Subsea Sol ids Processing Apparatuses and Met hods BACKGROUND Fi el d of the
Di scl osure [0001] Enbodi nents di scl osed herein relate generally to
apparatuses and nethods related to the handling and processing of drilled
solids fromsubsea wells. Mire particularly, enbodi ments disclosed herein
rel ate to apparatuses and nethods to pronote proper operation of subsea
punps so as to mnimze plugging process/nmud return lines due to drill
cuttings entrai rﬁe@IbQ%ﬁéﬁﬂS%ﬁ@s%mgtl’ﬁﬂﬂﬂé?‘l“ﬁ%ﬂnﬂl Methpdsi ment s di scl osed
herein relate to nmethods and apparatuses to ensure continuous circulation
of a wellbore by limting part BAEKGROUND reduci ng the number of |arger

particles. Background Art [0002]In off-shore drilling operations, drill
cuttings that are generated i Figd ¥Eht Dadctospteped up fromthe drill bit to
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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



worl d where the drilling operations are carried out (for exanple, in the
Qul f of Mexico), the clay formations nmay be rel atively younger and highly
reactive. The clay formations may have a tendency to forma highly sticky

mass of solids known in the drilling industry as "gunbo." These types of
hydrated clay formations may be difficult to drill because they have a
tendency to stick to the drill bits and have been known to plug pipelines
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surface. In certain applications, the drill cuttings may be transported to a floating vessel

for disposal.

[06607] 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
at |east equal to or greater than one-third a dianeter of the hole through
which the solid particles pass. This is the prerequisite to initiate
bridging and to start plugging. Using this criteria, the m ni mum di aneter
of solids or the size of _solids in_ the Iargest di nension that may easily

pass t hr ougiseehepgsRiEasent InaporveRidonshpubsea sdling epeaqns. e All quines ais i s
a relativel ié(ﬁ&%&l&‘fﬂ%&'aﬂﬂlﬂﬁé 6?&13:%&%3 oG ribd} sFre§ UUE MdaP MMy HEiubé | NG
operation descri bed above woul d be able to pass such cuttings.
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system 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 ¢m (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



[0011] Additionally, solids returned to the surface and separated at the
shal e shaker nay be inportant from a geol ogi cal standpoint. The solids
represent the various types of rock strata and geol ogi cal formations that
t he OCATTPANEHPYCKRENS B¢62 and drilled through. Fromthe solids that are
separated at the shale shaker, small sanples may be exanined at regul ar
intervals by a geol ogi st for study and analysis. This nay be esgem ally
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processing unit, discharging the drilling nud and the broken-up entrained
sol i ds fr dRseiYed ipiglpted industriie subsea sol i ds processing unit, and punping a
sol ution conprising the discharged drilling nmud and the broken-up entrai ned

solids to the surface LRAMIARY OF THE DISCLOSURE

[0013] In one aspect, embodiments disclosed herein relate to a subsea solids processing
unit, including housing comprising a drilling mud inlet and a drilling mud outlet, a solids
processing mechanism disposed in the housing between the drilling mud inlet and the
drilling mud outlet, and a flushing mechanism configured to wash the solids processing
mechanism with a flushing fluid. The solids processing mechanism may include 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 is

configured to intermesh with the second plurality of cutters.
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[ 0015] I n anot her aspect, enbodi nents di sclosed herein relate to a nethod to
control a subsea solids processing unit conprising rotating a solids
processi ng nechanismin a forward direction at a desired rotation speed

wi t h AITERNEY BOREEMAMI$M reducing drilled solids entrained in a drilling nud
with the solids processing nmechani smwhen rotated in the forward direction,
measuring a speed of the solids processing nechanism neasuring a drive
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in conjunct] ith the accompanying drawi ngs. [0018] F gure 1 is a
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wi t h enboddisghatged dkillidganid atlahé bkeshp sitkAned H0ddoRh@sirface fAcHity conponent
view of a main housing of the subsea solids processing unit in accordance

with mmsfi renty ShiHePgsperesRBbditeat! ASYELd 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

[6017] Features of the present disclosure will become more apparent from the following

description in conjunction with the accompanying drawings.

[6018] 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.



[ 0020] Figure 3A is an assenbly view of a solids processing nmechanismin
accordance with enbodi nents of the present disclosure. [0021] Figure 3B is
an assenbly view showi ng a neshing arrangenment between cutters of the

sol i ds processi ng nechani smof Figure 3A. [0022]Figure 3Cis an assenbly
view showing drill cuttings in the solids processi ng nechani smof Figure
3A. [0023]Figure 4 is a conponent view of a cutter in accordance wth
embod[ s of Figareptdeseat astemblyodew of a[s0U@4 pieicepsing rBechgnismdn mpamdmice vi ew

of a coverWHL%ltn%mlﬁpneggsco?rﬁgeapq,gs%m igcos%get?odl ments of the present disclosure.

[0021] Figure 3B is an assembly view showing a meshing arrangement between cutters

of the solids processing mechanism of Figure 3A.

[6022] Figure 3C is an assembly view showing drill cuttings in the solids processing

mechanism of Figure 3A.

[6023] Figure 4 is a component view of a cutter in accordance with embodiments of the

present disclosure.

[6024] Figure 5 is a component view of a cover plate in accordance with embodiments of

the present disclosure.

[6025] 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.

[6027] 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.

[00628] Figure 8A shows rubber test samples before being processed by a solids

processing unit in accordance with embodiments of the present disclosure.

[06029] 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

16030] 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 eniry of the drilled solids-laden mud into a mud-lift pump chamber.



[0025] Figure 6 is a schematic drawi ng of an el evated pressure |ubrication
systemin accordance with enbodi nents of the present disclosure.

[ 0026] Fi gure 7A shows rock test sanples before being processed by the
solids processing unit in accordance with enbodi ments of the present

di scl osure. [0027]Figure 7B shows the rock test sanples of Figure 7A after
bei ng processed by the solids processing unit in accordance with
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the bottom. Main housing 110 further includes circular cover plates 116 attached on both

ends with retaining bolts 117. However, it should be understood that cover plates 116

may be secured to main housing 110 by any means known to a person skilled in the art,

including, but not limited to, screws, rivets, and studs.

[0032] In selecting fasteners to attach cover plates 116 to main housing 110, stresses may
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.

[0033] 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
areverse 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.

[0034] 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



[ 0030] As described above, nmudlift punps may have relatively small punp
chanbers and fluid inlets, and therefore may require drill cuttings in the
drilling fluid to be reduced in size before entry into the punp to prevent
cl oggi ng. Enbodi ments of the present disclosure are configured to prevent
ci rcunst ances that may cause plugging of lines and to facilitate the entry
of the drilled solids-laden nud into a nud-lift punp chanber. X
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a variabl e discharge hydraulic punp and may be configured to selectively

run in eitgraeralyfcoraxially positigngdevyish sespeit te theisbaft andharg|conligiied toarotthwithnent s,
| ectri | i il
eleciric O@aﬁé &g PSS H@§ol?c§slp§@é_és§%§§1\;§%%@% Eér%r)a f):}'l@gﬁge&\?{é %}@% ¥ASK]

may be use or ~drive mechani sm geous to use
a hydr aul i leavingt towo dhafts d2é,\226edidapremsidOmaechahidohs andludingradditienalreafrofvi de

decreased shock. | oads and vj bration o the mponents of the SPU 100
during ope‘f"é‘ﬁséﬁ‘?‘%?é'@ébﬁ ‘F?é‘?’élfi‘?egl’i’&tsb‘%i  $GPPE 8?'%F§Eﬁ‘“ém2i}sc S¥&mponent vi ew
further detail ;Srﬁ mai n housing 110 i n accordance with enbodi nents of the
pr eseli038] sci os¥nlids | moesyng mosbanpwA0 may relitoinstudg a phraiy Pesneemts iogur ed
as a cyl|i n&?ﬁb?ﬁé ﬁ?lE&Jsl 12424998 R A0R ﬁfoxf?ﬁa(ﬂynt%r YhaBt112k WMd 526 and spaced
between the cutters 122, 222 along axes of shafts 126, 226. Although spacers 124, 224
are shown as extensions from the frame of solids processing mechanism 120 that extend
toward shafts 126, 226, it should be understood that shafts 126, 226 may also include
spacing structures (not shown) mounted and spaced axially thereupon between adjacent
cutters 122, 222 and axially aligned with spacers 124, 224. Such spacing structures may,
in addition to providing spacing functions, facilitate the installation of spacers 124, 224
upon shafts 126, 226 as well as facilitate the installation of shafts 126, 226 within solids

processing mechanism 120.



