg lﬁﬁ ED
drill string separation and injection device positioned in the dri APR 2004
string near the depth of the seabed. The drill string sep |

i nj ecti onwWie¥@4eparates the inconpressible articles frg’rm%%ag‘l}ﬁll i ng
fluid and injects the separated articles into the riser, The separated
drilling fluid 30 continues down the drill string to the bit and back up
the 2 9 APR 2004 WO 01/94740 PCTIUSO /18493 6 annulus to the riser, where
it mxes with the inconpressible articles for return to the surface. The

drill st rggﬂglliﬁ& echi PHe PBLRRY CBRTeNAE fEGIS &ithat:Heheiricvmprasihbé e
articles separated fromthe drilling fluid retléé:g%grtqcthe surface. 5
Pr ef er ablartidikesuferanetarry ton e sesdiasee attEc! STLIRE AR T Hht B2

the drilli flLuj 0 a leC i3 @ldo JBBICe dhei cpnsiby of
drilling W%%‘Ea cg\e/% #Egnf%hggtr{eoatﬁg}%t?‘er Jlﬁ tg&gepredet erm ned _density.
The densidepgrafedherdmi hiengrfilliichg iflutide resurmed daldhe wetRER cor di ng

to the equation 00- f +vp, 0 ere .pf .i i1 1d L g gepsit
wi thout the su%%é%ﬁﬁél)l Y t\1"§ isrlr%’ ?i‘i&ye lzi’rsctc‘lq{ﬁéeésg&%:i% ;%J([j?]e de%s%iﬁe/ of
the substgpiiabby iAceMELRS g iray tAlaies conthy dts 4 heatensefifieient b

the substantially inconpressible articles. In the drilli n]g_flgld s] urry
embodi nerntedficehthe density of drilling fluid above the injection poin

ir to a predetermined density. The density p of the drilling fluid

in the column is determined according to the equation

_(100-v)p, +vp,
P= 100

where
p, is drilling fluid density 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
2" present invention, the density p of drilling fluid in the riser

is determined according to the equation

_ POt PO,
o, +Q:

Where
p, is the drilling fluid demnsity without the substantially

p

25 incompressible articles;

p, is the density of the slurry:

Q_  is the drilling fluid flow rate; and,



2" present invention, the density p of drilling fluid in the riser is
determ ned according to the equation Z? = Q+Q Were p. is the dr§lIAPRIBN4
fluid density without the substantially 25 inconpressible getphRbEfsaoP. 1S
the densiwp of4T@e slurry; Q is the drilling fluid flowrate; and, P.Q +
P.Q 2 9 APR 2004 PCTItJSOL/ 18493 WD 01/94740 7 Q is the slurry flow
rate. BRI EF DESCRI PTION OF THE DRAWNGS Ffgure 1 is a schematic view of a
system according to the 5 present invention. Figure 2 illustrates a
drilling fluid slurry injection system according to the present invention.
Figure 3 illustrates S e ul Llurry injection system according
to the present 4ﬁb%nFﬁ%nSEEE@&gE%éL4£?F?UStrates_detaiIs of one sea water
fluid slurry injection systemaccording to the present invention. Figure 5

illustrates details of an alternative sea water fluid slurry injection
syst em aGRIEH MESGRIABIENe OENTHESDRAFINGSon. Figure 6 illustrates details

of an alternaléye drifleng, Elubdathivr v ebogClel @ystial emamodiny ngo t bhe he
present igqure -

5 present invention.
Figure 2 illustrates a drilling fluid slurry injection

system according to the present invention.
Figure 3 illustrates 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.
£luid slurry injection system according to the present

15 invention.

Figure 6 illustrates details of an alternative drilling
fluid slurry injection system according te 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 injecticn polnt by the drill string.

25 Figure 9 illustrates an: alternative system, in which the
incompressible articles are carried to the injection point by a
concentric drill string.

Figure 10 illustrates an alternative system, in which the
incompressible articles are carried to an injection point in a

30 casing by a parasitic string.



I nvention. 20 Figure 7 illustrates a sphere recovery systen1accordi?g!ApR 004
the present invention. Figure 8 illustrates an alternative system i %H
the inconpressible articles are injected in a primary drilld '

slurry caMA®®44® the injection point by the drill string.&%gﬂ%PgE%%99
illustrates an-alternative system in which the inconpressible articles

are carried to the injection point by a &ncentric drill string. Figure 10
illustrates an alternative system in which the inconpressible articles

are carried to an injection point in a 30 casing by a parasitic string 2 9
APR 2004 WO 01/94740 8 DETAI LED DESCRI PTI ON PCT/ US01/ 18493 Referring now to
the draw ngs, and first to Figure 1, a drill ship, or other suitable

of f shor e BETALLER PESCRIERION 5 designated generally by the numeral 11. As
wll be appareﬂgfggri%%?qﬁﬁ,sﬁgIgﬁgidfhﬁiﬁgggtanargifggutesrmbutbelpresent .
I nvention are diagra ic 1n nature and not drawn to scale, Drill ship 11 °
i s adapt edr$ bl pebfipr,meof fotthre sitably ¢FfsherasdmbtlkRgvWRiESorRosd S

skilled in the art.. A naril ri.ser | §g9yn] on t e kot i P

11 5nd undeFAEREF Sk AP tg’feoi\-ftv}é’éu‘jt’ém prevent er n}g%a‘glgl?n%\iégg?gg ‘ SCI&I
general | y+absd5skxBildd sin ptid acconphé sfibgudes | ¢ ntheypresasstofinyesidiorny

of 15 drill pipe 17 connected fromthe surface to.a m h a I
19, whi charg fdreTalaicfet? PP S %ﬁlﬁqﬂ?" i&"’%‘fj tgu?%{%gé |?Jf‘?‘il%g%3‘g‘ra€rj 2
(not showgl Laaph@d 48l P foihl ofhéRoRd drilling in the manner known to

those skilled in the art. A marine riser 13 is shown connected

between drill ship 11 and underwater wellhead and blow ocut
preventer stack indicated generally at 15.
Drill ship 11 accomplishes drilling by means of a string of
15 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

20 bit 21. RAdditionally, rotary equipment (not shown), such a= z
rotary table or top drive, is provided in drill ship 11 to
rotate bit 21.

In the manner known to those skilled in the art, drilling
fluid is circulated down drill pipe 17 and bottom hole assembly

25 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,



for lifting and lowering drill pipe 11 so as to apply weight to 20 bit 21.
Additionally, rotary equi pnent (not shown), such as a rotary tablequAMP 0%

drive, is provided in drill ship 11 to rotate bit 21. Int

to those wicidilsadsd n the art, drilling fluid is circul ated"&iﬁﬂﬁ‘? pi pe
17 and bottom hol e assenbly 25 19 through bit 21 and up bore hole 23 and
riser 13 back to drill ship 11. The drill®ng fluid circulation system

i ncludes a nud punp 25. The outlet of mud punp 25 is connected to a
conduit 27, which in turn is connected to drill pipe 17 through a sw vel
29. WO 011947 P, 044} CORdi ifl0 ifne Mndserin

I nventi on, éhﬂgjf? g\ﬁ%zegé %E£§%%§r4%3§§g§?ﬁphter ?ﬁén the drilling,
fluid |nIt1hﬁ3y_am:Bll:Us bighherdthih thei dgil¥ingr £28iFeia Hige MBS G in

drill string 17 is ter_than the_an S th fydore
hol e 23 &irg b%*iﬂfb’ﬁ’g hbe ?EEEGP‘éedFEf gﬁéu’?"%&g‘aﬁféi?&lltl %rﬁ%t’{?%ﬂ 7 o%v
due to u Igéaﬁwrvtl@ﬂnnﬂﬂepaﬂﬁuz'asl pressned aff théoboe)t@mloef Weare heddd rdp -
joints of dril ipe to drill stri

di | |
30 Smy b&hediaiddmi ROUR; Pre§{sprﬁgg§¥%ﬁa%§é9 CEAR ety Lol wg@a@ v

25 1s th@pPed éfu-&bhh SLhbAgmud pahwe 280 1BUshrakldw i, 0v caf temanpﬁemuhen
pressure T0ss when dr|P

g fluid is being_pu d do dr&*l st
whi | e [N&ﬂdxmgnQOinQW'wﬁedr#&é PaEs X9 ﬁ§lﬁ&rﬁ 4%%5@#
returned & Jydis ?E‘ Polly h %Uﬂl%yr b%e&nkiua%d 3% Qiﬂa_rlecbﬁ&iﬁy aL'sotLd>d
separatio % &t

I'nc conventional shale shaker 31. Qe
dr"'lngjﬁf@VdntsfﬁuhHeﬁﬂed when mud pump 25 is turned off. Brill String
3 valve 30 must allow flow with minimal pressure loss when

drilling fluid is being pumped down drill string 17 while
preventing flow when mud pump 25 is turned off.

