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[ 00011Enbodi ments described relate to nud punping and

W@g“ﬁg’w?ﬁunpl ng equi pment and applications fperim2007/052272
orpletion of hydrocarbon wells.In particular,

ei iibodi ments of offshore hydrocarbon wells,
techniques for their conpletion and conpletion

equi pnent such as the noted punping equipment are
descri bed. BACKERQIMIESPAFENRALRTECANON

[ 00021Expl oring, drilling, and conpl eting hydrocarbon

well's are generally conplicated, time consum ng and
ultimately very expensive endeavors. This nay be
especially true in the case of certain drilling and

conpl eti on operations where the configuration or
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of f shore, and certain other drilling operations, the
operating:
ACKGROUND

[6001] Fmbodiments described relate to mud pumping and cement pumping
equipment and. applications for completion of hydrocarbon wells. In particular,
embodiments of offshore hydrocarbon wells, techniques for their completion and
completion equipment such as the noted pumping equipx:ﬁent are described.

BACKGROUND OF THE RELATED ART

[0002]  Exploring, drilling, and completing hydrocarbon weils arc generally
complicated, time consuming and ultimately very cxpensive endeavors. This may be
especially true in the case of certain drilling and completion operations where the
configuration ot environment of the operation or production site presents added
challenges. |

[0003] In the case of offshore, and certain other drilling operations, the operating
environment may pose several natural challenges dramatically affecting the expense of
operations. In the case of offshore drilling, measures are often taken to curtail expenses
such as keeping equipment and space for equipment to a minimum. That is, fora given‘ |
offshore operation, any jncrease in the amount or types of equipment required, as well
as the necessary accommodations therefor, comes with a fairly dramatic increase in
offshore set up and operating expenses. In certain circumstaﬁces expenses may be

saved by limiting the equipment employed. However, even with certain sacrifices



envi ronment may pose several natural chall enges
dramatically affecting the expense of operations. In
the case of offshore drilling, measures are often
i curtail expenses such as keepi ng eggirpemnios2272
Wéﬁgﬁgg%%% for equipnment to a mninmum That is, for a
gi ven of fshore operation, any increase in the amunt . .
@iadeyipesmef of eqiipmer tchpisepuiavaithbleaolippqe BEam{eat a premium n
necessary accomodati ons therefor, conmes with a e
foishér¥ ofiéragianisi ¢ i ncrease in offshore set up and
operating expenses. In certain circunstances expenses
rnggo e SRYRHIQY o itk frbngmt be aedublerfestspaempt ay effshore platform,
wever, even with certain sacrifices made in terms
ko Gtk Bk ﬂ%&] Qb G EShor@¥lih @B @edepalysipeladestetind msd eitculation
a premum.i ffshore operations. [0004] Regardl ess of
the pren ) ﬁﬂ@% Labh.6rf OSRAGS: Rdst dF obfck SIRUMG cquipment. .
palS ct”ﬁ’@? %&‘{E}%@mm %ri I Iyi ng g?i gs, an offshore
illing rig gener i UGER RN & d in completing an
s S BB 1 SRR SnB

and a cenenting assenbly al ong
with a hgost of other.drillin L PRBNL. JENESEI bit is ad d
ﬁ@%ﬂ"r“gswq”na“&al?r?‘l’léﬁfgaar ?a51élgghe§%d+ér ﬁg%{ilf’fgal-gy enpl oyed vanee
~in conpleting an under ground L1 an rovigdi. bl
cdosynvegrd fohomn gpd e’?ﬁ‘é‘fa i%%r,egc?;lg bgﬁgrg?lfn%bl ¥ nlms(pzi vla?ﬁgrégls sembly

downward to form and extend a borehol.e bel g roupd
{iemplected ok BV THSLEREFOY SRR MU AETED Baggraion near the
provide fluid and renove debris with respect, to. a e
| aivatdimnbihe@ned the barthals dipnbeeidrilledip the drard deaigy dbe dril bit
has been drilled to the desired depth by the drill . )
bintid cifuslatidn Bubmpéranlyi sorpedyathathy Idyillhiibppbessogisted fHling pipe
drill bit and associated drilling pipe brought back

t Dol bas foare surfacs ek séavion of bizoh@h clsingomay ign hapdress down
be advanced down into the borehole. Once the borehol e

casi B bsrcRSlOPenhs Meshdrétahe eastnpdist properlyd pesitiaet smid ghe mud
term nated, the cementing assenbly may be operated to
pﬁ%&)ﬁioﬁ%@ﬁﬂﬁa’c@d, Uhé Yerhétiiap Giscintbey oy efeoberatse tupimyy a cement
t he borehol e casing in place. This process may then

b& LS RGaLSG FhoR, Y&l itinOfhe tiRhIRJakiegl iiplatd) Mais process may
bggﬁyconﬂgé?ggﬁ %ﬂaf is,ngurther drillgng, mud

ghlrgﬁ ﬁla ?é[iﬁgfd 00, adY aPGlNLsiRld R Hak 8RR cop@ D! Bhat is, further

continue, periodically interrupted by. .
suhsequent cenenting, a f . i e,
SOREFELSGR FOTREH 1 RLASRENTLARARh ELaRpLa sy conime
conpletion two different types of .fluld, a :
cermiceby uiisrovirdy pcpeatR e, s ThPan o cusing e

dependi ng on what stage of the operation is in

eflessobed However, these fluids serve entirely

di fferent purposes. The nud is circul ated. t hrough e
ba85DI e Inithehalove mtkqsoalewelt wrﬁmiﬁﬁi%?ﬂong‘?fe%{wgsg‘,’ft i, mua
and furthering the advancenent of the drill bit. On h
t hed otrhent shanydmay bepreserit svithin the datcbele dersrdmerswy b piage of the
w th the purpose of stabilizing the borehol e casing

| BpéraS@L W @ dhdt. f Hoakveypthictd Bwids Ferve entirply different purposes. The
introduction of either of these fluids at the wong

t iR ReYrclBtc@fthrow@ 20084E0T26ARET hU:BEG00b22Re, diopkng, and
consequence to the proper conpletion of the well. For

e@%@i&lr& N EIvRERERACS BE dMIObID 08 thhatheraznuds cetrBt is 39poduced to
mud at g l ocation for cementing may prevent the

g%{{'e‘?%re}i?ﬁ Wi thé %{Rp%@ b sbiRAsk frHerUBtdhgleacapingper sbamedand final

et ween orehol'e casing and the wall of the

bor ehol e at j : fvigd Yo the &ABI time may be of
cé’ﬂflgﬁﬁl'ngﬁwstt%a}%ﬁih%&tﬁ h ol dtﬁfiﬁﬁgé g‘?iﬁ%l ing may i’

i npede drilling and stop Ehe advancenent of borehole
casing altogether. Either “of these circunstances are
likely to have severe consequences, perhaps requiring
a shut down of the entire operation for re-drilling
at a new location, likely at a cost of severa



contam nation at the inproper stage of well

~conpl etion, the nud circul ati on assenbly and the

cementing assenbly are separately naintai ned and
wo B@@isg fromone another on the rig. ThusPCTAB0ATF2272

circulation assenbly, -operating 90% - 97% of the tine

during active drilling operations, 1S operat f :

direecohsrgntrico P A PIIRET fOIPIGHOR H%F]Pm"f@}im gr a]glﬁ’? %1% é%%%ﬁfm
prime novers, punps and ot her equi pnent. Wen the
inbreethémrbane rént BHgmah Bt &R0REeL TR EIENTRE Y PERY eﬁg]‘sthe cement
termnated and froma separate cenenting room of t({]% 1
fingy frbMecmbowel Besmpiatpeeperbondrittwrgn ool qaging and the wa
operated, enploying its own conparatively |ower_ . ‘
OIS SBRNEE pilisntodnmivier Altpatisy, amdntasaalipgegwithin the mud
equi prent . Wil e understandable in |ight of the oo
m'g;n?n&jﬂﬁ}lg CRRSREn ceislingf aglostba rthan advaorenast dé Stordhigled casing
above, 1n thé case of an offshore rig, this .
VB, 06, 8NARGRO08+ Blkd LRbdmsS BB adcelilats enbhiee scvaredconsequences,
assocl ated equi pnent cones at a significant cost to

| d C 1Dk @QQE&JdAlLL location,
ReRERGY R £ hul Gk B o R o B e rant, o
rry to bor ehol e, . -1 ncl udes a
A L TR e e L renae
' | ed t f th ' . '
0Bl £ civette vt Rl Rp T ionBillcd BP SBHEROUERY or mud