appreciate that main housing 110 may al so be manufactured in alternative
geonetries. As shown in Figure 2, main housing 110 includes nmultiple rows
of ports (i.e. threaded holes) 115 for the attachnent of nozzles 131 of a
flushing nmechani sm (130 of Figure 1, described in further detail bel ow).
Furthernore, in select enbodinents, main housing 110 nay be constructed to
mai ntain a working pressure rating of about 5000 psi and nay al so conform
to ASME Section VIII, Division 2 of the Boiler and Pressure Vessel Code as
woul d be understood by those having ordinary skill in the art.
[ 0035. 1Re{(ﬁé i ng ngw to Fi,aur es 3A-3C, the various conponents and
confi gur at’i of sSFfede B de digurry3 ettt shafin 120 @nd\224 mbe bdesgoitb@dn the
Ref erring spechdid ieetive eRdsh i ' fas9llds processing
mechani sm 120, .j n ?g or danceywi/\}ls?ﬁﬁgg(r?go IO@?}%@##{;@W%@%‘E%{@g‘?oééﬁ%\gﬁ,r e, is
shown. Solids "’54"’68&@’ [°R dpapree Hamingsrhin 2 shafifiouside Soastomms bs whiald be baderstood
configured tobyathalseh hadvind okdi i1 i I r.ection row A,
and a second Ig:la?)t 226 cr%nf(?lgﬁgr’gg'“'t g&%rﬂg'?’ g?egﬁ?f?lng}r%ﬂgg%égé‘atﬁéqgé ?rédcfzi%d’i‘layas
shown by di r eCt iYFEPr RNELedInat side fgednd shpnear hotb andy tarebst forfing Ut t er s
122 and 222 t kiablea) 849 y = axi al paSit:i Q with respect to the
shaft and are c%nf,i gur ed ?(E}%F%'Edagt gl%\%}a?ﬁ}nsﬁ% 'tsﬂllé’%é anaceflg]%()s.on%ipf CEYI8 ds
processi ng neBWERNEm B may de sepfiguradds immingleguiter satraige haich figremovatshafs 126,
226, solids pr,@ﬁmﬁmsi@qmémégg@g%&g ?%d(ﬂt};il %pea] shafts of cutters

[ sc ecg t egpres)é

shoul d not be consi dered outside the nt di scl osure.
[ 0036] Soljpehs] pr ocgssih I 0 .al so incl yde plurality of
spacers (gr (]:orrbi ng i ﬁ%gﬁgnﬁlrﬂé ané§2%4 i%n 5@%“& °Er°8§?rﬁé???“¥8giﬁgﬁ?‘éd81ze
and 226 and spPRgsHnhHeecheeismtlR@ inctwotcelumng géheral 2oradsporglirae shadis 1 3 @fdt 6126,
226. Al t hough,SRages r as extensions framthe frane of
sol i ds pr oces%.i n%ﬁme% r@ﬁlﬂes%%%gbﬁgt ﬁz‘;? %g%@g??gmﬁ%\%“r%e geﬁ%tlhtogglﬁ%,(m@%z,é qft
shoul d be undéewecdd apthilte widths tog catRBs 1222 @22ngand abogespondihd Rc&Pash N4 of
structures ( n d axi.al | upon bet ween
adj acent cut tnlg%%é ?%@%’5@@%5@% ‘gﬂﬁ?fa@ Y FEd S&Kﬁ?#ég%@% varyy Therglpre, 5y ch
spaci ng st ructsshesn maligute 3Badaiers 192 incudy avareiyng cﬁm&hmeit@;ag%imﬁ,ﬁm

1

facilitate t i acers, 124 24 on shafts 6, 226 as
wel | as faci rﬁ%%lg‘?%tzfghde@%tr?g{e%'ﬁ?%ﬁ%%{a% b%ﬁ&]‘“fé‘%?%ég“ AP 28h e QiEpts 332
processi ng ettt sMat@0of cit@eS 23 Rekendihd Gost filst cherFiogune 13A culgt oshaf t's

126 and 226 ort.ed.on the _their respective ends by a bearing
(not shown) gﬁygrﬁgdpt?}yeaoslﬁrra{étysotgﬁ’f'alcggﬁ%%8dge (not shown), either of which may

be nount 3§n a sﬁa”.hou?i ng l¥(fnolft. shovvn)%das woul d be understood by a

person havi rJg or di nary8SRIGeH Ve Kigwrs 34 frd Uhaptery bisand ga2.rod sprsers a4 126

and 226 nay lhed D24, agrshbly canipnRatRslg RY adiaBlefidh Bm&rghelf@qtzaémmm%%pgt h

ends, thereb)(Vform Ry a Sin | e-unit solids B\COCGSSI ng mechani sm . In
& 03‘?‘ ﬁg’?fg bp

this manner, "S5 Jeduemeshing aransemant betvespgutisss E¥nandQ2Re doashizvsi ngl e
unit or cart sidigen Whedlshige bRMREABAE RRAY t23 T DD LR SjoRg f, solids
processi ng uni tf@&lego @f Fi gurg@f). [8038 Referring %\?va?o]zgi 5%%2113%Bl,>e an
arrangement PSP tha sacheption 224m shaft il fxis apiaby elimied yithechawi 3 &0 in
two col ums geimeraland eSArduRSPRRUnNGatt 026 Rkl S o (Fhgure SA will
be descri bed. shown, dependi ng oarll. the Ier?g%’%g%feagﬂ%h%%a%ﬁ?}%ﬁ@aﬁof

Fi gure 3A) ahtf-t et trewer orelidy proapssing echandn (2(hchag dersfigmel rghapacer s
124, 224 Of Fisghble BAknce PRRvaHITREE - 0 each shaf t 126,
226 may vary. Thergf,orﬁéc,e as_shown ?t%F?F%gépg}E@elé%gscﬁ%gé?@efgjég}f dedrefael an
array of cut thepdngastonssertadrilhggttings pasking droughtthesfPULP®A to | ast cutter 122t
separ at E&{@¥ a plurali t%/) of axial gaps 128, and cutters 222 include an
array o t er s 28O be Hudangodd ynerfel ragingouditey s@ifida theoart, asial gapsties, 222t

separated by)® RhyihRb atwioff Pk AkiaPARR4GLEr shatts 126, 226) that is either about the
same width as spacers 124, 224 or slightly wider than spacers 124, 224 by a specified



[ 0039] Referring collectively to Figures 3A and 3B, cutters 122 and 222, and
spacers 124 and 224, are shown configured along an axial |ength of the
shafts 126 and 226 in such a way as to form an interneshing arrangenent
between cutters 122 and 222. To achieve such an interneshing arrangenent,
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 celgarancep SEheormeyfof spergfiqdclearange|mayabs ¢ dedempensidgration day sosly on
shaft 126. pioBeshitl mfTAEH: 1APIHaf radBRERE| A% FREAAN 0P Wikl MR Aosity,
configured to have a desirabl e clearance between the cuttérs on oppdsite
shafts to ¢uiliiug fdeidcdmmhitidagdemaed tutthgsasiien gntinipatesincuttongs meatetial | dnticipated ngs
passi ng throu{gh t he SPU 100 [0040%As wouyl d % unders%ood (f\ny one h(ﬁxai?ng
ordinary sRRgftng, tqpperatpse. the jmateqal ) propsies ,0ig CRIMPOYCINS, Used il e  polids o

axi al direglot@Bingfmechadiin 1285the 2ehifdchidingitsleRintd3If tBdEdthpdnarsIs®inhgt h as
spacers 124, 224 or slightly w der than spacers 124, 224 by a specified

cl ear ance. sofid& PEasessing wechapism F20eanycother nipRaatyrhyt may affegbdicgpleetsh &pRior at i on
for solids ' ha{ : Q I i f
drilling ﬁﬁ?@gf@‘?‘i%ﬂgﬁe{%? 3?‘.‘*?‘?%’%% ?Fﬂ?ggg%ﬁp(ggu ‘??%ﬁ‘?‘eﬁégf“#’i%‘r‘?ﬁ%%@%‘gs

si ze, anti t24paRéchlangt dxien @ shaftserd6aL26)amtd aitomt B2, 3p2 nwt depict¢eapbavangine, t he

