; 1"e3e=667d9: "=6=T=wW O 01/ 9. 17-40 PCT/ LI SOL/ 18- 493 FI ELD OF THE

| NVENT-ON 5 The present invention relates generally to the field of

of f shor e wolol/asdogas drilling, and nore particularly to a pravriswd/ief3and
systemfor drilling offshore oil and gas wells in which buoyant

substantially in ressible articles arg injected intoyhhgdrilling fluid
colum at one or@@ﬁﬁﬁwmmmmmMﬂon points to 10 reduce th&@ﬁ I @ m MHdrilling
fluid columm abo ion point or points, thereby T or

alter the drilling fhuig pressure gradient over selected p§fPdns of the
drilling fluid colum. 15 BACKGROUND OF THE | NVENTION Wth conventi onal

of fshore drilling, amuLsercexber#s bromitke seanbboand Gvastdn || ship. As
is well known in the art, drilling .fluid is circulated down the drill stem
and up the borehol e annulus, the casing set in the borehole, and the riser,

20 back %9E£§eogr&ht §N§$Fm¥6ﬁ drilling fluid perforns several functions,
" i ncl udi : e—wei ght or density of the drilling fluid is
sebected so ashéoppeisahai inwehlt ibar ecaanesugepresdlre tabate fidrgmmt ich pore
pressure, so that the well does not "kick", and 25 bel ow fracture pressure,

so that PhESRPERACdbedNAob2Ry Bradtiedl | pRf HOLGr @2thed Fdrfdti 69 @hd

| ost circpl atio d ek« ~h r ur.e sa f tur e . pr.es: e
gradientgyaﬁé&t§%ftgwlggglgggﬁggagtﬁgggh?ﬁgog graﬁg g%giggﬁéﬁtqgﬁgﬁéﬁg{ion
or a ki dkpoyantssnesessaiplig macothpirestheldr ektiinges MO (InfJtell<(dto
PCT/USll%él8-19f quidergss§ﬁe betﬁeen t he %prg pressuyre gradi ent .and the
fractur et ed5Ur LGPl BAE. AR CBiv BREI BRaloF Fs éPIGS O dQ 1 1ing
figi d 5 hygrestehbcaphessyr erguadienhy $1a:ist calghh lbeeextendine i t he
surface. This hydrostatic pressure gradient |line traverses across thecfore
pressureP@¥%Hi@ﬁtpahatﬁraégﬁﬁébﬁr§§séﬁéugﬁa@¢eﬁ@t§¢e¢h§ shydritl sy thlax
d:St?”C¢p¥¥@é89er&??h&énk”o@%¥'Bgléetéﬁt BE%@EBHSo%a?h%9d§Hﬁﬁg%§'fﬂﬁid
setting of casing strings Is ~0 expen5|vg interns of tinme and equi pnent.
Recent | ygolletie have been proposed systens for decoupling the hydrostatic
head of the drilling fluid in the riser fromthe effective and useful
hydrostatic head in the well bore. Such systens are referred to as dual

of adi entggeidkbgpSyst eas. rhiekbrenal gradi ent systens, the hydrostatic
pressure Tm the annutfus at the nud line is equal to the pressure due to the
depth of the Btbinatervantdiphelppésshpscoarihe ibar eholrd sies eglaindso frea
drilling.fluid h tatic ure. The conhi pati,on _of th a r
gradien?t%E The %gégfiﬁé gngggiﬁlFﬁﬁa'flﬁFdlSrggﬁéngnpkn26%t%@éxﬁﬁ%%mwe
resul ts dii preagefldept bsf atreathtedstognsthiengrand ateaducid op ahd he
total nunber of casingustrings required to achi eve any particular bore hole

depth. THRF PhGe?BREAUSugHEEt E8SLRPe8hedRanPEnE L6 Rk e P8 FaIS dridditent

sygtem ne, sygoestedr-reehanigmis continuous dunping 25 of drilling -luid

returns at the sea floor. This suggested nechanismis neither

envi ronnent al Tiye pdatctitap fdnidcpaofpeakl geveral functions, including
well control. The weight or density 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 below 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. 1In order to avoid lost

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



vi abl e. The second suggested nechanismis gas lift, which involves
injecting a gas such as nitrogen into the riser. Gas lift 30 offers sone
advant agesoinneihat it requires no major subsea VI'O Ol/ $CAMIALi18433

PCT/ USI | 1 /18- 493 mechani cal equi pnent. However, there are sone limtations
associated with. gas |lift. Since gas is eonpressible, there are limtations
on the depth at which it nmay be utilized and 5 extensive surface equi pnent
may be required. Additionally, because the gas expand as the drilling fluid

reaches the surface, surface flow rates can be excessive. The third
suggest et WbehahEsAE® BREWEBRatHBaPOgP Bl BAEUEFsUERTILEMbURPFNG Ehe

driIIingf££H£grgrggég grgnggé&@g35.10 wel | head back to the surface. Several

< punpi ng systens have been sSuggested, including jet style punps, positive
di spl acenent punps, and centrifugal punps. Sea floor punp systens provide

the flexibili ded to.handl e drilling,situatjons, byt they have th
di Sadvant age B thi GROEBSE-GR0Lr €1 Pbi FFLY pPaDI e 35144488 atddcw th

keepi ng 1 §%a@yﬂﬁﬁfgs§M§ée§§a@@@ﬁ@FiBgarthabetQmihaee&Q@nEH@@rfrom
SUMVARY THE | NVENTI ON The present invention provides a nulti-gradient
met hod ofh@osanfasyst efniorhddrPErag§iea RERFSBErPeITBELEPEY LdNgt Ed2viesses
systemof . the p ent i nyent| inj - u n nt.iall ;
inconpré%%%% ? éﬁéig?gs %?eéﬁgpgrgﬁgggngjg%gi%ﬁgggﬁﬁgskkﬁﬁgﬁgﬁeqa%qh%?gﬁ
drillingp¥éui d assoti atedivkl hdi beanek| bhieh Aasubjecthohapoinot twaydie
positioned in a marine riser connected 25 between a subsea wel | head and a
surface RMPEFPRY FosalfoRtringased BecErEhiBY PheCRELPILEFENEF &F open

hof e sectipn.of yLhe, weblubore. « Pref erabbyy ibhiensubstantially i ncompressi bl e

articles conprises ow substantially spherical bodies. In one

enbodi nent, aReoedbly, i shepankeredbbenweenpbhed38ystiefigc&okodatriovw limd an
injectio oint in the -riser., A slurr Y/ 1,/ 9-47:1(1L .4 5

P Lt -1 Th 68T E8nE s PR ©heBbOF LAt iHEI S PhconBr EL8! b6 ks FFeFedhss
injected-fptO-ihe sendustral hbersvehace hesatianthknwene &wbedi menich t he
slurry conprises a mxture of the substantially inconEnessible articles and
drillingYstuems Fhe deferrag Fpupd fHplbersfliehé dameldwPgkiysisags. In

comos, A0 A3 BEagr! EOYefcy L EhaoH [l deelege ssuLat o it el
i nconpr essi bhe andli tieeshareyuahytbethnaj pekeduder okl yoi hhe thkethi sdr .the
Alternat] vel Yo tNS ANEQIPLESSLRLE BLTLELSR . TBY 08 $8PALALTT LT oM.
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 dual
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 econom.cally
viable.
The second suggested mechanism is gas 1lift, which involves

injecting a gas such as nitrogen into the riser. Gas 1lift

30 offers some advantages in that it requires no major subsea



the drilling fluid prior to injection, thereby to increase the
concentration of inconpressible articles injected to into the 15 riser. The
separ at esva@lnifddziung fluid is returned to the surface. The stutusyl/reays3
alternatively conprise a mxture of the substantially inconpressible
articles arid water. In the water slurrysenbodi nent, the neans for
injecting the substantially inconpressible articles includes neans for
separating the 20 substantially inconpressible articles fromthe water
prior to injecting the'substantiallg i nconpressible articles into the

riser. MEIHFErodtarhtmeihe nEANeYfbr SBBAFaBTRgSPRB suBstanrtrasly

i nconpressidl & add igles 4ngl udes, a yessel ypositi R réQE§B§BE.EH%r%nbE%;'On
point.. The vessel is gas 25 pressurized ?o forma Water-gas interface. A
slurry iliheittdsiposion oned deptheaveskethbet omeyheewatétigad anterface and
coupled to the conduit. A water outlet is positioned in the vessel bel ow

- the water-gas interface. An article outlet positioned in the vessel above
the wat efsctgass iV eflaeec andq30ocondl £y t19e t heqini-eat i ondaetnbnal11Vy,' O

| 11/9-47.11) 5 PCT/US(11/18-493 The system of the_present invention may

i ncl ude NSRS § dihe etV R TR Ehea § nebhpPessl bre Atviél ssachem the drilling
fluid rehyed: | o Le, surface Logalion, fromibestiser. |In one enbodinent,
t he neans for Separating e inconpressible articles'5 fromthe drilling
fluid includethea Scisensdeyd cecd ancslepal ahi bg theatacemiuessybhaianti cl es
and drill cutthg%s fromthe dril]ing flgid, The screen device has a nesh
si ze and4H&EN RIS Bl A Pt b+ EPest ated | SF gRr CRRaNNEREVAESR size. The
syst em qfe e 4 asant Eﬁvﬁﬂg'Q@rf#&éherséﬂgiﬂﬂeﬁuﬁﬁﬁﬁé Eostsppanatibngclhe
i nconpressible articles fromthe drill cuttings. e means for separating
t he i ncomuassidl.e Hreledasy from sheldrpunpsut PPaYEiTs dagriackudata

water-fil]ed vessel ositioned to receiye_t Lnc ressible articl and
ORI e ol cend Gk el N R e S R St G SR ek Sl

subst antdirad 1l d:ngonpregshdde@rts chesdiéoatillhegebytabkt OvhBg bhie they
substantially inconpressible articles to be recovered fromthe 20 surface
of the Wat'e Gt thHesa/@5aeFads rohnh byl efPat i 3R ehBbdRht Lyt REOD lems

incompr essi & Ald 1,61 85 AL, s el B Ly Itgihgﬂgyséémglbﬁgr&yhg- The nud
punps punp the m xture of 1’ nconpressible articles and primary drilling
fluid dowditaiel dran | tlse réeg fbo@n. i nternal 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

devi ce separmatesort NEHE INVENTION

The present invention provides a multi-gradient method of

20 and system for drilling a 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 connected between the

