WO 2010/ 068347PCT/ US2009/ 063104 ATTORNEY DOCKET NO. 236462 Subsea Sol i ds
Processi ng Appar at uses and Met hods BACKGROUND Fi el d of the Disclosure
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limiting particle size and reducing the number of larger particles.

Background Art

[0002] In off-shore drilling operations, drill cuttings that are generated in a well are
pumped up from the drill bit to the surface utilizing rig mud pumps on a floating drilling
vessel. The drill cuttings are carried back to the surface in a fluid medium called the

drilling fluid or drilling mud.

[0003] Those skilled in the art and familiar with drilling technology will appreciate that
the solids and cuttings generated during a drilling operation may span a wide spectrum of
types, shapes and sizes. They range from the very fine clays (e.g., 0.2 — 2.0 pm), to silt,
sand, shale, limestone, claystone, sandstone, cement, and metal shavings generated
during milling operations. Further, solids, such as cavings as well as sloughing shale
from the well, may be generated, the sizes of which may vary anywhere from small

pieces, two to five centimeters long, up to twenty-five centimeters in larger dimensions.

[0004] Along with the varying sizes of drill cuttings and solids, in certain areas in the
world where the drilling operations are carried out (for example, in the Gulf of Mexico),
the clay formations may be relatively younger and highly reactive. The clay formations
may have a tendency to form a highly sticky mass of solids known in the drilling industry
as “gumbo.” These types of hydrated clay formations may be difficult to drill because
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sea floor to the surface, thereby transporting the drill cuttings from the sea floor to the

surface. In certain applications, the drill cuttings may be transported to a floating vessel

for disposal.

[0007] Cuttings contained in drilling fluids passing through various components in a

dual-gradient drilling operation raise significant concerns as compared to traditional
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[ 0008] Avai l abl e literature discusses that in order for an opening to start
plugging with solids, a mninumdianeter of the solid particles should be
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cutting size, a riser used in a conventional drilling operation described above would be

able to pass such cuttings.

[0009] However, in a dual-gradient drilling operation, the drill cuttings and solids must
additionally pass through mudlift equipment before returning to the drilling vessel.
Mudlift pumps may have inlet and outlet lines too small to pass larger cuttings and solids
therethrough. For example, inlet lines of a mudlift pump may have a diameter of about
15 cm (6 in), while outlet lines may have a diameter of about 11.5 cm (4.5 in).
Additionally, internal chambers of the mudlift equipment may not be large enough to
accommodate some larger solids. Based on the above criteria, and so as not to initiate
bridging and cause plugging of the return lines or the mudlift pump chambers, the drill

cuttings would have to be no larger than about 4 cm (1.5 in) along the largest dimension.

[0010] The above points out the importance of treating and handling solids in any type of
drilling operation. Even in conventional drilling operations, with no hindrances posed in
the return drilling fluid stream, the solids may have a tendency to cause severe problems.

In dual-gradient drilling, these problems may be magnified with the added components



be inmportant from a geol ogi cal standpoint. The solids represent the various
types of rock strata and geol ogical formations that the drill bit has cut
and dril w0 20twowssyn. From the solids that are separat edPaT/ush@sbbe
shaker, small sanples may be exam ned at regular intervals by a geol ogi st
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shaft comprising a first plurality of cutters and configured to rotate about a first axis in a
first direction, and a second shaft comprising a second plurality of cutters and configured
to rotate about a second axis in a second direction, wherein the first plurality of cutters is

configured to intermesh with the second plurality of cutters.
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[ 0016] O her aspects and advantages of the invention will be apparent from
the foll owi ng description and the appended cl ai ns. BRI EF DESCRI PTI ON OF
DRAW NGS woQaijdeexrur es of the present disclosure will [PETASROMOEHIAPPar ent
fromthe foll ow ng descri ption in conjunction with the acconpanyi ng

dr awi NgS,enEOOABLEIOHLE 1 i1s a perspective assenbly view of a subsea solids
pI’OCeSSI ng unit 1n accordance w th enbodi nents of the present disclosure.
WO 2010/ 068347PCT/ US2009/ 063104 ATTORNEY DOCKET NO. 236462 [0020] Fi gure 3A
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showi ng a r@ﬁmg‘&uarcbﬂtﬁgﬁfgeé}krah%%ﬁﬂs frbhnl&ubsea well to a surface facility including
flowing the drilling mud containing entrained solids from the subsea well into an inlet of
a subsea solids processing unit, breaking up a portion of the entrained solids from the
subsea well exceeding a specified size with intermeshed cutters of the subsea solids
processing unit, discharging the drilling mud and the broken-up entrained solids from the
outlet of the subsea solids processing unit, and pumping a solution comprising the

discharged drilling mud and the broken-up entrained solids to the surface facility.

[0015] In another aspect, embodiments disclosed herein relate to a method to control a
subsea solids processing unit comprising rotating a solids processing mechanism in a
forward direction at a desired rotation speed with a drive mechanism, reducing drilled
solids entrained in a drilling mud with the solids processing mechanism when rotated in
the forward direction, measuring a speed of the solids processing mechanism, measuring
a drive torque of the drive mechanism with a drive torque sensor, increasing the drive
torque when the measured speed of the solids processing mechanism is below the desired
rotation speed, decreasing the desired rotation speed when the measured drive torque
exceeds a selected maximum, and reversing the rotation direction of the solids processing

mechanism when the measured speed falls below a selected minimum.

[0016] Other aspects and advantages of the invention will be apparent from the following

description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0017] Features of the present disclosure will become more apparent from the following

description in conjunction with the accompanying drawings.

[0018] Figure 1 is a perspective assembly view of a subsea solids processing unit in

accordance with embodiments of the present disclosure.

[0019] Figure 2 is a component view of a main housing of the subsea solids processing

unit in accordance with embodiments of the present disclosure.



of the solids processing nechani smof Figure 3A [0022]Figure 3Cis an
assenbly view showing drill cuttings in the solids processing nechani sm of
Fi gure 3AVO[200283H7gure 4 is a conponent view of a cutt @CTius2&00631dance
wi th enbodi nents of the present disclosure. [0024]Figure 5 is a conponent

Vi ew ofﬂ&hgp%(gggﬁoa;}&ézl n accordance with enbodi nents of the present

di scl osure Figure 6 is a schematic drawi ng of an el evated pressure
| ubrication systemin accordance with enbodinents of the present
re 7A sho rock tes es before. bein cessed
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di scl OSUI’GWIHQ%]Z&,(FhﬁH{S%f Jﬁ@&%dﬁsa@mﬁé’c‘( test sanples of Figure 7A after
bei ng processed by the solids processing unit in accordance with

e”bOdl[“BQi]s of tfﬂgurgrﬁf ﬁn:«{n g érﬁﬁl?séféﬁ 'showing a meshing arrangement between cutters

of the solids processing mechanism of Figure 3A.

(0022} Figure 3C is an assembly view showing drill cuttings in the solids processing

mechanism of Figure 3A.

[0023] Figure 4 is a component view of a cutter in accordance with embodiments of the

present disclosure.

[0024] Figure 5 is a component view of a cover plate in accordance with embodiments of

the present disclosure.

[0025] Figure 6 is a schematic drawing of an elevated pressure lubrication system in

accordance with embodiments of the present disclosure.

[0026] Figure 7A shows rock test samples before being processed by the solids

processing unit in accordance with embodiments of the present disclosure.

[0027] Figure 7B shows the rock test samples of Figure 7A after being processed by the

solids processing unit in accordance with embodiments of the present disclosure.

[0028] Figure 8A shows rubber test samples before being processed by a solids

processing unit in accordance with embodiments of the present disclosure.

[0029] Figure 8B shows the rubber test samples of Figure 8A after being processed by a

solids processing unit in accordance with embodiments of the present disclosure.

DETAILED DESCRIPTION

[0030] As described above, mudlift pumps may have relatively small pump chambers
and fluid inlets, and therefore may require drill cuttings in the drilling fluid to be reduced
in size before entry into the pump to prevent clogging. Embodiments of the present
disclosure are configured to prevent circumstances that may cause plugging of lines and

to facilitate the entry of the drilled solids-laden mud into a mud-lift pump chamber.



[ 0028] Fi gure 8A shows rubber test sanples before being processed by a
solids processing unit in accordance with enbodi nents of the present
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enbodi g, ent disclosure. DETAI LED DESCRI PTI ON [ 0030] As
descrl%gg&gﬁove nﬁ§%§§
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110 having a flanged fluid entry port 112 for fluid entry at the top and
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may be secunddmthanOthmu&iﬂgs&éﬂxbywanmunnans known to a person skilled

in the art,

including, but not limted to, screws, rivets, and studs.
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110, stresses may

[0033]

[0034]

be determined considering all loading on the SPU 100, including pressure acting over the
seal area, gasket loads, and any additive mechanical loads as understood by those skilled
in the art. A maximum tensile stress may be determined considering initial make-up
loads of the fasteners, working conditions of the SPU 100, and hydrostatic test
conditions. Stresses on the fasteners, based on a minimum cross sectional area, may not
exceed the limits as described in API Specification 16A and understood by those skilled
in the art.

Main housing 110 of SPU 100 further includes a solids processing mechanism
120 disposed therein and described in more detail below. Solids processing mechanism
120 may be powered by a drive mechanism 140 attached on an end of main housing 110.
Drive mechanism 140 may include a variable speed hydraulic motor driven by a variable
discharge hydraulic pump and may be configured to selectively run in either a forward or
a reverse direction. In alternative embodiments, electric or other motor types as would be
known to one of ordinary skill may be used for drive mechanism 140. However, it may
be advantageous to use a hydraulic motor for drive mechanism 140 as hydraulic motors
may provide decreased shock loads and vibrations to the components of the SPU 100

during operation.