material properties of c gnents used in.t SQl i proc i ng ,mechani sm
T30 the RERBRACYER b6 SRERRCLDERe e B Eif 226, SRR HerRoB oo
processi ngthﬁ@@a?ﬁﬁl‘e%ﬂa@@orc%&b’rsQQﬁ,eZM%Qgﬁﬁﬁst%StrH@tbeﬁ}%Ed.affeCt the sel ected
gap, or a conbination thereof. Wile axial gaps 128, 228 (Le, the spaces

occupj y sp : : , : ters
ETI o s R G Rt et e B s O
axes of shii0with 26lledbids 50 i positicn th de prctes st dw accotdance aith abedinicdtsiof f or
cutters 12 224 and. gaps 228 be used. [0041] Referring now ELgur e
3C, an ove‘?’hQéeaexeffdfgw(%’fn%slﬁﬁ%ﬁ%c@?@ﬁ%‘%%ﬁ%@?ﬂt %ﬁ'@veﬁqfﬂ&(ﬁ ﬁﬁ’gggsol i ds
50 i n posiiddogpabeérs 131@413&9&%?:@?0&1& SRAO(U26 aAd \I26 hfeFip@di 3reNisSsiahvnt Bth

present disclosure is shown he intermeshing arrangenent between cutters
122, 222 aminigpbeearances hetweon adipcenppptery 2323, pspevigndy dowribed. Flhisr e 3A)
is shown w 1.0 t ' I 22, as
pr evi ous! y g el oy B A Tarklr BARD BHLAST Honk hsskpen iR,

sol i ds 50 procsssipgasichanitrhl @0 ghthbhiebesigd fedscadrio cizs sind gpaywphlyrtiigher $2@ringt hout
bei ng redufced in éleée ﬁnd y apply higher shearing forces to drilled

sol i ds 50. fEoRARIESPI P brief Iy to Figure 4, a conponent view of a
cutter 122 (or 222).in accordance with enbodi nents of the present .

di scl 0942k i s SReiemingdyiedlyotnFigars fep comPoRegR Yinw ofge i 147 ©rcd®iing
edges 125 (i 1 : r ] er i er 122
et med by e e B o s s o A By g 122

t her et hr oughy iddudaimudtigle 1Rt edge 626 shmimferdridlinnarap26] iahowpao siutes

ot eSS SRR BE DO COUAD RSEAZS 0 P i oo
" gri ndi ng"haetrkQIEhoM s itedll 122 Behisal dsis 10ban@bYs ieshpelingditlgom(idssi n

- size. A polygonal profile 132 at the center of cutter 122 Erevents sl i ppage
bet ween cUtBRpPesitelfaoing ytting £ges1 1§ onsgrdalty atizgenycutigrsi 128 and 228 approach each

depicted i ig ayl i ‘ Wals) 125, .01 g y
skill in t(ﬂ}égzir?&égqu}?ﬂg%%r }e{ll(l:llgg{l% a}t‘ﬁag{ @ei&%r %gglgg)gi %L?o(ggﬁacﬁhtd?’ng{e{ekgges 125
nmay be useddwditgthetsoépar tizeagh polyportahprqiile 48t thesehtos of eutteFURR iperventse, as
shown in tsrlll?)pellgrc]:tb%rtvrvrge%héu?tgr v9) gnrhgﬁlggqtzép fAcEfit?o%raﬁy,B“%ﬁile cutter 122 is depicted in

Figure 4 as having five cutting edges 125, one of ordinary skill in the art will appreciate

that fewer or additional cutting edges 125 may be used without departing from the

present disclosure. Furthermore, as shown in the intermeshing arrangement of Figure 3B,
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the radial height of cutting edges 125 and an outer dianeter of spacers 124
and 224 may be set such that as cutters 122 and 222 are rotated about shaft
126 and 226, a selected distance between the cutting edges 125 and the

outer diameter of spacers 124, 224 may be mai ntai ned. Those having ordi nary

skill will appreciate that by adjusting the selected distance, different
sizes and geonetries of processed solids may be achieved. 100431As woul d be
understood by one having ordinary skill, it nay be advantageous for al

metallic materials used in solids processing unit 100, particularly
i nternal conponents exposed to wellbore fluids, to neet the requirenents of
NACE St andar the Mtid) height df@ntting edges 123 arel. an duiegliatnetepef sphearel 2dredd @24 Imagh

sul fur) servjce. In addition t tal lic, par I setaklic parts
as well as e{’%%elt 8?‘%‘#?% aﬁeﬂ‘&e s f‘rﬁ%ﬂ'{g’?zgg 1% EueY %Oga%ag?uégﬁ@g% $ &h)eﬁlseg oils,
and ot her addistahocedetviao e dutiingledgarins ahditHelvater dipmess uf spaconi 24, RRAgnagnd
control ling nbers, such as .the main usi ng and er .pl.at s.well as
the solids pg‘g@@g?f"i‘?& ﬁ@%ﬁ%‘%ﬁ“ﬂ%{y S#Q(;Wﬁlleapﬁ’ﬁﬁ'ﬁ?e%@%u 3@8?“31 ﬁﬁén%?eec}%l s

wi t h chem cadlissasspdistricntaiss drlisdeommeits dftpeocesedisolidsmmny be ahieddd. Speci ficati on
6A. Further still, the use of dissimlar netals and exposure to corrosive
i nter nalj0G3f ext exdabul® By iidersmdo by on@lavirgquidingy ckitlhio diag bp adiae@géonr for

coating, or her. practices as known to.thos killed .in the art or as
Fecommended fhmaeBapi ERRal R oS Proce iR AaP ek Burres Bherhes® | ,
sel ect enbodéipesddse v@ilbore fREhBMH&MhE40quighbas bENACE Standard MRa0B71 16 of
solids procegsing.unjt 100, may copnect to an inpput shaft 141 of solids
processi ng neseﬂrarﬁ"%n}“fbder(‘wat\t‘%g‘?ﬁﬁGE fgs’asr‘fgf”rgﬁ-er&)‘; E%Peﬁgg-'if“%%? #?eoﬁﬁtﬁﬁlﬁn
Ork)'elni ng 118 .dﬂts%ll\/lﬂfnﬁﬁ)ét@ﬁ@palﬁ@s whiS a3\ @dbtsinddie phitiasysbaogodeyl tmﬁs,gf)lvleﬂitdi na(rjy
skill, a sealing mechanism(e.qg., o-rings, packers, etc.) may .be | ocate
within or arbaspdilspan ﬁ@elii‘éd’f“éf’silgﬁl‘”&t@ g‘f’i*@% ﬁ’@ﬁ‘é’nipé‘?‘?f FEOBHGRi de of
cover plate Joh@ofiingMendeisdsuch a0 GRSHbAhoIEEN A sdverl platednastwid! &t lhemsolxisde.

[ 0045] As descri bed above, drive nmechani sm 140 I ncl udhaiSr g‘fi%%au_l iC

motor, an el RIEEFIEE BRcHister 128nymagt Rer mesiiReBed SR rmYyeE o §"$rRiEHani sm
known t o onecdgybkitensthsd nfbaf the flghikdmdnB JrAP1 8pdcificlidh AT Furthehtilly e WBLITANT SM
140 may be connected to input shaft 141 of solids processing nechani sm 120
through any disdwiarmetlarindsixpewenty carasive intempbprd REGPAL FIRANPEE RSYe

havi ng ordi n@ﬁ%ré&atﬂohie Shibh, RB&eYor i@ hiattickd fs 1@dn e fhobSNAWA in the alti gur es
3A-C) may be ['t nked to§et.her by a gearing mechanism (not shown) at the end
of the i nputorsisadcommendedvih APbBpecifisatioddd ng mechani sm may be configured to
allow the shafts 126, 226 to rotate in opposite directions.