0007a]In a first aspect of the inventio hera: | |
%@Iﬁﬂ;pi@]@@pnaat W}gg%eé Eﬁg@ 0? ‘gi:l‘i 8%IPPI\E}%(}ILI, :fc-]hge %%c(lj Elgﬁ.gﬁioh Sissembly

cement slurry to a borehol e and conprising:
pupc bomentit reRbAGT e TONAGIRB BHBLS. oAl B gther o

nmover for driving said nud punp and coupl t et.o; .
dncig Teusethe muudhprdubation essepsly, ARETHHE 9@5})% ﬁ?%scr'}ﬁli? észSi‘mg
t he borehol e and coupled to one of said pud pu gpd bi
said iimeopeatiens,fio opanticd oy afe logdtign @@ﬁb%flgﬁﬂ%m tple high
[000714 In a second aspect of the invention, there is .
PbRVIERE piimeakidvehopempeird aigmpieipimort. f¥ber the jime for cementing
conprising: a submersible portion for residing bel ow
ngsl%&o'he@ RlEtiQrAoatiopmRrked subiemsi iperapotenicainggm of the
for residing above water; and a punp assenbly secured
tnr% Sl daRlvat §QEMBedS dbHorupPasssinbisy opanpd) smplpying its own
d punp for directing nud to a borehole, a prine

mover - Ly mB Uk BveRd) bedl abdoeinet osquipment.
éﬁgggmﬁga%ﬁé&%hﬁgy%gsegyﬁecting cgﬁggfpslurry to the

* hol nd, cqupl t enQ] ¢ LEBP o NWndahénation as
S&ﬁﬁ%“ﬁ%?qﬁm?%g g}ﬁ wngfo ?ﬁ%m%gﬁgﬁ%apunp. [ 0007c] In
athjr spect ,of the.in o) [ Y iefl@dlvaseparate
HEt R AP er Veritg i B E ot Toffuichukt 8 cadyer
borehol e, the nethod conpri.sing.. actl [ ry carce
RSB B oSO AT OURT B e R G 1P ey soarc
the nmud punp to direct the nud to the borehole;
dioppasy a cenment punp with one of the prine nover and
the nmud punp; and enploying the cenent punp to direct
t$1eMOeARANt slurry to the borehol e.

[0067] A pump assembly is provided for delivering mud and cement shurry to a
borehole. The pump assembly includes a prime mover coupled to a mud pump. A
" cement puinp is coupled to one of the prime mover and the mud pump itself to deltver

the cement shury to the borehole.



WD 2008/ 007252PCT/ 02007/ 052272 BRI EF DESCRI PTI ON OF

THE DRAWNGS [0008]Fig. 1 is a side view of a prior

art punp assenbly for nmud punping and cenent punping

applications at a borehole. [0009]Fig. 2 is a side

vi ew of an enbodi nent of a punp assenbly for nud

punpi ng and cenent punping applications at the

borehol e of Fig. 1. 0010 Fig tﬁ is a side view of
104781 punpimae destisspeche ﬁeqnve;ﬂﬁa&r G l%lpm eg @ripinRyassembly for

application at the borehole of Fig. 1. [0011]Fig. 4

deliveriag shu apfl edpmsnt shigyplanp hesehelbigd éepmprlsgng 2 dwnd; pgmp for

a cement punping application at the borehole of Fig.
deliverin@ i@ oRidgto Bhei lsorehadé; die priimewnover dir divieg rratdi ined pump and

enbodi nent of a punp assenbly for nud punpi ng and
cogeeiherepy apd B gedpplpuast foodsdivating e chaestlrs ©fthdbgehole and

1.
coupled to one of said mud pump and said prime mover for driving of said cement pump.
[0007D] In a second aspect of the invention, there is provided an offshore well
completion facility comprising: a submersible portion for residing below water; a
platform atop said submersible portion and for residing above water; and a pump
assembly secured to said platform, said pump assembly comprising: a mud pump for
directing mud to a borehole, a prime mover for driving the mud pump and coupled
thereto, and a cement pump for directing cement slurry to the borehole and coupled to
one of the mud pump and the prime mover for driving of the cement pump.
[0007¢] In a third aspect of the invention, there is provided a method of delivering
mud and cement slurry to a borchole, the method comprising: activating a prirhe mover to
drive a mud pump coupled thereto; employing the mud pump to direct the mud to the

borehole; driving a cement pump with one of the prime mover and the mud pump; and

employing the cement pump to direct the cement slurry to the borehole.
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[0013]Fig. 6 is a flow chart sunmarizing an

enbodi nent of enploying a punp assenbly for nud

punpi ng and cenent punping at a borehol e. DETAI LED

DESCRLPTI ON [ 0014] Enbodi nents are descri begcwizbor/052272
WO PRI e to certain of fshore hydrocarbon conpl etion

or production facilities such as a sem -subnersible

wwhor e production

acrlrties 1ncluding jack-up rigs, and barge rigs may

Eﬂmh]oy enbhadisnEels vibese i pest drepanp asssubihior mordepyrenieg and
ased conpletion or production facilities may enpl oy

%&ﬁ&tﬁ%@k%ﬁﬁcﬁﬁoxﬁ%@%%ﬁ&é, enbodi nent s descri bed

erel enpl oyed to reduce the total equi pnent

E@%\g, (rj?ﬁ*‘ééof :2a6hd vRANBF 61 icfbodRRAALT @npurif assehiply for mud

savings i1 n terns of capital cost, certain
o Biaht GRS OB S0REGe 00, Ded
BB 1 Ok R aoRB v af P R RaNEPh b s % A pomoing
R g B EUEHRE. ounpi g and mud’punpi ng.
06Dl yia00 i o Bt BHTP LB Bl e A e cement

_punpi ng and rud punpi ng equi pnent 225, 150. Due to
tﬂmmplimomﬁtiﬂlh@r@hfﬁéﬁgﬁﬁuhpi ng and the nud

punpi ng equi prent 225, 150, the punp assenmhly 200 of blv f
Aog12]2 nBiy. b6 ssidé view el dlteratier cpRadgpent 5 2 PYMpSE Y 10
to the punp assenbly 100 of Fig. 1. Thus, significant
fpet SRS attbarRhgiimpieyarpbcaiaved ta boachsl gilon

site as detailed further herein. [0016] Space and

WobEH]t SPi BAS a Fowi ekeCsmiaurizingeyn ehbidmae| of anudesdes @ pump
operational costs and provi de other advantages to a

L&l R RResAldeMBat pudipingeampbreholas shown in
\li—iﬁgémb??ggr%c}iﬂgﬁtﬁlhe punp assé)nbl ies 100, 200 are

L, dednt _ re production site by way of a
M%WMNL As a matter of expense and
P! icality,. Sihanifl dSRHAC Eef@Biske W icBdin offshore hydrocarbon
r@@ﬂli ctkglﬁdlfn%hgyéén? y aeccon'pany such a rig 101 due

L?ﬂqiqhgﬁog %TZ}@Q'E‘@@PE %@iﬁt%e%%ﬁ?{ §§ gl s@mﬂﬁlﬂrﬁe@sibly}ég. E®wever, other

pro ion site, equipnment space

is limted h .of foot. . | gt na
(ot At rOiSn B A IR el Brbor: my

sem -subnersible rig 101, fair ight econtgol ;0 lefi
t brephR| GAbOdERCRLH éieﬁqfé’e%‘lefﬁ“ﬁ-c| Eﬁi"# gr Ty ?’%s?d etipletion. or
equi pment nmay be exercised. Thus, .the avagj|ahilit f..
apswadtioar fagiuiics i g roais iy @mh § d1g]§gténbﬁ{;g§r ssasé{ml?odlments
shown in the enbodi nent of Fig. 2 may be, of . ed for a well
silgoiibédChnein bienyebi empleyelbtoaiciess the fatfeiauipgighequired for

completion operation, thereby providing savings in terms of capital cost, certain
operational inefficiencies, footspace, and total equipment weight. As such,
embodiments described herein may be especially of benefit for offshore operations.