Referring briefly to Figure 2, a component view further detailing main housing
110 in accordance with embodiments of the present disclosure is shown. As shown, main

housing 110 may be configured as a cylindrical shell, although one of ordinary skill will
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or a reverse direction. In alternative enbodi nents, el ectric’or ofher t or
types as wolli0dniebkoamatrudted onmaiitaion dvonking psdssirk rang dfeibusei00Dqsi shd mey
mechani sm 140. wever, | . b ant ageous tQ use a, hydrauljc mptor for
drive mechahioseAMAH E’SAﬁMfT Stos Wik hasighy? %f@e?&?éea@& Brrsnge ek Crdads
and vi brat'ﬁ%xﬁ@bé%éﬁ&@ﬂ%ﬁﬂxb&%iﬁé‘@rdﬁp S0 ifElRg operati on.

[0034] Referring briefly to Figure 2, a conponent view further detailing

mai n £Nng 11Q, in cordange w t inments of the present.disclosyre

"2 ondWiSShS snckrteEr R R BT Bt Iy Ty e SREG R PSR rikare LR

shel |, al t holighpeoessiy édthhaniamyl 20kivill beMdstribedD m&mg&g&m&ﬁwtm@@emmm
may a

ATTORNEY DOCKET NO. 236462 appreciate that main housing 110 so be
manuf act ur & asiEnaily iavaef ylids Perestsingmechaisam b3 ip Acqordanee with amhodimenisi ng

110 includ ioley: f: i 1 ) 3 t.h
attachment ChrnBrsPRCHidSr2 is RN, ot plUeRRREhedBuRH 130 Tnci ey e
descri bed ishaft U26 renfigietditd rdiefednja. fifsudirdweionms shown byadisctiore abrodi Apaidsy
mai n housing 110 may constructed to maintain a working pressure rating
of about SGgW“és?hggn%fq?rﬁ?“fﬁué KO FEE i 3 m@@eﬁmﬂ @ phowipbyj diregHon of

the Boil er re I A&y I r i ng
ordi nary skai?ilra)lqv iBh ?ﬁ%ﬁirltyé%[%goz?)%%ﬁler ri ng Sﬁtogvpfg@%?&%?g@qS%SggP?ﬁdghﬂy

vari ous corgsoerely so-anilly positiguedwith mesptctgolthedshafirapd esscongigmedhanmotam w0

will be desgrib rd specifically to, Fi.gure 3A, an assenbly view of
S0l | ds prodBE AP HsAien: Whls SR nroGRin aiedhanidii R B tesip it EEde e
present di SEkRSUHS,shifis $P0W26, Mds FeodeiDee fRbihisRCAMITE HARionAcdHafle sf a
first shaft 126 configured to rotate in a first direction as shown by

di recti on auiteryshouldpat ke erasdawdsniside the scapewf ippresgnt diselotwaee in an
opposite direction as shown by direction arrow B. Shafts 126 and 226 each
carry [803&€F of CulidermodkRAngndechaRstnhd20 meay blso gacledall plumbityaot abhgers or

ositioned with respect, to t aft and are, confjqur to.rotate with
Chat t s 126 CHnng, Bneh 124w 228 Ipratseb B Hgaho Chah ] A2 64 23l v n
Fi gure 3A agphayithd chigs $hafin éllgxt@% axel Of sBd ¥%6, @Q@pgﬁﬁioﬁ?kagﬁfggﬁnfﬁ[@%

including additional shafts of cutters should not be cons outside the
scope of t lwe phoogesst exdénsiing $tome the] BOB8E pBeilidd proestins siengpnmsee h20 ismed20d may

o oxi a1y o giARE 1262k, (P BBREL Be SogGREn Bl BRI Tk B 885501085,
al ong axes sgécixs@aﬁﬁ@uréa not 2B6wn\rlolRked And RPERUSaxIAY) théRfpcH Bet®BaYVAdjAGent

extensions fromthe frame of solids processing nechanism 120 that extend
t oward shafcuters 182, 722and; axiallynliggedwithspegest bid 22habudhspaciog spactuzs gayay

al so inclu i . es t .sho . { ed spaced axj-al

Ther eupon BLABAAn AP EAMITE dping ERbuSR SOYiqRRE TR RRT SREs R A 22
spacer s 124ipor 3KaftsAMBH 23Pac el as tfadikiatey s imseallation od elgliffsi 106, 226 pith $Bliag
spacing functions, facilitate the installation of spacers 124, 224 upon
shafts 126 prozgsiagmgehanisgg 12Qci|itate the installation of shafts 126, 226
Wi thin solids processing nmechani sm 120.

o



WO 2010/ 068347PCT/ US2009/ 063104 ATTORNEY DOCKET NO. 236462 [0037] Referring
still to Figure 3A, both shafts 126 and 226 nmay be supported on the their
respect i weoentwokda7a bearing (not shown) and a pressurePsgdlS2@a063104ige ( not
shown), either of which may be mounted in a shaft housing (not shown) as

woul d ) 0d..by a person having ordinary skill. Further, the shaft
housi nﬁ?’%‘*%‘?%ﬁ%fﬁ%sn%e and 226 may be integrally connected by a side frane

(not shown) on both ends, thereby formng a single-unit solids processing
20. In this ner, solids cessin hani sm 120 ma

mechani an r g be

confi Q-J!}ﬁ as a Rsfrging %ﬁl o Bigueaidy 'P@gég%ﬁ‘ﬁ &3P F‘%dmié‘?rﬂaé’bll’f‘eSWQﬂE‘a/PF‘dh? mai n
housing 11 i J N Fi . f i\ng
now t 0 Fi gLy SEPCARE AICOPE Helling (ol stioh) oAl s rElR 5y o PUEP LT o v

pr ocessi ng emhchaihwbich 124y bexmpunted ab ashaft jewsarg(rloy sleovm)es powdd bg understhad t s

126 d 226 of Figure.3A will Qe described. shown,. d nglj he
Fength of - S Pl intoudingry A Fities B8 it RGNS TR U Rl 26%y 220
(and cor r esROREHsRAlySERMBERd b sidd4rddhe o84 h6wRbn bolieektdTaR et fobMiges S
122, 222 on each shaft 126, 226 may vary. Therefore, as shown in Figlre 3B,

cutters 12inghehuigescdids aprogsssiog ogchanism 1820. exlre s nafmesmsplids tpregsssing

122a to last_cutter,,122t separated by a plurality of axi.al.gaps 8, and
cutters 227" ?C(rillé? llsfgllel noar ﬁ%@"“o%g“&ﬁ’t Pt %néggngﬂr 8%&‘4&5 W?’glﬁf%e%ftv %@EFP

222a to | agtors uidithowddd 1 19eFabAdSstobysiag Rhit{ BI0 sOFigireaxi al gaps 228.

[ 0039] Referring collectively to Figures 3A and 3B, cutters 122 and 222, and

spacer[aoé'%rl and Zdding v RO\ 1&9'3@,?(&;”%%{589&. @Fqcﬁf&@kﬁ SRELI2 A dohis

shafts 126 and 226 1 n such a way as an i nterneshi ng arrangenent
bet ween cutprecessid@ thealmahi@? 220 Fotvacdulems gnctallywoiratpendmg o sipfariPngd ddmt |,

cutters 122,..222 and acers. 124, 224 may be..confi gured. such .t . h
St or 125 5 Fihe A BB G Giel A v deattaiigon b ead S i 36, 586 05 o
and each cutip@e 323%ndnthé Ratiths 22 Guttsrsapobabhy (&d &ﬂ%ﬂp&id‘irgg gpa%&@cm, 324 opn
shaft 126. In this manner, solids processing nechani sm 120 may be

confi gur ed Higuragve, the gusibendl eutiersebd2a Az op eacheshaftt 126, 21 wey yayn Tispafeiet e

shafts to praoyide.ahiagh.deqgree shearing action.to ril.l euttings
oaasing. LB OEReE i FRLAF 250 4RE 163 SRR AR bOGuleRy LferibAdine ik i
ordi nary skitter i22attb@astcliterado2fbepgaped By 8 plu2iy ofYax b g 8psal 28, did cfttdds Rhe
axial direction of shafts 126, 226) that i1s either about the same w dth as

spacers 124uclpde agrargayj ghevieryiZddr Sxtending Srooe fyst outter 222a ) lgstspatter 13224
separated by a plurality of axial gaps 228.

[0039] Referring collectively to Figures 3A and 3B, cutters 122 and 222, and spacers 124

and 224, are shown configured along an axial length of the shafts 126 and 226 in such a

way as to form an intermeshing arrangement between cutters 122 and 222. To achieve

such an intermeshing arrangement, cutters 122, 222 and spacers 124, 224 may be

configured such that each cutter 122 on shaft 126 is axially aligned with a spacer 224 on

shaft 226 and each cutter 222 on shaft 226 is axially aligned with a spacer 124 on shaft

126. In this manner, solids processing mechanism 120 may be configured to have a

desirable clearance between the cutters on opposite shafts to provide a high degree of

shearing action to the drill cuttings passing through the SPU 100.

