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relate to nmud punpi ng and cenment punpi ng equi pnent
and applications for conpletion of hydrocarbon wells.
In particular, enbodinments of offshore hydrocarbon
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descri bed. BACKGROUND OF THE RELATED ART [ 0002]

Expl oring, drilling, and conpleting hydrocarbon wells
are generally conplicated, tinme consunm ng and
ultimtely very expensive endeavors. This may be
especially true in the case of certain drilling and
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presents added chall enges. [0003] In the case of
of fshore, and certain other drilling operations, the
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complicated, time consuming and ultimately very expensive endeavors. This may be

especially true in the case of certain drilling and completion operations where the
configuration or 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, for a given
offshore operation, any increase 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 circumstances expenses may be

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



of fshore operations. [0004] Regardl ess of the prem um

on avail abl e footspace at an offshore platform [ike
wore®s/oo2st | ing rigs, an offshore drilling rig RPEenes2801052272

i ncl udes both a mud circulation assenbly and a

ntin enbl along wth t of other. drill |ngr .
éﬂ?ge P pheht™ 8 ﬁ&% 85 EBre §V?1ﬂabg‘a? QqiPGPH Femajpg, at a pretium in
alternatlngly enpl oyed in conpleting an underground
REbhoraARCTAA@V di ng a casing therefor. That is, as a
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casing in place. This process may then be repeated
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drilling, mud circulation, and advancing of additional borehole casing, may continue,
periodically interrupted by subsequent cementing and securing of the casing as
described.

[0005] In the above method of well completion two different types of fluid, mud
and cement slurry, may be present within the borehole depending on what stage of the
operation is in effect. However, these fluids serve entirely different purposes. The
mud is circulated through the borehole with the purpose of lubricating, cooling, and
furthering the advancement of the drill bit. On the other hand, cement is introduced to
the borehole with the purpose of stabilizing the borehole casing in a secure and final

position. Thus, the introduction of either of these fluids at the wrong time may be of
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to the proper conpletion of the well. For exanple, the
w@e@smeos2 of no nore than about 1% - 3% nud aPCHEIB2007/052272
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90% - 97% of the time during active drilling

biely at i 0ot of bevergh bnedred thomeamdaledatsataetinaereon the rig

with multiple high horsepower prine novers, punps and
Po0es] eqUivpehé .pothenl thestidphie Eafscqesiest bAgement slurry or mud
approaches, nud circulation is termnated and froma

SERAMMHaBok SMBRLPSJP @ﬁg@Bf LR cobdpthtiohNgcaR@Y irculation assembly
descri bed cenenting assénbly is operat ed, enpl oyi ng

r
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St g RGP BT DB P <2T6 Qithgfime during
offshore rig, this maintenance of entirely separate
aefbendiliing operatienss sconeraed 8gul pitelocatiihes the rig with multiple high
significant cost to already scarce footspace. SUMVARY
hoBeriwek ppumpmassenhinypsi adprtiariedegnfent. Wdien\tke timg foudementing
and cenment slurry to a
approaches, mud circulation is terminated and from a separate cementing room of the
rig, the above described cementing assembly is operated, employing its own
comparatively lower horsepower prime movers, pumps, and associated equipment.
While understandable in light of the potential consequences of contamination as
described above, in the case of an offshore rig, this maintenance of entirely separate
assemblies and associated equipment comes at a significant cost to already scarce
footspace.
SUMMARY
[0007] A pump assembly is provided for delivering mud and cement slurry to a
borehole. The pump assembly includes a prime mover coupled to a mud pump. A

cement pump is coupled to one of the prime mover and the mud pump itself to deliver

the cement slurry to the borehole.



borehol e. The punp assenbly includes a prine nover
coupled to a nud punp. A cenent punp is coupled to

W@r@sn06726he prinme nover and the nud punp it selPCT/B2007/052272

deliver the cenent slurry to the borehole. 3 WO
008/ 00 EF DESCRI PTI ON OF
LR i ' de view of a prior
art ?unp assenbly for nud punpi ng and cenment punping

Bi catliiens iae sedhvewhefi & pripoagIunm gpsemblysfos nyjdjpumping and
V|em10f an enbodi ment of a punp assenbly for nud
pemitpgepi appheattonpatpberghalppl | cati ons at t he
borehole of Fig. 1. [0010] Fig. 3 is a side view of

foumopunprigsserbl ¥idef vikwdef @n Moﬂqm@mm{da WY BGembly for mud
application at the borehole of Fig. 1. 11] Fi g.

bl 'aﬂga%.@nﬁwgwwfﬁ'%g%ﬁg i3 4o
UABHE] 3 AL B rumin

cenent. pu ng applications at the borehole of Fig. 1.
P@@E@lmFPnEeémﬁgmﬁoff@w Ichart summarizing an

enbodi nent of enploying a punp assenbly for nud

bMdi ng BEgd4cierreside paewpi ofgthatpuantb esseblye of BET AL IAEANG a cement
DESCRI PTI ON [ 0014] Enbodi nents are described with
pemeingrpplitadionar thaiboraibfesdfdtig lhydr ocarbon conpl eti on

or production facilities such as a sem -subnersible

EO(HZ Hoveyes is #LRBNiew ¥P §§ aREm I SHRERLRERBICE p@fp assembly for
acilities including jack-up rigs, and barge rigs nay
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required for a wel |l

assembly for mud pumping and cement pumping at a borehole.