Drilling fluid returned to drill ship 11 through riser 13 is

15 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

20 for injeéting buoyant incompressible articles into riser 13 near

welihead 15. In the drawings, the incompressible articles are
. depicted as small cirxcles. In the preferred embodiment the

buoyant substantially incompressible articles comprise
substantially spherical articles having a diameter greater than

25 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 (ppg)).-. Alsc, the articles should have sufficient
strength so as to withstand the pressures encountered at the

30 maximum water depth in which the system of the present invention



in a tank 33, which is connected to the inlet of nud punp 25 by a _condui 6
35. According to the present invention, a systemis provided 20 f 39 APR 2004
i nj ecting buoyant inconpressible articles into riser 13 ne ad 15.

I n the drngoiongsi4ot he i nconpressible articles are deplctedﬁggUWEﬁaaa
circles. In the preferred enbodi nent the buoyant substantially

i nconpressible articles conprise substahfially spherical articles having a
di aneter greater than 25 about 100 microns so as to be separable from
drilling fluid with a conventional 100- nesh shal e shaker screen.

Pr ef bl h | cl h 17
referably the artjc esj) 2y sgeﬁe ié’A %ﬁ%f@%o@cﬁﬂlﬁéﬁc@dﬂs

pounds p&rL§&R-on artl oul d have sufficient

strength, sp, as e }#ﬁ; pﬁ§§sy§Q§xqﬂggynéﬁﬂemlﬁispher&@“ﬁawm@mnas
wat er deBPﬁbi é%l e systen1of the present invention 9_APR %504€N%
01/ 94740+ 40 sRCEAMESAHHSA Wro7s  Biabmlo T &k Piprh 182 %nt%m@EbPEa%rtuleFes Pg Loty

Scotchlite(tm glass bubbles ufactu the
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g §§ ﬁﬁs T[,Eq 56t ¢ Bt 864 cel a&gtmﬁbhnlr_es:matmmrﬁsﬁiw cteot .
ut é &

7 ppg) and service depths up to about 9000 f eet.
The M n| q@@m&{igﬁh@f@%ldmtgﬂimlge}lm saheras, Podipfeal 1y 10

ol nf or c GRALY &b i A bol APBBFSH e pRaReLotr o ihat ARf meRufactured

fange in density from

about 0. ﬁ&gfﬂﬁu 3 oonppeLta abeuly Qeﬁﬁnl gm‘cbmﬁ Qfﬁb&ﬂ." ppga)lsm;em?é

service up to 15,000 feet. Accordi,n re n
the i ncormmﬁlhiede@ﬂ-tlil &somr 8bPHELr&d PR Eglr &e‘rgﬁs‘?ﬁ’%)sg dfi ﬁilgng ?I ui d
of .. gm/cm® (5.50 ppg) and bave service depths of up to 15,000 feet.

According té 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 an

15 jnjection point 41 in riser 13 through a conduit 43 connected to
the outlet of a2 pump 45, which may be a conventional mud pump.
An appropriate valve or injection system 47 is positioned in
conduit 43 adjacent injection point 41.

The slurry is preferably mixed in a mixing tank 51

20 connected to the inlet of pump 45 by a conduit 53. As will be
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 fluid in riser 13 above
injection peoint 41.

The mixture of drilling fluid and articles flows upwardly

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



seawater slurry. The slurry is punped fromdrill ship 11 to an 15 injection
point 41 in riser 13 through a conduit 43 connected to the outf 8tAPBfI0%
punp 45, which may be a conventional nmud punp. An apm%x*&ﬁ&g Rlye or

i nj ecti OWOINSEEMN 47 is positioned in conduit 43 adjacent Thnjectlion point
41. The slurry is preferably mxed in a mxing tank 51 20 connected to the
inlet of punp 45 by a conduit 53. As wi LR be discussed in detai

herei nafter, the conmposition of the slurry and the injection rate of the

articles into riser 13 are controlled so as to achieve a desired drilling
fluid densi.t | ' d3. 45 dPe1prdiet Bsg9) eigngeetreddi rﬁtromr cher 13

t he %g' e%ﬂf‘lt?lf%}es%x with the dr|II|ngfIU|d|n ﬁjhl r
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.shaker ﬁﬂtoseimlal@sgtﬁéuaﬂtFéPbs:”anﬁng PeB*5551§8 e dril1Ting
fluid. The clean.dr o hpodghRaghalions kaltdr 53 5 The o
drillin %ﬁﬁﬂ%ﬂ W%ﬁkggéi aﬁgﬁggaé%lgﬁgg and %?I|| sol i ds trav%§§85f §hale

shaker JFhddligres si;'bheaartbmt:ﬁaﬁkas¢ crhdectreodpras §9RaF &t
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i nventi Q{hlﬂﬂl&élfiumg fstl.uhcm‘yrra;nbedampptl of tbhenpresertanil@FREBUGh a

10 drilling fluid mayfibe supplied to mixing tank 51 through a
conduit 61 connected to drilling fluid tank 33 or to a separate
source of drilling fluid, such as “base mud.” In the seawater
slurry embodiment of the present invention, conduit 61 is

connected to a source of seawater.

15
Referring now to Figure 2, there is shown details of a drilling
fluid slurry injection system according to the present
invention. AsS shown in Figure 2, conduit 43 is connected to
riser 13 at injection point 41. The slurry of incompressible

20 articles and drilling fluid is simply injected into riser 13 at
injection peint 41. The pressure provided by pump 45 (Figure 1)
is selected so as to be greater than the hydrostatic pressure in
riser 13 at injection point 41. A suitable check valve (not
shown in Figure 2) is provided in comduit 43 so that drilling

25 fluid does not back flow in conduit 43,

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

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



conduit 61 connected to drilling fluid tank 33 or to a separate source of
drilling fluid, such as 'base nud.' In the seawater slurry enbodipngqu4
the present invention, conduit 61 is connected to a source ¢¥ﬂgﬁﬁp?$§r. 15
Ref er r i ngWOOW9WOFi gure 2, there is shown details of a dri P+ urd
slurry injection systemaccording to the present invention- As shown in
Figure 2, conduit 43 is connected to rid& 13 at injection point 41. The
slurry of inconpressible 20 articles and drilling fluid is sinply injected
into riser 13 at injection point 41. The pressure provided by punp 45

(Figure 1) .,i | be guagaber réhagetine iydr astiahitc qff ddsur e
I n rise%&félgf&fﬁﬁg%ggoﬁﬂp%?ﬁ%e4l. A suitagle check val,ve &%3} shawn_in
Fi gure 2klhamy ofiuted ¢ancbaduedugedsbYt REMOTAPE| MEdIhEEDG ot ™
back flow in conduit 43 rdi tg.t e$ehminay @Rl Aurhe. drilling
fluid uséde tlbﬂrmééyt‘ﬁﬁi%ﬁuﬁgyg%ggdbgrﬁpgh?gr e rfg’eﬂ uidin
the primpredtivanyf| i deppshem 1Dgbtweightubase, muse Shiwymnerfhwed Bay

drilling fluid of the_slurry, .the nore_the, densit. ! £
9 APR 70k mnllm¢4849§ndfe?-lg:?‘ieﬁg eF’FBitcd The i’ér&%’ ga}g‘l\t?g’%dfufcaeﬁ& &f%se
wei ght of_ t Yibh Hh€egap A8 edubed nly pieiind M oleidpvn nthersdet 13l
from thé“%&ﬁﬁgg%y%iiY%iﬁg Flu?a prior to fgyning the slurry.

Al t er nat istedynga separate |ightweight base nud slurry fluid may 5 be

L oo o R RELRE Bl R i i e oy
injection system according to the present invention. Conduit 43
i~ provides a mixture of seawater and articles via a separation and
injection system, indicated generally at 71. System 71 will be
described in detail with respect to Figures 4 and 5. The output
of system 71 is connected to injection point 41 by a suitable

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

15

conduit 43 or system 71 through a suitable conduit shown in
phantom at 75.
Referring now to Figure 4, there is shown one embodiment of .
20 a seawater slurry injection system according to the present
invention. In Figure 4, the separation and injection system,
indicated at 71a, includes a diverter conduilt 77 connected to
slurry conduit 43. A screen 79 having a mesh size smaller than
the diameter of the incompressible articles is disposed between
25 slurry conduit 43 and diverter conduit 77. Screen 79 sSeparates
the articles from the seawater. The seawater is discharged

through the diverter conduit 77.