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



inconpressible articles fromthe drilling fluid and injects the separated
articles into the riser. The separated drilling fluid 30 continues down the
drill stnvogidosthe bit and back up the  VI' O 01f)-47- 4] PCG/IRCTM 43
SI11/18-193 annulus to the riser, Tnhere it mxes with the inconpressible
articles for return to the surface. The drill string injection nethod does
not requ ire that the inconpressible articles be separated fromthe
drilling fluid returned to the surface. 5 Preferably, the substantial l'y

i nconpressible articles are inj ecgid into the dri II|n d colum, at a

rate suffPerenbils FagusEPEhangénsivy LGCoaPrESSiy A %Sneu}}ﬁcefcﬁql on
poi nt '~9nE8 anpredghies m nedcdensib¥ackhe odansichy, p]@Fo&Qﬁé%deﬂﬂHhﬁ'“'d
in ~.he colum is determ ned according to the equaticn (100-1")p f +vp .. P
100 wher@h@fsitsrdm Ebiupgd stubdndatsivey o ttheuts uisd agisstldnti al |y 15

i nconpressible articles; p,s is the density of the substantially
“inconpressible articles; and is the concentration of the substantiall5~

i ngonpressible articles. In the drilling fluid slurry enbodi nent of the 20
present intrention, the densi;~y p of drilling fluid in the riser is

det erm n?eracca@%eash@l@oatfﬁécée]ﬁaﬁpéndﬁlil;;ng Lyd€Q | The ﬁ%rrlllﬂélgwférlél%",
i's the |14 ng h tig I npressi bl e
articles; dha: éb@ o% geggﬂ %egspu%gﬁp%%niaggthg |ng IFuid fl ow

rate; and VVC)C]/9 7~0 7 CB is the slurry flom1rate. BRIEF DESCRI PTI ON

o TI_tE:EE?%lg&hggﬁlgCTéyggléigch ated in the well bore, or it may be

10 of a lesser weight. The drilling fluid and incompressible
article slurry may be injected directly into the riser.
Alternatively, tThe 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. In ocne embodiment, the means for separating the
substantially incompressible articles includes a vessel
positioned adjacent the injection point. The vessel is gas-

25 pressurized to 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 above the water-gas interface and

30 coupled to the injection point.



Figure 1 is a schematic view of a systemaccording to the 5 present
invention. Figure 2 il _ustrates a drilling fluid slurry ir_jection system
accordi ngvboiplmoepresent invention. Figure 3 illustrates a@cyasonases fluid
slurry injection systemaccording to the present invention. 10 Figure 4
illTustrates details of one sea water fluisd slurry injection system
according to the present invention. Figure 5 illustrates details of an
alternative sea water fluid slurry injection systemaccording to the
present 15 |nvent|on 6 illustrates details of an _alternative
drilling flui &Rl 8¥F §emng§cfpﬁnp§?§ﬁgﬁlé@@@@&ﬂﬁ& 18 % R CIESe My 1t on
20 F'gur§e8obé£9§&r%héslﬁc§ﬁ %%%s&%QQV%&Xl%M%%eEE%%PQH®'H%ﬂTlﬂﬂ&%ﬁﬁﬁ%?nt
“invention. Figure 8 illustrates an alternative system in which

i nconpr esstbreedr tpckbs auefaﬁpedp@dtul@na fpﬂomrréh? dristelri-ng Il mnde sI urry

carried 9 t he injec n_pcint :b st. 9 illustrates
“an alterh ?gémsy te%bg Bmﬂlcﬁo¥h %n tln ss% gncpppclg %&5 @§EHQ%?%O
the inj eﬁf@zﬁnt]@@l atibyiagcenceat ﬁ_'ncldﬁlelsl aStsE:irI@@n Begure ¥ lskistdzatiesy an
alternative system in which the inconpressible articles are carried to an
i nj ecti oRPPol RECTMRAT§S3BPEasPRGIEY 8 pafasittiile stfitagos Typm Gheg drilidng

PCTI US~I 193¢+ DETALLE T} O r n o d
first to%éég%re EE o PPDﬁgggkgo#g%t Rﬁggﬁlté%Fe%§?TEﬁOrg%ﬁgaﬁyéggibfg]
platform is 5 deS|gnated generally 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 drawn to scale. Drill ship 11 is adapted to

pesform off shoce dril hiprgebnthhe waenaesknewnet o trheseyskidhl ed it he art.
A marine riser 13 is shown connected 10
present invention further includes means for separating the

incompressible articles from the drill cuttings. 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 embcdiment, the incompressible articles
are mixed with the primary drilling fluid. The mud pumps pump
the mixture of incompressible articles and primary drilling

fluid down the drill string to an internal injection point

[\
w

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 to the bit and back up the



between drill ship 11 and underwater wel | head and bl ow out preventer

stacl ~: indicated generally at 15. Drill ship 11 acconplishes drilling by
means of wostmimg of 15 drill pipe 17 connected frcmthe wmhesve1803a
bottom hol e assenble 19, which in turn is connected to a drill bit 21.

Suitable lift_ng gear (not shown) is progided cn drill ship 11 for lifting
arid lowering drill pipe 11 so as to apply weight to 20 bit 21.
Addi tionally, rotary equipnment (not shown), such as a rotary table or ".op

drive, is ﬁ fVIdgd £€ drill sth 11 t rotate bih %5. [.Ln the manner. known
to those®SkitFad P ntthe&PEL dFfFFPng fP&?85'¥l€ Fat BFOHRER SFHALE pi pe
17 and bgttom bel ecasserbly 25 £fet BuRUgRCDI t TRL @@qlqpsl@%%gh%%e%?u%}ﬂ
‘riser 13 back to drill ship 11. The drilling fluid circulation system

i ncl udesnathed @@ﬁ% jol=ye IﬁéU@GEIéhaéfthﬁdlpGﬂEPZ§SEde@nﬁe¢u@de$ot&zcondU|t

o1je. 17 ToP Pt el ripfathS e AR rE: kgvel PReUielcRE iR

dr§lling fIU|yreﬂefa5er,18he35hbghhﬁrlbmap ﬁheoﬁpkbbbﬁgl%l@m@lb&bst@&e
annulus or in drill string Pressure at the bottomof drill string 17 is
greater tHapcERe hﬁﬁﬁlﬁgep?ééééﬁédaﬁlﬁﬁg Séﬂﬁﬁﬁléﬁ BorétRolsei fE3 cimmtheo
bottom h e r rent r u fl 0 i ng
when mud < OFp 21 87Tt hEd of P or Exanal e GRaNCaddrng T o ATS oF A

pi pe to dr|II string 17. Accordingly, a drill string valve 30 may be
included in drill string 17 to prevent fluid flow j~~rhen nud punb 25 is
turned off. Drill string O valve 30 nust allo~rr flow with mniml pressure
loss ~~aheny dpibheperhiubd Bsnbetng punpededawnydpi bl shel Bgii7 Wi I8 yig
preventing flow when nmud punp 25 is turned off. Drilling fluid returned to
drill ship Ihetwpbegh #Fséetesmisedsasreadéno~tpi theaessritdoseparation
system that incl 8 S conventional shale shaper 31. Cean drilling fluid
is collected in _g_ﬁaﬂﬁgﬁgl£y~~hlch is connected to the inlet of nud punp 25
by a corl dui F 35 . Af®bording to '~he present ,' _nver~tion, a systemis
provi ded 20 fox injecting buoyant inconpressible articles into riser 13
near we7'IfEad 15. In the dramnngs t he inconpressible articles are

depi cted as snal l; .ciy.cl r qgﬁ&%
i Brnis dlﬁl%nl e TN R Sie se subst ant |\hﬁy sp en%al

substantial | y"'inconpressi b articles comnpr i

ard i cl esi RayhPge 8 dhageserigreater than 25 about 100 nmicrons so as to be
separable fromdrilling fluid wmth a conventional 100-nmesh shal e shaker

screen. Prefepably the dehsckgsoliatbeasdensbhyibédy thapmpredsidls0
gmcm (4.17 pounds per gallon (ppg)). Al so, the articles should have
suffici emttstlenyt®indo as to withstand the pressures encountered at the 30

et mum wat ery, deptfhd L ARLEN 11 SYSETRL L08 PLESERt 1) YAIASPes s Th0

articles. In the drilling fluid slurry embodiment of the
20 present invention, the density p of drilling fluid in the riser

is determined according to the equation

_ 2,9, .9,
Qm + QS

Where

)%

P, is the drilling fluid density without the substantially
25 incompressible articles;

p, 1s the density of the slurry;

QO is the drilling fluid flow rate; and,

<m



10 PCT/L; ~S(11/1 H93 is used. Exanples of suitable articles are
ScotchliteT~s gl ass bubbl es manufactured by tre 3M Conpany and

M ni spheneeThvwimuch as those avail able from Bal noral G oupdmiseimabs onal

I nc. Houston, Texas. The ScotchliteTM gl ass bubbl es have densities of about
5 0.38 gmcm (3.17 ppg) and service depths up to about 9000 feet. The

M ni spheresT"z are holl ow generally spherical bodies, typically 10 mm (0. 39
inches) ir_ diameter, that are nmanufactured fromfi ber reinforced epoxy
resin. Carbon fiber Mrlispheres'~ range in densit~J from about 0.43
gnfcm (3.59 Phg}totabodtyres flowgmedss (5.50 ppg) and have service depths
of up to 15,000 feet. According to the present invention, the

i nconpressible articles are injected into riser 13 in a drilling fluid or
seac~r atgr gk uptycrTherohubry rhs brmpegckromdrill ship 11 to ar~ 15
injectior_~point 41 in riser I3 through a conduit 43 connected to the