[0040] As would be understood by one having ordinary skill in the art, axial gaps 128,
228 may have a width (in the axial direction of shafts 126, 226) that is either about the
same width as spacers 124, 224 or slightly wider than spacers 124, 224 by a specified



WD 2010/ 068347PCT/ US2009/ 063104 ATTORNEY DOCKET NO. 236462 cl earance. The
anmount of specified clearance may be a design consideration for solids
processi yorewmei4gm 120 that may sel ected as a functi orCofusdeoolobing fl ui d
viscosity, drilling fluid conposition, desired cuttings size, anticipated
cut ti ngs.m g5kl wo ARLJ Ci pated operating tenperature, the materia
properties of conponents used in the solids processing nechani sm 120, the
manuf acturi ng tol erances of the conponents used in the solids processing

hani 1 h . ff h | ,
conbi nat 1 o eREs e gt 2 Shicldd BbardBe 834 B dNpiEnEtaRa 3Rl 1y
spacers 124yroesddinglmdibasix@s12y tabaidysselotfed 220)fudditidnCoft drillifg ¥RRd vasddsify €

depicted as_having a constant width in the direction along the axes o
shafts 126,drdbeg flpid commesifiopedasitad Futipsysich Anticipated sHEngs Apiesial gptigipatedr s

122, 224 a J b S . erfi o, Flig .

over head vi ﬁ?@@gs%%ﬁggﬁﬁfbgggsfﬁgnhggﬁé#5§%1fgdﬂgw#ﬁygriV%%dﬂggP?E?hgg in
g_osi ][ ion t cprb&sﬁngmhzgﬂsrhﬂ%cﬂmnﬂmﬁatuﬁﬁﬂoﬁﬁh&di g‘éﬂie&boﬁfpohét&s pseats'?rzthe -
e Solgs Py A e o SRS ooy TSR 55 e oo
Wi th mni mg GhsaieRcherddet Werk adh @tm@yﬁiaep.se, WS%E% f%ﬁpiea%,y?gg(\.’ér?us' y

described. This configuration may prevent any [arger sol | 50 from
passi ng t hri@dgR24 hbngalxies of phajtsek6, 236 e autiessnl 22 R22i arb alepictedi aschavegua ed

in size and appl.y. hi gher shearing forces.t i 1led. soli 50

[ 00421 Ret orePRgERRUY e §herfi on ¥ig R icsnefls 144 eaboi SouiBe ddersiood o
222) in acqp4tdanesle Widths m&bﬁqau,_smfanufga?m%ﬁaybéh&ral. osure is shown. As
shown, cutter 122 may include nultiple cutting edges 125 circunferentially

arran out ier ' f 2. adef | g ' haf t
126 on04E (o AMHEERRPL) FEREY 2C7 of Uhdeod G (oME pRe St BlemBlonl "0
shafts 126 120dviftPérilled sopido SO tire pokiti@ctol bermocessedan acasdarp odilt @énbaiimegs of
cutting edges 125 aon axially adjagent cutters 122 and 222 approach _each
other), t nage Bre dclsiifis oty aher miFrReIAG TS ER! RV EHLOHIoRY | g 222

sol i ds, thenghypaeduoungad e GRbLRS sHaftsS(126 - anf 29/ Mﬂm%ezgmfm | Bodi i the

center of cutter 122 prevents slippage between cutter and shaft 126.
Addi t i onal Inyinimali dlgaranges betweer? adjgcene putttre d22 and-22firae previmishadasoigbddi. VEhis
cutting edges.125. one of ordinary skill in.th t will appreciate t.hat
Fower o - adaToRGALST Bt thrnGrbageitreSstiler SuiadSodfumiesiind BERSH sgrolitom

t he presentpréiessih®siecRanidmh! ﬂQbWiﬂ%ﬁ@beiﬂ%r&ih@wini dizel $ifd &@t gg;fry:ﬁ hBfshearin
arrangenent of Figure 3B, WD 2010/ 068347PCT/ US2009/ 063104 ATTORNEY ET
NO. 236462fbﬁéskﬁgﬂkﬂsﬁbdbﬂl of cutting edges 125 and an outer dianeter of

spacers 124 and 224 may be set such that as cutters 124 and 224 are rotated
about [6042f 126 Refietria thriedflyswl Eipgned 4diastcampometie visee of ahentierit12R ngr €2ge$n 125

and the outer dianeter o acer 24, 224. be i ntai ned. Those havin
o di nary  SREPIHRE Wi RERSIRRE Biys CREIIHG It AR ASoBavE: STERLE
di fferent shpesnddt GRMIRE'LREnEdpEs0T2S SR uRRLLATI R YA eaCRY S outer

[ 0043] As woul’d be understood by one having ordinary skill it may be
advant ageouwsrifngter &ff cuttert 12| definadbgranaixss efsshdfti 1269w] 226 {opFigues $Ahgxtemdiog 100,

particul arly internal, conpo ts, exposed t.q wellRhore fluid to meet the
requirene ntﬂgerg‘?“%&%E %t%n%{;fp@gﬂﬂtagﬁgﬂi Ehag%rl%saf}ﬂ |’2‘98(W1 93‘_.’0,8“?1 %Eﬁcqoélﬁ’pé Fatlir e
and/ or hi glyppedifeUading %ﬁt(h?%dgésnlﬁd&i bligiy bdjaddne ciBki 22 Snd>202 Spprédch each
non-netallic parts as well as elastonmeric parts may be exposed to salts,
sol vent s, [98%8). dhey previde ¢t prawhing daindi \grindingwection @théheadrilledrsplidserthereby
pressure-c LN 0, o i S, as_the . nai.n si ng.and
Cover pl at Sl 8 sPG FOHEE 2 pbAToRTERGIE: 123 MESrhel e PO ek B
manuf act ur gtippdgerbetderduatbs 1249 akd sHagni26al Additipeslyl wanes cﬁt&ﬁtuaﬁ@'ﬂg[ﬁt‘led in
requi renents of API Specjfication 6A. Further still, the use of dissimlar

metal s and Famedus day medire autingedast d2 hameafordinaryrskill incthy iartopitenpsecialy
require ca&rttﬁdfeeveproptaﬁamom ok | dafes QﬁsAgflg%e RIsBE iiftfd ?1%1}%98&’%&? thorose

skilled in e art or as reconme In Speci
present disclosure. Furthermore, as shown in the intermeshing arrangement of Figure 3B,

10



[0044] Referring now to Figure 5, in select enbodinents, drive nechanism
140, attached to cover plate 116 of solids processing unit 100, may connect
to an i npwiO 2810Af6834141 of sol i ds processi ng nechani sm 12@ctafs2600ge316¢s 1 and
3A-C) extending through an opening 118 in cover plate 116. As woul d be
unders ope. 0 rdinary skill, a sealing nechanism(e.g., o-rings,
packer‘%?&gpg%c ma)?' 36éi%l ocated within or around opening 118 to isolate drive
mechani sm 140 on one side of cover plate 116 from solids processing
mechani sm 120 _on .t he, ot her .side. [[Q045] As descri bed above Y chani sm
Tao mmy | ndfg o neEaF BE T s 123 A0 AR ol SRR SBCAARAe. o
power genergtdepBudieGBRR Stk PIMN ahd 224 BreNRVdted alud isRAF Y26 whd 226N ’:'Is_é]@(%té’d' t.

Simlarly, drive nmechanism 140 may be connected to input shaft 141 o
sol i ds pr ochsignagdetesndhe shiting Gdgesr Biigandathy outesiematernefripeedrs AdbhriR4(mmayy. , a

shaft key) t ' ' skill.. Additionall haf.t 26
and 226 { SoARglRr 1P G B bR eiaeh BB B S pbtpeidlé e X P Bhctie 5 et 0
i n Figures didtarice, diffyrdnesikésinddGebmgeich of ployesied)ids MhyBRGRRARVEIN (Not shown)
at the end of the input shaft 141, wherein the gearing mechani sm my be

confi ggpgsy to alA@WoﬁlB%esﬂﬁHsﬁ)ogl%@on% %@vihg &&Bﬂg%kgﬂ iORRPEE E@Vﬁq{agg&fsifgps

[0046] Optionally, the gears of thé aforenentio ear1 ng nmechani'sm nmay be
cont ai ned willtthétallismaséralatized ipseldsuprecdssibg uoitl00payataty siarhal tcoatpohdnts

f the . lubricat] il is_ higher. than t il
Ut i ngs erfterendd craabl el o gui e histmant oot Satvrrg MR 78561 on
oi | at a highar (DE.ChSdH RnietAWe dnldfor! HEK iseir) Rerviid 1P a8568P %0 1R HBIKO! i ds

processi ng nechanism 120 in the event of a |eak, rather than allow ng
f1ui ds frormatthellqonigetalicqass a5 well ge elastamsric paws may be exprsed tp faltmcolvents,

cont am nat I i i . t Ref erg.i briefly to .Fiqgure, 6,
an exanpl eq%l?é g’ﬁs’e e(\H/aQt?lgeg %&é@%ﬁr%@%&??éﬁia& slf)"srglgfh %ﬁ&“ﬁ%&%}q@“w%t ?Pdd
sol i ds proeessoliigg Methisens, SUCB A0 the maiic hewdaipc end\bdver Pravad iagwnd ISasdihe Gbhged

herein is shown schematically. Elevated pressure |ubricatjon system 300 is
shown havi R§O%sYRg smeshagisy 130, dpay Mgemanpiachyed Jfromcanterialsovith shemigpl nder
304. A 'sin ks PR i . 1 i LLhin
the first g:hglpggég%&h?ﬂ;g%%tl onch I'n geéfsgggwgbcég%Pge%Hgﬁ%@ly&ggg%hp

i sol ati on cldsimidker me¢BB2and@4posusey td eoxrasied intetnal] ahd\ex tegnadi eivirosmé@e8nay310)

on separate shaftg if the two shafts 06A, 306B) are nechanical ly
Connect ed. CEEITaMmOts FrPRENTH ca g PLPNPSRRSHICDA KyIHBEROSGHICa il the art

therefore fghgtecBinflende BRCAPLSPRIFicEfSh fyROr e | arger than second isol ation
cylinder 304 (and therefore second piston 310). An oil reservoir 312

__ nd prston 310). An oil reservoir 312
of " Sodul! O Mefertnp ot 18 Filyes S lscle S MRt Slineifo 10 R 522

of isol ati et coydriplaterl 180T solitld phressagnidit €00,byay benreat io0ardinpaf it B41CHF onal
area of pistgons 308 and 310 at an output 318 of second isolation cylinder
304. [0048PRHIsRIBFESSIRE Frechanism A< (phiigntoml Bpd Bhaf) gxtendingthroggh an opsringit put

332 of a sqhgARF cover plate 116. As would be understood by one of ordinary skill, a sealing
mechanism (e.g., o-rings, packers, etc.) may be located within or around opening 118 to
isolate drive mechanism 140 on one side of cover plate 116 from solids processing

mechanism 120 on the other side.