Referring now to Figure 3, there is shown a seawater slurry injection
system according to the present invention. Conduit 43 provides a i é@{§@4
of seawater and articles via a separation and injection Sfﬁh% '

gener al | yWat01/P4748System 71 will be described in detail wi respect to
Figures 4 and S. The output of system 71 is connected to injection point
41 by a suitable conduit 73. Drilling fR8id may be diverted fromriser 13
to 15 conduit 43 or system 71 through a suitable conduit shown in phantom
at 75. Referring nowto Figure 4, there is shown one enbodinent of. 20 a

seawat er sl Ur gy, J e&sddFed VSHere Bes o £ Nt ded heo priesedbletnvénai prmpln
Figure 4, the separation and injection_system indicated at 7la, incl%gﬁ§
a di vert ehichndm tth tohnetteied enRPFHBSDE oh? A (AR CALPIERY T8WSATG a

mesh site snallar, t theygi t hee | REPIPKSSSh LS @hbisel exillged
di sposed 95 Yzfrlgr%]f'ryeré%% wteél%ﬂ%?\d diverter conduit 77. Screen 79

separ at e§y iR antt ched thewn ihelsdavat progreestEavaeEi tys PYrSc Walthe

through the divert duit. 77..\\O 01/ 94740 1 R,2
POS! LSO L BES4SS RS SE a7 bF ctbEFEIR| B80a08 TP CBRPTE Phes TniSE oF% "Ry

whi ch in ghei 1d1sirats€oprboghaepht i 6t ackbMesasapuppnpi Bdi dat ewnngatadl | y
at 81. Mi neau pwgfs are well known to_thgge_skilled i %pﬁﬁ% 3Ad ¢ hey
i ncl ude &riogrestier Ba¥Rty4BunpCHrERis héFiEBFntEP%piI' eréi'n one of
the gear g, agd {hesuBbher ak812ishakotidTieoputdielerofl Viichezne punp
81l is co%ir?eirl%‘d‘{oé%ﬁ?nj ection ;ﬁ)%i %t 43. Conduit 75_is connected to, the
inlet of inlet of Moinean pump 81. Moinean pump 81 may be powered by the
in fluid pumped down conduit 43 with the articles, thereby
eliminating the need for separate electric or hydraulic lines
from the surface. Moineanu pump 81 forms a slurry of drilling
fluid and incompressible articles and injects that slurry into
riser 13 at injection peint 41. While pump of the illustrated
15 embodiment is Moineau pump, those skilled in the art will

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

diaphragm, centrifugal, etc. pumps, may be used according to the
20 present invention. .
According to Figure 5 there is shown an alternative
injection system 71b. Injection system 71b includes a vessel 85
positioned near the seafloor adjacent injection point 41.
vessel 85 includes a slurry inlet 87 connected to receive the
25 sea water slurry from conduit 43. Vessel 85 includes a seawater
outlet 89 positicned vertically above inlet 87. Vessel 85 alsco
includes an article outlet 91 positioned vertically above
seawater outlet 89. Vessel 89 is partially gas pressurized &o
as to form a gas/water interface above seawater outlet 89. As

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



Moi neau punp 81 to supply drilling fluid fromriser 13 to the inle ﬁf

Moi neau punp 81. Moineau punp 81 nay be powered by the it fluid p AdR dan
conduit 43 with the articles, thereby elimnating the need for se ate
electricwooiwarsmulic lines fromthe surface. Mineau punBCE/PSPU}g?rg

a
slurry of drilling fluid and inconpressible articles and injects that
slurry into riser 13 at injection point14l. Wile punp of the illustrated
15 enbodi nent is Moi neau punp, those skilled in the art will recognize

that any suitable punp, such as vane, piston, diaphragm centrifugal, etc.

punps, nﬁ%hg%e%$§2§ﬁo r di tfhééﬁkrgggfsfée££tiayeatiB&inﬁC%mU#ﬂMtJO

Figure 5 - an altéern ve Injection system 71b. |njection
system 7H o pidasi Ty vassets 881 phstovenddtheasaslvasess FodeTdd Feent
i njection point 41. Vessel 85 includes a slurry inlet 87 connected to
receive the 25 sea water slurry fromconduit 43. Vessel 85 includes a

;eawatertﬂgggéﬁ %%?é%&%iﬁ@nﬁﬂbﬂﬁélﬁéglfyoﬁbﬁhe spbebt@Z. V@ise|samzited
i ncl udes an artic

outl et 91 positioned vertically above s out
895 VessaleaBfatiar pilowsl $ytgas HRESShr ﬁée‘éh§8ug§s5 8“?8’1% é"é@s%ge'r b
i nterface _above se r 8 Qekkkbus bhat agigrtiduetd, rider 13
seawat er %W%Fﬁ%%i%n?g%égégl dgegBollebtods i Gh it o)

PCTI US01 k8403185t aib 1 & nief e8¥or Thedinesedr ssorsRd 1ar BitcI%y, bEHHE bRy ant
flow upwardly in vessel 85 toward the gagwater interface thereby
separ at | RPY HRARINREPPPBFPIRE Scawdter ” The separated 5 seawater flows

out of vessel RErébronghnseavet Plgoutl &, 8derthds dddmstmateteaBrticl es

aze CO”(igéiggggingggéggaiggg EE%FEn%%ction system according to the
present invention in which the articles are pumped from the
surface in drilling fluid slurry, wherein the drilling fluid may
be of the same composition and weight as the primary drilling
fluid or it may be base mud. Base mud is a mixture of water or

15 synthetic cil containing no weighting material. The séparation

and injection system of Figure 6 is similar to the seawater
'slurry injection system illustrated in Figure 4, except that the-

separated drilling fluid is returned to the surface. The

20 separation and injection system, indicated at 71c, includes a
diverter conduit 77¢ connected to slurry conduit 43. A screen
79¢c having a mesh size smaller than the dizmeter of the
incompressible articles is disposed between slurry conduit 4¢3
and diverter conduit 77c. Screen 79c separates the articles

25 from the drilling fluid. The separated drilling fluid is
returned to the surface through a return line 80 coupled to
diverter conduit 77c.

A suitable subsurface pump 82 may be provided in return
line 80 to assist in 1lifting the separated drilling fluid to the

30 surface. Alternatively, gas lift or other suitable means may be



by a suitable injector indicated generally at 93. Injector 93 nmay be a
Moi neau punp or the like. Referring nowto Figure 6, there is iIIust%ggﬁ 2004

an alternative separation and injection system accordin r
i nventi Q\.’i}oiurilg‘ﬁﬂb‘:h the articles are punped fromthe sur ?ﬁéﬁuﬁﬂ%&?ﬁl l'ing
fluid slurry,” wherein the drilling fluid nmay be of the sanme conposition and
weight as the primary drilling fluid ogst may be base nmud. Base nud is a
m xture of water or 15 synthetic oil containing no weighting material. The
separation and injection systemof Figure 6 is simlar to the seawater

slurry injection systemillustra ' k Arnexaept 1that fibad sepds ed
dri | | i ngpriowiided sig e?m%dt?oa?ﬁgéggu?gag%%iﬁg ;

. Thé 20 separation %ﬁg |gjec égn
system i#%?éﬁged AL gﬁg,fﬁgghuﬁealaerdhtéWEerac@ﬁebﬁt8ﬁ7€“ﬁb &ET Y
slurry SOMdUi T 43.7°A screen 79c having a ne%g s%; 2RSS ddtn fdethe
_ di anet era@dfaddet i toenpréeti BEe PR SledO §TPSSosed between sl urry conduit

43 and diverter conduit.Z7§s S¢i@erbifenabpdnat ehe repmnateddr vkl $Rgm
t he drilﬂﬁ?ﬂ;}?ﬁ?d.oTﬁ%EE%pg?éted driP?ing fluid is returned to the surface
.thyough a return line 80 coupled to diverter conduit 77c. A suitable

the Sepafbecd Bpi Pei RETPRRES LS (HE 35 art oo U f’%ﬁ‘?ﬁ@?j&‘?ﬁ?ﬁ o
oL eubialks, BUAp e WpEtos Ry e s A O e
'n the fuechesaatt ém&hi@e,s%%%%g’%r%%/ ‘eéép'r o‘%‘?%%%%ghfgggmbehgﬁ ﬁ’fgg‘t
of punp g%ets%ugee%tte (R ePTRSS W FodlE Ofo ipuitipethe drilling fluid bac to the
1 surface due to the “u-tube” effect since the drilling fluid in
return line 80 is heavier than the slurry in conduit 43.
The separated articles are concentrated at the inlet of =z
pump, which again in the illustrated embodiment is a Moineau t
pump, indicated generally at 8lc. Preferably, the concentration
i5 of articles is maximized by balancing the flow rate of
subsurface pump 82 with the liquid component flow rate of slurry
pump 45. For example, if a slurry with 50% by volume of
articles is pumped down conduit 43 at 800 gpm, the article flow

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

* subsurface pump 82 pumps separated drilling fluid at 400 gpm,
| the concentration of spheres at the inlet of Moineau pump 8lc
will be substantially 100%. The space between the articles
injected into riser 13 may be filled with drilling fluid
25 diverted from riser 13 through a conduit indicated in phantom at

86 conmect to the inlet of Moineau pump Blc.