“outlet of a puhpuus, lwhBch Aapebataccymernpifonals ysitemp ams oAk ngppooptiat e
valve er_jinjection s 47 is positioned in conduit 43 adjacent injection
pg$nt 4f3r%% nélh?y§xﬁggg}eferably m xed in a mxing tank 5i 20 connected

to the inlet pfgpuep24blbysaraenduit d2311Asgwirllhiibe sdiuseussed dot idet ai |
hereinafter, the conmposition of the slurry and the injection =rate of the
articl esSYREYNr7Seprd3ngdr £0cbPet PESPEEEE 38VEEtEeNachi eve a desired drilling
fluid densitygm] 5isen, t he t] 1an] i.0t. i.ser 13

t he inconpresg%%f%éartfg éégfﬁﬁésw?tﬁ%%hgggg?l??ﬁéaffgﬁ %ghlgbggﬁﬁﬁi

t her eby sesiuen ngctbedidegstbytbe phesthui dnventiser 13 above injection point
4é3 The m xture of drilling fluid and articles flows upwardly 30 in riser
13"toward drill ship 11 to a diverter. The drilling Wo nm-~~.~0 11

PCT/ USI | I/ 18-+8g.Féulidi 1 hodthtakt bekes1andrdbhkl sedt LaRgs, fisiearnigd-f rom
the diverter through a conduit 55 ,.0 shale shaker 31. Shale shaker 31
separ at esni¢retaen | eVekenndcapriied §6l tHs prefebkelaventivg fluid. The

clean drilling. idcf h .e_shak ' ril Li fluid
tank 33 and t %5%#%iglégwgﬁégégggldé??#%% ??agélgéfgrgﬁgﬁg%sﬁgﬁe% into a
separ at i fhut@nkl brry Thejeaocoopr egsibheaatbiraliiag avethel beetsettf r om
separation tank 57 and conveyed to m xing tank 51 through a conduit 5. In
tHg dri IYP¥RPFIURd slurry enmbodi nent of the present invention, 1G drilling
fluid may be supplied to m xing tank 51 through a conduit Gl connected to

drilling fluid tank 33 or to a separate
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 pecint 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.



source o' drilling fluid, such as "base nud." In the seawater slurry
enbodi nent of the present invention, conduit 61 is connected to a source of
seawat er wab1/Refterring now to Figure 2, there is shown detraiTVésoofissas

drilling fluid slurry ir~jectior~ systemaccording to the present
invention. As shoc~n in Figure 2, conduitg43 is connected to riser 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
provi ded by punp 45 (Figure 1) is selected so as to be greater than the
hydrostatic pressure in riser 13 at injection point 41. A suitable check
val ve (nefrshewm prydHGUfeng) is brovided in conduit 43 so that drilling
+ 25 flui d does nmot—back TtowTn conduit 43. According to the present
i nventi on, th@xedﬁeirlrllirrﬁg rfdwi b ugerl dxpvdakas t g | Tkrst nay Begwight erat han

t he dr|II|n i.d inth rim |II f|UId em e ilution,
“the |ighfér ﬁhéﬁﬁgkﬂlﬁlq rfﬁlﬁ%ﬁ qﬁ] ?ﬁ?)/ﬁ?iﬁl%%réy?%% dgh5|§y of
the ' Odeki®btkl gehdfGHIL} Jiz’ﬁle% r&ﬂﬁuﬁkfl 111 ng A4 Wi i reeraeardstcas be
reduced. The weight of the slurry fluia. can be reduced by renpving
wei ght i ngheaeesikall kabrn Hérraiar yohi i T19UGRS 13 hi thprRers et f brveRElPRe
slurry. Alterpnat e I t urr i y
Do 1 or T8 o SpA o TV D M e R e st per 1P
proper |y iweiglaped Ppricormpdraf dxei ngft frinped dyaickl dog-i in tilee dnahbestknogn to
Referring no~; a toQ Flgure1§§%there i.s shown a seawater, slurry iqéectlon
syst em acReEd FEitd Ghet hridte ittt nvhtion Noondift 43 49 %?%@?d% NReqE&Eur e
of,pseawater 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 systen171 i s connected to injection point 41
by a sui |t Y yer er 13 to
15 condu?ott% or s;/is X 'f]é)%r oug %Jelﬂ}aqb%% ‘%%Jﬁl ul tC?s o(\%img?%mp %ﬁt oma ~
75 . Ref@m@WQ@t@mNduadﬂgﬁﬂdﬂehtédmgeneﬁahhpwn:dnb enbodi nent of 20 a
seawat er slurry injection systen1accordlgg{to the present inyention,

Figure 4, the é&éfafth% I ssut e sy Steh inhdr e e 510713, Smal@id‘ég a
dijwerter d%qridu' Pﬁ eomgaied-d P Stk %&Wécé%oﬁas}gé@@&n@ob@vw _g a

mesh size snal e than the di anmeter of the inconpressible articles is
di sposed alseewbddly 29 ,slwirirgh cionduiitn 4& am:ivmwmd efro condiei 11 771t Sekeen 79

separat eg, Lhe, 3t hclgs L om e Se2vaLsE) Te SSARISE Lt dloehargsd 10

for lifting and lowering drill pipe 11 so as to apply weight to

20 bit 21. Additionally, rotary equipment (not shown), such as a
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
punmp 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.



WO I11/9~7~0 13 PCT/ USOL/ | 8-193 The separatea articles are forced to the.
inlet of a punp, which in the illustrated enbodi nent is a Mineau punp,

i ndi cat edvgemesrahly at 81. Pfoi neau punps are well known treTvifeseseRkill ed
in the art and they include a progressive cavity punp with a 5 helical gear
pair wherein one of the gears is a rotorgand the other is a stator. The
outl et of Moineau punp 81 is connected to injection point 43. Conduit 75 is
connected to the inlet of Mineau punp 81 ~0 supp=y drilling fluid from

riser 13 to the inlet o [ neau pu 81. I,neau,pu 81 .may power ed by
the 16 1 i d ‘DeRPEU HEWHOCCRAUPE % S UEHE Re: EPEs Do by Attt it i ng

the need-fosr-sepaiat eigheetkr kta@r thydeauhnenki resitr om the sunhiaes J¥bineau
"punp 81 forns a s[urrz of drilling fluid and inconpressible articles and
injects dnatlssbFERJi At o r PEePSEBeatti hpecPPsRoporht A&l Iwsitranguy dfs t he
(i1 Tustrated 45 eppodi pEAt f 3, SOLNGAU BUIR. SLhoge BKILLEd i bhe ah iJd,
recogni z Tha any sul abfe punp, “such-as vane, ‘pi'ston, di aphragm

ceht ri f ugjad ,bet comphops, prayshecudedracentdangeha theu2®@ phesentid riient i on.
Acccrding to Figure 5 there is shown an alternative injection system 71b.

5
| nj ecti oAIRys? efiT Y4B PHCIHERS ™M BEER| 2851 FoSPEPERed fheart th&*88R S0 sien

adiacenraﬁéﬁﬁﬁtigﬂnegis% Ali Yepspk 83 hpchudesrangl urry inplet-o§4,G9nnect ed
to receive the 25 sea water slurry fromconduit 43.” Vessel 85 includes a

seawat erdout] est8onposaiivensd weyt beaihylabedeinnHet 187 stvéngell 78%5cal so
includes _an article.qutlet 9 osi.t.i oned rticall bao seawat er qut.l et
89. VES§%¥G%%nfs%£%?§igth 5éggpP8858PWEeégs6SaguféesoPﬁ%a g§§%@§t§%rlng
i ng er f acen phOVEo Spavat g1 16ut Febw8QitAsm3Aihblupteatadel Nokisguhen5, the

seawater slurry flows into vessel fl'OuUl/9-t7-1(1 14 PCT/US(11/18~93 85
at inletdsyllipg Fheddpitesbrbre BrRPefedovBefRglbusiant s fLiloWhrdg®ardly in

vessel h S €hpln age the epakating thensel ves from
\i‘%é&&?{rﬁn& £184 (vig’gF fubiNbafb §§| tbeggby . gepara

t he seawat er e~ separ at 5 seawat er ows out of vessel 85 through
seawat er outlet 89. The

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 injecting buoyant incompressible articles into riser 13 near
wellhead 15. 1In 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 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)). Also, 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



i nconpressible articles are collected and injected into riser 13 by a
suitable injector indicated generally at 93. Tnjector 93 may be a | ~oi neau
punp or tweolivkev Referring nowto Figure G there is ill wstiriavedsan 10
alternative separation and injection systemaccording to the present

invention in which the articles are punpgd fromthe surface in drilling
fluid slurry, wherein the drilling fluid nay be of the sanme conposition and
weight as the primary drilling fluid or it may be base nud. Base nud is a

mxture of water or 15 synthetic oil containing no weighting material. The
separ at i ‘oh BiRE i njEetbhesyst eftdbf a2l gupBt6Cl8sspkPl AFOLENLRECSE bR BF
slurry injection systemillystrated i igure 4, except that the separated
cdrillin _4§%ﬁ?ﬁi%@ %tﬁgﬁﬁﬁeaob¥h hgu#ﬁaggﬂp?ﬂ¥ 2883gﬁgFﬁP 6h8nd TRFRCEF on
system jndicated aly YdCrrohNBLUHES2 8 GLYBHt ERhEPRAUELLZTC ¢aBNERLEd 19,
slurry conduit 43. A screen 79c having a nesh size smaller than the
- di anet erredfad he THECR €& peles st bMa cdrtsisc e bl sdilspes etb it ieen of Wisyut
conduit 43 and diverter conduit 77c. Screen 79c separates the articles 25
from t he dtd 19940t I(di-d./ PRE) sepdr sEEY 166 CriPhg st e Fa shaatturitd tiegthe
surface .t,hr h. a .returf line,.8Q.cou d. t iverter. conduit. 77¢c. A
sui t abl eiths %’gl%ﬁ%é%erp%?rp{ enﬁlfq&g%pgoe\%iedfeaglg/n S%gieﬁrrlnc QLI gjeo %0 assist in
lifting dhe sepey at@dudr (bl 300ihtnéd) t ont headErsyl f aget Arbempatirvelyregas
lift or other suitable neans may be WO (!'1/9-t7(1 15 PCT/L1S111/ 1R Q93
provi dedf4ai o dea ™ toe HREP e nePeEYi hgSthe dferIPphgliPardMisisrbesesface.
In the f r..al oV 4 pravi-de jracent il et
of punp]%%&gg:gﬁéggéggﬁbrgg%ﬂrgggggp§i%g?%%p§To®%FP%ég¥%Hﬁggggx&%,q%ﬁg%eby
ertabl i ngrt/fe’s gardt e or idid e fdarwd deo deptriet ushed tioo the, 6 f ficet by