DETAILED DESCRIPTION

[0014] Embodiments are described with reference to certain offshore hydrocarbon
completion or production facilities such as a semi-submersible rig. However, other
types of offshore production facilities including jack-up rigs, and barge rigs may
employ embodiments described herein.  Furthermore land based completion or
production facilities may employ such embodiments. Regardless, embodiments
described herein may be employed to reduce the total equipment required for a well
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
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conpl eti on operation, thereby providing savings in
terns of capital cost, certain operationa

W0 p@BOd2sENCi es, footspace, and total equi pmeneCTEB2Q0M052272
As such, enbodi nents descri bed herein nmay be

especially of benefit for offshore erations. . [0Q1
REMBIE; 1Y rﬁB@va@pri}gg%qmpfn% 25, 130 Pog 10 g C(&Wb@éﬁ%@ﬁ% cement
of a punmp assenbly 100 including wholly separate '
oumpe 4ndripe Ay danenmag cpuppEtg28qll G ehpump 3sserbly 20fhof Fig. 2
be viewed in light of a punp assenbly 200 havi ng

ity gy sohadbbr @and dighier edtighe s rbmpdred@o 20O 8P ZR&Mbly 100 of Fig. 1.
PCT/ 1 B2007/ 052272 punpi ng and nud punpi ng equi pnent

28bs, slafficdat €odtshathang Nt RayObe bhRd G dudioRINitdhs detailed
and the nud punpi ng equi pnent 225, 150, the punp

ASHER 200 of Fig. 2 may be smaller and |ighter
melgﬁy&ﬁggconpared to the punp assenbly 100 of Fig. 1.
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Space and wei ght savings as noted above nmay ultimately
FeYitiard Bpaide PHHARRIVAREEES 0ah ¢V oy GIIEHS: PRSTatiMy afRTag@tple, as
to a well conpletion operation. For exanple, as shown
siovAl g5 Figs. dnand2?, thhepupumpssembleesl 06 20000¢ p2@0dedt o an offshore
provided to an offshore production site by way of a
patuctsatbpier b1 vy 6ff @ sd@ibsubbscréibiratig €01 0fALx pente ofrdpense and
practicality, significant space and wei ght

?@&ﬁedlﬁi},if s?g}ﬁﬁ&mﬂ QAR RGEARARKIGHGRhGek iﬁacc@)%aﬁ%“ Such a rig
l'S,

O its offshore, sem -subnersi bl e nature. at

i t trial AGt i ite. A :
100 e T, S BARAAL e, e, B TR iB S uction
175. Further, to ensure stability of .a

§irmi CRUBREY SIPBF% ' Tigiedato i Ut @*{qu&mﬁ &t ty gfatform 175.
the weight of the rig 101 including all of its
Eguihgrmemensaesystpaligxed & pawigsubmigisable wigel 0lafairly dight penfropfover the
a smaller and |ighter weight punp assenbly 200 as

skegein dafrthe g 1@hiodudreptallodf Fs gquipmeaty mag tof exercised. Thus, the
significant benefit as detailed further bel ow [0017]
oditabNity R HeWMalleit Bnd efplfee NCEightOpining. asdemblR€200 as shown in the

sem -subnersible rig 101 is

embodiment of Fig. 2 may be of significant benefit as detailed further below.

[0017] Continuing now with reference to Fig. 2, the semi-submersible rig 101 is
shown accommodating the pump assembly 200 at the platform 175 as indicated 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 hydraulic 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
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shown acconmodati ng the punp assenbly 200 at the
platform 175 as indi cated above. Unlike the punp

waz®enwizg2 100 of Fig. 1, the punp assenbly 200PGI/I1H20¢7/052272
2 includes cenent punping equi pnent 225 that is

direct.ly coupled to u |n equj, pnen 150
R TR by fdas t B TP TR hy g MU ariven
hydraul i ¢ coupling |ines 250 couple cement punp 128
girongiethe divdraulip apymling lagaiptnaney bzashydsawicribiopenep thegme mud
of the mud punpi ng equi pnment 150. This coupling allows

B8b@ ampdoymdnurited atdrilbeg applicatioprasndesombeelr bélow. t More preferably,
cement punp 128. [0018] As shown in Figs. 2-4, the

Ry 6evad] WiteERUP b BEpldyRESin Daf betdusettad Mal helpduftRer i@ out of the
from the cenent punp 128 in order to reciprocate a

AR P AR Ry
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hydraulic oil or even _the sane nud
aalftwﬁ@ of thg cemeH Uyl 7€ aehersst &gma%ts%wrbéa Hé%\‘RP faprde Thus,

preferably, however, water nmay be enployed, in part
berangatiohio fraycehenp shuryt He9 veitedre eclectod lwﬁ@uhmfdnd may be
punp 154 following its precedi ng punpi ng of nud 300 as
dedidéd.ed bel ow. Regardless, the fluid enployed is

directed at the plunger mechani sm but not at other

Elﬂfl@] oNnsA @ rdslIR of BIEIMNovRUBR ribed cOMnE athe CMBR U ﬁtﬁ%’ dquipment
may be found. Thus, contam nation of the cenen
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cou lin t he unppi ng, equi nent 225 of the
Rb b Aot 6T Fak o nER Pt sae P e f |pﬁalpm¥v%qmpment

127 as does the prior art enbodlnent of qu

Bads Bethy éninchamespsmunnsngrigd e meners 1235the @hmmatlon of
likely to include nultiple punps 128 and prine novers

$&h, a cheer! proma atdven 137 mayulh ofi caendendblp signdicanacer A 2igscribed
may be of considerable significance. As descri bed

further below, a reduction of between about 40% and about 65% in the amount of
footspace required to accommodate the cement pumping equipment 225 may be
achieved. An increase in available footspace 201 may be seen as a result.

[0020] In addition to the benefit of the above noted increase in available footspace
201, other advantages may be obtained from eliminating the cement prime mover 127
of Fig. 1 as shown in the embodiment of Fig. 2. For example, a conventional cement
prime mover 127 may weigh in excess of about 12,000 pounds. Therefore, removal of
cach cement prime mover not only saves space, but also provides a significant
reduction in equipment weight that must be supported by the submersible portion 180

of the rig 101. Thus, a degree of control may be provided to the submersible portion

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



further below, a reduction of between about 40% and
about 65%in the anount of footspace required to

WQewsnomant e t he cenent punpi ng equi pment 225 PEl/IB2007/052272

achi eved. An increase in available footspace 201 may

S . a result 0020 ddi to.the be ef|
ofofe" SovBule i reibragel TR Bvsith adi REStSsdpd e 1. further
201, other advantages may be obtained fromelimnating
bevefie apayrie foplized frasw epunlimg thefetppry. pumpieg ehBMeRtR25He the mud
enbodi nent of Fig. 2. For exanple, a conventiona
pempim cquipment nidVers ihaicatdyabaet.gA hanisexs sbeswofin digut, a cement
12,000 pounds. Therefore, renoval of each cenent
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OHE NSt TyITGILL the caToediERag of FigmiZgrevenls {jaf g sitple gompletion control

reference to Fig. 1, further benefit may be realized

finio RS maprlberIQOYlﬁed e denactingibgdh my: degpunpng and o@Bentiog pheions of a
mud punpi ng equi pnent 150 as i ndi cated above. That

well asmplotow dperabibg. Thug Caimyd opprargei mgy cdirdct olellirbinpletion
126 is provided for controlling a cementing