[0045] As described above, drive mechanism 140 may include a hydraulic motor, an
electric motor, or any other type of power generation mechanism known to one having
ordinary skill in the art. Similarly, drive mechanism 140 may be connected to input shaft
141 of solids processing mechanism 120 through any known mechanical means (e.g., a

shaft key) known to those having ordinary skill. Additionally, shafts 126 and 226 (shown

11



processi ng mechani sm 320 may pressurize oil in input |ine 322 of first

I sol ation cylinder 302 (in select enbodi nents, through a pressure isol ator
334) to ewenwiweyarce on piston 308. Force upon piston BOZ/useeploaies pi ston
308 to the right which, in turn, also displaces second piston 310 (coupled
by shaft s I ght by the sanme anobunt. WO

107 AR ek Bl O 0 ArTORNEY DOGKET. N0 | 236462 Thus, as piston 310
is larger than piston 308 by a known ratio, the pressure of the |ubricating

oi | Poi l 3 nd t

second pi soB D T LT b B e Bhts 5 FELKin W BRLh ol P8 o
equal to thg thairpat @ﬁaft In1, diHerein alg gédrm@l’xﬁcélﬁﬁishpm *]barceaﬁgméd thelidw ried 308
and the second 310 pistons. Thus where A310 is the cross-sectional area
of second ﬁh?ﬁ%@i&%@@@@ﬂ%swwe@ﬂ@% sectional area of first piston
308. [00 Alternatively, in select enbodinents, rather than including a
gear i 1804&khani th'mally,nke géraf ofsthe 28re@Gicnsd geming edhanismveay bevoordained
nmechani sns be attac confi ed to . .
dependon ity gt Slexses routs bibedtBo 5ok SR BF mEStinAHhE horuineniby o
shafts 126,is Ridfier tha® BROSredsQr<dbfl 86 UrfnN®muaRd cateriag vl s&ﬁe?%essﬁﬁgeﬁlecmmpe

circunstances where it nmay be beneficial to rotate shafts 126, 226 in the
same di r ect!28n Hevingtlulnigation iof gt 8 beshas prepuns alj onerdthe ﬂld?ﬁwfltlllyg oihtp eshapertoithe

rochani sm 1900 SRPROREE iR a0 8 du eal 5 Wk, R HER bt bR Fom e

to deliver the kblidsdpiooesingameti@isautivers @Ea;feotd dmdpeaeanmheey the fiiRherg 120.
As shown in Figure 1, flushing nmechanism 130 may include rows of nozzles
confi guredS¥8@pray fluid onto solids processing mechani sm 120.

[0047] Referring briefly to Figure 6, an example of an elevated pressure lubrication
system 300 usable with a solids processing mechanism 320 in accordance with
embodiments disclosed herein is shown schematically. Elevated pressure lubrication
system 300 is shown having a first isolation cylinder 302 and a second isolation cylinder
304. A single piston shaft 306 connects pistons 308, 310 contained within the first and
second isolation cylinders 302, 304. Alternatively, each isolation cylinder (302, 304)
may be constructed having pistons (308, 310) on separate shafts if the two shafts (306A,
306B) are mechanically connected together. Furthermore, first isolation cylinder 302
(and therefore first piston 308) comprises a bore larger than second isolation cylinder 304
(and therefore second piston 310). An oil reservoir 312 connects an output line 314 of
first isolation cylinder 302 to an input 316 of second isolation cylinder 304. Thus, a
pressure applied to an input 322 of isolation cylinder 302 will be magnified by the ratio
of cross-sectional area of pistons 308 and 310 at an output 318 of second isolation

cylinder 304.

[0048] As such, a pressurized mud (Pyyp) from an input 330 or an output 332 of a solids
processing mechanism 320 may pressurize oil in input line 322 of first isolation cylinder
302 (in select embodiments, through a pressure isolator 334) to exert a force on piston
308. Force upon piston 308 displaces piston 308 to the right which, in turn, also
displaces second piston 310 (coupled by shaft 306) to the right by the same amount.
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[0051] As nentioned earlier, the generated drilled cuttings may contain up
to 60-70% of clay or shale type fornmations, which nay exhibit a tendency to
stick to wetalomssd7gradual |y build up. In solids procesgcmgise@elaitnsm 120,
cuttings may build up on the cutters 122, 222 and the areas forned by the

cur vat { dges of cutters 122, 222. This may | ead to possible
pl uggiA%&grg‘! %%i%%%mg‘f sol i ds processi ng nechani sm 120. As solids

processing unit 100 nay be installed in deep water on the sea floor, if

solids procgssing mechanjsm,120 pl ugs,, e ive retrieval, and repl acenent
oper ati ons Ty B BATriad e Boaanten sEeR A kit ais tis Pk Rl he
DOCKET NO. 1266d#iag [dI0Bg] kont@ing@ in IebrRGGNEBH sapfll B36eadSRhisOBy RIr8&ESsbiAg
mechani sm 120, flushing nmechani sm 130 nay provide fluid flow at high

vel oci ty ariisten 3pp awyhednensassd giventhe miysl pressgrePras e frckyiequd tp tsciatie iohg
mechani sm [ er.af | ] [ It I el ect
embodi mont S1e el BRSIRORTuRls SOhE R BOPRRT e el st o bions. T
material off the cutters to prevent material Quild-up. The fluid stream
exiting the nozzles of flushing hani pm 1 y have sufficient energy to
flush or clean cutters 122 (in part@ful a¥UP édges 5125) of solids pr&e®dsing
mechani sm 120 and renpve stuck cuttings. [0053F®n sel ect enbodi nents, the
fluid used by flushing nmechanism 130 {o clean cutters 122, 222 may i nclude
"clean” driVRere@afoliy g qrpsssectional 4e3 plysecpry Bistand 8 @nd énesrisithisciossolerigenal

supplied from sMGspidaasgby the drilling rig or another vessel. In select
enbodi nent s, t(f:]e fsﬁ}lgg may be punped down using a high head centrifugal

punp riple i ston nud to.attain,sufficient. cleani.ng vel ocities.
o054 PYAZE ] oC: AnBhat o Sl P RbAC AuRy beb dhiliing 5T G miE R0 , °F
di aneter fromdk sHati6 126, 279 adiBedclibeP abdle( twd MYive Phethigisial, dikefop@dcH Gmftyay
be based on optinmal or required flowrate, punp capabilities, drill

cuttings maney bapttachediagd erayfiguesdp iedepandent]y detatet shatls B30, 1236 Whilriil maybe n
th t. Fupt, i ty. 0 | f
e ar LH&EIE%{;C P Pihed SLM 1734, 22694 !oéﬁtksgrﬁ edx ?ﬁl(ﬂﬁé@df&h regg%i hnge(ﬁ,Zglg eerg%% d

flushi ng an conprirse a concentri

bol t . Each Heotikcumsyarioes fwheteedk diayelsd byndficidl e fohnteatsds poé,t 224615 (lof skhgur e
2) so that flow througtlg the bolt rmay be directed to the solids processing
mechani sm 19ction es H&itferig $e¢dsng or ot her seal nechani sm may be used to
seal between the surfaces of the head of the bolt and main housing 110 of
sol i dd0f8F8kessi nyddinpnallyoms shpenss Figure & sebids praserdingamitsl 00rmay fugthel ingluday be
sel ect ed basgd,on at .l east witeria. First n_.opti mal w r.ate.may be
corput ed bautinik PRl fofefid ahdusiab e AP b The HORRF BT be
cal cul at ed delivéh flaab i clehn X tutic?d 6OsAIR pryessitf infechORiSAPIDOET Ag\GRowa M e
for cleaning the solids processiég& mechani sm 120. Second, the size of the

nozzl es nmay1gEedalushipg megkaniyna 43¢ mayHacuderoys| of pogzley camiigursddp spraytluid

col um of - - {ned with the head inparted by the high

head centr %ﬁ%%qagﬁ%ﬁgg%ﬁ%%@{sngﬂ uid expansion through the nozzles

wi | m ni pal i npact gn the open fqr. ion through the annul

Anot hdPUSBES b 147 eriregssellirie errmen arJroEatpe T8 hgptan up 10 0-10% of
clay or shale type formations, which may exhibit a tendency to stick to metal and
gradually build up. In solids processing mechanism 120, cuttings may build up on the
cutters 122, 222 and the areas formed by the curvature of cutting edges of cutters 122,
222. This may lead to possible plugging or blockage of solids processing mechanism
120. As solids processing unit 100 may be installed in deep water on the sea floor, if
solids processing mechanism 120 plugs, expensive retrieval and replacement operations

may be required.
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WD 2010/ 068347PCT/ US2009/ 063104 ATTORNEY DOCKET NO. 236462 transmitted to
the formation is through the use of a suitable fixed or variable choke in
the |i ne waroyw/ags4rhe cl ean nud for flushing. [0056] Ref @CTiusgoowocHIGHUr €S
1-5, operation of solids processing unit 100 may be described as follows in