the action of. the surface slurr u 45 (Fj gure and wi t hout |, 82.
O s A T I P S L N
pressur g ati dihes sede F10pkctOapuiBothesdriibing Ll yi-dibagk k9uthe 10 surface

due to the "u-tu'r~e" etect since the drilling fluid in return line 80 is
heavi er sdsaretidie slurry. i nTieongdliitry3is Thengepafneoeddatilckbsraté to an
concentrated at the inlet of a punp, which again in the illustrated

enbodi ment is a Moineau punp, indicated generally at 8lc. Preferably, the
caancent riatj«rt id: afo it i £1 esni 81 s@xi 1B zew-byghak anehagithesf bowneatedoto
subsurface punp 82 nT-th the |iquid conponent flora rate of slurry punp 45.
For exarpi®e,Cuflel shhird yPud® hd 30-WH{c dhaveP df 2 af PR EFRE 1 PR huRPEdPHEBRN

condui t apm rticl.e: { LS4400.9 Lui d
f|OM/ra€§§fg&a0 gpm Iigg%@s%%s£$ %%EE%ﬁn%Q%ge%uﬁgsgge%g?g?gahggiFking

flui d atcotQliigpm 3 tdd) zoewentnatcoonfpspher€s. at the inlet of Mineau punp
8lc will be sybstan, =0 a1V, 400018 SPESE b8t S TN, PEaRrELC! es
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. PAs 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 point 41.

The mixture of drilling fluid and articles flows upwardly

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



injected into riser 13 may be filled vTith drilling fluid 25 diverted from
riser 13 through a conduit indicated in phantomat 86 connect to the inlet
of Mi neanopuwop48lc. The outl et of Mineau punp 81lc i s corprdaTiS®d/ 18403
i njection point 43. Again, Mineau punp 81c nmay be powered by the fluid
punped down conduit 43 with the articles;jthereby elimnatir_g 30 the need
for separate electric or hydraulic lines fromthe Vi0 111 /9-17~(1 16
PCT/USI| 1/ 1R- 193 surface. Again, while the punp of the illustrated
enbodi mept s Niojpeau, punp, those skilled in the art will recognize that
oy st tab b putithe At AL BhaHBY B honCoHtARFROHE CATTIALgaON dite
punps, nayvberusednasaghdhngohautipe spr esenhaiRvenin. 33 Thenwaighth ofcbase
-mud is substantially I ess than that of weighted drilling fluid (e.g. ppg
versus 131 ppgpars8ase tud hasichessame difamlsor pods dshd nawi ghiteediiid ing
Ther ef or a.sml,] a nt . i.nj egted into the riser w.th t
" spheres §%¥+d10 t%? gg%?%nﬁ%é?gigﬁg¥gyﬁ |?§8%F|&@f%u H%&ﬁigtﬁﬂag%%parated

flaid reines sysiemef fibedt ypeki BBushdated iamtEicQurse a@dmyrild usad @ th a
seawat er slurry s%sten1in order to satisfy any environner _tal concerns. In
such as &y&tem cfhesBapsr shedcSeatatBoUETSEPEG HE 108t (aned X0 t H'Sur f ace

rather tfan - pekng:di 3&2@%9@9 hgteocbﬁge%%%@nf%%{ ste'EJ%rVd”,edild%eaéjaéz They
returned seawTater could be reused to make the slurry or 1t coul e
processemh@réonvéeégedunpi ngxingoteh& 6deshroRgherr icogdudw t58 .Fi gur el t here
is shown details t he stemfor separating,the drilled solids and
inconpré@%?%fénﬁoginchZérFyo ﬁglﬂgPFIPEgLPFuP&?S?ﬁg dAISYHS I i d
regurnedqfromiferniser mdd be deppsibkedrenntike ngurface saf whrshajre sshaker
31. As is well kno<<.rn in the art, shale shaker 31 separates solids

great er €PARUAt cett aPRNSEEECf EonfiEheé Ldppl IFilNg Of IFaRd SPhe S s eparaadhte

dri |1 ng.thpid (kous (s guoh ahal e csngker SLoicat gy | g i Lank 33

Separ at ed sol'1ds, rncludi'ng i nconpressi articles anal dri cuttings,
travel owktrshatebstiakent3dfi hhe papkeh?. ifarktieén,s qoarduiad I6il fid | ed

Tsrith water. Accordingly, the guttingi sink and the inconpressible
articl esCEReFbat, tPher 8BY-SEparatPAYLRE i nconpressible articles fromthe

15
Referring now to Figure 2, there is shown details of a drilling
fluid slurry injection system according to the present
invention. As 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 point 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 wvalve (not
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 drilling fluid system. Due to dilution, the lighter the

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



~0 01/97-40 17 PCTIL S01/18-493 drilled solids. The drilled solids are
collected fromthe bottom of tank 57 for disposal. The inconpressible
articl es woeipolbected fromthe surface of tank 57 for re-FQjewtiien3into

the riser. 5 Referring nova to Figure 8, there is illustrated an
alternatizre systemin tahich the inconpygssible articles are carried to an
injection point inside riser 13 in a slurry fornmed by the primary drilling

fluid. I'n the systemof Figure 8, the 10 inconpressible articles are m xed
with the primr |II|n f|UId d con eyed i ernaL i.nj ectiagn point
41a throﬁgﬁigapglggPFﬁnd 1715%he Erlﬁﬁr 25 &% %ﬁnﬁh t he
slurry os1iipeQnprassi bhe akt rel@scar be eemwmcdwéllgmﬁd izt dawn theom
~drill string to a drill string separation and i'njection I5 device 101

p05|t|onebelﬁr@merﬁrdﬁkletPpnélﬁeérPFH@rdéGtﬁoéﬁﬂﬁwetgea@&yrﬂylII string

separ at'ﬂﬂt?ﬁga %Sﬁg;,ogr I@%?f)'aq‘%t%oélg%rct Q%Etabta‘é%“'m%rd Lﬂfbﬁﬁ %Sy Pon

103 and a’p ural ~ring separati njection
devi ce 104 SepmtaheedtheImnedmheQSQthe ammecme&mhmyndﬂuikﬂndIﬂﬂuldlmﬂstzo
and injects the separated articles into the riser. The separat drilling
flui d CoRti REEBSEGnERERGFA PEEH kg P&l PP S5h Pagdc AR ttﬁem s to
the risegy phgre it mxes t~rith the with the inconpressible articles for
return to the surface. 25 The drill string injection nmethod does not
require that Rhéermoqpnes'sﬁ:bl &lantriec Bes thersepar athednf romeaahve trd |dlivgry
fluid returned.to t rfa As Wil |  be par ent from.Fiqgure

i ect | oht BOF R Oy BE el LR BHANT on (OB Y CHErS SBCETn Thes I 43
gemer al | yrbyidOst hemnumar-al o¥0Eecatitan e@en amlleleectm@n,a degpignratieth and
generally = WO U1l/9.47.10 18 PCTI USI ~1/ 18-193 by the r_umeral 109, of the

wel | borenj%@tF@nwéwﬁtﬁﬁowﬁnﬁé"ﬁﬁégeU§@ﬁ¢@ééy'ﬁttﬂé afﬁysﬁéﬁealthéJséﬁilon
107 i's detlopdoby 3nCastngililnenRagedyl Lo el I, hores as ddigayad at

113. Open section 1 IS an uncase secti ore hole.
novi ng the sypeemuam pei nbndectEdwdpdlin]erntiibe wehhtbdﬂekntbesmnﬁsﬁume

radients in the bor .abov d be wthe ir cti on po n be
Purther wRRTRiea’ By PER) 1480t fauaHemart PO 60 RS a lekted 1Hote 'Sodd on.

the pressure gradlent in the

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 7l1la, includes a diverter conduit 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 separates
the articles from the seawater. The seawater is discharged

through the diverter conduit 77.