[0015] Referring now to ’Figs. 1 and 2, a prior art employment of a pump assembly
100 including wholly separate cement pumping and mud pumping equipment 125, 150
may be viewed in light of a -pump assembly 200 having integrated or coupled cement

4



[0017] Continuing now with reference to Fig. 2, the

sem -subnersible rig 101 is shown acconmodating the

punp assenbly 200 at the platform 175 as indicated

above. Unlike the punp assenbly 100 of Fig. 052272
WY &¥enbl y 200 of Fig. 2 includes cenentpéﬁﬁ%?ﬁ%

equi pment 225 that is directly coupled to the nud :

gh&[{pﬂn? Gn€ GMidopuBRingl Beuipthent RPELr B | Rue wuthl icagplingméghe cement

50. I'n particular, the hydraulic coupling l'ines 250

g&ﬂ 6 afid FRIRIM pRHpRe Sq@paénilne, meertpupyngssangply 200 of Fig. 2

gul phent 225 to a nud punp 154 of the nud punping

?%S}i&%ﬁlmlé% it Sw S OMRls i cBparel ayvshet finpmhiderpbly Tl 0054 Fig. 1.
o"act as a prine nover for the cement punp 128. .
[P018] As. shown, L1 Fi it dnayt BE sdVvdal Ipkddue@iniiicng detailed
I'H%ﬁhggﬁggﬁ%@E&%?éh?ﬁﬂ?%ﬁtSngndsfroﬁmtﬁg génent punp

2 ig order to reciprocate a plunger mechani sm
&WgF@ By 5 conventional neans, thereby driving the

&&fgl%ﬂ; d Pfgggq él%g%‘?}glﬂ I%leéx dslr a[% gllglea g}#}ﬁéﬁ Taajg{élit%‘[ﬁﬁe% %glg?é?% erational
oil or even the sane nud 30

0 | oyed durj a

@psts PRt groxpsis] gthert AduFntages e S PH 0B, PRy For example, as
preferably, however, water may be enployed, i art :
Showmsn Fids, & aly2, Hed o ssseplies L06h 200 Piopisd g offshore
punp 154 foll ow ng its_precedjng_punfing of nudgggo d
asodietiai biedbpelagvel Resyusubaersible iy 101yt 2 ApieyRIgeipsse an
directed at .the plunger nechani smbut not at other )
RRidicalns, sinifibet spoentd peight @i ctipRsriBhareyHeAPURINY SHch 8 Ng
400 may be found. Thus, contam nation of the cenment .
St oy toH@0o bR, §diel-saleheasiblechaturelr Blust isc uhlikgiagemesiriabproduction
avoi ded. [0019]As a result of the above-descri bed

GAHPLiSiner: @ a e TR MinithU NP ithy ag@btpal fdotas: of thehplatform 175.
-enbodi ment shown does not require a cenent. prine

gm&& ]aﬁgns@f’e 99681478 Rk Qbrdsib RO INExitly eihtogtrollover the
ven’that conventional cement punping equi pnent 125

:,_P%?/l rtl;oefll%]?fr?% ng:lé QeidL 0P8 RiREend dByahdeidised. Thus, the

i'mnation of such a cenent prine

dnagr\éﬁ%m ]’%gof?g ?g{r}%glcrﬂp %Iécf (io’i%’ﬁt'eld %&?g?lb Plﬁiggﬁﬁsgrhﬁl?nm ad'Shown in the

[ are n of béetween about
T RaB O aLEe e PRk uR Bl ot SRR R Bk
A R N S
? sehgterv;;gtg@(grflmtoga%ng ?I?evpeun?po;sggm};l{; %68 gts t%e ip{;ltt%}:/n? i1 179 gsl fdicated above.
Unlike the pump assembly 100 of Fig. 1, the pump assembly 200 of Fig. 2 includes
cement pumping equipment 225 that is directly coupled to the mud pumping equipment
150 via hydréulic coupling lines 250. In particular, the hydraulic coupling lines 250
couple a cement pump 128 of the cement pumping equipment 225 to a mud pump 154
of the mud pumping equipment 150. This coupling allows the mud pump 154 to act as
a prime mover for the cement pump 128.

[0018] As shown in Figs. 2-4, the hydraulic coupling lines 250 circulate fluid to

and from the cement pump 128 in order to reciprocate a plunger mechanism thereat by

5



201, other advantages nmay be obtai ned from

elimnating the cenent prinme nover 127 of Fig. 1 as

shown in the enbodi nent of Fig. 2. For exanple, a

conventional cenment prinme nover 127 may wei gbrimhoo7/e52272
WRWEIDE  about 12, 000 pounds. Ther ef or e, rggoval of

each cenent prinme nover not only saves space, but = .

Ao @niH0Y hdess, thesibyifingard cemedupmio . nlkeduyidpwkin fluid driven

wei ght that nust be supported by the subnersible

Rﬁ%ﬁ%lpﬁe 18&a0lic édwplifig BncbQ30 nilys,a hyddedc ed cokvacthe sanhe mud

may be provided to the subnersible portion 180

r | i dedriginabigpiiéafioh st degcrftad theddw.y More preferably,
fﬁ%ggginf‘ﬁ%@gﬁ (glr%gl on t%e IJ\Ililﬁol g. WO

200 %%eol-oxlgtz?%@%ﬁl)%%&gg%z (0522 OBLh PRI AihRgCle dut of the

ef erence w th added reference to Fig. 1,

further benetit pray. j ; GAUP RO Qs td@ailed below.

¢B rl?meuf?g'i ﬁ"é“"e‘ﬁ%&%ﬁ{"%@z‘g topﬁl{wggmnud punpi ng

equi nt 150. as i,ndi.cat.ed \Y/ I at other

el e DUieCTmR R IR BE S e pfARl oepgSp e v

provi ded for controlljng cenenting a j i

st dns Grrneemop) S SR O ARtnt Sy QNdfd. Thus

control unit 155 is simlarly provided f . :

camtamghation opfathen rEmsEnpiyg 498 p‘ﬂ%% 49 B?ie‘"(“%cf bgdrgulic, fipid mey be

bel ow). However, while not required, the enbodi nent

ofvolded. 2 reveals that a single conpletion control

unit 255 may be provided for directing both nud . )

pleoPIIng And reseltefiticrgoysodasirtivd coupliagyibs comgipr@png Fqupment

operation. Thus, a single operator may direct well

corifahd aAbaacatshons dbasomt wqsirngbemén paniednosh 18 has does the
- rig 101, thus efficiently stream ining operator ]

| R GrdeGhR@inidot bf Fie 1pubRcRgme nidventRH0] cdruant pemmpg equipment

an added degree of footspace and weight may be saved

DYoL iR lmple PRP0EIS M fosauiIAEhe cdhination of

the platform 175 (i.e. the elimnated cenent punping

EQJ&B ragéen#éﬁ{ b ithd Bhovel Q97 oGt dfiéhiiGerithit Righéfcati@ncas tiescribed

1g. 2, e

I ntegration of coupling of the cenent
punmpi ng egui i ShdHAOPHER] BShue G9%PIeIke amount of
1 ersg?lﬁ tg@%ﬁéﬁ?f@%ﬁe@ note is the fact that

ile th ' t ' ' ; a
elRsBE o O B groogtigue B bamef e Cabipfent 203 o be

t hat i nt ai | ati f
R T R
AL 0 0B £ R 368 s Tk JBbe v

avai | abl e footspace 201, reduced, equi nt wei ght

an0ll, otlive rdveatgenery &9 bisicd Hom iR B by griitie mover 127
integrity of such applications. 2{OOZS]AS shown in.