[ 0046) Obfl4dhal | y,Referdngyecar to Rigure hein a¢lent embedimens diriye mechigisweldRetiiashednay be
cont ai ned to cover plate 116 of solids processing unit 100, may connect to an input shaft 141 of
solids processing mechanism 120 (of Figures 1 and 3A~C) extending through an opening
118 in 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
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within an el evated pressure lubrication systemsuch that the pressure of
the lubricating oil is higher than the pressure of the drill cuttings
entering the solids processing nmechanism 120. Having lubrication oil at a
hi gher pressure allows the lubricating oil to escape to the solids
processi ng mechanism 120 in the event of a |eak, rather than allow ng
fluids fromthe solids processing mechanism 120 to escape . to §and

cont ani nati@)Figuses 34vtr) way be linksddegsther by@arpies weshapiymypoethoyny ot the git e 6,
an exanpl &Qfe ahuf Eﬂfﬁ‘i@ﬂ \Weg\%ﬁ WeS e'aHQ% IngRhArin %&‘a’?ﬁ%@oﬁﬁ@uﬂé@@@'aﬁow‘ thd a

sol i ds processing nechani'sm 320 e accordance with enbodi'nments di scl osed
herei n i s shhftwilés 2Ré matotatain oppositealirattaahspr essure | ubrication system 300 is
shown having a first isolation cylinder 302 and a second isolation cylinder
304. @0d6hal e phmiomallghd gead thoafostichtiphal gatn@Mdchadisth maynbaicmainwit hi n
the first and second i sol ati n cylinders 302, 304. Alter ﬁg Qﬁﬁ X eafh

i sol at i on WiiNp AR &levated presse jubpgdiopsyEMSPrR thakiie Rirssurg O ’g SRSl 310)

on separ at;g h%ﬂ@lf thSin e ér@%uﬁev\ﬁ’ b adif %uﬁx%@@éltet:ﬁ%@: sl ﬁ@&bﬁﬂ% ﬁféhﬁa‘ﬁlsm

connected together. Furthernore, first rsolation cylinder 30
t her ef ore ¥20r ﬁavmgs\uwaaggpﬂ@bmbxghmesumiews dregubricating 0@@@9&@& @dh%lt i on

cylinder 30 8{1?xﬁ)u?stsj?1er fec _aLstnSﬁ(ig : rtsl}%' e%% otsallggk réa’tf\]flzrﬁhgiex} 515)3@5%’ ﬁ\x{ds %1]0%1

connects an |so ation’c 0 an 1Tnput 316

of second theégbhds pivceysingnaieshadRéb 17Hus eseappries@id eompipinaed the labridatipgit 322
of isolation cylinder 302 will be nmagnified by the ratio of cross-sectional
area of pis¥fMs 308 and 310 at an output 318 of second isolation cylinder
304. [0048] As such, a pressurized nud (PnmuD) from an input 330 or an output
332 df047kol i dReferongduiefly trebiswisi Graegemply ofrasselayated pesssure dubrigstien | i ne

322 of {11 hehS 36 8RO Yhb IoloidO LRS! SEBIROYT=R! Secoklib oA

pressure i at or to exer rce on pr's rce upon piston
308 di spl mﬁmdﬁn@ﬁ@ﬂnsam&d herbhexsrshghm shembicallp. tElevatedpsnswde dprivatien second

iston 310 (coupl ed by shaft 306 t the righ he sa nmount Thus,
gs pi ston Sﬁgiteml |15 SRy haying %?é“)f &R aé‘@B CB{‘F‘% %%M?WBFSP‘%QOEJFMF e of
the |ubricpil ngsplle fistbh shz@fP%@b&ﬁ@ct& 'ﬂ)lsltéiﬂrﬁ()@aﬁlm&)n@dxﬁeﬁwﬁﬂh%@’ﬁ@tﬁﬂdj

thrust by larger, "second piston may be increased over the nud pressure
PnUD by a sﬁauﬁomolemrabylndetshéozr a%)f!»o Alterpitively, fepey selatian cah@des d803.594) ar eas

2; the i rrﬁay b3 gonstr}lgcté(p Eav?r?gcﬁgt%ns?’ 8‘39)8% ﬁi) RS scpz;rr&%%hﬁ?salf mepeﬁ%' sh%ftp(’!ﬁ%g? (Eq.

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.

[6048] 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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where A310 is the cross-sectional area of second piston 310 and A308 is the
cross-sectional area of first piston 308. [0049] Alternatively, in select
enbodi ments, rather than including a gearing nechanismto |ink shafts 126,
226 as described above, two drive nechani sns, one for each shaft, nay be
attached and configured to independently rotate shafts 126, 226. Wile it
may be desirable to rotate shafts 126, 226 in opposite directions and at
equal speedus, @paigondy0 je larerctian tpisier SO8byr & kpewnggtioy dhe dressye j of | the o
rotate sha 280 i gl rect ' [

[ 0050] Addi {“?’%ﬂ%ﬁ‘?yﬂ"z g%“ §ﬁ‘3\%ﬂg‘? gt é‘géde“%f%‘i gug’rp%g’s%p?‘g!c&e‘gg %’8 gﬁ’gf}?g%%’dd Ry
furt her i npisted& 18 nidyushincrgasee oherrths mud 30esairt Rede by ndacior aubldo therafiao€ of

mai n housi 0 configured to del.iver ui.d to cl t.he cuytters of
solids pr o@‘géé%"t’i@“twgﬁrﬁgﬁqpé?ﬁa Fgas ofdheg 6\#4 fhd %ngn(ﬁ?l%fql{]g‘ﬁsr lr#éusmsc hani sm
130 may include rows of nozzles configured to spray fluid onto solids
processi ng nmechani sm 120, [0051]@5 ne iong garlier, the generated drilled
cuttings may contain up to 60-70%P8f ~ClIMi#pP Ors shal e type f or mat i of8Y- W\hi ch
may exhibit a tendency to stick to netal andAﬁ?adually build up. In solids
processi ng mechani sm 120, cuttings nmay build up on the cutters 122, 222 and
the areas VB¢E@d05y therrgosswpstional eaypl secangd; pigjore difbandyaog iy thegrassrepstionsh o

This may | { BsPQSShBbg pl uggi ng or bl ockage of solids processing
mechani sm 1 0(.) Assp@ol ?ds processing unit 100 may be installed in deep water

on th fl1oogy, if.soli 0 ' ' - plugs .. .

ot ri QOB e T ARl SR SRR AR B ot § BRunf WRRRBINE |
prevent a plluggsrfsaRsds2dpandestbaigabrehan divelDOchahlisushbmgforeatiashafin 130
may provide fluid flow at hjgh velocity and/ or pressure thrqough nultiple
nozzl es ontdy _?%Pﬁ%e‘g?’éf@%‘%‘&ggﬁdﬁ’émﬁ?‘éﬁf@}?@tﬁﬁFl?*&j @Be‘?’é‘t ic’x_g'ﬁgdf m§8ﬁ’?ds
Processi ”g?ééﬁbtfle 10tatk RhSR B4 286 ROHpIHRAE Biredions Bad18k é@ﬁhﬁ)‘%&[‘ﬁﬂe@mﬁ?y _
continuously clean or "flush" material off the cutters to }z)revent mat eri al
bui | d- up. Bheirfimstahces vdwm éximay rhg bénsfipial 19 eetatsf shiafte SO g26ran Hanisame 130
may have suffj.ci ent er to flush or clean cutters 122 (in particul ar,
edges 125)“’6‘#@%%%5%?3%&%@% mechani sm 120 and renobve stuck cuttings.
E:ngﬂé@%pfglr ECtA xtlc?rgf;llr;l?;sts?xbwgl I?I? ng}u%‘ P, sgf?&dprgéésstillg 1511% T&) rr}r)tg)c}: Puexl’cq}e? {Irl]cljl-l g to

a flushing mechanism 130 attached to an outer surface of main housing 110 configured to

deliver a fluid to clean the cutters of solids processing mechanism 120. As shown in
Figure 1, flushing mechanism 130 may include rows of nozzles configured to spray fluid

onto solids processing mechanism 120.

[6051] As mentioned earlier, the generated drilled cuftings may contain up to 60-70% 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.