@B&Jail&ﬁt &R aasﬁn%lg esalibiPef Ak e, tlﬁﬁé @Pﬁcwﬁtlj? %B@&rﬁﬁﬁng operator
mud punpi ng control unit 155 I's simlarly provid

gxg rgfc]?rgj&g[hlth%uﬁpbrgﬂgen%%bg\glfﬁlgtﬁ%ﬁo%' aﬁlna((a%gscf%grhee of footspace

Fequire

enbodi. nt 0 reveal s that a single conplet.i

BRI iy e 8y TR Bodel W (B R CHUPREN at the
nmud punglng and cenmenting portions of a well

elatiernatli7d fl-o P dimpispted Tement pampinggoatigheribl ¥Y. may

direct well conpletion operations froma single

(@221 i onCaninufng withy dtGtendehtos Fagf f1, cthenbiegrasibn eantdupling of the
operator interfacing with the punp assenbly 200.

Eethéhi iy ecglliprﬂéid eds eeticesudpurhpiag %@@Eﬁlental’ﬂﬂ) eIk detailed.

may be saved by elimnation of yet another piece of

AYRR e Blct HABwhile the equipment 225, 150 is coupled in the embodiment of
Fig. 2, this integration is achieved in a manner that maintains isolation of mud 300 and
cement slurry 400 from one another during well completion applications (see Figs. 3
and 4). Thus, the above described benefits such as increased available footspace 201,
reduced equipment weight, and others are achieved without sacrificing the integrity of
such applications.

[0023] As shown in Fig. 2, cementing equipment 225 is provided in a cementing
room 220 on the platform 175. In the embodiment shown, the cementing equipment
225 includes a cement pump 128 and a cement mixer 129 atop a skid base 222.

However, as indicated, the requirement of a separate cement prime mover 127 and

cement control unit 126 as shown in Fig. 1 has been eliminated. Thus, the size of the
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platform 175 (i.e. the elim nated cenment punping
control unit 126). [0022] Continuing with reference to
WO-2@s/0@7252 he integration or coupling of the CREEM2007/052272

punpi ng equi prent 225 to the nud punpi ng equi pnent 150
Is further detai|led. O note is.the fact, that whi
plrid l&?al 52%% 1865 $UITE SERICRES ot ndBai e g ficanty
ﬁﬁ? 2, this integration is achieved in a manner that

uaechi fragn jtBe iskitdi e dR22mnd @oTnsing rogre ke ofsFigr ly lpgmg added
fromone another during well conpletion applications
ésalble fgstspe 2amas dhawnTube emhediateot/ef Klestri bed
benefits such as increased avail abl e footspace 201,
[604g ed EEHIcRABT c¥RbsHe, et @it Neb ity € skidliagyed2, as shown in
wi t hout sacr|f|C|ng the integrity of such

% 0%1 363f él.hl{ﬁv‘f%nétﬁ F['lgwe\;)e'r ﬁle&ﬁ&'idlﬁgnts described
i pnent 2

IS provi ed In a’cenmentl ng room 2

ilgﬁs?{gﬁtt tfaorrélgg&175 Cpiltlpm%g?%% (ﬂﬁ]gs q%di) 2 hS{,pexi% only from

a cenent. m xer, 129 atop a skid base 222. Howeve
a%oqt mafeghtoetbout he frddny |1ﬁ8éﬁrgﬁ%t dmensiapdbaitis wseatiided f bove, a

prime nover 127 and cenent control unit 126 as shown
reduriion ofi betasebeboutel W riandabelt 6lusef thenspasé rasjuod tibreequipment
7 WD 2008/ 007252 PCT/ |1 B2007/ 052272 skid base 222 and
infageled acitve dewith refindedatidnt ohther @aion? pOmchamev&re €2V and the cement
significantly reduced, fromthe skid base 122 and

CERMEI Wh 19 26 9P Ml 2Q1 0y vﬁ't}gasséelatleﬁ viragrade Qnd aa} }n@{%lnﬁls The
f oot space 201 as shomn in the enbodi nent of Fig. 2.

E&Qﬁﬂbfase %@%&ﬂaﬁgﬁ gha vvn | nf)lﬁ%de&wgﬁ%&tth ? &?ntﬁlg equipment

abo t 30 feet in len Fbmeve e
TR R A ok u%qutw%ﬂ hD SscEihgd piein may

Skld base 222 nmay extend only from about 5 feet to

ddiste thecliimatiomof mare thayena coaﬁem@iwemmbpnmg moysr 127.

al luded to above, a reduction of between about 40%
H0025hbouforB B ngf Wcitherei@ram@ teedigs eld ahdr2,equbpleeno climeipate the
be achieved with elimnation of the cenent prine nover
1Qhirament Hethe @Bt massive cement prime mover 127, hydraulic coupling lines
250 are provided to couple the cement pump 128 and the mud pump 154. In an
embodiment where the pumps 128, 154 are hydraulically compatible, the above noted
hydraulic coupling lines 250 therebetween may allow both pumps 128, 154 to be
ultimately driven by the same prime mover 153. In the embodiment shown in Fig. 2,
the mud pump 154 is of greater horsepower than the cement pump 128, thus ensuring
adequate supply of power for mud pumping or cement pumping as described with
reference to Figs. 3 and 4 below. Additionally, while a single cement pump 128 is
shown coupled to a single mud pump 154 in the embodiment of Fig. 2, in an alternate
embodiment multiple cement pumps 128 may be provided as part of the cement

equipment 225 coupled to a single mud pump or multiple mud pumps 154 of the mud

pumping equipment 150.



control unit 126 of Fig. 1 along with associ at ed
soundproofing and other materials. The effect of such

w@PRoosioo2si on may be anplified by the fact thatP@HEB2007/052272

cenmenting equi pment may have nore than one cenent

RiERL e WirooLy WA | SHPGRE MBFo 2NaR GRBIRC ) BupBhdRhy 154 as

cenent prime nover 127. [0025] Continuing wth
inhieateshakovelym gldows) thegnepnpenting cavigerent 8221te ki rrame Whateremotely
requi renent of the nore nmassive cenent prine nover
IREtedhyldtiaeitd theqoinpd moged 153esTha254) tlar emhpreat/ paledt tramsfer capacity
coupl e the cenment punp 128 and the nmud punp 154. In an

efroeskiciBtal MyarRlitd erePiidRhak ABe oF I daiufic Ryapaty ikl 130 such as
conpati bl e, the above noted hydraulic coupling |ines