open hole portion of the well bore can be lowered with a |ower 10
concentration of articles. By injecting the articles at nultiple injection
poi nts, tweopyessure gradi ents between injection points megThesoad§usted to
| ie between the open hole fracture gradients and pore pressure gradients,
thereby further 15 reducing the nunber of; cas_ng sections that need to be
set. Referring nO4rl to Figure 9, there Iis shouma further alternative
system in which a slurry of drilling fluid and inconpressible articles is
carried to an_jnjection _point 41b by a cancentri.c i1l _pipe arrangenent,
dos! gnat ed goHer 7 FH=59 PRt 3b AUREL2A8 195CERohBehTFI CIGFH P TpPpBUIES
i ncl udesyineh npereei §11pkpeatel7enMblighener Yesat e iRGRIBbLuAE | inpiiRRted
« functions, and an outer pipe 119, rrrhich acts as a cor_duit for t he
slurry. genshowhyiatFByur eMoineajleptMBa poEnvedlibkngwdetiongtioby ©kd ldwd 121
25 of outer, pipe 119, descri ~a~th r ot t L gur [ hj.ection
" poi nt 4I%Ph%£eb%r ot f%%% %%Cgﬁggrglé?oggégggﬁglgaggggigﬁﬁfoyfkgraOpen
had e sedi¢ DIcd09%e&ef eaiinghsowihookegureth, gbkheseiksai kbtistr ahed tpet a
further alternative systen1accordin$ to the gresent i nvention. 30 In the
system APt Hur@ A05TAterurr yR6f OBFFPFi R HPaPaatng W PvELO E1EPRECEEE 19
PCT/FJSI{d/ ﬁ%éﬁ@-éﬂcwpﬁe%bl ecahlihetessi $sCabhhed ka 2B ikRkeGhiR REi Nt
41c in a cased o}e section 107 of the well bore by a parasitic string 131.
Par asi ~iMosteamgeunBl8tetensedpi it drihéingndlusdbéromenicasi Ag Lol tamd t he
borehol e wall, a~ indicated at 133. .5.1n_ operatiqn, inconpressibl.e. buoyant
art] ol e A EE | A d4 S°T i B PHeSTT seYOABAP L RETSear| BaY. Dby EPERABLY LR X2
rag e suffigi@rphmpOaredusecbhaudensityieh the hluidien,t heckkser _
substant=ally to that of seawater. The density p of the fluid in _the riser
i s gi verebimimeat tegiathenneedoboy) peprarptpselgcptiroorwhedeapd ics ldmiasl i ng
fluid density, . Tl Ut the,st nLi.all ¥11 ncoppr gssi arti q ps
s the dondl L Hor Thereabst Aot o fy R0kt SE2E) 3" SrtrEvabe BriTnd” R
ccnecent ralwiod afidt hecsubséapibakl yrthcoapr esdi bhéecatki thas. sElurem tihto
equation, it may be shown that a, 200 concentration 20 _by vol une of 3.17 npg
er

spher es Teffces’ the H%ﬁ%??%o%fp@bnbpégdriWFFH@ PPﬁPdO?C¥Pﬁaﬂ opssEaesk

(35 6 PPAVNE!RAS: 21 200, EABSENLLALI OPhbser eQyhied §A tadugert heidensity of
14 ppg drilling fluid to that of seawater. Thus, the nmethod and system 25

of the presegniiaventioangreutcteattyrefpectiivh agevaanew désiktange of nud
weights. In the drilling fluid slurry (wthout fluid return) enbodi nent of
the invention, the inconpressible articles are punped fromdrill ship 11 to
the sea floor it the formof a nud O 01/9.17-40

diaphragm, centrifugzl, etc. pumps, may be used according to the
20 present invention.
Acccrding 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 positioned vertically above inlet 87. Vessel 85 also
includes an article outlet 91 positioned vertically above
seawater outlet 8%. Vessel 8% is partially gas pressurized so
as to form a gas/water interface above seawater oﬁtlet 89. As

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



20 PCT/US01/18.193 slurry. The slurry punped to the seafloor mxes with

drilling fluid in the riser thereby increasing the fluid flowrate in the
ri ser andvdol/md7smg t he sphere concentration. The density pcaofusihbvessbsuid in
the riser in the drilling fluid slurry enbodinment 5 is given by the

equation: p - pnOm +psOr Qn+ O's Plherg pn~is the drilling fluid density
W t hout the substantially inconpressible articles; 10 p,r is the density of
the slurry; Q-n is the drilling fluid flowrate; and, D, is the slurry flow

te. |~ i 00 f sl f mle, 60~.b | 15 of
AT N Al T N SR A IS o L i
drillingsfdpigobeingycincybated Ep thaabarehel ghsinheed Woklrwath drilling

- fluid flowmng at 800 gpm the flowrate in the riser increases to 1600 gpm
and the sphere concentration decreases to about 30. Therefore, the nmaxi num

sphere concen 1.on. ‘ chieved, ~~=i he dri.l i fl uid
oPurry SRy AP b R Re 28 PO PL B o8 b RE - cedina: SPPRF RIS br
system afedhet el i t1dng dhui dft vanséer sshthibuskpaeatvedef| vind 1eet Bon systeem
Accordingly, the maximumdrilling fluid 25 density with which the primr

Gri 11§ ng HIGIRF QT 42 W EhbGESF| BF8 el bPRCERDBBAMSAD S6ESPhangPosdRer |
| nvent | o, cansbec uised 105 LeEUEe; hSUPRS! bunkBallg BisSh [0:hALRE o3

seawat er 1s about 10.3 ppg. Thus, i gher lir_gflu wei g
primary mawse 4 1Me¢ Ondau 1pJud PCTLIWSOLAES8.193 drilling fluid slurry system

| t . the density.of fluid jn the ri hat _of ~aater.
Accor di ngl y, 14 SURH'Y iaAnkBst{ AU S ohuat BF71 GPry SYSEERESAES | ght wer ght

drd | 1 ngs fdhhehisysd egep@Fat henasnhiichgjeencent kakien WetBriiHigdrbetuen 5
system shoul d be.used.‘Alternat[veI%, in higher drilling fluird weicJht
si tuat i dheesee Hyseebior theWhbieBehbhei pvEAElen Al Benperbitrer Wheh ot her

dual gradi rillkng. n Ie h | ] . r p

From the Farsyo et i 2 | ER20PLRM RN FLEY FRePBincth FpiTdoalt FERTorthaes
a nuf ti -lgr aglf ertie deahd | dgmsysiemhhahdovet ghtreast heespotinaen ags 10finghe
prior art. Injectjng inconpressible buoyant articles into the riser reduces
or elimndtied Phet bty 1lof RoRpl BRAsubBaPtatBIplifips, MwhFEkecah Wetexpessi ve

and di ffdgufed 0 OPEf alent NG AGTLE! §816RP1RE RYPRLYa1. The separation
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 7lc, includes a
diverter conduit 77c connected to slurry conduit 43. A screen
79¢ having a mesh size smaller than the diameter of the
incompressible articles is disposed between slurry conduit 43
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 lifting the separated drilling fluid to the

30 surface. Alternatively, gas 1lift or other suitable means may be



15 to the injection point using conventional nud punps, thus elim
the need for expensive conpressors and nitrogen required nor gas

nati ng
ift

systens. Waet/astio cl es can be renoved, if necessary, from tPRE/wiMNsPnhg fl uid
returned fromthe well with 20 conventional shal e shakers. The articles can

be injected at nultiple points in the drigling fluid colunuz to yi

eld

mul tiple pressure gradients, thereby further reducing the nunber of casing
i nstal _ations. VI'O01/97.4(1 22 fITii PT IS CLAINLED IS PCTI f SO1/ 18- 493

1. ~1 for drilli ~. aeli_bore harTi bot t.gm.i .
" dr i 111REOT HEat o, CEHRT chocBADrFEost ALAErL (b Fiid <yt arhoHdt

bed .f
Tt ng

a colu_rgarefc@drilrhngnd kluideabavecsaid:ibett amenand sa syst &8 ffovided
~injectir_g substantlall{ i nconpressible articles ir~to said colunr_~ at an
S

i nj ecti ondpotapt beEhaeen

“drilling e system as claine

i @ LhetPBMBandos &r@ader id PnegSs Wieowdaron D sdid

n-claim1, wherein sai

noomPr essl ol faALiLe! £9:08Vhng Budensl! wobesS ARGt Reglansidy df maldy
a

fop injecting said substantially inconpressible articles includes:

conduit connected between a surface |ocation _and._said ggﬁggﬁggﬁipoint
[

3. The shsteth BS BPaffEHIPRICER RS, SWHERERN PYaitd s (&t

15
et i d

substant j ahlyyli ﬁﬁﬁﬁpglgaﬁig@bar@rtlbclaﬁa kRehudes puRars f ocrHdlLad ng a

slurry conprising a

and said substantially inconpressible articles

into saimeconsary ab shid 20tsatfave bobatidise, £heTige wiyidt emptadeciediamad i n

| ai m 3, _wher ei id fluid id sl i, i|.ling f
5. “The SYSTGTLS &l alRE0SFA CPAPM 50 WRBPLICh cobrd TR S0rihi

llgéitﬁgs

urry

coopri sesysehstantibakby tusweightied” deiflfleicitg sfidied the dihe 1Syst emasi clrai med

in claim3, wherein said fluid of said slurry conprises water.
return line 80 is heavier than the slurry in conduit 43.

The separated articles are concentrated at the inlet

of a

pump, which again in the illustrated embodiment is a Moineau .

pump, indicated generally at 8lc. Preferably, the concentration

15 of articles is maximized by balancing the flow rate of
subsurface pump 82 with the liquid component flow rate of

pump 45. For example, 1f a slurry with 50% by volume of

slurry

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
20

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 connect tec the inlet of Moineau pump 8lc.

The outlet of Moineau pump 8lc 1s connected to injection

point 43. Agailn, Moineau pump 8lc 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



V1' O 111/'J-17-10 PCT/USfI 1/ 18-4>3 23 7. The systemas clained in claimS3,
wherein said neans for injecting said substantially inconpressible articles
i ncl udes:wowamsr4hor separating said substantially inconpr@€giiiog1%9articl es
fromsaia fluid of said slurry prior to injecting said substantially
inconpressible articles into said colummjgand, neans for injecting
separated substantially inconbressible articles into said colum. 10 8. The
systemas clained in claim7, including neans for returning separated fluid
to a surface Iccatjon, 9. The system as clained.i.n claim$8 wherein said
means fofYf gf‘ﬁ?ni n}ﬁ‘gééﬁar %fpégef?é iedpﬂlglpséfifg tg%r fla}gélsltg ‘alogr?mlbr?éjle%ét a5
return liigenedQ. pihe, sysbem axighaicmee itheClaaitml.l Whelighisal ¢Hmang,f or
*returning separate fluid to said surface |ocation includes neans for

i fting sephratledeiingi dsiughsaisd Vedeur wilsitea, 2@aphrapie Sipttarmfagad ai ned
in clai LN ang f ar. _1inj [ [ a u i;ally

i ncompr oks5 ol S0aFpT oMEE" Py B5ck REEEFIRLRT S, TRRT I AR e SR T 071
245PCTI US(11 tH8-4#83gh2. oTheasysinemh as chdisted tiimldlyailmss, thaer eibmtsa ©
means for separating said sybstantially i ncog})r essi bILe articles includes a
screen h4%iAQtadnBshlsird Srhaftler StFar =, POSI I SEGhSt dift PRY)y | ﬁ@ér‘?pf%%‘gi bl e
articles. 5 13. The systemas clainmed in claim7, wherein said neans for
separating said substantially inconpressible articles includes: a vessel,
sai d veskseb beengamgashpréssuyi z2ed the ferlphd elaterd-.gadhiaredofrgse;a Einal L
slurry inlet };:)osi tjoned_in sai.d \éessql tbel W srai de ~w~:%tsbert as intrerfac. and
coupl ed tBORAFdOEoRaAGTFt ™V WAPEF ST PO Cpddi%t iFdRET i EaiE S SRS el s

sgbd Watﬁgtgééni:ﬂﬁ@ﬁfa@@e;th@ndlridlli@rgt ifch€ doutnl eti seesiizi.oned in said vessel
above sal