The outlet of Moineau pump 8lc is connected to injection
point 43. Again, Moineau pump 81c may be powered by the fluid
pumped down conduit 43 with the articles, thereby eliminating

30 the need for separate electric or hydraulic lines from the



flowline to riser 13, thereby enabling the separated drilling 5 fluid to
be returned to the surface by the action of the surface slurry pun?g4@R2m4
(Figure 1) and w thout punp 82. Choke 84 is necessary in iﬂ kagdt i on;
ot herw seyobtis7e Wi | | not be enough pressure at the sea f oor 0 punp t he
drilling fluid back to the surface due to the 'u-tube" effect since the
drilling fluid in return line 80 is heav¥ber than the slurry in conduit 43.
The separated articles are concentrated at the inlet of a punp, which
again in the iIIustrated embodi ment is a Mdineau punp, indicated generally

at 8ic erably e.c rld QPudpd> A gﬂé|11E5st3aﬂﬁd|ﬂﬂbedlm?nt is
balanC|n§u¥£% ?rom/ te o?ﬂﬁgﬁisurface punp 82 mntﬂ the |i UId g %W
f1 ow ratﬁogﬁeahupmp,pm’rm% skioklaskabipl e 3Tl €t }'r?eﬁﬁ’g 18800§ vgl ne

of articles |s pu d cond 0 + ar peekeifbowl ,rate
i s 400 gPHLEARLIENE w??a. %%g%t§@n1&?$bgoggﬁbsurfacé 8?% 82

punps seg@E?t%gmggIlmgg)ﬂétuﬁbﬁladfmr@gmg t¢h§h§onééﬁﬁﬂﬁtFBH98F1§Eheres at
the inlet o I neau punp Bic wll be su st 1 S

besween t he afhiecMeiahth) k(RS E e +8ef %{&%hx?l ?%% -Ela 3 ?i;?il%ﬁ:l |Onfg
fluid 25 d'VET%%Fc{E{ﬁﬂiﬁ efl&§dthéogghgapﬁgndursusndﬂcam@ﬂ |nB@ﬁﬁhmB#iat
86 conne@FlP

e |n Moi neau punp 81c. The outlet of Mineau punp 8lc
is connected to |nject|on poi nt 43. Agai n, Nblneau punp 81c nmay be powered

00 1o Tty Y. b sl ool st
16 2 9 ARRRRA4 of base mud injected into the riser with th i
1 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
satisfy any environmental concerms. In such as system, the
separated seawater would be returned te the surface rather than
15 being discharged into the ocean near the wellhead. The returned
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 details of the
system for separating the drilled solids and incompressible
20 articles from the drilling fluid. The drilling fluid returned

from the riser 13 is deposited on the surface of a shale shaker
31. As is well known in the art, shale shaker 31 separates
solids greater thamn a certain size from the drilling fluid. The
25 separated drilling fluid flows through shale shaker 31 into
drilling fluid tank 33. Separated solids, including
incompressible articles and drill cuttings, travel over shale
shaker 31 into tank 57. Tank 57 is partially filled with water.
Accordingly, the cuttings sink and the incompressible articles

30 float, thereby separating the incompressible articles from the



PC11US0JJ18493 surface. Again, while the punp of the illustrated enbodi nent
is Mineau punp, those skilled in the art will recognize that any9 APR 2004

sui tabl e punp, such as vane, piston, diaphragm centrifug unps,
may be usegdopgewesding to the present invention 5 The wei gﬂ{mé?ﬁgégegermd S

substantially | ess than that of weighted drilling fluid (e.g. 9 ppg versus
14 ppg) . Base nud has the sanme chem strd7as the weighted nud. Therefore, a
smal |l anobunt of base nmud injected into the riser with the spheres wll

not contamnate the drilling fluid in riser 13. A separated fluid return

system of the éyge Ll ust rated isA 1 3 Gene i i o llsetead thran sdheat er
slurry §9§%%%? n B}agF'to sat1 sty any environnental cog&&:ns. én fuch as
system thersgparatasksematcrr dicpatale r dthe IEFIPEIRS QT -1 Gt Hdr 2 han

15 being di scharged intq.the ocean near. ¢ heads - Fereioh nedto the
.seawat er codlieatBd fEe@ediSo ﬁ%&f:act%eo sltua?r% %\f f|t could be processed prior

fo dunpiggsi to the ocean. Referring nowto Figure- 7 there is shown
details GOf °t

€ systemfor separating the drillege ' I ggonpr essi bl e
-20s5articl es f Referivdndt oW rigP fTAIWES ﬁve ‘a*r‘ﬁ‘?iln% ff%ﬁl‘%é?%?%?ng fromthe
riser 13_is depasife  SWHBeS ©le ainbahsresaikele Sttiaddessane
known in#%&rgﬁ%ii%%ﬁ%g&r 31 separates solids ?%eater tEa?r%s%Lrtn@idw
size frowaha el idd iarg fniedtioneoobntckRshtedr4FFT | Fig* Pl 8i 8- 5ds thr ough
shal e shaker 31 into _drill] | Bi4; hanky33tpoepastbrdosoFi dare 86! dihieng
i nconpr e®¥i e RERAE ﬁﬁigg?%lf%g%%ingg, trave? over shale shaker 31
into tank 57. Tank 57 is partially filled with water. Accordingly, the
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fluid and conveyed to an internal injection point 4la through
drill string 17-. The primary mud pump 25 (Pigure 1) pumps the
slurry of incompressible articles and primary drilling fluid

»  down the drill string to a drill string separation and injection
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 having a screen 103 and a plurality of
orifices 105. Drill string separation and injection device 101
separates the incompressible articles from the drilling fluid
20 and injects the separated articles into the riser. The

separated drilling fluid continues down the drill string to the

bit and back up the annulus to the riser, where it mixes with
the with the incompressible articles for return to the surface.
25 The drill string injection method does not require that the
incompressible articles be separated from the drilling fluid
returned to the surface.
- As will be apparent from Figure 8, the injection point may
be positioned in a cased hole section, designated generally by

30 the numeral 107, or an open hole section, designated generally



17 2 9 APR 2004 PCT/US01/18493 drilled solids. The drilled solids are
collected fromthe bottomof tank 57 for disposal. The i ncprrpres;l BIAPR 2004

articles are collected fromthe surface of tank 57 for re; hefB into
the riswoom4rdReferring nowto Figure 8, there is illustrated an
alternative systemin which the inconpressible articles are carried to an
injection point inside riser 13 in a sludBy formed by the primary drilling
fluid. In the systemof Figure 8 the 1 inconpressible articles are m xed
with the primary drilling fluid and conveyed to an internal injection

poi nt’ 41§yt t&?;%“%t?mt%téi 166158 e WOELPbbpalYy Audipuwpll5 koElguie Mhose
punps th sturry of 1 nconpressible articles, and ﬁ[ll rmr?éﬁq:.r.i Ié%%gui d
down t he stkajledstim righe oavt dr £asedt kphg SERALARI bR 7and PRMEASor 15" devi ce
101 positioned i he i stLLng epdent haef ihbe catrabec: Tx3l| .
string s%ﬁ# n%leﬁ%?lé%?l onjcge%?%gﬁﬁ%? incfuc?es 1a ttj:bul ar su ving a -
screen 1Q3aNthA | ssaticy b0 bsi &hcuncassd BRFELOH eifnFh&e Ra%s ir-and
i njection device 101, separates the_|nconapiessi | alesid i hepore,
drisl 1ing flui BROERHPInFEE %ng'ﬁg%@%an e% g?’%qul%g?l?n%get he riser. The
separ at eq}]hdé ?}é%@uiéubgaagﬂhitl%u&& thenwied toirel adtovengrid hekow Ehand
the annul us

back up tothe riser, where it mxes, W the w t
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I nj ection nethod d nqt i h hen, MeMpmsshite gridiéent be the
separ at eaa?ﬁﬁaf?%egg‘??l ir?%ggﬁu:hgﬂer getﬁtneélto the surface,~ As will ., be
appar ent dpemn b her poBtibhe oifnjtdet Wed lpsiare @EP A IRNETTDRHER 0=  EHEEY

hole section, Jgs.g0aedOeNYid'et PY By injecting the articles at

multiple injection peints, the pressure gradients between
injection points may be adjusted to lie between the open hole
fracture gradients and pore pressure gradients, thereby further
.15 redu?ing the number of casing sections that need to be set.
Referring now to Figure 9, there is shown a further
alternative system, in which a slurry of drilling fluid and
incompressible articles is carried to an injection point 41b by
a concentric drill pipe arrangement, designated generally by the
20 pumeral 115. Concentric drill pipe 115 includes an inner drill
pipe 117, which serves the normal drill pipe functions, and an

outer pipe 118, 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 118. As described with respect to Figure 8,
injection point 41b may be positioned in riser 13, cased hole
section 107, or open hole section 1089.
Referring now to Figure 10, there is illustrated yet a
further alternative system according to the present invention.