(e Ty S Yo oL P Do RIRAL g1 fhfhrRizs. 154 a
e di rent .shown in Fig. 2, he mu unp.. 154 i s of

P8 oy R BB Oevrafionlo BhHE A 0N TR 5, i Mother.  Thus
ensur.in adeguat e supply of power for nud Punping or )
bRIsRRLS foheAiiguEtions 8k FohsRtiNY figs matheiekitivalyt wiaglipted pumping
and 4 below. Additionally, while a single cenment pu '
ta@pingnt sérovmotclnu grastically modifinglie ardet fourgsombapdate ¢rheodiments
enbodi nent of Fig. 2, in an alternate enbodi nent

dedctibpd RereneattenpliokpSouplAll pumpibeciipnieded imBcapal. t  of
the cenent equi pnent 225 coupled to a single nud punp

o027y t i EbRinTHE WHINRSebRé RfFikNe M dyitPARY #8ference to Fig. 1, the
equi pnment 150. 8 WD 2008/ 007252 PCT/ |1 B2007/ 052272

6 f g ljg €0 ' . 0 u
phe BB BORH 151 RO R 080 M FBLE Fiyg pumo
cenent i ng_equj prent 225 to.be somewhat renot el
earee Pt Dot Ba0 meihs e oo o 8ad STRA 0k 1§ipeThe mud
i nherent power transfer capacity of conventiona
Ry@palib4 ds drestly eiptedato (e remhyrvanl 158 odigh iy be a large
i nes 250 such as those shown would all ow pl acenent
obnvtehtormy dicaell eleetiic pr otwpangibé.eTheimpd pu), 15854 ald coupled to the
about any location on a conventional offshore rig 101
hldatahl € 51 byosiecuddtRdinhigies THIUSAs described below, these circulation lines
provide a fluid flow of mud and water or other liquids into and out of the tank 151 and
a forming borehole 197.
[0028] Operation of the pump assembly 200 is directed from a single unitary
completion control unit 255 as opposed to multiple control units disbursed throughout
the rig 101. In addition to directing mud pumping operations, the completion control
unit 255 is configured for coupling to cement pumping equipment 225 for directing a
cementing application as described further below. In the embodiment shown, a tower
110 interfaces the platform 175 of the rig 101 at a central location. The tower 110 may
be employed to support a variety of tools for forming or accessing a borehole 197

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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bl ueprints for configurations of conventional rigs
wth relatively unaffiliated punping equipnent need

woaostoe7268r asti cal ly nodified in order to acconP@UER2007/052272

enbodi ments described herein that enploy coupled

ui. nt. gs |nd| ated, [00 nti puin
PUI} o Y HERRY indRad s uitisr e ton S0 heBEd i irport the
1, the above descrlbed nmud pu 154 is shown as part
platfarm 493 ahpyy/weier hiatlhiimesqlihpabmerdbly nokéan m(g@r other parts
includes a prine nover 153 and a nud tank 151. The nud
pfithe 15401 maghiteeaichyred.oathlesed, dboothhevips saveradawahe 116& 195 of the
whi ch nay be a |arge conventional diesel, electric or

othar oreplitNBodyl BE wadsk PIOTPTHESSfféSivah&® of Qiﬁl@h&ﬁlgt thet @B mersible
mud tank 151 by circulation lines 152. As descri bed

f
E?Iltl@ﬁl dl Sbhﬁ%\%g?élga‘% g#%}g ]!t) rlo?%ﬁ}o d£SJ Ei?%rtb% ﬁ}é% dlfﬂujrﬂtlgn dr %\éibstantlally
ank 151 .and orehol e 0028
BRNike iy t@%ﬁﬁ%&}%%ﬁ A0 St drpinpiers ﬁi‘? Sse LERE ). As
unltary letion control unit 255 as opposed
ARAYS Bl Bige %EEF iz {fHi may é}sgwrt%%aerteﬁﬁ 8t wetved %tﬁ'@hﬂ’ ¢ indicated
101. In addition to dlrectlng punpi ng &geratlons '
whele coelptliog i they addinonal | benghi © HEfﬁaS@i evnlablguioetspdasr 201. With a
coupling to cenent punping equipnent 225 for directing
stablyepmitionod aappbéuded rignl (Asindgser ithid piaductier siglOborchole 197
In the enbodi nent shown, a tower 110 interfaces the

Rla3t b tdd Swvid at B@reﬁélg Oll@lli? afg A ageAtEAhdraaRt | GWell TBApletion
tomer 110 may be enployed to support a variety of

bRGh forlsHhaf ARG 9L d@s%?lﬁééingﬂﬁgmb&%{aqwgl&w 197

Del'o ccess m conpl etion as

f rt her bel gw, for | | roducti.on, )
3@3% Rttt LB 3 mipynBE SGh5e 90 dafbeababin which
PCT/IBZOO7/052272 [0029] The rig 101 includes a
aumehosime othei dhovestesedhedi pure dissaonypldr ts ¢mployed. In the

platform 175 above water 190 at all tinmes. The
subndinsinbklevwprthd mnd pP@polSdoefhibe ppaxpt ssenatily 208 maygbd 81,500 to
may be anchored, tethered, or otherw se secured to the
£l500HpLPEmP fort difecting mud 300 down a drilling pipe 325 within the marine riser
pipe 182. At this same time, a bit 350 is rotated to grind and cut away pieces of rock
and earth cuttings, increasing the depth of the borehole 197. In the embodiment shown,
mud 300 may be directed toward the bit 350 by the mud pump 154 at up to about 5,000
PSI as the borehole 197 is formed.