FiofiFig2] as shent innde eoqbpdiment of 128 3. sSFgresomaisy? opnvgntional cement
cenenting room 220 on the platform 175. In the .
entadinmet 1 5haun wetghen cewemeli abgutclgu 108 perndsp Jderefore, removal of
i ncludes a cenent punp 128 and a cenent mxer 129
aledh Beri Gritds endd22 notHomiy eaves apaden dirt alsedprovides a significant
requi renent of a separate cenment prinme nover 127 and

c ?gﬁ%orpﬁirgqﬁ%lmeﬁf‘ ivkiph2BaeBus bewopponieEiby thd subasriiide portion 130
el I m nat ed. hus, the size of the WO

2%9 %eorg)g A Pglfs)l, @%@&Zé BP&efidl may be provided to the submersible portion

180 resulting in added stability to the partially {loating rig 101 on the whole.



skid base 222 and indeed, the entire cenenting room
220, has been significantly reduced, fromthe skid
base 122 and cenenting room 120 of Fig. 1, |eaving
add vai |l abl e footspace 201 as shown in t peTaB2007/052272
‘Vgﬁgﬁgpﬁgﬁt of Fig. 2. [0024] Conventional cenenting
equi prent 125 atop a skid base 122, as shown in Fig.
To0Imy exdreindingovitthetiter®® ¢ Bt 2i with eddgpdtieleriopipdfig. | Aurther
~ enbodi ments described herein, the cenenting equi pment
AR BefNbhyt hteresliicd foasenpliy theyemetqmehpor squfnment abboigtthe mud
5 feet to about 15 feet in its |argest dinension.
%iﬂgse%uﬁﬁnﬁlt lhyded ih@cahDMRvea Thadisc s sovof itbEigwben cement
out 40% and about 65% of the space required for
Spq;#ﬁée Bt YunR€ 186 ?Y(ﬁiqjde\ﬁ" foh Rhirslin@td eemeaifing heplication as
enmen '

prinme nover 127 and the cenent control unit

éffeg%}%feﬁg‘% eflﬁ’cg‘!_“wﬁg"\% Pfa?es $RQ1 AlgHns QEAEAT @Al 159 iaRHhilarly

eria ect of such elimnation may

be anp] ifie the fact t he: i WOYTERD ,
S T o o o R TR R Do
enbodi ments descri bed herei incl .
Rl e LSl 5t Berm LIS L compien conrl
rime nmover 127. [0025] Continpuing wth reference -
Purg3S e m,owrd% B dires valh mrhar s et ‘é%%“?@%%ﬁ?‘m ofa

of the nore massive cenment prinme nover 127, hydrﬂglnﬁlamn
codplcomglotioneapebionar Sy Gy el eRSTRGUBIRE FiFrst Yse REEP
punp 128 and the mud punp 154. |In an enbodi ment where

t berpionp &oh28singdls docation py theain 1Uallpy cEyigilyispranliqpgoperator
above noted hydraulic coupling Iines 250 therebetween
NaYerAkingwitiothh pappsschify 2064 Fughasmongl £ added|dpeige of épptspace
by the sanme prine nover 153. In the enbodi ment shown

i ghdFivBich2may R @ived pyrginiiSation sofofet gnetherepictropk epupeent at the
than the cenment punp 128, thus ensuring adequate

Sg@&b& Pf5 REVRE clifinatdd derttipinnging contenianit 1p&INDI ng as
described with reference to Figs. 3 and 4 bel ow. ‘

Aﬂ;&]& ONoh¥muilidifh AfSLRG! ® ERMENthd g8 orscaipbng of the
coupl'ed to a single nmud punp 154 in the enbodi ment of

Fi.g. LB BiEDAM Rt ddHulnitin 1 SERSather detailed.
pﬁ%%?%mlgﬂnnl’ggq@gﬁ%é%\?? 3%d as part %%uhﬁe cement

equli n Ul . 188 ds BUARAOR the embodiment of
ng#PBgﬁﬁhﬁﬁ%ap %ﬁ@h%gﬂégyﬂ?ﬁgﬁggg pun%ing equigwg%t

150. . WD .20081007252PC T/ 1 B20 g Jids & F fud 300 and
il 3L ATEREPR T erebaag g DRl KBRS S Hhd 300 an

154 as indicated above also allows th y Fios. 3
qEI T2 o e SBRB AT TECH ST T SLa B ans (sce Figs
relative to the prime nover 153. That is,. th

i ahéAenThysothsrabeyasseidied bepeftts sYPbgP ‘%%W%%?Yag‘ﬁ‘%\lre footspace 201,
hydraulics are such that use of hydraylic cqupli s

| reupsedSiimamh waight. fod othsrowa aggeed vaf OBwﬂﬁTlg@%%rg’%tmgmy of
of the hydraulically conpatible punps 128, 154 at

akedi appligatioacat i on on a conventional offshore rig 101
relative to one another. Thus blueprints for ) ]
CQEi23YUr akd SHosvnof Kignyemptricotiey equirgeenhi22h iy pogidpd & § cementing
unaffiliated punpi ng equi pnent need not be ) )
dr.g&t ize@loh iheBRihine d75.n 19 Htesmodiname shovog dhecementing equipment
enbodi nents descri bed herein that enpl oy coupl ed

PURRI NG ELUL REBE | N0 Gad edeerh@O27kEOMYS Biep ey skidl thase 222.
re efé%ge to Fig. @?m%nd wi th added reference to Fig.

L adhe 20Qvesdeser ) DeduifdcR P, dadrdts cehaprias pavdr 127 and
o#*%ﬁﬂﬁgggéﬁ?gﬁ%g nmud uUrrpeequipmsnt 150 that al so

i ncl udes pr i V. T § 13s Pusl diidfatded LThul e size of the
mfgO5H n%%h““ﬂérﬁo&lgr% e@?@igg%& ed to the prine nover

153 which may be a | arge %pnventional di esel,

el ectric or other engine. 'The nud punp 154 is al so

coupled to the nmud tank 151 by circulation |ines 152.

As described bel ow, these circulation |lines provide a
fIgidff!pm;pf pud and wat er- or other liquids into and



W

a form ng borehole 197. [0028] Operati on of the punp
assenbly 200 is directed froma single unitary

conpl etion control unit 255 as opposed to nultiple

control _units disbursed throughout the rig 20%tsslotvios2z72
%a%ﬁ@ﬁ%ﬁ to directing nud punping operations, the
conpletion control unit 255 is configured for L
GRIdPhas P20 ind cifdedd, phenpitivg cerpantngernomp 280, s been significantly
directing a cenenting application as described )

f ot he rdRe evskid BadehE2emdoctinreetitg stvowmd 20 af tigvet, lgavipg added
interfaces the platform175 of the rig 101 at -a

GERIbRA fobO%RL bONas ShBRn i embddimemoliFéz. enpl oyed to
support a variety of tools for form ng or accessing a

ﬁﬂ&ﬁ?o' ?cén%Zn&oESf ERELANY oSisReRACS SfoprBkideadeor22ned shown in

onpletion as detailed Turther below, for well
.oduction, ar LR Bf 1o08h! 1366888 iaRRBIbbaRidnBNdescribed
&Eﬁ-%d’ﬁo b rABl B 2 [0029] The rig 101

i.ncludes a subnersible ' f4-gU &
oS RaS R et 254 b e R SRR ALARP fod ony fom

times. The sub ible portion 180 oOr.f r f
e oD b BeRioho e TP Sa e g RN bove, o

secured to the floor 195 of the ocean or ofher . "
rauaive ! bayserReovg PG R P Bt T s bauipmen
subnersi bl e portion 180 in particular may be j.nproyed
troaya bel egfrieedbyitle [climingges Oh s VPSP ER¥Y%7 2o (e Cement
equi pnment there-above such as any cenment pri nover.
1@airbamit 16 gf Fib) 1 alosg sifbwpsocistepisgundproofigg apd g'ﬁifd&at%aé& The
di splay the benefit of inproved stability as . .