accor dA%%&E%‘%@gE‘S@L%g’%enbOdi ments of the present disclosure. During the

operation 0O O, drilling nud containing drill cuttings (i.e.,
entrained solids) flows froma downhole | ocation toward the nud-1ift

punpi i prent as, descri bed above. Solids processing unit 100 may be
posi t il j ust 1BePiE PhBTENER Pi Plflg%%ﬁgh@o Prosaefing thEhanismy 120, flpHyRg si ze
and pr eventy QlugehNGo%h 4G 1uid FlowPd BRI S5ty ' L ngs
enter the STDU 100 throu%pﬁvui 3]e1ntry port 112 na%tm(;dsﬁ)(r)?sg-%itﬂﬁh%%rsnﬁw é110.
As the dri Idozzles dpintogeligapmcessmgugdrhSHin1Q0, ducing opemtid? Bf soldls PP esdfing it ds
processi ng chani.sm 120 rotate . in the directign of arrows. A and B,. shown
P F gur o8 R dnarISE erirgimeing sk Aresgubici Jaf iy, cBHBSRI P REom S Bne. ¢ o
reduce the y§igRalff thBRullers b prevbiti rRstsrial HAAR-GbATHe TRIiE MhdadnD881iAS theGlo¥sIBed
and ground into smaller pieces, they may be reduced to a snall™ enough size

to pass thraddlishingimephapiswcEBdsinay) havecsidhitient eneceyatedfleski ar R chgerst IZ2dim h
fluid di schar.ge, por on the bottom of i.n Si 110. her. drill

butt s ngs ogrf deed 1530 <5106 raSie iflk Rlechiiddn 206 B Eriok8 500k BRinY cuvce
and tinue to the rig surface,. providing unnodjfied ol ogi cal
sarrplrﬁépg:gp apaﬁyé?lgs:t f[r@w%pﬁaﬁ%ﬁmp@?d oY @%@n&agﬂcheafmégfe) tQ gleppygutters
processi ng 1yni 575100 Wu@@“aem’!&yﬁﬁ%ﬂgm (i.%gla@miﬁ Buid! Ffhdht eftrdinéll LIl

solids larger than 3.8 cm (1.5 in I aireter t0d an average di aneter of
1.2 cm (0. Supplied fhor theoturfatd by thealmijlingy 1ig beshalwrivdssek nialselect ¢nladiBer8s,ahe (1. 5

in). Because.the solids processi.n hani.sm 120 uld be configured t

r s pi ocdBid ARy RSar R Riipa o Figtnhencent e PO oich Tl tongnud

t echni ci an pauR iatthidGuffil @Rafiag Selitiellr ough the SPU 100 nmay deduce t hat
| arger particles passing throughthe SPU 100 (i.e., those between 12 cm

(0 ° 1005893, S Sl egmdaher it 6118y BOLest £9AEnPat NPl difhter

processi ng nmechanism1 roug ectrve sanp a “sur

t echni ci an fromy 6 emalbidein} ap i 26 en€hin)atSEzifgof theamoszies mag be pasedionl opsimal or
bypassi ng solid rocessi ng nmechani sm fromthose redyced by solids
processi ng r?ﬂé’éﬁ‘?a h 110 _pu(i;rm %W@E’Bé&g PEfNEE20H6T tle $96 L her TERNESMENSCKET

NO. 236462 ypderstood by those skilled in the art. Further, ports that are equivalent to nozzles may
be used for flushing and may comprise a concentric hole drilled through a hex-headed
bolt. Each bolt may be fitted directly to the threaded port 115 (of Figure 2) so that flow
through the bolt may be directed to the solids processing mechanism 120. Further, an o-
ring or other seal mechanism may be used to seal between the surfaces of the head of the

bolt and main housing 110 of solids processing unit 100.

[0055] In select embodiments, nozzle size may be selected based on at least two criteria.
First, an optimal flow rate may be computed based on the level of flushing and cleaning
desired, which may be calculated on the basis of maximizing the hydraulic horsepower
available for cleaning the solids processing mechanism 120. Second, the size of the
nozzles may be based on the pressure head developed by the hydrostatic column of mud
above the nozzles combined with the head imparted by the high head centrifugal pump,
such that the fluid expansion through the nozzles will have a minimal impact on the open

formation through the annulus. Another possibility for ensuring that the pressure is not
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[ 0059] Referring collectively to Figures 6 and 7, test sanples of drill
cuttings are shown before (Figures 6A and 7A) and after (Figures 6B and 7B)
bei ng provosswdekBa7sol i ds processing unit 100 i n accor dRATAISANVI63104

enbodi ments di scl osed herein. Figures 6A and 7A depict |large rock and hard

r ubber %%;%@A%sgg&ti vely, before entering the solids processing unit
100. B%t are reeré”s'ent ative exanples of the types of drill cuttings that

may be found in the returning drilling mud in downhole drilling operations.

Figures 6B .and 7B .show t he sane ] arge.rock and .hard.rupber .of. Fjgures, 6A
ond Th redpemfGa] B LBptaTR M RREF et AT A S PRI EER ngbigieh ] Fiuc
processi ng 1@@&&%@%&&@%&&@%@@5 processing unit 100. As shown, both
sanpl es were effectively reduced to a size acceptable for passing through

the mygoseyt PURLBPingatY Ls 1081 oBihfibg! @Nldngs! r I3
anal ;gi S afnd teg?ﬁ! ngl.n%[ 00607 1 ns se ’eg? erlr%oajl?rr%drﬁﬂg, B%Q%S{rl\] rgﬁ?gﬂydgt (lrarﬁl uls)%d
wi t h t he salesdibegrascielewngn anddrddn@® witly saleat \entbodirnerits iofi ghes pressht alistldsareque

in order tq."cut through" certai ials. For. exanple, a.control system
may i ncor pg?':‘ﬂneg Q%Pﬁﬁgtl%égd%eggg‘riiﬁ) %élz}_g%r@u‘? tfé’nmlﬁgi‘gﬂ [CUings i+

bl ades 122,enggihe@Rolfddgtibws idfh a dePnitéIRatbd 16%al e WuEERDRMplY RATERE an
out put torque supplied to solids processing nmechani sm 120" by drive

mechani sm B4desaBped sbong. tSedidp progessypgamit K¥maay be peslitiahed pus befosd thg numd lift 100

may be controlled such thai. blades 122, 222 of solids processj nechani sm
155 are rowutiry 2 i EAUGeRASE I7¢ paf R Bn fRaE SR SR 1, MR
forward speg@ipafint. P Thed}illasetigd @hted theOSPUEL00UhiEh oD eslry port TR2 anbs 6 140
may be contraolled (i.e., increased or decreased) to maintalin the selected

maxi num f or&iR doyyegd 10] doethp (dwilk estiegsanpss thianghdbPyd OReewtons 423 aad 2224 0hot
provi de en r ' [ sel.ect ' r S .t hen
the forwar ggg%seé’gw%gégj gtblg]er eh&%gg.@o %gr}gttehlg tﬁ%éiﬁx?ﬁ?%é{)%&?é‘?%&%%ﬁ?%? IIE)f
the drive rRiglrenBAmnd 3B, peoviding iskeuring OcrioEting, aind gindiigectiens toiredutethd sizsvar d
speed (i.e., a mnimmforward speed set point), the rotation of the bl ades
122, 222 afdi Rl %ecessi ng mechani sm 120 may be reversed (at a sel ect ed
reverse speed) by the controller to clean out the solids processing
mechard08%7120. [A%/m@z]csttmgs ard grushedeantl @rojng iotet groallen fpicchs thiryi may be ctrbuoed m

may be contraqll i.e.. increased or creased) to i.nt aiLp .t he ted
reverse s pé%%. Sn%{ %éoug?s? %)chtf)fqa%a’é%ﬁl n?oqﬁ\sl\ﬁr%i %%ﬁ%ﬁ@%€§f§%4
ATTORNEY DQOBHEHAro¥gh fR36d62hate poitatlidosn tHebottodd bf Mai Wohefg MRy, Uihg dile
reverse rotatjion and forwardly rotate the solids processing nmechani sm 120

agai n at t IBUEEs Erayeke sreall enavieh dp raysdhEeb $PU 10Q wéthant keingaredyecd andemay
control SYShRMERY iRl AP sirfte! SGIR UMdtifio o ideilal LiMpIROd ARaIBLiE COS 5! N

nmechani smis reverse or a speci anou rirve rque | ower
t han ected reverse torque |j.mt. Fyrthernore, if e drive chani sm
excoedBIS oy minf ESPRIE: frohe APRLFatoheSoloh REoaing ik A0 P HerrnPevet de
direction (bdifdkeRd §iR@ofalPAtifBd k&lidsi 18#BeP thal®d. § MG M) M dfaBRi3 Qb iafl Sverage
processi ng nmechani sm 120 e control system may be configured to shut

down the sdlidmgiergioc2sm 2@95 {ml?hi hut pooafiget any drided snlidd smaHerctbes BiBcrméb hami sm
can, "1 NoBRE\ R R AR hnBim, 0B B i BRERSRGRL S0
may be operigdnesl 8@t 1.5 Nnpint@blich siidiier pidbes, A t8¢hnician evaluating samples passing
through the SPU 100 may deduce that larger particles passing through the SPU 100 (i.e.,
those between 12 cm (0.5 in) and 3.8 cm (1.5 in) in size) were not reduced by the solids
processing mechanism 120. Thus, through selective sampling, a surface technician may
be able to differentiate (at the surface) particles bypassing solids processing mechanism