[0031] Continuing with reference to Fig. 3, the mud 300 is carried by the drilling
pipe 325 as indicated and exits the bit 350 at the bottom of the borehole 197. In this
manner, lubrication and a degree of thermal regulation may be provided to the bit 350
as it grinds and cuts away rock and other earth. Furthermore, the mud 300 is delivered
to the borehole with enough pressure to force such rock and earth cuttings back up the

marine riser pipe 182 adjacent the drilling pipe 325. In this manner, the mud 300 and

cuttings may be removed via a return line 375. In the embodiment shown, the return

10



ocean or other body of water 190. The effectiveness of
anchoring the subnersible portion 180 in particul ar

woregpsioe72spr oved to a degree by elim nation of PCT/IB2007/052272

substantially nassive equi pnent there- above such as

gflé 39; gr%gtﬂ cﬁ%fpké%i (3 el?a(k:;é g]b 8%‘8? sifting rnealamsrn may be

i mproved stablllty as |nd|cated whil e including the
aupivedrialcnparehpt lasgeri qugtingssue sapapicafram fthoraparrg mud 300.
201. Wth a stably positioned and secured rig 101 in
fihag ehatut B0 pragdeaticonulsictl daclatotbe etvdl prniOI54 vragirbidation lines
started with a borehol e casi ng 185 advanced thereinto.

6} lang QfmelelyoBackoRRs ahd Arin@BYipt B8 PASME iR<ontinued drilling as
descrlbed in further detail below [0030] Referring

zﬁbge , a nmud punping application is described
I C an enbodi nrent of the above descrlbed punp

?‘Z@‘iﬂﬁ' Iag s %&8"%’30%69%' 3 4B sEiSShe ﬁ%flrﬁglmﬁhg mud 300

1,500 to . 2,500 np for directing nu
AF9VIdSs dgbrisiapien slzta ngrm Af gapdingge m?egrmdér@rblt é?(beTh%grculatwn of

At this same tine, a bit 350 is rotated to grind and

thet madadP0pilssc elipvbsf fargbk reragnch] @ércuttings tand redghris as the borehole 197
i ncreasing the depth of the borehole 197. In the

extondl dezpér isdiownhe flooid] B00Inhy chtbodiniet kealvi,asval ehudnerculation
bit 350 by the nmud punp 154 at up to about 5,000 PSI

a8d HRBinb %Eee@l%c%‘edliggm'ascoﬁfﬁlm coh 9Bt Bentd il r@vé‘ﬂ 8dpth of the

reference to Fig. 3, the nud 300 is carried by

g{)fe#lhleq%% P?%I%%S%%h@%bdggg%&ﬁhe %BQB‘P'TIS%(% rntay %e %hﬁ)rlc%%g to cease
Hikgoiaee CBe b gk g00 S {otSgry agﬁ%ﬁép?%%?%- ARy Comenting
rock and ot her earth. Furthernore, the nud 300 is

@bpisegioadd! hoseholecassree il mamicrfice nbugtronbasswiih @ddegt reference to

force such rock and earth cuttings back up the marine
Figset bplove th8Zoatjletmantontiod whiti 255 mipypalse 826sedl m tineging the
manner, the nmud 300 and cuttings may be renoved via a
sElsuent tdiBendinB applicatibe. enbodi ment shown, the return

10 WO 2008/ 007252 PCT/ 1 B2007/ 052272

[0033] Referring now to Fig. 4, the completion control unit 255 may direct
cementing as indicated. With the borehole 197 substantially free of mud 300 (see Fig.
3), a cementing pipe 425 may be advanced toward the terminal end of an advanced
borehole casing section 186 below the seafloor wellhead assembly 183 and the marine
riser pipe 182. As shown in Fig. 4, a plug 460 may be positioned at a terminal end of
an advanced borchole 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 slurry 400 may be forced back uphole adjacent the advanced

borehole casing section 186 for stabilizing and securing it in place.
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line 375 enpties into the nud tank 151. A shaker or
ot her sifting nechanism may be enployed to ensure

w0 bas/odasyer cuttings are separated fromthe rRCUIBOTNS2272

mud 300. Thus, the nud 300 may be re-circul ated back

t he d pu 154 via circul atia ines 152 a
st %Oﬁgﬁﬁbpﬁwnf Ha dbpY- ﬁsgrlﬁ?épéel@s@ PPl pperates at
continued drilling as indicated above. [0032] As '
deisisen bt 288 Vi, andrabput $0§ Nninrefcwhiy dyibew 30Rd1p as supplied by the
circulating nud 300 provides lubrication and a degree
afudcmohp hiy trootdee tgdiredithg clnént 360y Fb(k ac indoaateat | Betwotn about
the nud 300 also allows for the renmoval of cuttings

aﬁ@od@bhmﬁuﬁﬁiO@FPBDhﬁ@qkﬁgéﬁﬁuaﬁﬁiﬁﬁﬁﬁwﬂﬁﬁﬂBfdﬁﬁthhecmnmn
the floor 195. In the enmbodi nent shown, such nud

, ti N N et ‘
gl'gﬁg&%@, ds YHowf! gsaquthdﬁilaftlﬁ%ls%'?&ng ig&t189 rhd C'I)n%enoaft l?\?{] gressure

etion contro Once a give ept
bor ehol e has, been .reached he co eti contr ol nj t
JERF R e LD A 5 Gt SRR AR R e BordtBle 107, 1n
circulation of nmud 300 and retract the drillin

] g . pIpe
Bt InTHIGSSMRQAFBRRY Hiy cogrenh nyEes | Thmay bsoreiesI by thasiepgnt pump
185 may ensue. As described with added reference to
F2Y. Agaibveinowchtanendodphetti prwasmgtafshe camaent PEEPNIRY fat sush tasks
be used in directing the subsequent cenenting
apgrhhicvad iviarthe bOWBBE oRelicetshieng piay 128 td-thg. mdd pliip 154 through the
conpl etion control unit 255 may direct cenenting as

haiagid ipliM¥ tiRed 799, bor ehol e 197 substantially free of
nmud 300 (see Fig. 3), a cenenting pipe 425 may be

W ced Al ‘H{‘&%&ﬂe& %%\}egﬁl@fgl?e bcéﬁ%\l/s?i{oH %gnt%jlvlﬁrllt% that is employed

or éhol e casi ng secti e seafl oor

wel | head assenbly .183 and the marine. riser pjpe. 182. :
HE Ui AT RITGURON e Ui B ey eIt BF Slseiibag cgmenting,
term nal end of an advanced borehol e casi ng section

T8es. fsome sawpment spacofthe sergningaaem P28y saverb nldowever, even
with the section of borehol e casing 185 thereabove. In

ntrs sigarivently, tthe codmeindtiongpfghp eump2Bsgitdy Z0Agtsthes phahgthat the
460 may be enployed to carry a cenment slurry 400

desvabed @embmaigegiplicdtidis mal Ro&RiBthduk Wké Ybf 408 ddyedo€ementing
forced back uphol e adjacent the advanced borehol e

ﬁgigg&oé@[%ﬁc‘ﬁnasl%tfcﬁ* th3t AR bt 1 (0@ BRApS/EUNLAG 137 R Fig. 1).
Therefore, further increase in the size of the available footspace 201 may be obtained at
the platform 201.