i sebccatt idh Whintratibm elay die rgpplified byl dhiet faeinthet the senentingfequipment
increased avail abl e footspace 201. Wth a stabLg .
PRs hivnasreansh seceunatt pingp 26d tius, phlaéments deren ed herein may
production site, a borehole 197 may be started with a
barEROIE BAGIaNS: dBRoRANANEE doirdsporiing cemanéplime mover 127,
conpl etion operations may then ensue as described in

f Hf(ﬁgler %ﬁﬂu‘ingp Qli@VMerdrOR30bRelzer [idhd RO boleFity.cliByinate the
a mud punping application is described in which an

enbodi nent U8 dpshl hrfd nNBP 126 SetHaklc 200 ling lines
i Equlﬁ%ﬂl%lflé)gmel ltr111p’t%h{g}'gsgn‘oo i rrenl% shown, the mud punp

N
e
dpimiscamabdrenats trerehis e alBEIRIERIoh AR, 104 o be
s et Ve Soostns o M M RS o>

is formed. [0031] Continuing with reference to Ei.g,, 3, .

t ke mubip 80P | 54 iscafrgreater Hoysepewetdhan the GEME YIRS, thus tosuring
i ndi cated and exits the bit 350 at the bottom of 'the i
bad&fak esupfly . ofl povtchifer mad mamping by FYBET GRIRHE & described wit
degree of thermal regulation may be provided to the )
bic$fer3BQ @SFibd. Widddelond Addisiomallay whoe k sitgle eep@yt pump 128 1s
earth. Furthernore, the nud 300 is delivered to the

bQhARP LSRNt 2 QRRUORAU HESE US4 it thefoorbodingut bf Figck iy alternate
earth cu?tings back up the marine riser pipe 182

2 A8t RS LB AiA® 385 mahnb picsidemnmepar wlioho cement
mu an

cuttings nmay be renoved via a return line

376?1uiprlngnttﬁ% C%HRQ@ LB Bhe SR purk8r fBkigTmud pumps 154 of the mud

pumping equipment 150.



line 375 enpties into the nud tank 151. A shaker or
ot her sifting nechani sm may be enpl oyed to ensure
that larger cuttings are separated fromthe returning
mud. 30 Thus, the nud 300 may be re-circul ategsioemds2272
'W?am?ﬁggﬁﬁd punp 154 via circul ation Iines 152 and
ultimately back into the drjlling pi pe 325 for us%
g@(mﬁu nuadsedsfi hydragicasouptiog dmced5@ e \veuplp gbs Pymes 1
escri bed above, drilling while enploying the
GhdicMPLioNg alchIBAR the osthelting leqbipineiatt 32ntodedscancadigh ganotely
of cooling to the grinding bit 350. The circul ation )
UWcalaeofitith BORe BHife rtblop 1. Ohattibieha eovalposks tansfer capecity
cuttings and debris as the borehole 197 extends

do%%ﬁﬁ&enﬁ@ﬁa‘?‘ﬂg&@ﬁﬁésl 206uck9Mat 4R dfhgdentodbupting liabodi(, such as
SucC mu

circulation and drilling are directed froma

GRIRLELL 00 SAMERlol 4Bty 2R fac 1RRRLAIGIUERuEIRO pmA! 196, 154 at

€ has been reached,” the conpletion contro

| t 25 b | T | .e an T. 133
é%bgﬁﬂngﬁp%ﬁ%gfo%rﬁjegﬁgg%tﬁﬂalt Srrf6ASEe 4 HE rd e Q8 10RE another. Thus

and retract the drilling pipe

325. Thus, c nting of a secti ehol leA Qurapin
TSP oSO PR R B A e o oy SR umping
Fig. 4 below, the conpletion. contral unjt y. :
aogpriset l}%f‘é‘dnqtrbedfkra%ttclahlﬁ Gl S%%rg fuln chlégnlg%%?r? g bodiments
application. [0033]Referring now t.o Fi%..4 fﬂe :
cdpibetl hoteindbitormaloy fempled Mg cavPReRt 38 ISt h g as
i ndicated. Wth the borehol e 197 substan ia%%y fre&, 1 the
of002Td 306ntimew Witlyrefapncedo Fegranindwitihadssd A8repes oge-
advanced toward the term nal end of an advanced
baoeBalescribas inng! pembi L E8Gobal nprThef $@atsgpply of mud pump
wel | head assenbly 183 and the marine riser pipe 182.
ASquSHRNe 150ttt glso 4ncladep laugirkSaonayl SBemnp osted sakd Sk The mud
ternminal end of an advanced borehol e casing section
iﬁﬁmﬁ ofs4SRakiRgly! bopfdi s thapribeemoprelddomdiich dupiebe a large

th the section of borehol e casing 185 thereabove.

ntv%alm%f, cldehf R OMRPEAGIG:. PltRan2 MR B¥4cE Rlgo bowpled to the

plug may be enpl oyed to carry a cenent slurry 400

do ol.e th 1S - ce aball bojod Oesmyidution lines
URNghe, 116y ALy TS ind 2 enpabRbU biodOBeEyhbion lr

e adj acent the advanced borehol e
casi ng sect i-on f.or I et e @ dioSea Wat B0the tankn 51 and
pP’é’BB.@“\ﬁﬁ&EBWé’%g‘g‘ﬁg‘%%i?éfoo7/ 52272 1003411 n one
emhodi.nent ﬁ%efagove-described cenent punp 128
op A BIRELUAFIY B Ueen about 200 Hp and about 800 Hp,

preferably at, about 300 Hp as,su i eq | t inol :
plif38h 54 ]ﬁmﬁpﬂéﬁ?ﬁ%?ﬁﬁm%g?m R%'%@L@h?ﬁs%ﬁr§§m2%§uggiummﬂy

i ndi cated. Between_about 1,500 and about 1 I
megmbletiereprniial BRIt 23D %i’@oﬁ%ﬁ?é’i“a?%P gp i“ﬁlgs &‘%@u&% throughout
cement slurry 400 as shown. Additjonally, a Cenen%ﬁ11amﬁol
mitheerig 100 agddisondte] dirspiing PG RIBPEE SRFAUFT: HGFERRENC

of, or during, the driving of the cenent slurr %DO. :

i b 26hés hmfighet dorl @pling iof eament PHIYAR e@ﬁﬁlaa%tr?éﬁt or directing a
the cenent m xer 129 may be driven by the cenent punp
128meABii applidarios us Heseribehidtierimiey. fothe cmbgdigient fhgwn, a tower
cement punp 128 for such tasks is achieved via the

CQyPli a8 the PRiRERENS opthepigliZB at o certwel lvudiopu e igver 110 may
t hrough the hydraulic coupling |lines 250. [0035]As

i ndi 1380t BevasieREofcEuR fot famigont aakssing 4 basBole 197
tﬁgﬁ&@§&§%p|oy§%P *

8! M54 as

therebelow. Such access may be for well completion as detailed further below, for well
production, or a variety of well access applications.
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in directing mud circulation may be enployed in
directing the described cenenting Thus, sone
equi pnent space in the cenenting room 220 nay be

saved. wever, even nore significantly, thecTas2007/052272
‘NQB%?@Hﬁggtion of the punp assenbly 200 itself is such
that the described cenenting application may proceed
ye02oput Tseigof0laindedecatdunarsblemorting 10 ernliguied o siRpert the
as that of the prior art (see the prime nover 127 of
Bidforrt 175 Thsk efadre o0 fatialt times. i Tor sheersibie portios il 5 oppther parts
the avail abl e footspace 201 may be obtained at the
I%E ateh QF 101204y bk ORMBIeAS tekReids at etlembavecuree iothalfloof 195 of the
the dedi cated cenmenting prinme nover nmay be achieved .
%ea &V hRG &Eﬁ SEWBRE 1p0MPhel 28ectivérvsd BE antldring i bibiersible

shown 1n Fr'g. 4, this may be achi eved by coupling

t he. Sn b2 ik By BIERH 4 BeLQUP) bRginkiiRest AbRantially
AREiR e ééﬁﬁ‘&%ﬁ%’ﬁ%[i%p%r e hydr%gﬁl i cally ~
conpatible. Atenmatively, 1t pRMc RO 127 (ReFig. 1). As
5?£Bﬁ%eﬁﬁmﬁﬁFﬁEH%%“Tﬁgu%gﬁg%ﬁ%%ﬁ%e ral W th thé pri%e)