30 In the system of Figure 10, a slurry of drilling fluid and



30 the nuneral 107, or an open hole section, designated generally WO

01/94740 3.8 2 9 APR 2904 rCT/1JSQO /18493 by the nuneral 109, of t$éPmﬂm¢
bore. As is well known to those skilled in the art, case i on 107
is definSP B4 casing 111 cenented into the well bore, as indicated at
113. open hole section 109 is an uncased section of the bore hole. 5 By
movi ng the injection point downwardly intfhe well bore, the pressure
gradients in the well bore above and below the injection point can be
further nodified. By injecting the articles into a cased hole section, the
pressure; oradieak <k B1keheene dwolies panddien o tde :nmejécttm:e peinbedlowened

with a l'ower ~ concentration of articles. By | ect the_ar S
nultrpIea|¢qs%@|bﬁlﬁoﬁﬁﬁ§lcﬁhé- égédﬁga 3%1 W%é% r?%igi |%ﬁ£%%gnts
may be aP rstega%g o8 tjg;(ggﬁbﬁggﬁalﬁﬁ@uﬁﬁ&em@ﬁﬁMUsnbétaednpore
‘pressur e % adi ent’s, ere further 15 reduci ng t he nunber ﬁf casing
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ine TaPP EI 41b b
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serves tﬁefﬁeﬁﬁﬁmidﬁqIrﬁﬂﬁﬁﬁfQFﬁt FHELTAn éﬂheoﬁigrdpfg %%fQ%Zmﬁﬁgh acts
as a Cong %»ﬁ Eﬁqﬁw [tha¥So S NowEwi PeF| JUrge Wehsj B9t popfpthet fAhlid s
e en

defi ned 25 of outer pipe 119. As described with respect to
Fi gure 81n|hpecmMﬁﬂqxiﬁug¥M§Prkw BeepeevpatdfRd in riser 13, cased hol e

section 107, or ?ﬂﬁﬂ—&ﬁ; %gctron 1009.
f a
‘ p=

i 100

where

py is drilling fluid density without the substantiaily

incompressible articles;
15 p, is the demnsity of the substantially incompressible
articles; and
vy is the concentration of the substantially incompressible
articles. _
From the equation, it may be shown that a 20% concentraticn
20 by volume of 3.17 ppg spheres reduces the density of 10 ppyg
drilling fluid to that of seawater (8.6 ppg) whereas a 50%

concentration is required to reduce the density of 14 ppg

drilling fluid to that of seawater. Thus, the method and system
25 of the present inventiom are clearly effective over a wide range
of mud weights.
In the drilling fluid slurry (without fluid return)
embodiment of the invention, the incompressible articles are

pumped from drill ship 11 to the sea floor it the form of a mud



Referring now to Figure 10, there is illustrated yet a further alternative
system according to the present invention. 30 In the system of Iﬂ%é?%znﬂb,
a slurry of drilling fluid and WO 01194740 19 2 9 APR 20041/ fr$e})168991118493
i nconpr ¥@PLP¥Mrticles is carried to an injection point 41Ic in a cased
hol e section 107 of the well bore by a parasitic string 131. Parasitic
string 131 cenented into the annulus b feen casi ng 111 and the borehol e
wal |, as indicated at 133. 5 In operation, inconpressible buoyant articles
are injected into the riser near the seafloor, preferably at_a rate

suffici gpiy i @npedues d ko densisystem o wahnat merdree ekhe sAgRERRY | of | y

to that of seawater. The densi of the fluid 4 Llser baen by
t he equiilibd: int thEh&leos %ﬁ) t?laqps?fgﬁelaﬂ#gelgf'l ui}io& (fgeér%%%fﬁﬁ E)tﬂ %rii%(ﬁae
substantij al l in r%{' aAtiehesysttenn, tife thieglitewsight ofirihding
. substanf’PﬁkﬁécF%cg%p@r)esm e‘:'e'carticlﬁgs;Y and v is the con fntrati n_of the
‘subst angiak by systemr essitiie azkickes NIRRT HOR LD o fugd ﬁﬁg‘lﬁ’é shown

SRRk 7 S SHRA Y A DI AR Sl SR sapretsetuagealing

'50% CcopeeRhialsidRadtE dranuitivsl systenust the presery Shventjpy may be
combined with other dual gradient drilling technologies, such as
gas 1ift or subsurface pumps.

From the foregoing, it may be seen that the present

10 invention provides a multi-gradient drilling system that
overcomes the shortcomings of the prior art. Injecting
incompressible buoyant articles into the riser reduces or
eliminates the need for complex subsurface pumps, which can be
expensive and difficult to operate. The articles can be pu?ped

15 to the injection point using conventional mud pumps, thus

eliminating the need for expensive COmpressors and nitrogen

required for gas lift systems. The articles can be removed, if.
necessary, from the drilling fluid returned from the well with
20 conventiénal shale shakers. The articles can be injected at
multiple points in the drilling fluid column to yield multiple
pressure gradients, thereby further reducing the number of

casing installations.



drilling fluid to that of seawater. Thus, the nethod and system 23 QoAPR fag
present invention are clearly effective over a wide range of nud weights.
In the drilling fluid slurry (w thout fluid return) enbodiment of the

i nvention, the inconpressible articles _are punped fromdrill ship 11 to
the sea floor it the formof a nud '(17(?0---v)pf +vp, WO 01/94740 21 2 9 APR
2004 RCTIUSO1/ 15493 drilling fluid slurry system al one cannot reduce the
‘density of fluid in the riser to that of seawater. Accordingly, in such
"instances the seawater slurry system the lightweight drilling fluid
system or the article concentration with fluid return 5 system should be
used. Alternatively, in higher drilling fluid weight situations, the
system of the present invention nay be conbined with other dual gradient
dri IIlni ng .t echpglogi es, such as gas lift or subsurface punps. Fromthe

for égorng,—Tt—mEYy be seen that the present 10 invention provides a

multi-gradient drilling systemthat = overcones {he.sh ] fy the
priar. amt .systectfoy drhddipSedsibitd BISFant iw(ﬁlgs%lgn{egr% Ee rél)saer

reduces or elimnates,the d .f o8- :GQAMRIEX cHeltsi aam jrhpsgmpuhi £ tan be
ex pERE SR At 4P £ #i Eﬁﬁpe?ofggglr at grlThe greti cl es can be pug%e 5 to the

i nj ecti on, peiNi1UsgNE1eeayeyisitenalf crudyRaRing thueelwm h %2 need
for expensive conpressors and nitrogen required for gas lift systems. The
art ifdlweisd calpove £aBvEPLLOM/ necessary, fromthe drilling fluid returned

frpn1th§ %ﬁlgn%ﬁggi%g %9@%@%iﬂHFﬂiﬁﬂéﬂﬁiﬂﬁﬁéﬁﬁémaﬂmﬁﬁkﬂyiCles can be
Injéﬁésgmpressible articles into said column at an injection point
between said bottom and said drilling location, said
incompressible articles having a density less than the density
of said drilling fluid; and,
a separation system for separating said incompressible
articles from drilling fluid returned to said drilling location
from said column, said separation system returning separated

drilling £fluid to said drilling fluid system and separated

incompressible articles to said injection system.

2. The system as claimed in claim 1, wherein said injection

system includes:

) [ » d
a conduit connected between a surface location and sali

injection point.

3. The system as claimed in claim 2, wherein said injection

system includes: |
means for injecting'a slurry comprising a fluid and said

substantially incompressible articles into said conduit at said

surface location.



multiple points in the drilling fluid colum to yield nultiple pr%ﬁixre
gradients, thereby further reducing the nunber of casing install at4 BR 7084

9 APR 2004 22 In the Clains 1. A systemfor drilling a well bore, said well
bore having a bottom into a seabed froma drilling |ocation, which
conprises: a drilling fluid systemfo¥ creating a colum of drilling

fluid above said bottom an injection systemfor injecting substantially
i nconpressible articles into said colum at an injection point between
said bottomand said drilling |ocation, said inconpressible articles

havi gg a,density Jeess, thandde densidim of el i ddiaorihuadosasd;an
~ sepa ati 6f%s em T or séparating sald 1 nconpressible articles from

dri | bhigrhl icthprataeaned dva aimy dfividng |ocation fromsaid col um, said
separation systemreturning separated drilling fluid to said drilling
fluid system and separated inconpressible articles to said injection

system 2, The sg:ye%# e as; £l pldred, | m £ @i Iyhabeiri sasai dlunpecti eaidsyst em
i ncl ades:”"a c¢aonauit connected between a surface |ocation _and said

i nj eali@tyPeckpr iBed haulsytstrem @kl v | wiwetohted| & i 2inghéleif -sai d

I njection systemincludes: means for injecting a slurry conprising a fluid
and said substantially inconpressible articles into said conduit at said

Surf%qelfﬁéuéﬁgkeﬁzéglgfgﬂﬁgw'in claim 3, wherein said fluid of sald

slurry comprises watex.

7. The system as claimed in claim 3, wherein said means for
injecting said substantially incompressible articles includes:
means for separating said substantially incompressible
articles from said fluid of said slurry prior to injecting said
substantially incompressible articles into said column; and,
means for injecting separated substantially incompressible

articles into said column.

8. The system as claimed in claim 7, including means for

returning separated fluid to a surface location.

9. The system as claimed in claim 8, wherein said means for

returning separated fluid to said surface location includes a

return line.

10. The system as claimed in claim 9, wherein said means for
returning separate fluid to said surface location includes means

for lifting separated fluid in said return line.

11. The system as claimed in claim 7, wherein means for

injecting said separated substantially incompressible articles

into said column includes a pump.