[0036] 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
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
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11 WD 2008/ 007252 PCT/ 1 B2007/ 052272 [0034] In one

enbodi nent the above-descri bed cenent punp 128
WOP®BAaRs2 at  between about 200 Hp and about 8BOI/H§2007/052272

preferably at about 300 Hp as supplied by the nud

unp..154 in irect the cenent urry 400
Pk et o b ety CBEnUFOBoTA) 1 SOy dacent the
may be generated in this manner for dr|V|n%1the cenent
srimernyoveo > 2 ithHbawmud A k5l gprasitipned opeaseiathapwer 1 ipglhis may
may be driven at | ow pressure in advance of, or
deardchgyed by chconigigingf cithvdatomantmds SHLras yshé@@. | megardhess, added
borehole 197. In fact, in one enbodi nent, the cenent

BVARbl1RItsPRE DEI fé;rlbr\eseiale@)du& he tiseneRtof QM&QulréJrﬁ&lt for a dedicated
Agai n, in such an enbodi nent, powering of the cenent

%ng 9 h tasks is achleved via the coupling
; &%gﬂnéﬁ?ggﬁnp 128 to the nmud punp 154 through t he

I 0. 35] As d t
BT ReAE e Dot BT v %lﬁﬁtp%ﬁgﬁé: %&%pmsnt 150 and
oned in dlrectln mud, ci rcul ati on my ed
P?Fn%ﬂtrpé‘gtﬂlfitﬁge%ﬁ@n%‘é%glh%ﬁ becantipier! ﬁ%etherﬁ‘arsthe §%4??e0f streamlining

equi pnent space in the cenenting room 220 nmay be
s@lepmphgigevend, redwaing thedpie!l sqwpinfitcaauirad, for e process. However,
configuration of the punp assenbly 200 itself is such

thigis ddie indesicn inkddecan®nhaingimpplatioatof amud®00 fomceadnt slurry
wi t hout use of a dedicated cenenting prinme nover such

a@ot Rkt 19fra§h|819th‘aﬁ lefHp 1(?/" siigRGubipesuRh a Fnh RNE f)ul%gﬁSfoor directly
1). Therefore, further increase in the size of

P Xl?dﬁ# 3%%%1%%8%%1" GALCE T RS E@%@?”O?ﬁan%%%rﬁt“?m 400, 2
g&%ﬁ%&hﬁgtm SRR R 3a%R R S S o
As shown in %5(: this may be achleved by coup

4C1

£0@  puts mepger, wutaionyod sl $QO ecoans plysicklly, e@l%gfrom the
where the punps 128, 154 are hydraulically conpatible.

Ativiegrdtthy ebrygnt shuv;e'@@ﬁ., Thss, $ivovisk phcdstgmingtion heth cement slurry
cement punp 128 nay be integral with the prine

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
eliminated by coupling the cement pump 128 directly to one of the mud pump 154
and/or its prime mover 153.

[0038] Referring now to Fig. 6, with added reference to Figs. 1-5, a method of well
completion is summarized in the form of a flow-chart. The method summarized may
employ embodiments of pump assemblies 200, 500 described above for drilling and
cementing applications of a well completion 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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nover 153 in order to elimnate the need for a
dedi cated cenenting prine nover. That s, rather than

w0 eovsienst hy hydraulic coupling lines 250 bet we@niB20€7/052272

punps 128, 154, the cenent punp 128 may be driven

di.rectl pri nover In fa inthe 12
RS G080 G BT ST R B07 S4B PmD NSO EH P SO i during a
Fi 5, the entire cenenting room 220 is positioned

duiflmeenpligation (seifie Mover 153 with the nud tank 151
repositioned opposite the tower 110. This may be

H39¢ v e dUtlyker 2 corventgarmal pgmpiaseulbdy hodescribebatob2 vash reference to
shown. Regardl ess, added avail able footspace 501 is

PioVi, dededleig pitnd Renboafiken®ffo cERemtinee BB At bdréliol@ casing following
dedi cat ed cenenting prinme nover. [0037] In the above

dRRM '113%9' bE ThRfl gﬁ&]ﬂv%n Ml BUMRI Adic %H'e{?'ﬁ%ﬂt Jéﬁen"{‘lﬁb mp of the

cene t punplng equi pnent 225 have een linked togeth

or the sake tream inin | et.ion_an
PRfnc PRy BNariy, B R hente AR AERIT bR RlmErises fies 29
However, this is done .in such a nanner as to maintain
AISIafiveldn. & alpRiaprsoent pYiBhciarrastio S8(r thy cemgpt pupppmay be driven
rat her than enploy a single punp such as the nud punp

b34h¢ sama primsthgverdsithe mydopirnp (dee Kgr Dul Redasdiesst theuered for a
300 and the driving of a cenent slurry 400, a
sqpadtatcemprtpurspl Phings moher detiwinéd pudrivihg&he semehtapmeg alone is
as part of the punp assenbly 200. In this manner, the
Clifnfiakett '&@dé&ﬁnﬂé@ab%@@ thﬁqﬁhﬁﬁe%ﬁ}fﬁﬂoﬁgﬂl llﬁff%gr%@&%uﬁhng of the

fromthe driving of the cement slurry 40 hus

8%rl§1ﬁtcgunﬁao{6t %1{ &a&hg rf)élmg)t %?ﬁﬁ&ﬂ lin %l IH%I{I%I‘ iy %re%?rwey %olation of

i'ng ‘or cenen

|ncr ased b ment f enbodlnents of t he punp
@é gggﬂﬁ%@%ﬁﬁ@ H'RBr ei n. Neverthel ess, a

S|gn|f|cant anmount of equi prent ( %g the cenent prine
hPA8E  12%s sptert gmbadimeply Bepungl pysembliesddesgribestperpingfor use in a
the cenent punp 128 directly to one of the nud punp

¥WsH# cempleooen i dpergionmercnomployté3in  p 0038jer Rdheravbnly thowpotential
to Fig. 6, with added reference to Figs. 1-5, a nethod
edtasBIphic 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 slurry applications while including strategically coupled mud
pumping equipment and cement pumping equipment. Thus, a single 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 contamination.