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 concerns. In such as system, the
separated seawater would be returned to 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 than 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 tTank 57. Tank 57 is partially filled with water.
Accordingly, the cuttings sink and the incompressible articles

30 flcat, thereby separating the incompressible articles from the



15 water-gas --nterface and coupled to said injection point. 14. The system
as clainmed ir~ claim1, including neans for separating said i nconpressible
articleswoomgnolling fluid returned from said colum. 2@CIBSITh&vsystem
as claimed in claim114, ,Therein said neans for separating said

inconpressible articles fromsaid drillijng fluid includes: a screen device
for separating said inconpressible articles 25 and drill cuttings fromsaid
drilling fluid. 16. The systemas clainmed in claim 15, wherein said screen

moeh i 201908 AP Br1 05 41t 4 TPOTROR AF 16205 6o s peArhgoty Ehem as -

cl ai med By cdRi §F 18anhet ek sat §pBBaNS foneSepaprabirgssaid LPEQRRERSSIR e

carticles fromsaid drill cuttings includes: an at [east partially
wat er - f idd e alesdef rpost e onedfaee 50f eceieSdafdri heohph essiibhelaioi ¢hes
and said drill cuttings fromsaid screen device. 18. The systemas clai med

in clmlnfﬂerMerein said screen device includes a shale shaker. 10 1. The
system as cl ataeskitngl abm o nheneensa pohetéonsoilsasdraekdmani s defined

by a riser connecting a subsea wellhead and a surface location and said

i nj ecti oht PIMALIE podfteBned i Shi Bhei SeFOBEf aB8hPLsardthel PReadS 15 20.

The SyStéﬁggsﬁﬁlﬁgﬁgn'fnfé@fﬂb&zpéfﬁgeiﬁéﬁdéak seubssanli gl Ly, yrry formed

I nco_npr essi e articles are Injected 1nto sal riser at a rat a

su- ~f i cilenttieo peducey tdel deisgt §lofddri Ihi bigef sustemnofaFdguokufm thea

predet erm ned density. WO 01/9-1p1l1l 26 PCT/ CIS01/ 18~93

10 incompressible articles are mixed with the primary drilling
fluid and conveyed to an internal injection point 4la through
drill string 17. The primary mud pump 25 (Figure 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
recturned 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



21. The systemas clained ire claim 20, wherein the density p of drilling
fluid in said colum ?s determ ned according to the equation (100 - v) p f
+ >>p, s woolOdib where pf is drilling fluid density c~it PaayUshives493
substantially inconpressible articles; p.s is the density of the
substantially inconpressible articles; apgd 10 v is the concentration of the
substantially inconpressible articles. 22. The systemas clained in claim
20, wherein said substantially inconpressible articles are injected into

aid 15 colum in a slurry conpr.i,sin i Xt ure .of bstantj al |
Tnconpr e BN AFIGIHEs il a1 1HEh it he dehstT yio bf Kt | FagtRPaed
in said ikgen ds ideterdridied accrdingg & osddvei &UuBdT s Pde £ tHEM BP- aQ ~ ~nt

"+ O ' 0 ~nThere pn, is the drilling fluid density tnithout the
subst ant icaisiipd Addmeeassi e artd ciles;wopl¥ hereheadehriligabedtne slarry;

Q, ist rilliing flud fil rate: i he: s r te.
W o 11PBey Pt i Q@ ?1%%%1‘?%%@%’% B ol ot WolBle
205 wherei n sa&yd maivedef edhe ned; etenisirt Yoo ints ubstramtdl § yieatiad wellheore,
density of seataater. 5 24. The systemas clainmed in claiml, wherein said

subst ant t&El PreFEOHRST BB  thtI e Wil iR At e kpReFieal
articles ipﬁ%-ct[%% Systemas, elaimpdidy Glaiie 234, Whey e i éé{f'n?wthe

substantiarly spherical articles have an outside dianeter greater fhan
about l0@rmicress.in2®. dThesdttemassattaiared tie ghradssuire wiez@i ensaid the

substantially inconpressible articles conprise hollow glass 15 beads. 27.
The' syot SREHS HEILE MR SIRTEISh A e GTaF Ot i T ACSSB il pavboHRE
oyiysi de diarRher-griea &r than akaut P MLEONShig the articles at

multiple injection points, the pressure gradients between
injection points may be adjusted to lie between the open hole
fracture gradients and pore pressure gradients, thereby further
15 reducing 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 numeral 115. Concentric drill pipe 115 includes an inner drill
pipe 117, which serves the normal drill pipe functions, and an

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

shown in Figure ¢, iInjection point 41lb is defined by the end 121
25 of outer pipe 119. As described with respect to Figure 8,
injection point 41b may be positioned in riser 13, cased hole
section 107, or open hole section 109.
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



20 28. The system as clainmed in claim11, wherein said substantially

i nconpressible articles conprises hollow reinforced plastic articles.

VI'O Ol/ Svo 140428 PCT/fSI| 1/18-493 29. A nethod of drill ipag/wsowesdos bor e
having a bottominto a seabed froma drilling |ocation, which conprises the
steps of: injecting substantially inconpfgssible articles into a colum of
drilling fluid at an injection point positioned 5 between said bottom of
said well bore and said drilling |ocation, said articles having a densit' _v
| ess than the density of said dril-ing fluid. 30. The nmethod gs clainmed in
cl ai m 29t nGpiEpBEeASSAILE STEHCOLS1ES| ﬁjagétlieﬁg teapf dBPSCAROTaMOYnt 41lc in

| ncompr egsibleqapbicl gsckashudes: oORRICYLNY BotkUbhY LHMUSING Sl ng

- substantially 1 nconpressible articles and a slurry fluid to said injection
poi nt. 153Bl. Faeamethodsésickail@dd ceneaitaidmid@o wher einmuslaisd betteye aof

injecting said substantially inconpressible articles inclu . separating
sai d subg?%h?gaffg ?HEOEEFeégfﬁﬁgqgrW?iﬂésafr&H@%&F e?IﬁFrg%iraid pr-or to
i njecting sai ghsyhstant ondl h¥coRpeeRrEesIbbeodhhitClaes 1idited said ienlddfeoOf

drill-ng fluid. 20 32. The nmethod as clained in claim29, including
separ at | Hgtsatdei nesapr essirbltbeaseiréilesrt r gmedeirebilyy o @i datét urned from

said wel| . .25 33.. T claimed inclaims32,; 4 n¢l yding ;separating
sai d inc%%%f%%%?%Fepgrggépgg g%& Sgﬁgﬁtéhgﬁikgﬁ Fﬁ%ﬁﬁsgﬁd% i %ﬁing fluid.
34. The sEbhodnasatlgi sedthatcbhdi ged8atienc! udheg deepdtat e fsaikee £fluid
i nconpressible articles ~=romsaid drill cuttings. 30 WO 01/9-17-1U
PCTI L1S0O%? 18ha 181981355 FhEehePHodl&s SEMAItHEd i n cl ai m 34, wherein said

means step separ bbngo ah_,inconpressible articles fromsaid drill cuttings
ingl udes: dis Al p'nconpressible articles and said drill 5

e 1%

cuttings into ar~ at 108ast partially water-filled vessel.

where

p; is drilling fluid density without the substantially

incompressible articles;

15 p, 1s the density of the substantially incompressible

articles; and
¥ is the concentration of the substantially incompressible
articles.
From the equation, it may be shown that a 20% concentration
20 by volume of 3.17 vpg spheres reduces the density of 10 ppg
drilling fluid tc 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 invention 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



36. The nethod as cla-~med ir_~ claim35, including recovering said
inconpressib e articles fromsaid at |east partially waterfilled vessel. 10
37, The meohodias clainmed in claim29, wherein said injecth@NUPOI1SHI3i S
pos_tionea in a marine riser connected between a surface drilling |ocation
and a subsea wel | head. .5 38, The nmethod@s clained in claim37, wherein
said articles are conveyed to said injection point by a conduit positioned
outside said r,' _ser. 3, The nethod as clained in claim 37, wherein said

articles 20 are cgnveyed to said i.njection point by g condyit positioned
"o de S3TEEFYser ThHOL L FREImBEHBEAS oo AP TEa S TOCPATIFSS, “idk Bii dath
condui t Fngiydes andrihkepi pRerdby4inclBesiBbhedcasicliai MGy Fa®liih 3%

~wherein said injection point is positioned in a cased section of said well
bore. 42righe mpehddlusilvbaithed sPhegkaicarnsentvhénein sdihe aiiscites rard

casi ny oi'Saf Altdebh EhETFEREY T RheOnFRIIhh PSR s UGS

The net hod gsvehabpredhineghaitibdl, wherein said articles are conveyed to
said injection point by a conduit positioned inside the casing of said
cased section. 5249, fThé.method as clamed in claim93, wherein said conduit
i ncludes a driflT pope.045. The nethod as claimed in claim29, , t,aherein
said injection point is positioned in an open hole section of said well
bore. 10WHMéreThe nmethod as clainmed in claim95, wherein said articles are
conveyed to said injection point by a conduit positioned in said open hole
section. 15 97, Tife Thst Kod dsing fiield idensdidivmyithatbertdia s@hatavnbrl 1y
includes,a drill Qiﬁ?' WO. Il 1/9.17-111 PCT/USI)1/18-193 31 48. The

met hod a5t CPEPHBESIRTEI &F 58 Shherei n said i nconpressible articles are
injected at afragg §Hgfthgq%ytgfaggge%guE&QQeternined drilling fluid

pressure gradiént over a portion of said colfum of drilling fluid. 5 49.