“mover (153 jn order . to el.im nat ot Bhili ndicated
decve i B GaHeHE Y B I8 o ge polph o Efifoabit ap ndiate

run | engthy hydraulic coupling |ines € wi
Dtiissind i 154 L B OB B35 ) BaCo ol Witk o
directly by the prinme nmover 153. In fact, .in.the
etibblponsinriod ushacduredriigy 105 1n pRE ahp Pé"@é‘ﬁ%?lfena boghaie 197
220 is positioned adjacent the prine nover. 153E¥Ath‘ leti
tthey brdtiredkvilbd bapgods chsredSDagwared thepginipodyell qgnpletion
This may be achi eved by reconfiguring circul ation

| ipResioRbRaptics hose as Regdlred|ie Sstheadriabbdersi | abl e

footspace 501 is provided due to the lack of a .

r %“3“ r eNMRBferrfr@rnody eizcatenud prepingrgplvatioe indsseribed in which
[0037] I n the above descri bed enbodi nents, nud punpi ng

© eQULRAPERMCAESE aRMGRERRcHbIIRIAY Sqemiresl0 Bognplaye. In the

been 1 nked together for the sake of streamlining

“@%ﬁodﬁﬁgﬂkﬁ%ﬂ T @REd pRACIS Bf tilkepung @serabilyi 200Emty be a 1,500 to
require or the process. However, this is done in

> R i 1 Ab & Bwh & AkiBlngQiipo$ 2 MithiB @ marine riser
f #’gﬁq %8 @euﬁlpqé ‘g?"r"_ﬁ}ﬂ%g%ti @gﬁg?w? sfahr atgﬁg;; t han enpl or)rllar;ne
3;':1]?) :Ig?gp%gﬁﬁgs %’I Gl @e LGt ?3{)dis REERA 1> $rih®Endlbift @Gkl Yicces of rock

€ circulation of nud~“300 and t he

driving of. a cement slurr at hown,
L R L R e

punp assenbly 200, In this. er,. the ci ' t 5.000
T 300 me R e BRI i PRp L st F B p i at

of the cenment slurry 400. Thus, the risk of

c BAt authmbarplsde 3% 18 f@8K¥ENt slurry 400 during drilling

or with nmud 300 during cenenting is not_increas -

o B0y e Kontfuieg bl rErmSe 6 Fighd B Mda00dR SIS 3y i iling
described herein. Nevertheless, a significant anPuB) thi
Obipe (a5 pREmicafeel gd exfie thedrieht0 rtharbotiasy ef thedpredpler 3: In tms
1) may be elimnated by coupling the cement punp 128
dinfa86dr] Mibticationandh defrec ofithepuatpegubatioameayobe proidpd fone bit 350
nover 153. [0038] Referring nowto Fig. 6, with added

r 6f RLBREEaddQuls By rdclbandatimeichdld Birtheshorecibapiugti0Bns delivered
is summarized in the formof a flowchart. The nethod "
S o701 B &FRLR YraRof BRRissctofock un catsentiigs dack up the
235?B§%o dgscribedka ove for drilling and cenmenting
applicatio h{ thE QATHNG tHiRB23P &6 Alkik @androthe mud 300 and
e éﬁ%ﬁ2§&§g ﬁg%%%%ted at 608§§m%ﬁ%p assenbly may be

del j. d [ i i ahe
R P gt e

i ndicated at 640 and 660, _ activation of the prine
nmover nmay drive a nud pung)of the punp assenbly for
punpi ng mud during a drilling application (see Fig.
3).



[0039] Unli ke a conventional punp assenbly as

descri bed above with reference to Fig. 1, a cenent

punp enbodi nent for cenenting of a borehol e casing

fgl l/ﬁ\giz%g drilling may be uniquely driven. g8giseios2272
wQ e ated at 680 a cenent punp of the punp

assenbly may be driven by the above noted nud punp

(i5e 87 egptics2ntd)the Alut! earkalt5il v &t shakersor thss SH’B%F‘@?R&“WHIHW be

reference to 680, the cement punp may be driven by

h@loyadreo Rhduie tHmIaterasutiinye aneideporatgsl frewmethEi rgturmyg mud 300.

Regardl ess, the need for a separate cenent punp prine

r’ﬁ’ﬁi@ ndael S@F @8l bOrcfiicuiang budletodienmnd ppuppSélienecilsfion lines
eli m nated. As described above, this is achieved

485 %H@ Qﬂﬁxﬁég@% Mk QRtoOMhe GRMRLI Fife 0b5 theuseiaintipunipdiltng as

certain nmu unp eC]UI prment I'n a nmanner t hat preserves

spl ation of nmud fromcenment slurry during operation.
FH@%%T%%Oﬂ%ted enbodlnents of punp assenblies

3@@; Sﬁs Eer A OVCU%?I]H g Gnile le ﬁfﬂ@] fel @Reulating mud 300

manner t at” avoi ds the

g)%\gé%l @E]{??lg(%ﬂaqsﬁ{g{ %0 q%’ll' e%t F%O 15 gl’éOe ﬁl% n&fn %ﬁr%ﬁt Tﬁg H{I{IMHHOII Of

age of wel
conpl etion. The assenbl escr
S B0 oy iosl 1Y 85 R8I &aﬁ%? 8‘:"%(? Gihytscls il porehole 197
slurry applications while inclu ate |c
coteplie y egg@qbnmﬁim@o%dﬁﬁpﬁ%me egﬂ)&&%&@ g %Xd circulation

equi prent. Thus, a single integrated well conpletl

amd erifiing arsdipictedi fteel 2 wpmpletion @aliplomitZpgu Mncef 2Iven deth of the
equi pnent, total weight of equipnent, and requi

fioedsRane bear rcecuilptire complation suntralbwtit 255sRhbE @rnléloyed to cease
possibility of the indicated contam nation.

[109 fkl Al Rebg iExERIE300 adbedicnte dslldg P 338. dhus, cementing
partlcular integrated well conpletion assenbly :

| 3G 446 00 BooRHER: @SHENIZE ¥nadt endues eAs dautiergithhded irgference to
addltlonal enbodi ment's are possible. For exanple, a

h@gt 41 L 1?15 Nkipl&iohYRAGoOhnit 285 i@y albe tenped)ie difepting the
ition t'o | and based wel | conpl etion assenbli es.

su g;eta:l}glﬂ%!eﬁl%(mngg%%ﬁ&‘éﬁn of expl anation, enbodi ments

ed with reference to punp

ﬁ@%ﬁmﬂ%ﬁ{g %' ng giSiANghe B gguaﬂ%ﬁﬁolpmnnezss may direct

e punp équi pnent provided may
act ual.l Jud t v, l(sce
S B UL RO ST A A o

mul tiple nud S or di rect | 0.1 |
ob» RESCBUSIESPIPR a7 dBRY R PRt dE et ‘é%% ﬂ#éﬁ%? +§ affanced

punp assenbly as alluded to Furt her
el e T T R L R

- without departing fromthe scope of the describ

eritxo piprel$ls As S%@NB@@EI&DGWZB@PW Mp% e HPFIE e A 4 gfﬂ'll%end of
Ve C aim
an advanced borehole casing section 186 for sealing it off as has been previously done

with the section of borehole casing 185 thereabove. In this manner, the cementing pipe
425 piercing the plug 460 may be employed to carry a cement slurry 400 downhole
thereof. Thus, the cement sturry 400 may be forced back uphole adjacent the advanced

borehole casing section 186 for stabilizing and securing it in place.
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1. A punp assenbly for delivering nmud and cenent
slurry to a borehole and conprising: 3a mud punp for
delivering the nmud to the borehole; 4a prinme nover

wé%osﬂﬁﬁ%’ﬂ ng said mud punp and coupl ed t her etpgi/rBmmo/52272
punp for delivering the cenment slurry to the
borehol e and coupled to 6 one of said nud punp

qedad| pr i Tmeomperebodimentdihic vabaye-g¢scrladd CmeqRt AUTHy |Jr%8 operates at
The punp assenbly of claim1l wherein said cenment '
ibstvid assi ROBHD yn® alshut $@hHpyprefarabilyrat abgyi A0 Hp a3 sumggip by the
punp assenbly of claim2, wherein the punp assenbly
'Iﬁucp{) 1@) Wi b @dsomplieti v ckaeitl siry, 400adsdindiemedt Bgtyrasn about
| oca renotely relative to said nmud punp in 3the