13



122, 222 may include "clean” drilling fluid (i.e., drilling fluid w thout
entrained solids) supplied fromthe surface by the drilling rig or another
vessel. In select enbodinments, the fluid nay be punped down using a high
head centrifugal punp or a triplex piston nud punp to attain sufficient

cl eaning velocities. [0054]1n sel ect enbodi nents, the nozzles may be

repl aceable and may vary in dianmeter from6 mm (1/4 in) up to 26 cm (1 in).
Si zi nif052] t he ninzetdes toaprebent basdegged edids nprbcassing eme¢hapidmf 130y flasking punp

capabilities, drill]. cuttin terial.,and other requir nder st ood by
b Lkl | FRkpanisin 120"ty bR ERAF OB gt pBRRBEAT Pl SRRl RUEG 207, O
be used f ofiozkzles shion@liddpob@Ying ddeharfien 226 AMEe drekRiohQ)f 8olillsi pro@esibhumiugh a

hex- headed bolt. Each bolt may be fitted directly to the threaded port 115

(of Fi gurel®) Baelesiambadypentn iysing feehaséym 13fhgpah eonfiniges e alepmnor HbisEo) i ds
processi ”%F@ﬁ&a&f &@c&ﬁ&s tﬂrﬁ%@é}ﬁ&na@&% Puitd-8¢l Phe Rﬁiﬁ%&eéﬁ@kitiﬂ%‘fl{@wzﬂ@% may be

used to sea etween the surfaces o e head of the bolt and mai n housing
110 of sol éfoRuspingorekamigmulIOtmdy0Bave[sVffEidnt enerey ¢e flugndodeanesutiers 12z@h e si ze

may be sel ected based t least two criterian,-First. an optimal flow rate
Ty be cortatroEet B of hendt Bse i FrcreRingrag mht Mg s iena, Whi oh
may b cul ated on the basis of naxinjzi t he hydraul j.c horsepower

avai |lz)8%§i for dP&giseifgn Q‘i‘ém%’id&sﬂ‘ggd’éaé ﬂ%hwﬁ agigp By to %’%ﬁﬂt}erf he
size of theonozzheg if@YdDISRS eFingly fiie (pé.?mﬁgg_mﬁﬁ@i@w%qm% byidshe
hydrostatic colum”™of nud above the nozzles conbined with the head inparted

by the hi glupplicaldfrara thersutfaesby thedpllinguigonanather vrssel) I seleskprabedimantsHhough

t he nozzl il | .have jnimal t r J t he
annul e At ey BB Pine CREFheRE cHRL QP bR ey bl
transm t t gsiniporotdit@infsaffitidnt ORanifig Vélbeiug the use of a suitable fixed or
vari abl e choke in the line carrying the clean nmud for fl ushing.

[ OOS6{0B&HET I i NAnLBleft EBdRindmS thORSZRL ndly Refreflatdabfe Al QERSHIryIth difikted 00 mMay
be described as follows in accordance with sel ect enbodi nent's of the

present difsehégumd 1/400) wmtp 26hem Chisw abizing efithe ezzBPnayde, bagad 91 ontignahed
containin L ttin i r ai . I 1 o) . ol e
ocati on oty G5 hlst B, cabiRl AUTERRR, hiliigl MLohECRAERITY,
pr ocessi ngindedstood &Y theye skilleddnithid aneBulthes] pdrafthatearé buimaleht!to nbzglesnqasy t 0

reduce the drill cuttings size and prevent pl|ugqi of .the mud |jft punping
equi pnent .beTied 4oy fiys t 9dhgay SABBFGE goxeﬂ_ﬁoﬁlfé@?? ﬁggﬁgﬂu‘r\}g&i %ﬂ@hfﬂwe%or t
112 on topoff FRh Boll A Hagf_i&ehodireéay tdhedhiehded Gttt 1 130Rf PRSI 2 NoaHaTIowU 100,

cutters 122 and 222 of "solids processing nechani sm 120 rotate in the
di rect i on thfough thevholtmanbe irectddoiarthé solids grocessirmeciandm, 129 dirdiehgn o-

h i ng, hi,ng, d i.ndi ' h ' il
cut i ngs. TR seaeefitfgS RaleF BErb bt Re bitfooB SRnEhe RG] oo

they may LwitaducedhéiBing 0Wfsoldiquedessing enit t0pass through solids
processi ng nechani sm 120 and exit SPU 100 t hrough fluid di scharge port 114

on t@gos9f t om qf sOBkEniHUfhdts, hdle (&b ﬁ{ay%is{ajlbctﬁﬁlbhsjeﬁ% A P4s Qo FRerla, €NOUgh

to pass t’hrough SPU 100 wi thout being reduced and may continue to the rig
surface, piinsuiadiopimahflowirkicadaygetanpuwied basadrph dhe fewel aiihisking gnd 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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[ 0058] For exanple, in one application, solids processing unit 100 may be
configured to reduce the size of all drilled solids larger than 3.8 cm
(1.5 in) in diameter to an average dianeter of 1.2 cm (0.5 in), but not
affect any drilled solids snaller than 3.8 cm (1.5 in). Because the solids
processi ng mechani sm 120 woul d be configured to crush pieces |larger than
3.8 cm(1.5in) into nuch smaller pieces, a technician eval uating sanples

passi ng t hrasghttede tep{ormadonis yhrgughibe ushefia suitable Aixgd ot varjable ghake inge
t hr ough thﬁne%Hg%z%&hékle&mgh?&%sHﬁ ween 12 cm (0.5 in) and 3.8 cm (1.5 in)
y

in size) were n educed the sofids processing nechani sm 120. Thus,

throu | ectiye. sanpli a surface techpici.an may he able

it oSBT ot e (XERRE L, PPige® Thhe PRGMIE” BT w2bd P%sie 357 1L awpr e
nechani sm dedbribhddodn folllos ifi QM Yvithioldldls epibodiaRaisng e phashtsdicléfire.
[ 0059] Referring collectively to Figures and test sanples of drill

6. 7y ) :
cuttings aPuriag i operber qfpthguidd " HR. fillingamud, qonipining dibl tings 6@ eand 7B)
bei ng proc . 1 ik 100 i i g LD
enbodi rrent?ﬁ%?%g%ls“zsg%g?g@%&% gur esk5 %Iogﬁg@%ﬂg ég%iﬁgtl Ikar g)elﬂgr%lc‘lﬁprg%né hard
rubber sangldescrited shest i Sodidy probessmgemgriDd maydetpoesitiondd just befwe degnmdlifini t
100. Both are representatj anpl.es of the types of .drill tings that
may be f oufHhio ¥ u?ee{hﬁ rdﬁﬁﬁ(@"%é’?gsl ﬁ‘?%@"({rﬁ{fvf”ﬁ %@%ﬁ% Pgﬂﬁrlin}l? i(iﬁggp%'u €8t i ons.
Fi gures 6Bequiinei® IhedrillnaittaiRnlen BEeSIOQR0 @idudlafididreath @ortaf12Ringiepes 6A
and 7A, respectively, after passing through cutters 122, 222 of solids

pr ocessi ngmARAAEsNg h1@2 Aswibe kil agingg Papy SrghiSEY §09.rcutters 122and Raddof ot h
sanpl es MeLGag bIRELNCILARNE P50 [ Rar@ i3 e aREARA' RUrfSulsOA RATR | Mwh hhouah
the nud |itt puanpling "equi pnent, but surficiently large for geol ogica

anal ysi s afigutee $Ai angl. 3H, p0B0dihg slxmlieg,t creshirgy and ptinding acons totedsgesthe mizased
with the s@&daﬁiﬁrocessi ng unit 100 may vary the cutting speed and torque
in order tY MeORIEWPBEYN" certain materials. For exanple, a control system

may | cbor orate a bl ade speed sensor to neasure_the rotational speed_ of
bl adel¥03Zp  222A4hemiings anpgushed gnd grougd dnte\senaflel pigesssORY B1aY1hs Hdusdre an

out put tor ' ; [ j LSl g0 rd
mechani sm G4 PAeH 42 B Yal CARIAREA] PboEREAARL SNl (ESPU.
may be contGOothkeghsudd dischargd ped eld 4100the ApRowf ofswhindgousmgclddsi @rerrddiani sm

120 are rotated at sel.ect ed, maxi for e - XL pum

f or war d spcélgtﬂ‘géé?ayp@ei ﬁPﬁlF%'??d'g{’ ﬁ%PastP%bgﬁgg{@E‘?’ﬁﬁugh\m&g ir @Cg@%@ﬁ}agm 140
may be condon@hhe@ the rif surficB Cir6AIRE WinodERidgRsRIcal niplds ToidralysRe sel ect ed

maxi mum f orward speed. [0061]1n the event that drive nmechani sm 140 cannot

provi ough g, 0; Jidhti ; ingRacli 0 they ¥eEshrpagRAde then
t he f@??\g]:d spe%dé eﬁ%@p%ém@dlr}?g%&u})ﬁ’eﬁoﬁgé E{%ﬁég thatl t he ﬁ)rque %ut pf}? of
the drive medwdeahé sime iof all dsilled paidsdargenthamBi® e (1.4 iskinabiareetemiordonanerager war d

d (i.e, i Nj d ' th i f the, bl ad
155 207" itm@ef Yok TSR ORL LR RBCRTRST &l BBl Ayt 5plef bRbAR eR 2 Bl et e
reverse spgRdiselic §d1Rls pasvessitd MecHagise] ERNWwOLE bk Benfiirédid dpishGrReRs gger