The nethod as cl aismed d iy, chaism2%1 wheraidy, sald J ngpppressible articles are
injected at agﬁatg sufficienf‘fﬁ achi eve aJpredeternVned density of said

drilling fluiginssaid g@hggg ghewTe sai d injection point. 10 50. The
met hod as claifmed in claim4 wherein the density p of drilling fluid in
said colum is determ ned according to the equation (100-n)pf +1'ps p 100
15 where
When pumping 800 gpm of slurry (for example, 60% by volume
15 of 3.17 ppg spheres in drilling fluid of the same weight as the
primary drilling fluid being circulated in the borehole) into a
well with drilling fluid flowing at 800 gpm, the flow rate in

the riser increases to 1600 gpm and the sphere concentration

decreases to about 30%. Therefore, the maximum sphere
20 concentration that can be achieved with the drilling fluid

slurry system is about 30% compared tc about 50% in the seawater
transfer system or the drilling fluid transfer with separated

fluid return system. Accordingly, the maximum drilling fluid

25 density with which the primary drilling fluid slurry without
fluid return embodiment of the present invention can be used to
reduce the density in the riser to that of seawater is about

10.3 ppg. Thus, with higher drilling fluid weights, the primary



pr is drilling fluid density wthout the substantially inconpressible
articles; p,~is the densit~~ of the substantially inconpressible articles;
and 20 v weoi/hegieconcentration of the substantially i nconpreggidl/es@sticles.
V4O 1il1/9~7~U .~ GPCT/i!S(11/18.193 51. "Il he method as clained in claim
29, wherein said substantially inconpressible articles are injected into
said colum in a slurry conprising a m xture of substantially
inconpressible articles and a slurry fluid, and wherein the 5 driIIing
fluid th Slty of d illin uidin said columis d ermn

ncoor i g4 oL The ESuat ShUBRENCYALENgadinE CEnSSFhareuBs Loq AESR i
fluid defusmt_& Wht hRat rt Bersubstanti akl ¥edlatBeOMPressi-bliaqakt i ghesudps s
-the density of the slurry; On, is the drilling fluid flowrate; and, O, is
t he sl urqclyswwmtbe §§aBQteIhélﬂféFMo§Yé§e@b athed liphtekaiomt2dr itdkedei n
Lhe densiiy; 6o o8l dl nRTRLESSLDL e Br LhCeR LS el 5. AN A 0g dRRsiLY, Cf

wat er . em f of jUS ressure grad i'h"a col-um
dr5||ingsyiM¢ﬂ sNo@thbéOﬁBédSeSAl?@rﬁaﬁ@ﬂémyt ¢ﬁnheqhed Hehweengafdmukling
| ocation and an |nject|on point in said colum; a systemfor injecting into
sai d condignl 3iteal ﬁﬁﬁprFE?nﬁvétﬁFxPﬁrEhﬁfp§95§P nEPHPRY 1PRc BAPT €si bl e

arti ol es.ands sl yEY EhHLY, 4581 dobnaenpEessibl eodr LhehssiAANLEg 828 o

density Tess tran the density o ing e system as
cl ai med gas cl aftn &8, swheueifacsapdmpburry fluid conprises a drilling f1_uid.
4o 01/9_47'§£om the foregoing, it may be seen that the present
10 invention provides & 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 pumped
15 to the injection point using conventional mud pumps, thus

eliminating the need for expensive compressors and nitrogen

required for gas 1ift systems. The articles can be removed, if
necessary, from the drilling fluid returned from the well with
20 conventional 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 installiations.



33 PCT/ US111/18-493 55) The systemas clainmed in claimb54, iaherein said
slurry fluid conprises substantially unweighted drilling fluid. 56. The
system asvobabsmed in claim53, wherein said slurry 5 fl ui ®Caorgorises water.
57. The systemas clainmed in claim53, including: nmeans for separating said
substantially inconpressible articles fromsaid slurry fluid prior to
injecting said 10 substantially inconpressible articles into said col umm;
and, neans for injecting separated substantially inconpressible articles
i_rito said colum. 58. The systemas clained in claim57, including neans
for 15 netuf ao-sepatpted.fluid to a surface location. 5. The system as
clainmed T crarm58, wherein said neans for returning separated fluid to

- said surface® | svatewnipAciodésiagrat Wehll PAge ROVEDY FhE&odiSIemNd® & ai med
inclaim5,, wherein saj.d. rzjlng,s e _fluidto said
surface ?%%%ﬁ?O%EFHC$uggéﬂgggﬁsigé?Eﬁégfi%égggpggg%gég$ﬁdi~. in said return
line. 25 Gl. Jhersystiem asuttabyetdeinfokabmes?ingher eonusai @ frrelanig Ifierg
ig%ectin sai d separated substantially inconpressible articles into said

cat umm il dde e pebd BetteRe @hStem as claned in claim57, wherein said
means for 30 se LN at d- nt.| [ r [ Itigl-es i ncl udes
& VA0 (1 1/ F T 50 BOHT ST TAB5 et san ey e S hath el ze
smal | er dhiaickas disubssanti ablymhnebnpnessibbeiant polles. be@3Iwethe seyist em as

clained .in claimb57, erein.said.-nmeans for 5 ,separating said substantially
hconpr SLHETE ST S50 Phet baBy. ACGeLenr  S8ATa UECUBrtsaThge drtielad
gas- pr essified t@f o1 fya1vaterngasthot gehagey arskeiby dirAligl nposiltiiened in
sai d vessel bel ow said watergas interface and coupled to said conduit; 10 a
welt er outlet positioned in said vessel below said watergas interface; and,
an article el [tioned. i ai; | ;abgy id el [ face
and couﬁTédqﬁ%£sa{%9?%j%%t?g%hggén%g %§§§$hé’58¥?5%?255§?§iﬁg%%%ﬁ gﬁg{n153,
i ncl udi nigh eEanind ofa sépankattagtsaitlyi hoooppesskhbéeantritdds sf tamldiddd:i ng
fluid returned fromsaid col um. V10 £11/9.17-t11 PCT/ USU /18~13 .35 65.
The systen1asac?%ﬁﬂﬁﬂtiﬁOEPﬁFEE@4?eRH8?Eiﬁ S5 § 2rEan8 P 0e fRFatid sai d

inconpress{hlei rthsigs. fromsaid drilling fluid includes:
15

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

injecting said substantially incompressible articles includes:
means for injecting a slurry comprising a fluid and said

substantially incompressible articles into said conduit at said

20 surface location.

4, The system as claimed in claim 3, wherein saild fluid of said

slurry comprises a drilling fluid.

(W]
(@3]

5. The system as claimed in claim 4, wherein said fluid of said
slurry comprises substantially unweighted drilling fluid.
6. The system as claimed in claim 3, wherein said fluid of said

slurry comprises water.



a screen dev-_ce for se~oarating said inconpressible articles 5 and dril
cuttings fromsaid drilling fluid. 66. The systemas clainmed in claim®gb,
wher ei n sspdi1screen device has a nesh size and said i ncommasssobhevarticl es
are larder than said nesh size. 10 67, The systemas clainmed in claim 66,
wherein said neans for separating said ifgonpressible articles fromsaid
drill cuttings includes: an at |east partially .,rater-filled vessel
positioned to 15 receive said inconpressible articles and said dril
cuttings_from said screen device. 68. The systemas clained in claim®65,
wher ei n $ai d'88r 8&fLEBvPEe SilAdMEded Pa C%ﬁé%%shé(@@rr.elib 69.d THeTsy st as

cl ai med iHj&E%&ﬁb5§ai\ﬁh%h%'s 2@ thention ﬁ%@%@ﬁ%@%fﬁ&% Nedt Yy /1 ser
- connecting a subSea wel | head and a sur#ace | ocat1 on and said injection
point is positioned in said -riser adjacent said well head. 25 70, The
system as cl ai ned ig glain153%.mhereL%_sa'd substantially i nconpressible
articles are MAfFEEt £8%1 AEGAEATA P §8rCaf UR StAL 5?6?%%W¢F@ t he
density gfrdeibk~rpgnf kHid iFnusal ¢ celymn sql@mg d&ﬁii@ﬂ LGl RPNt 41 @
30 predeterm ned density. W'O (111J.17.111 PCT/USI11/18~93 36 71. The
syst em agsukfhppbdalhyclacenpgeswiele arthie lgendinty Fadid dralunindg aidsi d i rl
sai d col unm Q said LlLL=ect.ian 0t . i cardj to t.

equati on (1088?¥§§ g?g+lbﬁ8fgaég;S%%Sggtﬁﬁegg&%%%%?3l#ﬁg;%ﬁ§o i %égﬁﬁty
Wi t hout #heisubst antbakkydi reonpnessi ble articles; ps is the density of the
substantially inconpressible articles; and 10 >> is the concer_tration of
the substantially inconpressible articles. 72. The sys~emas clained in
Cig; de??rm% :gi\/%%}eﬁ SkUEA Y ihEd Rheehedd At 0 13 [elume Ad dfpe density
P retugning separated fiuid 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

15 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 saild separated substantially incompressible articles

into said column includes a pump.