70035678v]



23 4. The systemas clainmed in claim3, wherein said fluid of said slurry
conprises a drilling fluid. 5. The systemas clainmed in claimd4, ﬂ?ﬁh Em‘
said fluid of said slurry conprises substantially unwei ghted dri g
fluid. 6. The systemas clained in claim3, wherein said fluid of said
slurry conprises water. 7. The systemZfs clainmed in claim3, wherein said
means .for injecting said substantially inconpressible articles includes:
‘means for separating said substantially inconpressible articles from said
fluid of said slurry prior to injecting said substantially inconpressible
articles into said colum; and, neans for injecting separated substantially
inconpressible articles into said colum. 8. The systemas clained in
claiyp 7, tRel #geamnﬁanalqued afruraiisnign Sepavtetreatit ga bl tBeansuf Pace

| ocation. 9. e systemas clained in claimg$8, wherein i d. o]
r et LsehagREpdr andd ﬁP@E@@ﬂﬁ%ﬁ%L¥:ﬁﬂ99ﬁﬁ¥Q%ﬁ%R%?wF¥rk$%%%slggﬁggf%r% li ne.

10. The system.as clained j.n clai whel;eidh Sai shipeeast et lyr et urni ng
sepaﬁ‘%’f%er}{l f]?}ﬁl{lg é"‘alm&gg‘ursl %éee r1qﬂoagzmalt%]ron i nrgl udes means for lifting
sepajateptbykdpie saitddletsurn line. 11. The systemas clained in claim7,
wherein neans for injecting said separated substantially inconpressible
articles into said colum includes a punp. 70039678vl 2 9 APR 2004 24 12.

The %St em,as S&Is%iequdé' rElBaii&hinéH 75 n WoES Bth 7 salige refnSshbd meepar &g sai d
substanti aFy "PRconpressible articles includes a _  ncludes:
separating said substantially incompressible articles inclu es..
a vessel, said vessel being gas-pressurized to form a

water-gas interface;

a slurry inlet positioned in said vessel below sald water-

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 coupled to said injection point.

14. The system as claimed in claim 1, wherein said separation

system includes:

a screen device for separating said incompressible articles

and drill cuttings from said drilling fluid.

15. The system as claimed in claim 14, wherein said screen

device has a mesh size and said incompressible articles are

larger than said mesh size.

16. The system as claimed in claim 14, wherein said means for

separating said incompressible articles from said drill cuttings

includes:

an at least partially water-filled vessel positioned to
receive said incompressible articles and said drill cuttings

from said screen device.

70039678v1



screen having a nmesh size snmaller than said substantially inconpressible
articles. 13. The systemas clainmed in claim7, wherein said nearfsQ #BR 7004
separating said substantially inconpressible articles includes: a vessel,
sai d vessel being gas-pressurized to forma water-gas interface; a slurry
inlet positioned in said vessel bel ow%ai d wat er - gas interface and coupl ed
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
wat er-gas interface and coupled to said injection point. 14. The system as
clainmed in claiml1, wherein said separation systemincludes: a screen
~device for separating said inconpressible articles and drill cuttings from

sai oy 9lr i | thags{kbes. atbclBiemesy sitremias relldi ned§%e €l FAMASKRelFei n said
screen device has a nesh _siz nd said i nconpressible articles are |arger
t handsuidenbshlyfes. a16haHee €mas claimed in claim14, wherein said

means for separating said inconpressible articles fromsaid drill cuttings

includes: an at |east partially water-filled vessel positipned %o ngﬁeive
sai dipncompeesyihlea art icdledsnahdirsaildidt i1/ BRIFHYs® Bt SRi G-sEP&

device. 700396/8v1l 2 9 APR 2004 25 17. e Syst cl&i MBdadnagkiaiam 14,
wher ePAUBA] asSéﬁééﬁeddéW@eﬁlr&ﬁ‘ﬁoCeos“%‘ch}gT% Traerse el TRCadna

surface location and said injection point is positioned in said

riser adjacent said wellhead.

19. The system as claimed in claim 18, wherein said
substantially 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.

20. The system as claimed in claim 19, wherein the density p of
drilling fluid in said column is determined according to the
equation

_ (100-v)p, +vp,
P= 100

where

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.

21. The system as claimed in claim 19, wherein said
substantially incompressible articles are injected into said

column in a slurry comprising a mixture of substantially

70035678v]



18. The systemas clainmed in claim1l, wherein a portion of said colum is

defined by a riser connecting a subsea well head and a surface |lo @t' ﬁnd
said injection point is positioned in said riser adjacent said MZ||M@;@.
19. The systemas claimed in claim18, wherein said substantially

i nconpressible articles are injected iAito said 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 systemas clained in
claim 19, wherein the density p of drilling fluid in said colum is

determ ned accardin uatid;an ; @111 thie delsity AGHE where pl is
driHQQﬁTquﬁ%ﬁ%g%s$¥§9ﬁ}?%oﬁggtﬁghggégégngﬁglIy incqn;}essi le articles;

P, i itihe ensitydoint baidubdtant iia IdetienodmeceSAIIRAIF (YU and v is

the concentration of the substantially inconpressible articles. 21. The
systegmatsi@b ai med in claim19, wherein said substantially inconpressible

articles are_ipject into said colum in a slurry conprising a m xture of
subst anti hLﬁﬂ§£§35228vl 2 9 APR 2004 26 inconpressible articles and
drilling Tluidlthe€ddensity p of drilling fluid in said riser is deternined

according to the equation
Where

p, is the drilling fluid density without the substantially
incompressible articles;

p, is the density of the slurxy;

0O, is the drilling fluid flow rate; and,

Q, is the slurry flow rate.

22. The system as claimed in ¢laim 19, wherein said

predetermined density is substantially equal to the density of

seawater.

23. The system as claimed in claim 1, wherein said

substantially incompressible articles comprise substantially

spherical articles.

24. The system as claimed in claim 23, wherein said

substantially spherical articles have an outside diameterx

greater than about 100 microns.

25. The system as claimed in claim 1, wherein said

substantially incompressible articles comprise hollow glass

beads.

26. The system as claimed in claim 25, wherein hollow glass

beads have an outside diameter greater than about 100 microns.

70039678v]



P= Where P', Q +P., Q p is the drilli [ [ |
P _ S O P ing fluid densit
beStam'a”y inconpressible articles; Ps is the density ngItLQOUt@ g Q
Thgbs;ztégfagrlll!ngdf!U|d|rom/rate; and, is the slurry fIOM/ra?eqﬂggmm
: clainmed in claim19, wherein said redet ' i i
substantially equal to the densit’ 27 D ermned density 1s
: _ _ _ y of ¢/seawater. 23. The system | ai
in claim1, wherein said substantially inc i 4 as clai med
amli, . [ ble articles conpri
substantially spherical articles. 24 yTh Syot om ' i M =t
: _ ! : : o temas clained in clai
wherein said substantially s Ccles i claim 23,
| pherical articles have an out [
a;eater than about 100 microns. 25. The system as clai med ?kdglg:ﬁrﬁter
be:relnzsal$ substantial ly inconpressible articles conprise hollomlélass
g%: QTF%Pﬁg§3§$e§baél§iﬁéﬂednlalaﬁ&iHLZ&hewhémeB@iﬁblIow1g|ass beads

havé "an ou e diameter greater than ab '
) ; : , out 100 .m crons.; 70
2004udkt2ht iHEl gysheanpsesbabhed 21 1GL &S M RIS & ﬁ“og%od" 0282? \:ﬁt i2aI9I QPR

i nconpressible articles_c i
reinforced plastic 2505RyLges hollow

58. 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 fluid at an injection point positioned
between said bottom of said well bore and said drilling
location, said articles having a density less than the density
of said drilling fluid to create & 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
bottom 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 said substantially

incompressible articles and a slurry fluid to said injection

point.

30. The method as claimed in claim 29, wherein said step of

injecting said substantially incompressible articles includes:

70039678v1



reinforced plastic articles. 28. A nethod of drilling a well bore, said
wel | bore having a bottom into a seabed froma drilling Iocatiorzg\MiRle
conprises the steps of: injecting substantially inconpressible articles
into a colum of drilling fluid at an injection point positioned between
sai d bottom of said well bore and said@8drilling location, said articles
havi ng a density less than the density of said drilling fluid to create a
first drilling fluid pressure gradient in said colum below said injection
point and a second drilling fluid pressure gradi ent above said injection

poi nt; separating inconpressibl i f Jidiengdd b esretatined to
sai d dn|%%Hﬁf§Bg%9i8ﬂl r8H§§§F§t§§ﬂ& q?f#ﬁﬁ%%%%b fluid; injecting
sepyate fﬁ}}&iPguiaubgibmt@osaeremhmg1&HidﬁﬁubSHﬁnﬁkﬁﬂkﬁ said wel |
bore; and, rei'njecting separated i nqorrprois_‘si bl e a#.i]#.es iﬁlg-gai d colum
at saicbupjessibbepsrhicles. Tk FEHRoE HIW 4 31 % '2ET  wherein
said step of injecting said substantially inconpressible articles

includes: conveying a slurry conprising said substantially inconpressible
artigl es g @eshyar sl buiadnied sai dlairectd oringbiding FEPIFREHBFhod as

claimed in claim?29, wherein said step, of - inject] I yubgstantially
i ncosppr @ sknpdepaesribds PFEIFIES %%ﬂévlc%e@% g%%’ﬁ %8 Separating
said,s tantgﬁhk i nconpressible articles from said slurry fluid prior to
i nj sXThy L% a-Sdbstantial Iy

32. The method as claimed in claim 31, including separating

said incompressible articles from said drill cuttings.