120 from those reduced by solids processing mechanism 120.
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automati c node. Increasing the speed (RPM of solids processing unit 100
may be acconplished by sending a signal to a hydraulic drive punp to

i ncrease wbheofoosgd7fl ow rate to the notor driving the seCrds2@ocHassi ng
mechani sm 120. The RPMs at which shafts 126, 226 of the solids processing
mechanj 0 at ¢ y be sensed by a pul se sensor transmtting the speed
to thé%%gé&%‘é?cg%gé\;%’”\?%%?d be understood by those of ordinary skill in the
art. [0064] Solids processing unit 100 nay al so be progranmed to run in an

aut o ' de. In select enbodi nents, control of the sp|jds. processing
uni t "i_b@g y be B SRl ey te?ﬁszﬁa%ﬁra@éﬁpwé%@m % qféﬁﬁtam%sg%@ shayet and
"l owside” Qafde Hches J&%@rﬁésﬂdeéfté?ﬁ(ﬁigg?esr@%?lfi ?aa%uggc océdsed ‘B?fsbli&@s

for consistency, such as the fluid entry port, arge po or any
ot her appr gpodeasing it 400 on aesordanek dvibeerubetbmsnte alischosed hpreirs ohigsfes |6Aednd n

th t. F d ti f hi gh-sid ) t the fluid,.

i schar ge. 1P RERC Lo, 5k ot i F45t5, Bl e B 0B gy e e PHES |
the forwar ¢réiesffs ufit 100h Foth bfe Pdseritive exhiBled rdfltmeegpss)bf 8§11 ihnpd @SS
them (i.e., reduce in size). Simlarly, presence of a’low side pressure at

t he di schamgy brofounddy thengiusaing drilling mhé ispowvnigde deillingteperatigns. nFighees6B/er se
di tion, it i S| | i th td ek i nd in_the SPU
et o0, 495 SR i e HEbecl B g BB 28, oG EL .

al gori t hm hgeepassihgaBioaphilcusat 1p2.eBUsfalidOprocéSingBedhadisin EXCWithih sofiich
may be set by an operator. WD 2010/068347PCT/ US2009/ 063104 ATTORNEY DOCKET
NO. 236462 Drofesting unith &0y efs nbawar bgthhsymples deerereffestivaly gedpsedstupesize each

particul ar ' q ' ' : i . 0,
ol udi ng. <Eaue B acsBL bR I6E kBN CRUPRER, R ity e 6
poi nt s and geblegicabpmiyaisiang tewvisigs ar e expl ai ned further bel ow. [0066] A
Maxi mum Forward Pressure ("M-P") set point may correspond to a hi ghest

al | ongpgeoldevel qpadetr @ssodienttleNcdri®] SR Q6d Witk thdsd1ias pfvevd@igdunit 100
direction. In certain enbodinments, this set point allows the SPU 100 to run

in the forwaaydvaly tee cuttng speedbang: tormeRpiardarftot et Graygh @eitain argenialenEpng
any |l oad d e i 1] r i LEicul i i.n
o0y, 00" ec ST BRR) bl o AR A bbb B BE B,

hi gh-si de ppesisofl BladesC E2X]220hen Minkis 26) B6 wad & diesSsuqie, sedsdti 9natasiiyabe
sent to stop and/or reverse SPU 100 rotatiogn. [0067] A Reverse Nunmber O
Teet h (" RNORDut tqrgue sipplicd i sobids processing mechgnism 129) by drivemedhanispnidOs@y 100
will reverse: i d sQhi 0 i i

determ ned%ggltggthggécdléf%?trslgﬁr?%re’rwg:‘dgﬁ%%%eﬁﬁ?%qpﬁgo grllfn\a}g%tggééjrn %l}%glrse otrhéif an
entry of " 2iddesnd22,H22Rsfselide pideatséng mEchhasirh 12k brepotandd dtar sedecttd mexigmar

havi ng twenty-four teeth woul d cause the shafts.of t SPU 100 to reverse
oo Conp! ot easd Spert Gt 2AT U [ERA LSRR et ot abd Rl afeihg g Fom

i ncor por at gghivk MddAniSANT 4P na§ Wt SRR R4, BRrAs&PbE UY¥crafBI RS nhffidR Rl eces
of solids that may be difficult to process in one pass and may possibly

over | oad t Iselegtyd mepimum forward speed.

[0061] In the event that drive mechanism 140 cannot provide enough torque to maintain
the selected maximum forward speed, then the forward speed may be reduced. In the
event that the torque output of the drive mechanism is insufficient to maintain a selected
minimum forward speed (i.e., a minimum forward speed set point), the rotation of the
blades 122, 222 and solids processing mechanism 120 may be reversed (at a selected

reverse speed) by the controller to clean out the solids processing mechanism 120.

[0062] Similarly, the torque output of the drive mechanism may be controlled, (i.e.,

increased or decreased) to maintain the selected reverse speed. After a specified amount

16



[ 0068] A "Maxi mnum Reverse Pressure” ("MRP') set point may be equal to the
limting pressure set point when the SPU 100 runs in the reverse direction.
I f the | osordé6epi@ssure increases beyond the Maxi num ReCeuseoPoessaur e set
point while reversing, the SPU 100 nmay be programred to stop rotating in
the reyerse i gh.and/or to start rotating forward again. One purpose
of the XI mum Reverse Pressure set point may be to prevent overl oadi ng of
the SPU 100 in the reverse direction and to prevent the SPU 100 from
getting stuk atte ing to dis e the solids oveloa t he, SPU
100. [0069]% K{“’“h%‘& “ﬁﬁ‘ggfsuﬁlsg"%tmiyo S8 S EFVERENRIGIOR ")"d orw gi ?Ot?{ﬁﬁh%l so
be i ncl udedolids proc&Rldgliechaniiy M0 SRaUaNGe selé&ediﬁﬁiﬁ[mm(foﬂm&@pee@f tiglthd he
SPU 100 reverses a sel ected nunber of teeth, the SPU 100 may subsequently

rotate foraiemagye dhe penipg 1oslewamay pop/ HSIOFNEORRLDs KETCRNEHIDOOKERIND, 23
| | it
hmant De€ inddatiom i8Rl (A CoeRrpflufich RO SN r@doWhd dlafa BudREL

speed, the r%dﬁﬂ;d&llghnstﬂhmuﬁmeldmé efeRamiahexeceds MakixifitmRoRas i e at
Low Speed (Sgb&!ﬁlgm nt SPU 100 may stop and rotate in reverse, This

cont r ol P%éorwﬁ s Ftane @r ttBe dPYﬁch ITEHion: GRPISAEE @ peteRiél | jams Of he
system fr Orﬂlﬁﬁﬁ"c{l&?qh Nde ﬁi?rprﬁaﬁﬁgg nﬂeéﬂahﬁﬁ{ '196) afd LAkl 's?&efnn nfa?Rﬁ%Te

in select enbodi nents the SPU 100 may repeat the sequence of
MRP, et c ) odeﬁgurr:dbed gioo\dewn| 087 e]lFesr pdoea:samgeuma 1'0M xmmum: Bmhds lpr@:ea{mg,ow

Speed" ( ?ﬁl@ % set 0| nt ressur g&%/ E)(5950 b égent ed in an SPU. 100
control H‘é ant ‘F’Cﬁflt &SGR rigantally sisanpd & re ?Ce d&ather Fommengts of e,
t he hi gh SisgRAPHrOSSHnG uhﬁqodwymggdglga@dval ue that is bel ow the M NPLS,
the SPU 100 may change fromtheé |ower speed back to the higher speed (e.qg.,

20 RP cont s t fo i.0 r ne, he
cont rm) ‘?% em s/iés?glgm (rﬁlél gﬁ?c}bp I&l%be Bﬁﬁatg%g; % al\/&?ﬁﬁ% }n" lﬁ},:%_p
[0071] As suatomaicnabdod Ihaedsitg ﬂ&v@edd|(Rll>irvn)goﬁuduisombaes@mggxemm@mwdbe
solids froma s b wel | i.ncl ude breakin ., reducing the size
of) a por ti36FPeR! PishrE by ERGEE SotiEni e l&dr%@ﬁrd%tvﬁd’%‘q ImgEsase hediid Hiove,
the reducedy@qbifls i sh&lngrtp?%oﬁass%e@s@m fmdthahfifn $86 MHQAEP Sag}%gg o

di scharged (along wwth the drilling remal ni ng entraine

a surface fshaftd 126y 224 Ioétheeiokldepaicesm;g abganisnc 1 2detde ealyitegengedttiyea pasd i on
of the entrained sol.i th int rreshdcutt of .a s d 0 sin
ni £ The. (RERE RGPt Seeeidy B R T D SRUTHECLBY TP SEoSB G
that are spjiliarnhd iign a specified size around the solids processing unit to
an outlet of the solids processing unit. The drilling nud and entrai ned

sol i dzoowet her %5185 Cgsgl ‘g}l&l o g}dA%lsusegﬁ%rghﬁgE% Hx?lq?]:glé H#O%‘%?lfqﬁédﬁetray

and punped to the su ace erern sur

be any st oﬂageiectmndmdﬁsemg codurcslmfslaé solide peocesvimiinit L@Tyal badasedronad eeof
facility that is |ocated "aboye" Jo azilon of the subsea well

Ther ef or e, TF3SYFF RESSYIEL forme }ﬁ‘ﬁb Si'l ¢ 13l eloviride’s REssIUgesn ot hepRFeSUFRSTBAY B, a

floating vesshred @t SighiRLIR &I s f@ﬁ&nﬁfs%cﬁl ki 9¢ e Riid @ntkfﬁ&i,%ﬁ&&sﬁﬁzﬁké ity.
port, or any other appropriate location as would be understood by a person skilled in the
art. For example, detection of a high-side pressure at the fluid discharge flange may be
an indication that the SPU 100 may be rotating in the forward direction, where it may
“grip” the drilled solids and process them (i.e., reduce in size). Similarly, presence of a
low-side pressure at the discharge port may indicate that the SPU 100 is rotating in the
reverse direction, where it may dislodge solids that stick or bind up in the SPU 100.