1a§do' dnhyaboat 5. o0depAUAR, BS sefEkid Bf thiyl marmed fostieivéignthe cement
I's substantia solated from 2t he cenent

Eéf%’()() o sﬁo»l;m eﬁﬁ#ﬁ%ﬂﬁ?%ﬁ% ‘ﬁgx&| 12 Mal beheiven Bt 19ad fessure
in advance of, or during, the driving of the cement slurry 400 into the borehole 197. In
fact, in one embodiment, the cement mixer 129 may be driven by the cement pump
128. Again, in such an embodiment, powering of the cement pump 128 for such tasks
is achieved via the coupling of the cement pump 128 to the mud pump 154 through the
hydraulic coupling lines 250.

[0035] As indicated above, the same completion control unit 255 that is employed
in directing mud circulation may be employed in directing the described cementing.
Thus, some equipmeﬁ£ space in the cementing room 220 may be saved. However, even
more significantly, the configuration of the pump assémbly 200 itself is such that the
described cementing application may proceed without use of a dedicated cementing
prime mover such as that of the prior art (see the prime | mover 127 of Fig. 1).
Therefore, further increase in the size of the available footspace 201 may be obtained at
the platform 201.

[06036] As indicated above, removal of the dedicated cementing prime mover may
be achieved by driving the cement pump 128 with the mud pump 154. As shown in
7 Fig. 4, this may be achieved by coupling the pumps 128, 154 with hydraulic coupling
lines 250 where the pumps 128, 154 are hydraulically compatible. Alternatively,
however, as shown in Fig. 5, the cement pump 128 may be integral with the prime
mover 153 in order to eliminate the need for a dedicated cementing prime mover. That
is, rather than run lengthy hydraulic coupling lines 250 between the pumps 128, 154,

the cement pump 128 may be driven directly by the prime mover 153. In fact, in the

12



2 to said prime nover. 6.The punp assenbly of claim1l

further conprising a unitary conpletion control 2

uni t to_dlregt the delivering of the nud and the

. Lhg of the cenent slurry. WO T/IB2007/05227
nghdééﬁﬁa’%szpm/ 1132007/ 052272 7. The punp assenbl ;Mclaf "
claim1l wherein said nud punp is a first mud pu 2
saibddindnmehomvie Fig. §, thefenfirstcepenting Rep &Rl ieypRytOEpQAdidcent the
cement punp is a first cenment punp, 3 the punp

@abyer f1 68 itk theoourpinils | Figreposationed epngsituibic fuiRs 11@r This may

elivering nud to the borehole; 5a second prine nover
fiRr adiidvel NG Rdbdigaaf®Rircuiutorplings 557 ac sbphed Répsrdiss, added
6 and 7a second cenent punp for delivering cenent
SkidiYe FRtphR farighaddandiccound dk of a requirement for a dedicated

cernenting prime mover.,

[0037] In the sbove described embodiments, mud pumping equipment 150 and
cement pumping equipment 225 have been linked together for the sake of streamlining
well completion and reducing the total equipmeilt required for the process. Howe\-’er,
this is done in such a mannér as to-maintain isolation of mud 300 from cement slurry
400. That is, rather than employ a single pump such as the mud pump 154 for directly
driving both the circulation of mud 300 and the driving of a cement slurry 400, a
separate pump such as the cemént pump 128 is retained as part of the pump assembly
700. Tn this manner, the circulation of mud 300 remains physically isolated from the
driving of the cement slurry 400. Thus, the risk of contamination with cement shurry
400 during drilling or with mud 300 during cementing is not increased by employment
of embodiments of the pump assembly 200 as described herein. Nevertheless, a
significant amount of equipment (e.g. the cement prime mover 127 of Fig. 1) may be
climinated by coupling the cement pump 128 directly to one of the mud pump 154
and/or its prime mover 133.

[0038] Referring now to Fig. 6, with added reference to Figs. 1-5, 2 method of well
compietion is summarized in the form of a flow-chart. The method summarized may
employ embodiments of pump assernblies 200, 500 described above for drilling and
cementing applications of a well gompletion operation. For example, as indicated at
600 a pump assembly may be delivered to a production site where a prime mover of the

pump assembly is activated (see 620). As indicated at 640 and 660, activation. of the
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8 to one of said second mud punp and said second
prime nover for driving of said 9 second cenent punp.
18. The punp assenbly of claim1 further conprising:

wodoihiRy nixer; and 3a skid base, wherein tdanegwendz2n
mxer and the cenent punp are di sposed on the skid '

ba§e. 9. The punp assenbly of claim8 wherein said )
gitinet dase niay drietweew! plsone! e paap agsembhgioa REMERE FRudsdring a
feet long. 110.The punp assenbly of claim8 wherein
s@ilhgsdpptcdnas ésck §id. 85s t han about 10 feet |ong.

11. The punp assenbly of claim 10 further conprising a

fT]gd?ySt] ankysoupl eshvieional shnz sssemipiyap désoribai sbout atithmgference to
the mud fromthe borehole to said nud punp, and

Vﬁgr el Sk tABkdiies! BFesmansid bi agonEvhanistry falowing
eparate borehole cuttings fromthe nud.

drilling may be uniquely driven. That is, as indicated at 680 a cement pump of the
pump assembly may be driven by the above noted mud pump (see Figs. 2-4).
Alternatively, as also apparent with reference to 680, the cement pump may be driven
by the same prime mover as the mud puf-np (sec Fig. 5). Regardless, the need for a
separate cement pump prime mover dedicated to driving the cement pump alone is
climinated. As described above, this is achieved through integration or coupling of the
cement pump to certain mud pump equipment in a manner that preserves isolation of
mud from cement slurry during operation.

[0040]  As noted, embodiments of pump assemblies described herein for use in a
well completion operation are employed in a manner that avoids the potential
catastrophic consequences of cement slurry or mud contamination at the improper stage
of well completion. The pump assemblies described retain substantially isolated mud
circulation and cement sturry applications while including strategically coupled mud
pumping equipment and cement pumping equipment. Thus, a siﬁgle integrated well
completion assembly is provided with a reduced amount of equipment, total weight of
equipment, and required footspace for equipment, all without risking the possibility of
the indicated conta_mination.