33. The method as claimed in claim 32, wherein said means step

separating said incompressible articles from said drill quttlngs

includes:
discharging said incompressible articles and said drill

cuttings into an at least partially water-filled vessel.

34. The method as claimed in claim 33, including recovering
said incompressible articles from said at least partially water-

filled wvessel.

35. The method as claimed in claim 28, wherein said injection
point is positioned in a marine riser connected between a

surface drilling location and a subsea wellhead.

36. The method as claimed in claim 35, wherein said articles
are conveyed to said injection point by a conduit positioned

outside said riser.

70039678v]



i nconpressible articles into said colum of drilling fluid. 31. The nethod
as clainmed in claim 28, including separating said inconpressible articles
and drill cuttings fromsaid drilling fluid. 32. The nethod as cIanb&Pﬂxmu
claim 31, including separating said inconpressible articles fromsaid

drill cuttings. 33. The nethod as claied in claim32, wherein said means
step .separating said inconpressible articles fromsaid drill cuttings
includes: discharging said inconpressible articles and said drill cuttings

into an at least partially water-filled vessel. 34. The nethod as cl ai ned
in claim33, including verin ;0. ERCONPIASSIDI £ ja tdrddiaslés om sai d
at 13¢ast éiﬁtT%f*9gmﬁgeng?P%Feégvg§%él. 35. The nethod as clainmed in claim
28, whereln, spkd 8] 868tH0MnjReitibri Poiasi tiyoredand QS 19 connect ed
between a surface drilling |location and a subsea wel | head. 36. The net hod
as dresidzl saidl aiae85, wherein said articles are conveyed to said

injection point by a conduit positioned outside said riser. 70039678vl 2 9
APR 7004 29 37. The nmethod as clainmed in claim35, wherein sajid, articles
are £onveyes hersaidaknieatinem [oi ntldyn B Torthfte PostaidrErdihsi de said
riser. 38. The nethod as clainmed in claim37, wherein said conduit

i nclimesudedr f ArpildePiB¢- The nethod as claimed in claim28, wherein said
infection point is positioned in a cased section of said well bore.

39. Thé method as claimed in claim 28, wherein said injection

point is positioned in a cased section of said well bore.

40. The method as claimed in claim 39, wherein said articles
are conveyed to said injection point by a conduit positioned

outside the casing of said cased section.

41. The method as claimed in claim 33, wherein said articles
are conveyed to said injection point by a conduit positioned

inside the casing of said cased section.

42. The method as claimed in claim 41, wherein said conduit

includes a drill pipe.

43. The method as claimed in claim 28, wherein said injection

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

44. The method as claimed in claim 43, wherein said articles
are conveyed to said injection point by a conduit positioned 1n

said open hole section.

i i i i id conduit
4% . The method as claimed in claim 44, whereln saic

includes a drill pipe.

70039678v1



40. The nethod as clainmed in claim39, wherein said articles are conveyed
to said injection point by a conduit positioned outside the Ca8i£§£@§2@ﬁid
cased section. 41. The nmethod as clained in claim39, wherein sai i‘cles
are conveyed to said injection point by a conduit positioned inside the
casing of said cased section. 42. The3§ethod as clainmed in claim41,
.wherein said conduit includes a drill pipe. 43. The nethod as clained in
clai'm 28, wherein said injection point is positioned in an open hole
section of said well bore. 44. The nethod as clained in claima43, wherein
said articles re,conveyed I diLnkeslhi ORpR@HNt, Bhea RNy positi oned
in %ﬁﬂ(ﬂ?ﬂﬁﬂﬂ?ﬁh%gs%%t? %}m%§.§$hglﬁg?hgg'aghCIained in claima44, wherein
sai %r&oiﬂg £10Ed ugess @i dr EbLuphpebo?@0386 78V J2CY IAPR PXOOY- 30° 46. The
method as clfained in claim28, wherein the density p of drilling fluid in
sm(ﬁéxﬁxmina®ow@0@a@ﬂngnF@thSnEEHPﬁPOPS determ ned according to the
equati on (100--v)?f +vp P 100 where pf is drilling fluid density w thout

t he subst n;ﬂQPrV.PjﬁE ressible articles; p3 is the density of the

substanti@lTy inqoopressible articles; and v is the concentration of the
substantially inconpressible articles.
where

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 cubstantially incompressible

articles.

47. The method as claimed in claim 28, wherein said
substantially incompressible articles are injected into said
column in a slurry comprising a mixtﬁre of substantially
incompressible articles and a slurry fluid, and wherein the
drilling fluid the density p of drilling fluid in said column
above said injection peoint is determined according to the
equation

= pﬂlQﬂi +pSQJ
Qﬂ! + Q.l'

Where
p, is the drilling fluid density without the substantially

incompressible articles;

p, is the density of the slurry;
0, is the drilling fluigd flow rate; and,

0, is the slurry flow rate.

70039678v1




47. The nethod as clainmed in claim28, wherein said substantially
I nconpressible articles are injected into said colum in a slu

Al
conprising a mxture of substantially inconpressible articles JA%AQQQPery
fluid, and wherein the drilling fluid the density p of drilling fluid in
sai d colum above said injection.poiAl is determ ned according to the
.equation P""Q, + PA Q + Q Were Al is the drilling fluid density
‘without the substantially inconpressible articles; pf is the density of
the slurry; Q,, is the drilling fluid flowrate; and, Q@ is the slurry

flowrate, 70039678v1 2 9 APR.2004 31.48,.The,methed tae Aeigird, idf claim
28, 4fher M TIFFHEASTE y© ?lmggiggiﬁgéﬁérggéigpé ar?iclqs is | ess than the
dengi iy ?ﬁ—;cﬁﬁ&p@feséﬂelé sy st emekon sadisst ithgnt ldepdessirtey grfadidfin a
colum o rilling fluid, which conprises: a drilling fluid system for
injecting drilling fluid into said columm; a conduit connected between a
drilling _|ocation and an..inj.ecti i | Iz iGNt Aarcehymetadbn
sysﬁ@hlf@TqXﬁQQWiﬁ riﬁaauggﬁggcgﬁ'u'?e§%“§Fh§?§ conprising a mxture of
subgf,antiisald Ve 1 we@ MRS shbkempatitsied:es and a slurry fluid, said

hpflolrrﬂlgsa;‘s:i;:glfixtléctfisnga\gyg e?n %r'}:s'itn'c—:lcetsishc_qt hfflﬂlth%éjeflﬁlfcy phesaid
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 fluid;

a separation system for separating said incompressible
articles and said drilling fluid returned from said column, said
separation 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 slurxy

fluid comprises substantially unweighted drilling fluid.

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

fluid comprises water.

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

substantially incompressible articles into said column; and,

70039678v]



a separation systemfor separating said inconpressible arti i
sepe _ _ ticles and
drilling fluid returned fromsaid colum, said separation systenlretzﬁh?ng
separated drilling fluid to said drllllng fluid system and seppg APRW
inconpressible articles to said injection system 50. The system as 0

clainmed in claimd49, wherein said sluBg

_ \ _ ( y fluid conprises a drilling flui
_51b The systemas claimed in claim50, wherein said slurry fluid cgnpr?;gé
substantially unweighted drilling fluid. 52. The systemas claimed in claim

49, wherein said slurry fluid conprises water. - 53. The system as cl ai med

in claim49, including: nmeans for s rat
'|nconpre9®$@m% f@FtFED§§tFP8nF§§a3a§p§r %F%ﬁ f%$s%%g§%§%%¥?ﬁgl§ald

"~ subst éy L pgounpLassihl,

5 gnarticles into said colunn and, 70039678vl 2 9

QFF ?bh g% neans ggr i njecting separated substantlally |nconpreSS|bIe
icles into said colum. 54. The systemas clained in claimb53, including

means for returning sep rate slurry f t.
a
syst & asTREaFHEF M 28 &i Fhlg'f% relanl"!sgzg' njgfel%ls iﬁ&gﬁ%%ﬁ?n?ﬁgnseﬁgr a;l'gg

2' ik ré’thHiﬂgt B %'r@t%'éif f:a¢@hoGatiian td nclaideSace revaanitine. 56. The
Srs en1?F C in claim55, wherein said nmeans for returning separate
urry uid to sald surface | ocation includes neans for lifting separated

fluid in said return I|n

5 h r}ﬁ éﬁ’agfrﬁ As ghataed kaial aeemE3 fowher ein
:a'g freandPFoPY STTRAT I ng sa| stant| ally inconpressible articles into
al 0yeturning separated slurry fluid to said surface location

includes a return line.

56. The syStem as claimed in claim 55, wherein said means for

returning separate slurry f£luid to said surface location

includes means for lifting geparated fluid in said return line.

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

injecting said substantially incompressible articles into said

column includes a pump.

58. The system as claimed in claim 53, wherein said means for

separating said substantially incompressible articles from said

glurry fluid includes a screen having a mesh size smaller than

said substantially incompressible articles.