[0065] The sequence of operation of the SPU 100 may be controlled by an algorithm

based on several set pressures, or “set points,” each of which may be set by an operator.
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[ 0072] Advant ageousl y, enbodi mnents di scl osed herein may prevent plugging or
st oppage of return lines and/or nud lift punp chanbers. Because nud is
punped baw® 20/068¥372010/ 068347PCT/ US2009/ 063104 ATTORNEYCDUSEIEY/ 0004 236462
the surface using a positive displacenment diaphragm punp in dual -gradient
drilli Lons,. it may be beneficial to ensure that there is no

pl uggiAﬁgOR%E%&%e‘r '%’??éez | ines or the punp chanber bel ow the di aphragmw th
| arge solids. Primarily because, in the event of plugging of the line or

the punp, i econes difficult ta revert to.a single gradient in the well
i thout ] odrBEE R meap it Jt - HOE G bR RIS SIS G R, S A
greatly reduaginCR%bAs aky W EdrtibdGut b%ebSP@rﬁ)O?Eﬁdlﬁlﬁngfd Wﬁﬁ%,ereﬁwé'sldgf a8d
[0073] Al so, those skilléd in the art” will appreciate that 1T may be

undesi r abl gotating ki spleciesr ReMpi dbe setgbingpiniddbeir operatugrmodeseare axplhisedbirthebor e
wher e they HRY, Pose a potential threat by way of increased drilling torque,
bit drag, tlngﬁlf’- pul |, hole pack-off, and various other drilling problens

t hat rmé éﬁsult. Mai nt ai ni_ng I&é:ge amount s of solids in the annul us maK
al so ilf866hse trh Mypppup Fervpad FressuisrCMEE") el RPInt Way SpesPRee da @ hightshe

oot | P ) . ”
effective bohLamRi8o écﬁﬁx%é’sh?el \gﬂer{ 1€ sPef 1R uRl iPid f&%%%glr?cgtfﬁoﬂia '113 Q%rgﬂrg

risk of fracture. Advantageously, enbodi nents disclos
ensur e t hatenttexdgeersg|thid seap@nnaiovwsetht SPY 10(etonahlin dhre folrivandedirdctiomgghtmuer at e

d . Rat | ing.unit i d i.th enbodi nent
r'sclosed nOrRPN. (& §8SHE b REsRmueting pgua 6 T tess b RS A BRG. mud
flow st rearaiff{caﬁ%ﬂ% Ewcééglﬁfg so@ilﬂpg&iaWBtsth@i:r%ﬁePﬁl%%i 218k PrdfBife aOnbleRyl de a

nor e environnent - _I’I e"n y Ssoll1as processi r_lg operati1 on. I n sor{e
dual - gr adi eNhendghie| highgidgppessumst ¢xoessls the MaxgmumoFerssrd\Brgssiratshsignil seahbe

separ ated and .dunped .on_t he or.. Solids processing units in

accor dance S\ﬁfld(ttﬂ S@%S&Fré%egse I scw)ds)ré)(tjatwgrei n are particularly advant ageous
in vi iﬁl i}’stri r}gent enyi r onnent al rgﬂul ations currently in effect in

sever dDOBLE s o fisetas Nugnee 05 TectaR NOTY h Sleppinira hod darionoe! il ¥y
thus eli m nghi fg PU %@_beii?llnl;e'v@xlsle Yo rcﬁﬁH&genggéﬂ“é‘oleﬁe%é ?wﬁ?'ﬁ"@f’ fordiP géfﬁé' ngs

on the sea floor, especially when oil-based drillTng s are used.
| nst ead, t hetegmiredéy sspecidsd maynboeof ecthvis tieddtive gdae Fberkefore, anpatityi of YR4T | y

in sizes acceptaple fqr geol Qgi.cal study. JO075]Still .further, epbodi ments
di scl osed ﬁ‘értg? ﬁ{éﬁﬁve Qflflgk’/\?rb@?t%Fﬁlg@%WBé’f é&t’l as‘ﬂ?‘ﬁl o &PV‘&SHMC_HEY@‘{OT'M to
be obt ai nedydid 68REL At Hafts BF tHeBPIP 400 &FRver¥¥ bhe ¥ahYlcRRIbluSA. T AS dedchiBed
geol ogical information contained within the cuttings may be conprom sed.
Furt her, ttbove, the reverse mechanism incorporated in the control system may act as a safety
against large pieces of solids that may be difficult to process in one pass and may

possibly overload the system.

[0068] A “Maximum Reverse Pressure” (“MRP”) set point may be equal to the limiting
pressure set point when the SPU 100 runs in the reverse direction. If the low-side
pressure increases beyond the Maximum Reverse Pressure set point while reversing, the
SPU 100 may be programmed to stop rotating in the reverse direction and/or to start
rotating forward again. One purpose of the Maximum Reverse Pressure set point may be
to prevent overloading of the SPU 100 in the reverse direction and to prevent the SPU

100 from getting stuck while attempting to dislodge the solids overloading the SPU 100.

[06069] A “Maximum Pressure at Low Speed” (“MAXPLS”) set point may also be
included in an SPU 100 control sequence. As described above, after the SPU 100

reverses a selected number of teeth, the SPU 100 may subsequently rotate forward at a
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smal ler solids may beneficially affect nud properties such as density,
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he di scl osure should be |imted only by the attached clai ns.

2010/ 06834 7PEINUP [RYSYSO 61156l ciramregimenteytirgEHU NGO maysepeeat dhenjegrence of steps

(RNOT, MRP, etc.) described above.

[0070] Furthermore, a “Minimum Pressure at Low Speed” (“MINPLS”) set point

pressure may also be implemented in an SPU 100 control scheme. If after running at low
speed for a select amount of time, the high-side pressure has decreased to a value that is
below the MINPLS, the SPU 100 may change from the lower speed back to the higher
speed (e.g., 20 RPM) and continue rotating in the forward direction. Furthermore, the

control system set point would likewise change from MAXPLS back to MFP.

[0071] As such, a method to retrieve drilling mud containing entrained solids from a

subsea well may include breaking up (i.e., reducing the size of) a portion of the subsea
solids at or near the sea floor. From there, the reduced solids may either be disposed of
at the sea floor or may be discharged (along with the drilling mud and remaining
entrained solids) to a surface facility. The retrieval may also include breaking up the
portion of the entrained solids with intermeshed cutters of a solids processing unit. The
method to retrieve may also include bypassing entrained solids that are smaller than a
specified size around the solids processing unit to an outlet of the solids processing unit.
The drilling mud and entrained solids, whether broken-up or bypassed, may be
discharged from the outlet and pumped to the surface facility. As used herein, “surface
facility” may be any storage, processing, disposal, measurement, recycling, or other
facility that is located *“above” the location of the subsea well. Therefore, a surface
facility may include, but should not be limited to, a floating vessel, a tethered or anchored

platform, or a land-based facility.

[0072] Advantageously, embodiments disclosed herein may prevent plugging or

stoppage of return lines and/or mud lift pump chambers. Because mud is pumped back to
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What is clainmed is: 1. A subsea solids processing unit, conprising: a

housing having a drilling nmud inlet and a drilling nud outlet; a solids
processi yorewmei4gm di sposed in the housi ng between thecCaiskommginad i nl et
and the drilling mud outlet, the solids processing nmechani smconprising, a

first S;Q% - :%?Er's; a first plurality of cutters and configured to
r ot at eAa é%‘fga ibjro's’tzélgzxis in a first direction, and a second shaft

conprising a second plurality of cutters and configured to rotate about a
second axis,in second direction, .wherein.the first plurality,.of ters
are cont | guPbdufta HOBE foh e HplReBg, i Bamapiry "o et &iflng"
fl ushi ng "H%@ﬁﬁbﬁ@i@ﬁﬁ ibgWeneridifl tblcasiie e (B&E iiflfo PRRSRIBSIMhEEMHBAMeS Bt Wi t h
a flushing fluid. 2. The subsea solids processing unit of claim1, wherein
t he fl ushi ribe prmpachiasiher Yelgvs Bresdidplyagmhwith dyge rvglidmd Primasihe becapee. finrthe  and

second bl urBbhtbe Rk 8¢ Bl of 5. BObhCR REGRES Ao RERAMNOD W i e

flushing flul ubsea sol i cessing uni't - or claim ein

the fl ushi ngadiemhanhs melloMmtidus ésss f pheivalli tTheedforrp embedin@nsdisciched tieatgent
to the first and the second pluralities of cutters. 4. The subsea solids

processi ng @y gregty redhsssosts and drilling tupepy pesvagfing downhole failures.

[0073] Also, those skilled in the art will appreciate that it may be undesirable to allow
large pieces of solids to accumulate in the well bore where they may pose a potential
threat by way of increased drilling torque, bit drag, tight-pull, hole pack-off, and various
other drilling problems that may result. Maintaining large amounts of solids in the
annulus may also increase the effective density of the fluid, thereby increasing the
effective bottom hole pressure on the formation and thus increasing the risk of fracture.
Advantageously, embodiments disclosed herein may help ensure that large solids are not
left in the well or allowed to agglomerate and grow. Rather, a solids processing unit in
accordance with embodiments disclosed herein (e.g., 100) may be configured to process

solids in the mud flow stream.