15 said riser is determ ned according to the equation p = P,n@Qh~ + pSQ s ~m
+ @& ~~liier apn~is the drilling zluid density without the substantially
i r_conpreseilbearticles; 20 ps is the density of the sl umgru@mssst he
drilling fluid flowrate: and, Gs is the slurry flowrate. 7~. The system
as clainmed in claimb53, wherein the densjjy of 25 said inconpressible
articles is less than the density of water. 14 O(l 12/9-! 7-10 37

PCT/ US01/ 18a93 74. The systemas clained in claimb53, wherein said
substantially_inconpressible articles conprise su' pstantially spheri cal
hol|o~,~}%rtiEF%sSggéevsFSTﬁéa§?§9¢&Pa§RéPEiﬁedw TS A4 eifPisai d
substantabl y. 8pAgr s6ak ggbe$ﬁh%&guq&e§na%ﬁ r%%sg%ﬁ%'Q%tﬁb@@%tﬁhdﬂﬂﬁgs53

t han about™ 100 m Crons. . e systémas clainmed in claim75, wherein said
10 substantéan| havhoonpr mssihbke zgr singllésrc difpini seikolsubwigindss Beads. 77.
The system as_c .alm 53, wherein said substantially

| airt q in_cla
inconpre%%?%?%rﬁﬁf?@ngdgiﬁﬁ}ﬁges hol | ow 15 rei nforced plastic articles.

785 The systemas clainmed in claimb53, wherein said injection point is
positioned in a marine riser connected between a surface drilling |ocation
and a sub3ea Wf| pBAaBCeM~8S79laTRedsy 8t €AraE I alhedciin Eedicmranswéerei n
said conguit._is.pQsLLign i id.ri . h t lajmed in
ol ai m 76 ChRE SR aar i S bE e s R e AT o ar T B T The
system as cl aanmedssalcl aeii80eswhér enngaigd seprdgistirineldudes fardrial | pi pe.
82. The systemas clained in claimb53, wherein said injection 30 point is
posi ti on® t?ﬁ’ﬁdéaéﬁgeggéF?On of said well bore. VI'O (11/9. 1p(1 38 PCT/ U

S(y 1 /1 S 193 slurry inlet positioned in said vessel below said 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

15 water-gas interface and coupled to said injection point.

14, The system as claimed in claim 1, inciuding means for
separating said incompressible articles from drilling fluid

returned from said coclumn.

20
15. The system as claimed in claim 14, wherein said means for
separating said incompressible articles from said drilling fluid
includes:
a screen device for separating sald incompressible articles
25 and drill cuttings from said drilling fluid.

16. The system as claimed in claim 15, wherein said screen
device has a mesh size and said incompressible articles are
larger than said mesh size.

30



83. The systemas clained in claim82, wherein said conduit is positioned
outside the casing of said cased section. 84. The systemas clained in
claim82wouwrhenei n said conduit is 5 positioned inside threrTamsi/mgodf said
cased section. 85. The system as clained in claim84, wherein said conduit

includes a drill pipe. 10 86. The systemms clainmed in claimb53, wherein
said injection point is positioned in an open hole section of said well
bore. 87. The systemas clainmed in claim86, ~~aherein said conduit is

ositio in,said open hol e section. 15 88 he s~%tem as clainmed_in
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18, The system as claimed in claim 1, 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 in said
riser adjacent szid wellhead.

15

20. The system as claimed in claim 1, wherein said
substantially incompressible articles are injected into said
riser at a rate sufficient to reduce the density of drilling

fluid in said column to a predetermined density.
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incompressible articles;

p, is the density of the slurry;
0

— i1

is the drilling fluid flow rate; and,

25 O, is the slurry flow rate.
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25. The system as claimed in claim 24, wherein said
10 substantially spherical articles have an outside diameter

greater than about 100 microns.

26. The system as claimed in claim 1, wherein said
substantially incompressible articles comprise hollow glass

15 beads.

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

beads have an outside diameter greater than about 100 microns.

20 28. The systemr as claimed in claim 1, wherein said
substantially incompressible articles comprises hollow

reinforced plastic articles.
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of said driliing fluid.

30. The method as claimed in claim 29, wherein said step of
1C injecting said substantially incompressible articles includes:
conveying a slurry comprising sald substantially
incompressible articles and a slurry fluid to said injection

point.

15 31. The method as claimed in claim 30, wherein said step of
injecting said substantially incompressible articles includes:
separating said substantizlly incompressible articles from
saild slurry Zluid prior to injecting said substantially

incompressible articles into said column of drilling fluid.

20
32. The method as claimed in claim 29, including separating
sald incompressible articles from drilling fluid returned from
said well.

25 33. The method as claimed in claim 32, including separating

sald incompressible articles and drill cuttings from said
drilling fiuid.

34. The method as claimed in claim 33, including separating
sald incompressible articles from said drill cuttings.

30
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said incompressible articles from sald at least partially waterxr-

filled vessel.

10
37. The method as claimed in claim 29, wherein said injection
point is positioned in a maririe riser connected between a
surface drilling location and a subsea wellhead.

~5 38. The method as claimed in claim 37, wherein said articles
are conveyed to said injection point by a conduit positioned
outside said riser.
32. The method as claimed in claim 37, wherein said articles

20 are conveyed to said injection point by a conduit positioned
inside said riser,
40. The method as claimed in claim 39, wherein said conduit
includes a drill pipe.

25 41, The method as claimed in claim 29, wherein said injection

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

42, The method as claimed in claim 41, wherein said articles
are conveyed to said injection point by a conduilt positioned

30 outside the casing of said cased section.
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includes a drill pipe.

45, The method as claimed in claim 29, , wherein said injection

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

10
46. The method as claimed in claim 45, wherein said articles
are conveyed to said injection point by a conduit positioned in
said open hole section.

15 47. The method &s claimed in claim 46, wherein sald conduit

includes a drill pipe.
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incompressible articles are injected at a rate sufficient to
achieve a predetermined density of said drilling fluid in said
column above said injection point.

10
50. The method as claimed in claim 42, wherein the density p of
drilling fluid in said column is determined according to the

equation

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

15 where
py 1is drilling fluid density without the substantially
incompressible articles;
p, is the density of the substantially incompressible
articles; and
20 v 1s the concentration of the substantially incompressible

articles.
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5 drilling fluid the density p of drilling fluid in said cclumn is

determined according to the eguation

— mem + ]).s Qs
Qm +Qs

Where
P, 1s the drilling fluid density without the substantially
10 incompressible articles;

p, 1s the density of the slurry;

g

is the drilling fluid flow rate; andg,

i

Q. is the slurry flow rate.

-

15 52. The method as claimed in claim 29, wherein the density of

sald incompressible articles is less than the density of water.

53, A system for adjusting the pressure gradient in a column of
drilling fluid, which comprises:
20 a condult 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

8]
&3]

density less than the density of said drilling fluid.

54, The system as claimed in claim 53, wherein said slurry

fluid comprises a drilling fluid.
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means for separating said substantially incompressible
articles from said slurry fluid prior to injecting said
10 substantially incompressible articles into said column; and,
means for injecting separated substantially incompressible

articles into said coclumn.

58. The system as claimed in claim 57, including means for

15 returning separated fluid to a surface location.

59. The system as claimed in claim 58, wherein said means for
returning separated fluid to said surface location includes a

return line.

20
60. The system as claimed in claim 592, wherein saild means for
returning separate fluid to said surface location includes means
for lifting separated fluid in said return line.

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

injecting said separated substantially incompressible articles

into said column includes a pump.

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

30 separating said substantially incompressible articles includes a
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a slurry inlet positioned in said vessel below said water-
gas interface and coupled to said conduit;
10 a water outlet positioned in said vessel below said water-
gas interface; and,
an article cutlet positioned in said wvessel above said

water-gas interface and coupled to said injection point.

15 64. The system as claimed in claim 53, including means for
separating said incompressible articles from drilling fluid

returned from saild columnn.
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66. The system as claimed in claim 65, wherein said screen

device has a mesh size and said incompressible articles are
larger than said mesh size.

10
67. The system as claimed in claim 66, wherein said means for
separating said incompressible articles from said drill cuttings
includes:

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

from said screen device,

68. The system as claimed in claim 65, wherein said screen
device includes a shale sheker.

20
69. The system as claimed in claim 53, wherein a portion of
said column 1s defined by a riser connecting a subsea wellhead
and a surface location and said injection point is positioned in

said riser adjacent said wellhead.

70. The system as claimed in claim 53, wherein said
substantially incompressible articles are injected into said
riser at a rate sufficient to reduce the density of drilling
fluid in saild column above said inijection point to a

30 predetermined density.
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: p=

100

5 where
p; is drilling fluid density without the substantially
incompressible articles;
p, is the density of the substantially incompressible
articles; and

10 v 1s the concentration of the substantially incompressible

articles.

72, The system as claimed in claim 70, wherein said slurry is

injected into said column and the density p of drilling fluid in

15 sald riser is determined according to the equation
— ])Y”Qﬁl + pSQ.’:
Qﬂl + Q.!
Where

p,, is the drilling fluid density without the substantially
incompressible articles;
20 p, 1is the density of the slurry;
Q is the drilling fluid flow rate; and,
0,

is the slurry flow rate.

73. The system as claimed in claim 53, wherein the density of

25 said incompressible articles is less than the density of water.
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75, The system as claimed in claim 74, wherein said
substantially spherical hollow articles have an outside diameter

greater than about 100 microns.

76. The system as claimed in claim 75, wherein said
substantially incompressible articles comprise hollow glass

beads.

77. The system as claimed in claim 53, wherein said
substantially incompressible articles comprises hollow
reinforced plastic articles.

78. The system as claimed in claim 53, wherein said injection
point is positioned in a marine riser connected between a
surface drilling location and a subsea wellhead.

79. The system as claimed in claim 78, wherein said conduit is
positioned outside said riser.

80. The system as claimed in claim 78, wherein said conduit is
positioned inside said riser.

81. The system as claimed in claim 80, wherein said conduit
includes a drill pipe.

82. The system as claimed in claim 53, wherein said injection

point is positioned in a cased section of said well bore.
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83. The system as claimed in claim 82, wherein said conduit is

positioned outside the casing of said cased section.

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

positioned inside the casing of said cased section.

85. The system as claimed in claim 84, wherein said conduit

includes a drill pipe.

86. The system as claimed in claim 53, wherein said injection

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

87. The system as claimed in claim 86, wherein said conduit is

positioned in said open hole section.

88. The system as claimed in claim 87, wherein said conduit

includes a drill pipe.