mechani sm 120, [0062]Sim larly, the torque output of the drive mechani sm
may be corfbitbpBeam (15 18) intg prich smalleropieerscy dackpigianicyalyaiing samplenhpassiBEect ed

reverse spgedon fld $5U 308 REG deli &R RAQMEEr 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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of rotation, the control systemmy stop the reverse rotation and forwardly
rotate the solids processing nmechanism 120 again at the sel ected maxi num
forward speed. In the alternative, the control systemnay stop the reverse
rotation after the solids processing nmechanismis reversed for a specified
amount time at a drive torque |lower than a selected reverse torque limt.
Furthernore, if the drive nmechani smexceeds a maxinmnumtorque in either the
f or waf581 r ect i RefemimgtchBeativelgrte Figlirese@ tad?y tést matnples dhdrilh cytingsare ahowam or

mal function_.in the soljds cessi echani,sm the caontraql system may
be confi gﬁ‘?e&mt%‘%‘ﬁ%té‘%é’\%Wfﬁ@"gcﬁf{égéﬁg}’%ﬁE?S?H%;%%P?mg@ﬁocﬁﬁiflI%ytsr?@%ol i ds
pr ocessi NGpaBGEiaR ukii 100 in RecordiHRE B mbbaRbeld Yis€lbsanRerin O Figued! Canld So

t hat ot her_conponents of solids processing unit 100 nay not be danaged.

[0063] As sl Kepichkrgprockgod heyd pbbepsamples respeqively. heloss eaeringh e sohds i n an
automati c : i : } NGOk 100
may bo. acchnenyiny Ut 106, Mot HE SREGAHE Marfipolh TS F A8 o

i ncrease tiay bé fouddfih dw retrging dritling mud or downhelendyillibgopaviticas. pipeesst ng
mechani sm 1 The RBPMs at. whi ch shaft 6 of e l,i ds_pr.ocessi ng
mechani smafé%ﬁ Shax enw%‘éfgse‘ﬂ@%a“‘ﬁ@afa ‘}%@egé’??@%ﬁré‘??ﬁ‘igéi’fﬁﬁﬁwﬁ e speed
to the opefak ?fmsfh‘g tHEVMbH cheers MEIR 20 P ol pro@SSing® neChdishal 30 Sithid sdligs t he
art. [0064] Sol'i ds processing unit 100 nay al so be progranmed to run in an

aut onmt i c Breefssing inite 1@t Anisbavae Rt sammies Brere effegivelyoredyeedy o @esige ng

unit 100 ed. Ll Ao pe” and
" ow si de- oo R HHs Gtk frsih o I RRRER o SRR (hLTRCn) HESEC o
for consi sgeological satysiseanditdseéngl ui d entry port, fluid discharge port, or any
ot her appropriate |ocation as would be understood by a person skilled in

t he q060For exanplea, entRidafénitn whtral His@hr ssedavill @8 SUlidd @bcesdigg Lhiil00

di scharge flange may be an indication that the SPU 100 may be rotating in
the forwardayr#ydhe gytingspged and tasgye i prdsr tq frut ghropghs cegtain patetiply Sobcess

them (L e. u i i i:m , i re at
the disc haerx(f'f;eﬁfoébgtg Oﬂnt{elt);} §}'S§1§% gg‘? elﬂ% rg(grh%éﬁem%&séﬁ%e?gsor?%%gﬁu%ﬁ? rrl&tEl ﬁ%ﬁrever se

di r ect i on,spesteoebladesnid2, 2228 |omdghefts d26.d22G sl a sirive itorgne bénsar topmieasurchan SPU

100. [0065]Th f tion, of t . SP 0 b t led b
2l gor | ¢ nr LTk Savbedlo B fbeStinBaccgysth Jaf b oY wie Bl 18 BR; o "
may be setyshis @B WRRS Hebd sensof, Wolibe proceiaipemar 108 asdy K chlitited isdéh eHat

| ow-si de pressures reach particular set points, certain actions may be

carried oltadsy 128c228md spbids progessingi mesharispi2Agire Fatated 8 & selectethmagiom ng at
SR e : . .
Furcher bapid GARF. REAAANONDE b fGE BbulniiIRS, Brderaifind diie

corr espondirive maedhagjbiest40 may be controlled (i.e., increased or decreased) to maintain the

selected maximum 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
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al | owabl e devel oped pressure when the SPU 100 runs in the forward
direction. In certain enbodinents, this set point allows the SPU 100 to run
in the forward direction at about 20 RPM If the SPU 100 is experiencing
any |l oad due to excess drill cuttings or any difficulty in processing
solids because of their size, the high-side pressure may increase. \Wen the
hi gh- si de pressure exceeds the Maxi num Forward Pressure, a signal nay be

sent to stefpromtignotherwppk ysERUMBIOR et eyrse [eeinn sdRorwpLly Fifsdhe O
Teeth (" RNQFg) Bﬁ)g%ssﬁlgggéchmymb@()gﬁg?i&gﬁttﬁeo&l&ted%éﬂﬁx mt £ Warkt Qﬁéedt hg ¢RPU 100

will reverse t S e stuck s the anmount of rotatioh being
det er m nedalteynative phe ichited systedoenaytop elet teveme tétaticlr aftee the solids Theswsfiog e, an

entry of "24" as t.he Reverse Nunper O et h set.-point for drive ar
vt gt weRESPERRES FREBH I R Ao anot GGiedy s crigf Cle iy Bannetndler o
one conpl efeferfiopdueél il FAhedRsR), ifIBEdAROYIEchah R xRVRk 2EnABGOANLASRE in
incorporated in the control systemmy act as a safety agai nst |arge pieces

of solids dithar thgajoryardjidirection or e pesEesdirgeHon (@dinating £ gotsaljal pigas bl y
overload t 0 . I: e eFSULertrl” , t L, poi nt
may be equ@%ﬁ%ﬁ%ﬁg}l Itlﬂlfgn S?’?ﬁ"’;\ péé%é%ﬁ%lgh és?g%{ﬁ%%i %ﬂfﬂ)mﬁgﬂnE?ﬁre&S Uerlr)ogﬁ‘ ?ulr)lés) in
t he rever senfigured ttboshut Idownhthel slids i ptecepsins smitel¢th ondathessdlidy qmacesding

Maxi mum Reverse. Pressure set point while reversin he SPU 100 e

br o001 AmredMEUAEE B R JEdriPRgedtaty Slpaedh SHTePREEE iy i ethgeoppooPl of
rotating fQuepdcasdmtnit 0@ nAYHROSEIMagedle Maxi mum Reverse Pressure set
point may be to prevent overl oading of the SPU 100 in the reverse direction

and t[‘ﬁ(}BBEVG“t Aéﬂ%éc‘ﬁf’%etl%g»ﬁsg%mfgg %’F Or}%ga%gcbotﬁhfnl 8 R4duSMiddl GadaCindhs! 0dge

t he sol1ds overl oadl ng Maxi mum Pressure at Low Speed”
(" MAXPLS" )augmnatigomnde. ndgcredsgng the speed (RS iof shidSptoceBdhgcanit 160 msagbence.
As described a Oée afte(i;i the.SPg 10?1 revgr es a selected ng}rbg:) r.dg{ t eeth,
the SPU 10GCHERISLER LY feading ¢ Siepabida AyPRAPH OHYe RUMp (oLcTess ﬁ%‘. % about
8 RPM i n sgfeeet therhaned GBS ihaB6liddl frbcedsiig FMRhamsR U, Ofhe RPNIs€at Wikich Whi | e
rotating in the forward direction at the I ower speed, the SPU 100 hi gh-side

pressure isheftebieg2anbite slifmriopessingraesheniem 420 refpespreke seosedby fpulse he SPU
100 may Sts%{?ﬁ?ﬂqn&n%gtggethé Eberéﬁ‘(c?ﬁ%%ggfgt $s GROd Y L@Eﬁf&)ﬂ‘ﬁy e of Sﬁﬁr%?i at ed

to protect e Cco nts ‘as we e system trom overl oadi ng. er
changi ng dkilbmtthoart.and rotating in reverse, in select enbodi nents the SPU
100 may repeat the sequence of steps (RNOT, MRP, etc.) described above.