59. The system as claimed in claim 53, wherein said means for

separating said substantially incompressible articles from said

slurry fluid includes:

a vessel, said vessel being gas-pressurized to form a

water-gas intgrface;

a slurry inlet positioned in said vesegel below sald water-
gas interface and coupled to said conduilt;

s water outlet positioned in said vessel below said water-

gas interface; and,
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colum includes a punp. 58. The systemas clainmed in claimb53, wherein said
nmeans for separating said substantially inconpressible articles Eﬁdﬁﬁﬁﬂ%d
slurry fluid includes a screen having a nmesh size snmaller than said
substantially inconpressible articles. 59. The systemas clainmed in claim
53, .wherein said neans for separatinp said substantially inconpressible
articles fromsaid slurry 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 positioned in said vessel be%gﬂésald:f%g gnterface;

and, 7003967t} CdegORPREDOBRSIT LANES tiISE MUt 6t° oSt Hhet T said

ves JOVI-IEXT Ler 29as cdiialfaee and £ aup et ten S iht nj ection point.
60.%§#§5£¢¥%%n?%§65?§ineﬁ incclgﬁh149, mhereigﬁgaid separation system
i ncludes: a screen device for separating said inconpressible articles and

drill cuttings fromsaid._drilling flui.d. . y.st S | hAn claim
60, &ther el sAYALEEY @énClaémeée l&hsdaa]r%sﬁ?gl’siw-zﬂ;eeraeﬁyfs%%&i %%%%%?EE& bl e

arti%#%ﬁ?ﬁ;ﬁnChﬁaggn than said nesh size. 62. The systemas clained in
cl ai , erein said separation systemincludes: an at #east Eaitially
wat er - f i | 4 escvesnelepdsiet ifo¥e SRR Fleidtg i ki HNFHBRIADT 258+ 61 BX Ert 1 EPes and

Sm(Léﬁ'éLithEhg %ngs 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

largexr 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
receive 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 49, wherein a portion of
said column is defined by a riser connecting a subsea wellhead
and a surface location and said injection point is positioned 1n

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 cf drilling
fluid in said column above said'injection point to a

predetermined density.
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fromsaid screen device. 63. The systemas clainmed in claim 60, QWRimk
said screen device includes a shale shaker. 64. The system as cTai J I'n
claim49, wherein a portion of said colum is defined by a riser
connecting a subsea well head and a syrface |ocation and said injection
point is positioned in said riser ad?écent said wel | head. 65. The system
.as clained in claim64, wherein said substantially inconpressible articles
areinjected into said riser at a rate sufficient to reduce the density of

drilling fluid in said colum above said injection point to a
predeterm ned density 70039678vl 2 9 APR 2004 34 66. The system as cl ai ned
in claim®65, wherein the density p of drilling fluid in said colum_above

sai g¢i Nj @¢fd @Y RAMias sclalbned nimedl atoosli ngheset he tEGUAGTEH {100 2 v)p f
+ VPS 100 where P. is drilling flujid density.w.th t : tantially

i ncdoirldsigich|fa wird | &1 e%?l%sC?%U%eg%%?i 616 1PH8°§Q'§%’§’1 %ﬁ”tlﬁﬁoﬁyé

i nc reSSiméiaégégg*gé;tgnghg t§ubbeogoncentration of the substantially
inc SIHI% *Arti el es. 67,

The system as clainmed in claim65, wherein
said slurry @eo—hppeebpd into said colum and the density p of drilling
fluid in pgak&ﬂHﬁ¥%i+3*deternined according to the equation '

where

p; 1is 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.

€7. The system as claimed in claim 65, wherein said slurry is
injected into said column and the density p of drilling fluid in

said riser is determined according to the equation

— PI”QM +p.FQJ
0, +0,

Where

p, is the drilling fluid density without the substantially

incompressible articles;

p, is the density of the slurry;
@0, 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 is less than the density of water.
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P= Were P. Q +PSQt Q +&x p,,, isthe drilling fluid density w thout the
substantially inconpressible articles; PS QnQ is the density2d& ARRh04
slurry; is the drilling fluid flowrate; and, 1is the slurry flow rate. 68.
The systemas clainmed in claim49, wherein the density of said

i nconpressible articles is less than 8he density of water. 70039678v) 2 9
. APR 2004 35 69. The systemas clained in claim49, wherein said

.substantially inconpressible articles conprise substantially spherical
hol I ow articles. 70. The systemas clainmed in claim®69, wherein said

substantially spherical holl t] ve JhSkdeagdi aneter greater

t ha abodt* €150 ST 513 © }mgﬁgééyggéﬁﬁaggélg?%éggin clai m 69, wherein said
subst ksl 1 ME Ol Gt bk eiBl el akescteapcospriskl swbgtassiagdats. 72. The
systemas clainmed in claim49, wherein said substantially inconpressible
ar t isphes icedpricleoworfoir 128 nf orced plastic articles. 73. The system as
claimed in claim49, wherein said injection

70. The system as claimed in claim 69, wherein said
substantially spherical hollow articles have an outside diametex

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

curface 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 conduilt 1s

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 positiconed in a cased section of said well bore.
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point is positioned in a marine riser connected between a surface drilling
| ocation and a subsea wel | head. 74. The systemas clained in cla) MAPR.2004
wherein said conduit is positioned outside said riser. 75. The system as
claimed in claim73, wherein said conduit is positioned inside said riser.
76. The systemas clainmed in claim7536wherein said conduit includes a
.drill. pipe. 77. The systemas clainmed in claim49, wherein said injection
.point is positioned in a cased section of said well bore. 70039678v] 2 9
APR 2004 36 78. The systemas clained in claim77, wherein said conduit is
positioned outside the casing of said cased section. 79. The system as
clainmed in claim77, wherein said conduit is positioned inside the casing
of @@‘j(ﬁﬁéﬂkﬁﬁﬁémO@s 8Daiffhd systéﬂuas76Lawhedenm~@%ancﬂy Yitfer®¥ n sai d
conduit includes a dril] pipe. 81. The aystenbas c%%! d in claim49,
wherpsisi tsankd npees i ef tb6|ﬁ959§9p8§|F?6 &3P af “6pen Hol e section of said
wel | bore. 82. The systemas clained in claim81l, wherein said conduit is
positioned in said open hole section. 83. The systemas clainpd in, claim
82, wmher ette seydteandsi tlaimeBudes cadadri 17 piWperegs S8 yr HFilling

a wel | bore, said well bore havin tL 1 abed froma drilling
| oc RADV: LQWFEhIBEHDR Eg@ CESHE i%f ;aw %@gfs%e%l?l&?creatl ng a col um of

drilling fluid above said bottom and a conduit connected between a
surface | ocation and an . ) , :
80. The system as claimed in claim 79, wherein said conduit

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.

82. 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
filuid 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,
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I nj ection point between said bottomand said drilling |ocation; neans for
injecting a slurry conprising a fluid and substantially inconpressi DIRER 7004
articles into said conduit at said surface |ocation, said substantially

i nconpressible articles having a density |less than the density of said
drilling fluid; means for separating 8aid substantially inconpressible
carticles fromsaid fluid of said slurry prior to injecting said

~substantially inconpressible articles into said colum; and, 70039678vl 2 9
APR 2004 37 nmeans for injecting separated substantially inconpressible

articles into said colum. 85 A d LEbLngvaipebpherseitsa d wel |
bore havMR§"& ﬁﬁﬁt%ﬂﬂeQFﬁqgzf%%%%%%ggr%ﬁ$gg%?#%ling ﬁocat?gﬁ, whi ch

con?££§g?estq%ﬁg(ygaéﬁéogﬁﬁﬁting a colum of drilling fluid between said
bottomof said well bore and said drilling |ocation; conveying a slurry

conprising substantially inconpressible articles and a slurry fluid to an
I njection point positioned.] sgk ¢ cpbyan bet weqrisakdrieotanmmf sai d wel
bor@sandAs%9§hQ#n?#i#ﬁﬁfg%% i%n?égéig substantialiy inconpressible
art,gkesm, NAHIW 2 semsédyrreasat Aanlihegdénshtyonh FHiEHGAIMEHEST ui d;
separating said substantially inconpressible articles from said slurry

fl utteatst®@psosifii on adj acent said injection point; injecting said

o am § ST S LR e v adtent | n sad col umn
bel gwisaiik11 peeti andpeah dridldipecdmgadiioniing fluid pressure gradient
above Smé%éégﬁfgéog Q?L?Ey 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 separated 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 second drilling fluid pressure gradient

above said injection point.

86. A system for adjusting the pressure gradient in a column of
drilling £1luid, 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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86. A systemfor adjusting the pressure gradient in a colum of drilling
fluid, which conprises: a conduit connected between a drilling | o@dk ARRI08d
an injection point in said colum; a systemfor injecting into said
conduit a slurry conprising a mxture of substantially inconpressible
articles and a slurry fluid, said iné@npressible articles having a
- densiity less than the density of said drilling fluid; nmeans for separating
.said substantially inconpressible articles fromsaid slurry fluid at a
position adjacent said injection point; and, 70039678x1 2 9 APR 2004 38
means for injecting, d | @by tzmeanungs sii@npred sEbes into
o d col QIFES0HEba7 By ee BT spREbRel 8l Rt

articles into said ceolumn.
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