[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 alternative types of rigs may be

employed in addition to land based well completion assemblies. Additionally, for sake

of explanation, embodiments are primarily described with reference to pump equipment
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conpletion is sunmarized in the formof a flowchart.
The nmet hod summari zed may enpl oy enbodi nents of punp

W@ e®sni2ses 200, 500 descri bed above for dril | PeyIB0ET/052272

cenmenting applications of a well conpletion operation.

Fo xanpl e, as indjcated at 6 a pu assenbly ma
Eﬁﬂ%@%g%éW%El¥6mha YdULET BRVET t Ovﬁ%%gB%PBWPﬁﬁu%EV@rwa“bd
of the punp assenbly is activated (see 620). As '

nrdi ashedy ingludsouling Beups aicrivamayarsofFor kgamplg, poltiple cement
2008/ 007252 PCT/1B2007/ 052272 prinme nover may drive a
puchppuray befcotypled punmpoltgds snuld | pypndpe ror pnemp diveetiyud thkir imndipde prime
drilling application (see Fig. 3). [0039] Unlike a

SRV¥RNHI RB& o da S8 emodirAent AFSCHIRE dssRRBYKE agilldied to above.
reference to Fig. 1, a cenent punp enbodi nent for

fgﬁﬁﬁa{ﬂoﬁl@ Rfn pﬂa{ﬁga%g%ﬁ?@mg, b 'g&ygitiﬂﬂi ngtrr}%%@ gnmywithout

e uni quély drive as indicate

RN s B s p P R R SR °8 Lo nati vy

as al so apparent with reference to 680, the cenent
punp may be driven by the sane prinme nover as the nud
punp (see Fig. 5). Regardless, the need for a

separate cenment punp prinme nover dedicated to driving
the cenent punp alone is elimnated. As descri bed
above, this is achieved through integration or
coupling of the cenent punp to certain nud punp

equi pnent in a manner that preserves isolation of nud
fromcenent slurry during operation. [0040] As noted,
enbodi ments of punp assenblies described herein for
use in a well conpletion operation are enployed in a
manner that avoids the potential catastrophic
consequences of cenent slurry or nud contam nation at
the i nmproper stage of well conpletion. The punp
assenbl i es described retain substantially isolated nud
circulation and cenent slurry applications while

i ncluding strategically coupled nud punping equi pnent
and cenent punpi ng equi prent. Thus, a single

i ntegrated well
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conpl etion assenbly is provided with a reduced anount

of equi pnent, total weight of equipnment, and required
wo owsepase for equi prent, all w thout risking PEEIB2007/052272

possibility of the indicated contam nation. [0041]

t h exenpl ary enbodi nents descri be a particul ar
Qiéggﬁgted well conpletion assenbly including a punp
assenbly at a sem -subnersible rig, additiona
bbliment s are possible. For exanple, a host of
alternative types of rigs may be enployed in addition
to |l and based well conpletion assenblies.

Additionally, for sake of explanation, enbodinents
are pA pamp hsperiblydor dadtvenng mudeind cemert shorpigrapborehole and
equi pnent 14 WO 2008/ 007252 PCT/ 1 B2007/ 052272
covdptighgg a single punp and/or prime nover. However,

t he punp equi prent provided may actually include

mul ti Blngy AR fR e R drifg tADMEH So theQor@w@7Pl e, mul tiple
cenment punps may be coupled to nmultiple nud punps or

nore gir.ect B kil ri i.n_qrder
to prg@%ﬁ%I%%“%E%%ﬁﬁ%@%%H%%bgpgu zh@?ggﬂ%?@k%%bh uded
to above. Furthernore,. many changes, di.fications,
and- s QESTPRESHOT Fay BT HBTY © B Rl rogpied to
the scope of the described enbodi nents. 15 WO

2008f @@gmgsi PPEOP/ANE 3G Pros2ReRer foy drwee pesad egmant pump. A
punp assenbly for delivering nud and cenment slurry to

a borehole and 2 conprising: 3 a nud punp for
delivering the nmud to the borehole; 4 a prine nover
£or ddihg ppgpsaseenbiyiof geimp | amdrotiosad eemeigrepos hydraulically
cenment punp for delivering the cement slurry to the
davehby eidntidepaupl. ed to

3. The pump assembly of claim 2, wherein the pump assembly is of a well
completion facility, said cement 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 slurry.

5. The pump assembly of claim 1 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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6 one of said nud punp and said prinme nover for

driving of said cenent punp. 1 2. The punp assenbly of
W@ @B RSherei n said cement punp is hydraul i cedT/1B20@7/052272

driven by said nmud punp. 1 3. The punp assenbly of

claim2, wherein the punp assenbly is of a well 2

conpl etion facility sai d cement punp Iocated renotely

elat e to said 3 th The

Burp. 158 ahp ey 8r SRR sty P Rienir e ihschiud) pump’

substantlally isolated from 2 the cenent slurry

FHE PHIFINAES mﬁgﬁt BEME Vs pndsef SpReRtnunicis ﬁéﬁﬁt %m?ﬁt pump,

is integrally coupled 2 to said prime nover. 1 6. The

thenpinapssseerhbly forftharicaimprisingur t her conprising a unitary

conpletion control 2 unit to direct the delivering of

t he mudecund nilkEpudep foreelivigingfmiid®e thebembols urry. 16 WO

2008/ 007252 PCT/1B2007/ 052272 1 7. The punp assenbly

of ¢l @ismohd\WidlErh By Fbcriifly RHATR:coRd thulli fusdp dﬂd%oﬁb’l@@ thereto,

2 said prinme nover is a first prinme nover, and sa

Geqrent punp is a first cenent punp, 3 the punp

assenmbly further conprising: 4 a second nud punp for

delivering ,nud to the b rehoJe secon

for dReg Sarl oS S s ST ED D EaDP RS AU coupled

6 and 7 a second cenent punp for delivering cenent

£ e §f spig sepndosré RUNE 2Bt srid seAoNS @TING Meyes iy dfvingefgaid

second nmud punp and said second prinme nover for

dedond mgmerdt peaipd 9 second cenment punp. 1 8. The punp

assenbly of claim1 further conprising: 2 a cenent

m xer; and

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 15 feet long.