[0041] Although exemplary embodiments describe a particular integrated well
completion assembly including a pump assembly at a semi-submersible rig, additional
embodiments are possible. For example, a host of altemative- types of rigs may be
employed in addition to land based well completion assemblics. Additionally, for sake

of explanation, embodiments are primarily described with reference to pump equipment
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112. An offshore well conpletion facility conprising:
2a subnersible portion for residing bel ow water; 3a
pl atform atop said subnersible portion and for
1 d above water; and 4a punp assenbly sgguBem7bhQ272
“@géﬁﬂ%?%%forn1 said punp assenbly conprising: 5a nud
punp for directing nud to a borehole, 6a prinme nover .
fiacluding wisiglet frenmand/qp pripreanel s olpvest. he panp equipgent grovided
cement punp for directing cenment slurry to the ]
base hobdlyancudomplipt tuops e pafne hyersu ¢ op erpmplpontlfple cement
prime nover for driving of the cement punp. 113. The )
UnSReRE Belolple® Apheatiplrmiidpirhpstor nefre direithn té Shewewlgpla prime
the cenent punp is 2 coupled to one of the nud punp

andvdr 6 PIdT® PTBVIE ah RmBodBRAESS 4 Paxhp afsembBsasalluded to above.
3avai | abl e footspace on said platform

Furthermore, many changes, modifications, and substitutions may be made without

departing from the scope of the described embodiments.
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114. The of fshore well conmpletion facility of claim12
wherein the cenent punp is coupled to one of the nud
punp and the prine nover in a manner that reduces

wa Ro@bor380ui prent wei ght at the of f shore wel¥CT/IB2007/652272
conpletion facility. 15.The offshore well conpletion
facility of claim 12 wherein the facility is one of a
LLadMS subnersible rig, a jack-up rig, and a barge
rig. 116. The of fshore well conpletion facility of
a2 further conprising: 2a tower secured to said
platform a marine riser pipe for |owering bel ow said
tower; and 4a borehol e casing for advancing through
said riser pipe and into the borehole. 117.Th
of f shérmuwelssemblinior delivering B PP (PO SIPEY al%OY?ekl?#? e
conprising a drilling 2pipe terminating in a bit for
lcomerising i nto said borehole casing, drilling the
bor ehol e, '

a mud pump for delivering the mud to the borehole;

a prime mover for driving said mud pump and coupled thc_areto ;and
a cement pump for delivering the cement slurry to the borehole and coupled to
one of said mud pump and said prime mover for driving of said cement pump.

2. The pump assembly of claim 1 wherein said cement pump is hydraulically
driven by said mud pump.
3. The pump assembly of claim 2, wherein the pump assembly is of a well

completion facility, said c,exﬁent pump located remotely relative to said mud pump in

the facility.

4, The pump assembly of claim 1 wherein the mud is substantially isolated from

the cement shury.

5. The pump assembly of claim I wherein said cement pump is integrally coupled

to said prime mover.

6. The pump assembly of claim 1 further comprising a unitary completion control

unit to direct the delivering of the mud and the delivering of the cement slurry.
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3 and carrying nud thereto. 118. The of fshore well

conpletion facility of claim 16 further conprising:

2a plug for sealing off a teimnal end of said
wB%RMe2S: casing; and 3a cenenting pipe for PomSE2TYs2272

i nt-o said borehole casing and piercing said plug 4

for carrying the cenent slurry to the borehole. 19. A

nmet hod of delivering nmud and cenent slurry to a

borehgl e, the netho conpri sing:, 3activati '
over PP PRI B ST Bl PRGPEl Al .
the nud punp. to direct the d.to th borehoée'

e PPIS NV OF 8 AL DERTRONCF- 1306 Add 3R BUIAP 1S T gt Putmp:
and the nmud punp and 6enpl oyi ng the cenent punp to

dhe pop askenide fiewer QIMIEBESt 0o t he borehol e. 20. The

nmet hod of claim 19 wherein said enploying of the -nud
punp anecosdimmid pump for delivering mud to the borehole;

a second prime mover for driving said second mud pump and ;:oupled thereto;
and

a second cement pump for delivering cement slurry to the borehole and coupled
to one of said second mud pump and said second prime mover for driving of said

second cement pump.

8. The pump assembly of claim 1 further comprising:
a cement mixer; and

a skid base, wherein the cement mixer and the cement pump are disposed on the

skid base,

9. The pump assembly of claim 8 wherein said skid base is between about 5 feet

long and about 45 feet long.

10.  The pump assembly of claim & wherein said skid base is less than about 10 feet

long.

11.  The pump assembly of claim 10 further comprising a mud tank coupled to said
mud pump for circulating the mud from the borehole to said mud pump, and wherein

said mud tank includes a sifting mechanism to separate borehele cuttings from the mud.
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(8]

2 enpl oying of the cenent punp are directed by a

unitary conpletion control unit. 121. The net hod of

claim 19 further conprising maintaining substantia
w@g@k@tmfgn of 2 the mud fromthe cenent sl urkPGL/IBReOREEAT2

said enploying of the nud punp and said 3 enpl oying

of the cenent punp WD 2008/ 007252PCT/ 11132007/ 052272

1 22.The nethod of claim19 wherein the nud is

Lrected_t.o the, borehol e:t.hro a 2drilling pipe,
3he mel R &“F%??Hé?mg%ﬁ%}%éphﬁ%%@ %P%ng abit at a
term nal end of the _3dri.l.li [ to increase a
]gept Ea StoriepEblp BPIERB |f‘éf.fesi“|‘2%g. SeVsBfod of ol ai m 22 |
urther conprising: 2renoving nmud, and cuttings from
the boplBHoTEEn SRS PENED a6k b ERE A Y yates and
cuttings fromthe nud; and
a pump assembly secured to said platform, said pump assembly comprising:
a mud pump for directing mud to a borehole,
a prime mover for driving the mud pump and coupled thereto, and

a cement pump for directing cement sturry to the borehole and coupled

to one of the mud pump and the prime mover for driving of the cement pump.

13.  The offshore well completion facility of claim 12 wherein the cement pump is
coupled to one of the mud pump and the prime mover in a manner that mcreases

available footspace on said platform.

14.  The offshore well completion facility of claim 12 wherein the cement pump is
coupled to one of the mud pump and the prime mover in a manner that reduces total

equipment weight at the offshore well complétion facility.

15.  The offshore well completion facﬂity of claim 12 wherein the facility is one of a

semi-submersible tig, a jack-up ng, and a-barge rig,

16.  The offshore well completion facility of:claim 12 further comprising:
a tower secured to said platform;
a marine iser pipe for lowering below said tower; and

a borehole casing for advancing through said riser pipe and mto the borehole.
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4circulating nmud fromthe nud tank to the nmud punp
124. The method of claim22 wherein the borehole is
lined with a borehole casing, 2 the method further

w6 aRhd73sng: 3retracting the drilling pipe fREHiBRHE/052272
bor ehol e; and 4positioning a plug at a term nal end
of the borehol e casing for sealing off the Sborehole
casing. 1 25.The nmethod of claim 24 further

npri.sin Lercin ! i A ' : [ :
gﬂe e ARy T Ll ety SOOI CERER PP Rling
@%ﬁi‘"@p{ﬁaﬁﬁé En -a(,: 1:?11: -Orll tl(;\apegm(g) fin’ut) rs]ae1d %gr%ﬁ(ﬁp ggsﬁlgf:@rﬁhﬂgthe borehole,

and carrying mud thereto.

18.  The offshore well completion facility of claim 16 further comprising:
a plug for sealing off a terminal end of said borehole casing; and
a cementing pipe for lowering into said borehole casing and piercing said plug

for carrying the cement slurry to the borehole.

19. A melthod of delivering mud and cement shurry to a borehole, the ﬁxcthod.
comprising: |

activating a prime mover to drive a mud p@p coupled thereto;

employing the mud pump to direct the mud to the borehole;

driving a ceﬁent pump with one of the prime mover and the mud pump; and

employing the cement pump to direct the cement shurry to the borehole.

20; The method of claim 19 wherein said emplojing of the mud pump and said

employing of the cement pump are directed by a unitary compietion control unit.

21.  Themethod of claim 19 further comprising maintaining substantial isolation of
the mud from the cement shurry between said employing of the mud pump and said

employing of the cement pump.
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22.  The method of claim 19 Wherein the mud is directed to the borehole through a
drilling pipe, the method further comprising rotating a bit at a terminal end of the

drilling pipe to increase a depth-of the borehole.

23.  The method of claim 22 further comprising:
removing mud and cuttings from the borehole and to a mud tank;
separating the cuttings from the mud; and

circulating mud from the mud tank to the mud pump.

24.  The method of claim 22 wherein the borehole is lined with a borchole casing,
~ the method further compﬁsiﬁg: |
retracting the drilling pipe from the borchole; and
positioning a plug at a terminal end of the borehole casing for sealing off the

borehole casing.

25.  The method of claim 24 further comprising piercing the plug with a cementing
pipe, the cementing pipe to carry the cement slurry to the borehole for cementing of the

borehole casing thereto.
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