[ 007Q1)BE4T her myodids Procddsigrimin IBOGEHLLIS B prbgiwmpReiad tul inMnMdkdMAticsRbédepoi Nt
In select embodiments, control of the solids processing unit 100 may be based on a set of
measured pressures termed “high-side” and “low-side” pressures. The pressures may be
measured at similar locations for consistency, such as the fluid entry port, fluid discharge
pott, 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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pressure may al so be inplenmented in an SPU 100 control schenme. If after
running at | ow speed for a select anmount of tinme, the high-side pressure
has decreased to a value that is below the M NPLS, the SPU 100 may change
fromthe | ower speed back to the higher speed (e.g., 20 RPM and conti nue
rotating in the forward direction. Furthernore, the control system set
point would |Iikew se change from MAXPLS back to MM . [0071] As such, a

met hod t o Fustherewkendvér| heasgrednbdgheside ar lwagjde prassurefergagppartienln winpaingubsea
wel I may incl ude breaki up.(j . e. [ t. d f) .a ion of the
subsea sol YHETLICUSPS ﬁlgagp%t %ag“se%ﬁf‘?yo{é}r%. r crl])gno’t1 ‘gl}l (Zl,n é? ho P ?ngdﬁé&g@n%:gfl&d)s may
ei ther be gigipgacstlatedRPMBeTREst bbiadrandthdibopehtinginsibangetplomedfgthsr t h t he
drilling mud and remaining entrained solids) to a surface facility. The
retrieval tPFé‘?}"’-al so include breaking up the portion of the entrained solids

with intermeshed cutters of a solids processing unit. The nethod to
retri BP86kay alAdMpxisiuoyEonwaph Sedssiye § MFB e peik imepy qogsporddoahighest t han

it . . . e . : .
coi | ds. pr osepf AR AR AGNESPOT0D ok MM rok Sy di P Bl
br oken- up embddypassahis samyoiinealiding chafBed Dot tnethe fidrivatd dinettipuapaisbut o t he

surface fagility. erein, "surface facility" may.pe any storage,

processi ng’:‘) g?%oé@?‘?%é EnEerenERg, 1 W@g dyp R eKessS %ﬂﬁiolup’t'és OhatY i s

| ocat ed " afigygity i BrdcOGaly PNdPhedali@ TURSEGiz¥RhE highRRIcYrSsre Maybiblcass

facility may include, but should not be Iimted to, a floating vessel, a

t et hered oWhem gteolrightsisk ar¢sevmm exereds thealaxivanne drorveasd [Presyure, a signal may be

[ 0072] Advas;éﬁ?tg%{)o%sal or?@%@@ﬁf@%&aﬁ%.osed herein may prevent plugging or
0 or mud T

st oppage return T nes an t punp chanbers. Because mud is

k to he s ace [y " [N di spl ace t .di aphr.agm in
Guay “OBAF ent b Reverig Nopers0 T ohdn SINQ) 2 raioh Bed B Aaegon LR AP,
there i s nQatPhe GWHNA00Twilll feh8ke th Aislddpe Stk dolids, PMBTAMRBITEE koth@droveihge
di aphragmwith large solids. Primarily because, in the event of pl ‘Egg! ng of

the |ine oletarmined iy specifisd sumber ofitegth duthe driye gegre rkherabors, a1 emtyeofg24di ent

in the wel it I f I : ef qr; ' Bscl d
her ei n mayalsg%a nglts?’e ucee?c%i?gedgﬁsgé & ?ﬁ‘n%ﬁf‘?%gﬁg&g?‘g%@ﬂg&‘géﬁo| e
failures. WwaOd3hAk sle shaftosftheISPU HID torretdnse @retconipldte sgyplucion.aids dedraibed t may
be undesi r%bl e ﬁo al | ow I‘glr e pieces of, solids to accumul ate in th? wel |
bor e wher dPPHey IS eESemechapS TR EPEPrafa Batheripniel SY5tent i it &t 2y | ng
torque, bifsadk@irgd pBBEs BkolidshBhe nR§Ae @ficuld A piREdsOMSoR P&k Al by NY
problens that may result. Mintaining |arge anounts of solids in the

annul us mppssblyeveneaddhe eystdme ef f ective density of the fluid, thereby
increasing the effective bottom hole pressure on the formation and thus

i ncr d8868h t he A i*Maxbhurh Raetwe Presfde’ atiMRED ssl pointearivp bie pgrd s thedimhitiagd

h i hel t hat | lids, t left jnt |
Al | oved SO GRERAIS whtd G QWO ALDHERS i o Fge seltyi Jf tiniav-fHe
accor danc itk REI0Rd: FEYIhA (5 BkeRRH RIRESE Prdsucd set AR wHTR e hRsifgIthE Our ed

to process solids in the nud flow stream [0074] Further, enbodi nments
di scl osed SF&F 400 meaybaPEgrpnwed de steprgtaEing iy ithe yere -difeetian andjorsiel sterg

rocessin t - LS bl j I illed
Soi i ds- woaPAEaE sk teghlh, R SYRCMARnh R ERRRAL PNy B
proc _ess: ng(l) lp[ﬁvtgﬁt overiaading @amsmtmgenhmmem slirdetionl orlew ;hf.\rea't theaBRU

articul ar advant ageoys jnh view of str ent epyironmeptal r tions
(F:) urrently 11()% from %‘Eﬁmgg ﬁ“é%\YE‘ll%‘l‘“eﬂ’aq‘l"g 19 ‘S’toage r‘Pg‘YS(%V.e' oa ‘?&@eﬁ%?fk)%sea and
the Gulf of Mexico), thus elimnating or substantially reducing the need to
depodPB6Qlhe cut’ i“Mpxiumt Ressisa 2t [lowt SpeedieCMAKYLINe et rdintbesi ey P | i ng
fluids ar (?néi'\?c?eq 'nl Qrf ts%fj 100 ng%l' éé ﬁ%xc%m !Agsde@%epeab.ro@g Oé’f?e‘i%%e pdf @60

Paf gp abl e st udy.

surface, particu y in"Sizes acc or ~geol ogi cdl
reverses a selected number of teeth, the SPU 100 may subsequently rotate forward at a

18



[0075] Still further, enbodinments disclosed herein may all ow better
geol ogi cal sanples of drill cuttings to be obtained by geol ogists at the
surface. Wth very small solids, the geol ogical information contained
within the cuttings may be conprom sed. Further, the smaller solids may
beneficially affect nud properties such as density, plastic viscosity, and
the gel strength, all of which may inprove substantially as the size of
entrai ned kwler gpeedreigheabout 8REMgnrelgcdenbadimerts) #@0wEh Sehigher angisdiofent s

di scl d ' \ . i cal ] ' i .th
6 5c105¢0. L 181 BUsIRS RRSHRASERL R L 6 S TBhNAYS,
are smal | efidé pesukdimcpes iabbeda Maritman Pressmy apbes Speedodeg point, tio$SEU 6D ng

processed. Thus, the integrity of_the cuttings is maintained and their
si zed kept MPRAWE f’éﬁ%o’i?&ﬁe F‘gff"@ 61 obtit £Pnte! SRp ’é‘ﬁiﬁl?’ﬁﬂﬁ?‘ﬁfg‘?@e&ﬂ? HEUECtdRf ect i ng

the proper ¢dgsonehts tAewiNds BEydh £6m! @Jeﬂ@a(ﬁﬁg].t OAf6drOhafkink "MRGEoL RARd T | Ui d
fl ow through the subsea punpi ng equi pnent. [0077]Wile the present
di scl osur erotaimghe ayersesiorselseicemppadiments e XPU H0Gmpuy ripeaidhe seeyenceai steps

enbodi nment skikl | art, having benefit of this disclosure,
NEERE: Sk B bR bl

wi || appreti nents nmay be devi sed which do not depart

from cope of .the disclosure as described hereipn. . L,hgly, the

scope{dgﬁof he di HHE 2h oﬁll%‘&}mb‘@ Ispir?ff‘l“gdatog‘f’y S?ee{dh el W eg %Eﬁy ZPHE
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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Clains What is claimed is: 1. A subsea solids processing unit for

comm nuting cuttings in drilling nud being returned froma well being

drilled, conprising: a housing having a drilling nud inlet and a drilling
mud outl et, the housing defining a pressure containing vessel capable of
bei ng operated in a subsea environnent, the drilling nud inlet adapted to
be connected to a subsea drilling nud return flow line;, a solids processing

gec lhiam sm i syofsed usmgtm@omm |dmglab@n¢LBe¢iamfhwﬂ reump My dﬁ%lcgmﬁﬁlét diilieg t he
rilling mu

chait comprieatisdt b3 R B RERE Bl oPER TR A ATEURE I iy o

about a fimstpusap chantbed bEloﬁnSﬂxedixﬁ;ﬁﬂﬁgmmxﬂalasgcmidss Ha'fmardsbrbpcawc ng thesecond
plurality of cu ters and &gnflgurgg to rot e abo(g%&a second axi s .i

a
second di r&ept gh pluggingeohythepiiner o1 & Mimp. a‘F Bl 0 BV (R A TilgIfed to
i ntermesh ﬂa&lgntt AT %ﬂ“ﬂilﬂm& 16} iof YheOhvelf. Utﬂl@lreﬁ)re Gentdod il dREI6SAMNRTh
configured to flush the solids processing nmechanismw th a fl ushi ng fluid,
a | ubri canmay geetly midpceenstsaandi ndngma timebby praventing downlle faillyees| ubri cant to
portions of the unit;