[0074] Further, embodiments disclosed herein may also provide a more environment-
friendly solids processing operation. In some dual-gradient drilling applications, drilled
solids would otherwise be separated and dumped on the sea floor. Solids processing
units in accordance with embodiments disclosed herein are particularly advantageous in
view of stringent environmental regulations currently in effect in several parts of the
world (e.g., the North Sea and the Gulf of Mexico), thus eliminating or substantially
reducing the need to deposit the cuttings on the sea floor, especially when oil-based
drilling fluids are used. Instead, the drilled solids may be recovered to the surface,

particularly in sizes acceptable for geological study.

[0075] Still further, embodiments disclosed herein may allow better geological samples
of drill cuttings to be obtained by geologists at the surface. With very small solids, the
geological information contained within the cuttings may be compromised. Further, the

smaller solids may beneficially affect mud properties such as density, plastic viscosity,
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a first plurality of spacers positioned between the first plurality of
cutters along the first axis; and a second plurality of spacers positioned
bet ween tWwo 20w8d7pl urality of cutters along the secon®CaniSg009/063104 he
subsea solids processing unit of claim4, wherein the first plurality of
spacer n C lurality of spacers conprise conbing fingers,
mﬁeref% @%%Y%%: indggghgers areyconfigured to pgnain fixed ?elat?ve to the
first and the second pluralities of cutters. WO

2010/ 068347PCT/ US2009/ 063104. ATTORNEY DOCKET NO., 236462 . 6. .The supse

ol s pr o SLPHEH SRPREtb el Ot S Ina AP SabSelD o e 8l obFraietsonds
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idth of e . ol Stk & | f er. ce.
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i s renovablsaxdyrancthanhlysik ovitongaffisctiag shenproperting bf the SnudAbdikadt sqlade ento clog

drilling apparatus, c L Si t he subsea soljds processing unit of claiml.
10, The'py Sk auBrdignt AR i Btaish S SiRE e ppieaRIbleRing 71 uf d compri es
clean drilling nmud. 11. A nethod of retrieving drilling nud containing
ent r ailf8&7kol i dsWhile Hheaprasspt disclpgure hapbeensigseriied wishe rdspecy fo o ienitedtringtber
conpri st ng:offell}%\é‘dirﬁgelﬁgnalotqg 's#illlleggn @é%ﬁ?ﬂ%lﬁ% BeAdic %Ph{lghﬂglgsfr ,l_ \!vﬁllsaﬂcp;eocggté he
subsea wel I"'into an 1nl'et 0f 'a subsea’sol1ds processt ng uni
that other embodiments may be devised which do not depart from the scope of the
disclosure as described herein. Accordingly, the scope of the disclosure should be

limited only by the attached claims.
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breaking up a portion of the entrained solids fromthe subsea well
exceeding a specified size with interneshed cutters of the subsea solids
processi youniwossdrscharging the drilling nud and the biPcKars2ee/063104 ai ned
solids fromthe outlet of the subsea solids processing unit; and punping a

sol uti S e discharged drilling mud and the broken-up entrained
sol i dsAt%R%tgﬂg&S%%?%@f acility. 12. The nethod of claim 11, further

conpri sing: bypassing a portion of the entrained solids fromthe subsea
wel | not exceeding the specified size to an outlet of the subsea solids
processing unit; and WD 2010/ 068347PAIMIE2009/ 063104 ATTORNEY DOCKET NO.
236462 flushing the interneshed cutters of the subsea solids processing
unit with a pressurized flushing fluid. 13. The nethod of claim 12,
mheref“%mhecghnghkhg fluid conprises clean drilling nud. 14. The nethod of
claim11l, wherein the punping further conprises punping the solution to the

surffacle thrRHg&egsﬁws!ﬂré%g%%%ﬁ%%ézogﬁgmn he nmet hod of claim 11, wherein the

punpi ng furt conpri's S6lution to the surface through a
secondary rd lssising hhOing Bririlling hd itlét dldad drillidg modeuden the specified size is
about 1.5 Iangoqi(%lss'processing mechanism disposed in the housing between the drilling mud inlet
and the drilling mud outlet, the solids processing mechanism comprising,
a first shaft comprising a first plurality of cutters and configured to rotate about a
first axis in a first direction, and
a second shaft comprising a second plurality of cutters and configured to rotate
about a second axis in a second direction, wherein the first plurality of cutters
are configured to intermesh with the second plurality of cutters; and

a flushing mechanism configured to flush the solids processing mechanism with a

flushing fluid.

2. The subsea solids processing unit of claim 1, wherein the flushing mechanism is disposed
on the housing and flushes the first and second pluralities of cutters of the solids processing

mechanism with the flushing fluid.

3. The subsea solids processing unit of claim 1, wherein the flushing mechanism comprises

a plurality of nozzles disposed adjacent to the first and the second pluralities of cutters.

4. The subsea solids processing unit of claim 1, further comprising:
a first plurality of spacers positioned between the first plurality of cutters along the first
axis; and
a second plurality of spacers positioned between the second plurality of cutters along the

second axis.

5. The subsea solids processing unit of claim 4, wherein the first plurality of spacers and the
second plurality of spacers comprise combing fingers, wherein the combing fingers are

configured to remain fixed relative to the first and the second pluralities of cutters.
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17. The method of claim 11, further conprising: flushing the interneshed
cutters of the subsea solids processing unit with a pressurized flushing
fluid 18woAoreksad of controlling a subsea solids proc@€3iusgoogisitp4t he
met hod conprising: rotating a solids processing nechani smof the solids
processing unit in a forward direction at a desired rotation speed with a
dri ve TWECRENTSHT FPedtid ng drilled solids entrained in a drilling nud with
t he solids processi ng mechani smwhen rotated in the forward direction;
measurj ng speed of .the soljds prqcessing nmechanism mnmeasuring a drive

t or qué-of tHE HPispes0 Wgﬁff%%mtw?alaapiwhf:@rrqwl@bﬁgeé%c,h qfﬁl&gragplﬁgahme
drive f | 1 | S
Dl ow o o B e
t he nmewidtr efctadh iof thet ssrepdepleraticeofsspaceare isesibstanticdlyi the same agtheevidthsofregch be
rotatipn.direction.of the solids processing nechani smwhen the neasured
speed Sfifst PETBY SRS S ot od mini mum WD 2010/ 068347PCT/ US2009/ 063104
ATTORNEY DOCKET NO. 236462 19. The nmethod of claim 16, further conprising

rotatimg thesabiedSoRdLHOEEHIAG uAR G @RIE ), Whelehfa WakE b5 Baclli o ¥ fiRNpILAAcR

sel ected nunber of rotations when the neasured speed falls bel ow a sel’ected

m ni m@h spacers is wider than the width of each of the second plurality of cutters by a selected
clearance and a width of each of the second plurality of spacers is wider than the width of each

of the first plurality of cutters by the selected clearance.

8. The processing unit of claim 1, wherein the solids processing mechanism is removable

from the housing as a single unit.

9. A dual-gradient drilling apparatus comprising the subsea solids processing unit of claim

10.  The processing unit of claim 1, wherein the flushing fluid comprises clean drilling mud.

11. A method of retrieving drilling mud containing entrained solids from a subsea well to a
surface facility, the method comprising:
flowing the drilling mud containing entrained solids from the subsea well into an inlet of
a subsea solids processing unit;
breaking up a portion of the entrained solids from the subsea well exceeding a specified
size with intermeshed cutters of the subsea solids processing unit;
discharging the drilling mud and the broken-up entrained solids from the outlet of the
subsea solids processing unit; and
pumping a solution comprising the discharged drilling mud and the broken-up entrained

solids to the surface facility.
12. The method of claim 11, further comprising:

bypassing a portion of the entrained solids from the subsea well not exceeding the

specified size to an outlet of the subsea solids processing unit; and
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20. The nethod of claim 16, further conprising: flushing interneshed
cutters of the subsea solids processing unit with a pressurized flushing
fluid. WO 2010/068347 PCT/US2009/063104

ATTORNEY DOCKET NO. 236462

flushing the intermeshed cutters of the subsea solids processing unit with a pressurized

flushing fluid.
13.  The method of claim 12, wherein the flushing fluid comprises clean drilling mud.

14.  The method of claim 11, wherein the pumping further comprises pumping the solution to
the surface through a drilling riser.

15.  The method of claim 11, wherein the pumping further comprises pumping the solution to

the surface through a secondary riser.
16.  The method of claim 11, wherein the specified size is about 1.5 inches.
17. The method of claim 11, further comprising:

flushing the intermeshed cutters of the subsea solids processing unit with a pressurized

flushing fluid.

18. A method of controlling a subsea solids processing unit, the method comprising:

rotating a solids processing mechanism of the solids processing unit in a forward
direction at a desired rotation speed with a drive mechanism,;

reducing drilled solids entrained in a drilling mud with the solids processing mechanism
when rotated in the forward direction;

measuring a speed of the solids processing mechanism;

measuring a drive torque of the drive mechanism with a drive torque sensor;

increasing the drive torque when the measured speed of the solids processing mechanism
is below a desired rotation speed;

decreasing the desired rotation speed when the measured drive torque exceeds a selected
maximum; and

reversing the rotation direction of the solids processing mechanism when the measured

speed falls below a selected minimum.
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19.  The method of claim 16, further comprising rotating the solids processing mechanism in
the reverse direction for a selected number of rotations when the measured speed falls below a

selected minimum.
20.  The method of claim 16, further comprising:

flushing intermeshed cutters of the subsea solids processing unit with a pressurized

flushing fluid.
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