10. The pump assembly of claim 8 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 borehole cuttings from the mud.
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3 a skid base, wherein the cenent m xer and the cenent

punp are di sposed on the 4 skid base. 1 9. The punp
w@s®smwi2g2 of cl ai m 8 wherein said skid base i SPGEIBENS52272

about 5 feet 2 long and about 15 feet long. 1 10. The

punp assenbly of claim8 wherein said skid base is

| ess than about 10 feet 2 long. 1 11. The punp

clal 10 furthe r|S|ng a mud tank
Bauo oo Bhef St S PR a: gt he mud
fromthe bor hoI to_said , and wherein 3 said
mud t AnKb mﬁéﬁ’ﬁf‘dl&“%n frresidige g@@ﬁ’a‘ﬁ‘i‘%ﬁh to separate
borehol e cuttings fromthe nud. 17 WD 2008/ 007252
PCT/ | B2b0forosesp7said subtrersiln poftiostod donwskidingobpy @ witsn and
facility conprising: 2 a subnersible portion for
r esi dapgnpelsasmbipieturedodaidl pddtfaamsdl ppmpas@dmbly comprising:
subnersi bl e portion and for residing above water; and

4 a punp a%?ﬁ@ﬂ&nﬁ?&‘d[@&lﬂgqm&@toda%r@ﬁcfl@rm said punp
assembly comprising: 5 a mud punp for directing nud

to a borehgl g gp% Sm?%é&’ rf&r%\lﬁ?a%\:%r 5519& %ﬁﬁr;%é(rid”c%u%%ﬁ Mo, and

punp and co ereto

directing cenent slur to the borehol e and

to one of @ﬁsmﬁ%f@“mnﬁ AP PR B TR (aRe PBIFHEIF@W gupled
of the cenent punp. 13. The offshore well conpletion
faend eftthe amd@mmpmnﬂth@m@ meveh®r dawmgtof frprggmest pymp.
coupl ed to one of the nmud punp and the prinme nover in

a manner that increases 3 avail able footspace on said
platform 1 14. The offshore well conpletion facility

8. cl dhapfifshaihatedicampirtion daehity b gaimi e WiRrgip i ethenppump is
one of the mud punp and the prinme nover in a manner

chgtled dmees theohad pdmpgnd frgrimev@ogditin atmdnner hbfiabieaes
wel |l conpletion facility.

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 completion facility.

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

semi-submersible rig, a jack-up rig, and a barge rig.

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

a borehole casing for advancing through said riser pipe and into the borehole.
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1 15. The offshore well conpletion facility of claim
12 wherein the facility is one of a 2

waeossoeumer sible rig, a jack-up rig, and a baPQEIB20¢//052272

1 16. The offshore well conpletion facility of claim
12 further conprising: 2 a tower secured to said
platforn1 3 a marine riser pipe for | owering bel ow

id and reh Ie casi f vanci n
Thr oudhe St sl SprBuRaTu RS i B AR RET g gggriting
2008/007252 PCT/IBZOO7/052272 1 17. The offshore well
EONpFEtngeriagiut foylogrerigg atmsaid botgheksesasiagneiliiag g berehole,
drilling 2 pipe termnating in a bit for |owering
and oargangimdtdiebe casing, drilling the borehole, 3
and carrying nmud thereto. 1 18. The offshore well
conpletion facility of claim16 further conprising: 2
a plug for sealing off a termnal end of said borehole
d8si nghe affsh@e svetlenempldtiog fpdilty dfelailhdweniting domipoisinai d
bor ehol e casing and piercing said plug 4 for carrying
t he cempau fos bdaliny offt teliBinbIiANAIsgid bbrchBle AsimB! mid of

delivering nmud and cenent slurry to a borehole, the
met hog 1%&91'%(5 Std?% e°f ihto'@ld BitebIPL &rchn 1
drive genﬁ nE coupwe1 é}eto e4 errpsmégylnéﬁrC %Sal Pig

%nggnym§Qh%§§£I%h@m%qgfma(ﬁgﬂﬂborehole 5 driving a

Yme nmover and the nud
punp; and 6 enploying the cenent punp to direct the
cenent slurry to the borehole. 1 20. The nethod of

Tho e e R BhE P e Sl & O Rt R pod

unitary conpletion control unit. 1 21. The nethod of
€PIHPHYING f urt her conprising maintaining substantia
isolation of 2 the nud fromthe cenent slurry between
sai d eeaplagyg agriofe mineer o dripaimmud padmpaiodpled 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.

20. The method of claim 19 wherein said employing of the mud pump and said

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

21.  The method of claim 19 further comprising maintaining substantial isolation of
the mud from the cement slurry between said employing of the mud pump and said

employing of the cement pump.
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3 enploying of the cenent punp. 19 WD 2008/ 007252

PCT/ 1 B2007/ 052272 1 22. The met hod of claim 19
wobk@sed2s1 he mud is directed to the borehol e tPCDIRPN07#052272

2 drilling pipe, the nethod further conprising

rotating a bit at a termnal end of the 3 drilling

pi pe to increase a depth of the borehole. 1 23. The

t hod. of cl ai 2 further. ri.sing: r Vi d

o carg s T sfiod ST R SRERLAE dfbeu ST YPough o
separating the cuttings fromthe pud; and 4 .
AritEg PaRs %%j’ hethod FEHCE FRRMPEIYNG M Rikd afgmigglgsd of the
24. The nethod of claim 22 wherein the borehole is
diiHieg papa o iacrbareatdsbth afdk¢ bayeholg. t he net hod furt her
conprising: 3 retracting the drilling pipe fromthe
borehol e; and 4 positioning a plug at a termnal end
of the borehole casing for sealing off the 5 borehole
2asi nghe inctnd offvbaime2Hodhafcoolpmismg24 f ur t her
conprising piercing the plug with a cenenting 2 pipe,
the cesBRtihdgubiafe ctiingafrom thdiBoreBseRAd & AhiY ténk; t he
borehol e for cenmenting of the 3 borehole casing

ther ets@para%glg 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 borehole casing,
the method further comprising:

retracting the drilling pipe from the borehole; 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.

20