[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 pressure intensifier connected wth the lubricant reservoir for applying
a pressure to the lubricant being supplied to the unit that is responsive
to and higher than drilling nud pressure at the drilling nmud inlet or
drilling mud outlet. 2. The subsea solids processing unit of claiml,
wherein the flushing mechani smconprises at | east one nozzl e di sposed on
the housing and flushes the first and second pluralities of cutters of the
sol i ds pr oamishe pe strengib,mllsohwihiicthmahanfrbvssubsigntidliyiad thecsmat dfleetriinedssuilidg
mechani sm | s, adapt ed to(%g connected to a drilling nmud inflow line for

f1 ushi ng tﬁ%h%ﬁﬁggw§qﬂq P51 i ng mud bring punped into the well. 3. The

subse aolids processing unit of claiml1, erein the flushjn chani sm
conpr f‘!@'éﬁ a fi r_%‘tleqt GMbgfimegLs figelosgd HO%W&E@W_PS‘E"(B@ & r?‘i“fg‘tgr{g‘?l &%t he
second pl us@bdiy ingS1atder PfticRhSo no%breatEieinatASpEcifQ] iffenBORC FARIANG tHRY dre OF
claim1, further conprising: a first plurality of spacers positioned

bet ween t hamdller dtangheisexicified dimension mway passohrpugh avithonisheing processedi Fhesecond
plurality gof. er 0sj.Lioned .bet wee 3 n ral | kv .{ers
B ong the B5RATE LT U BB EERy MR PERER R ehdntpPbseibticef!
further cosmudy sidng@alysisctHonoiffeling ¢l propedtiesadftiomid, burnoesolge ek o &bg
controller controls rotation of the first and second shafts based on a
pressure dPFFREdHINe Apidfewdunugythe pybses PHIBPIRE EQURPEtat the drilling mud
inlet and the drilling nmud outlet. 6. The subsea solids processing unit of

cl ai nl0977hher ei Whileghecsatenbiliselpsure hasoreen gescailied with respaet tousi limitgdungher
automati c re difte ial.: . I .1 he
cont rol | ord avodnhE TRNE Sited kFbE Rl BB EEAP R TLERAER, DALt "2,
subsea solthatisotheioembsdingnisninky bk delvsednvhichwkle rmit riepdrt dront iiee scpt raflther i s

configured, sych that affer the controller has reversed rotation i esponse
to a pressliposyre pe desfribsd heFF“éxc@%‘%?glﬁ’hg‘esgogﬁtoédﬁﬁé{ﬁ%me {l}?é‘pd be
controlIeqhﬁ@ggﬁgyB?ﬂ%ﬁﬁgdﬁgkﬁﬁhgn but at a | ower speed and hi gher torque

t han enpl oyed when the pressure differential exceeded the sel ected maxi num
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8. The subsea solids processing unit of claim1, further conprising: a
controller that automatically varies the speed of rotation of the cutters
in response to torque applied to the first and second shafts. 9. The
processing unit of claim1l, further conprising: a controller that
automatically reverses rotation of the first and second shafts in the event
a mnimum forward speed is not attai@kims 10. The processing unit of claim
9, wherei n\Wwhse icOahiealid-er automatically returns to forward rotation after a
?elected_period of reverse rotation. 11. A subsea solids processing unit
or conm nutipg,cuttin in drilling ud bei returned froma well bein
drilled, conpti&i% ?eaagoﬁ?ﬁjEfoﬁﬁssﬁg\ﬂnﬁdorac%?m'[“lﬂﬁ%gcuh'ﬂ%s M frding o \é‘gg'(??i |1 ng
nud outlet, therchousify adedlibaingdrilled,moeedainge cont ai ni ng vessel capabl e of

bei ng operated } RodingWaiRAa 8MiHgmRANMEand bRBIIY hid butigt, MthoisMderiidgpt ed to
be connected to a subsea drjllin nuq%%e#gtn roWdLinq;ba sgl ids processing
nechani sm di sposéﬁeﬁswet‘:ﬁ@a'ﬂ@&é’laﬁg' TREUE 8PP T i i I Ehd t he
drilling nud out |te¢ drilinh enugdtiétddapediio e shmgctad torrasvibesn @itling mud iretgn flawf i r st
shaft conprising gefirst plurality of cutters and configured to rotate

about a first . ) . . , . -
a solids 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,;

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;

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

a lubricant reservoir containing a lubricant for supplying lubricant to portions of the

unit;

a pressure intensifier connected with the lubricant reservoir for applying a pressure to
the lubricant being supplied to the unit that is responsive to and higher than drilling
mud pressure at the drilling mud inlet or drilling mud outlet.

2. The subsea solids processing unit of claim 1, wherein the flushing mechanism
comprises at least one nozzle disposed on the housing and flushes the first and
second pluralities of cutters of the solids processing mechanism with the flushing
fluid; and
the flushing mechanism is adapted to be connected to a drilling mud inflow line for
flushing the cutters with drilling mud bring pumped into the well.

3. The subsea solids processing unit of claim 1, wherein the flushing mechanism
comprises a first row of nozzles disposed adjacent to the first and the second

pluralities of cutters.
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axis in a first direction; a second shaft conprising 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; a controller that senses rotational conditions
of the first and second shafts and varies rotation of the first fand t he
second shaf t i FherssRssaselisls Peosessip PP slainh fethat BIPIiEre: ALS WY ,Pomat i ¢ node
wher ei n the conépacdrs positonstt HeBlen Kratfied plonlitp bf duhers hlongthe inthxiseemial shaft s
based on a pres i i.al i t he
drilling mud i n?eé*%f%;ﬂ‘dg'ﬁ*ﬁ%@@%%ﬁpf’%@‘;“\énﬁﬁ‘g”éﬁeﬁt*é‘% G £k e
processi ng uni tthpeeePdPf- 11, wherein the controller has a speed sensor that
senses the rotational speeds of the first and shafts. 13. The subsea solids
processing ury t l%fsuﬁge%'smdﬁérocmﬁP%hipoftct%?m ¢ QiHnePdnRfisihgg configured such that
while in the au{oma I C node, a pressure d|f¥erent|al excee?s, a | ect ed
maxi mum the cohEyPleshaving s sutomatic modedthereidne cAnBAllET canplp Etqtign Pég%rse
rotation. 14. Tie sstbsead salts bisebos pessungdiffenertialdetvekaditing3yudnvher ei n af t er
e o ontron e irdesRh L BUFth WO Aol Al AL mbdBuReNT 101 f has rever sed
rotation in response to a pressure difrerential 1n excess of the selected
maxi mum the controller causes forward rotation but at a | ower speed and

hi gher t or québ- t FgrPubsAgIsalrs @rarprsing LAECT 1Ak Syvhered the eqliplier §|°°yé\§8f§§ded t he

sel ect ed maxi mugiuch thhbwhild irstid s@amatiolnads, greseassifiepnial excebdsra satastednut | ng
cuttings in dr'rkﬁlaiirﬂtgn, éjcolﬂﬁJ)I@?carugésqﬁQ@Q ot 9 ﬁd%\‘té tob@\}e% rSHtidnl €d,
conprising: a housing having first and second drilling nud ports, the
housi ng defining a pressure containing vessel capable of being operated in
a subsea envir oTHERDbsealsbiRis fidcadsing luhit bfi ciaiin Gvehe o dfteattiapérdrdiier & be connect ed
to a subsea dril]in t ' bW id d,i-ng nmud
flowwng fromt h%mb\%ﬁg‘?&ghn@gtt%gngé%:%\r{]yadehEﬁ rF%sgﬁ%ﬁ%\o\égﬂ?s%ﬁ%épﬂ[ogd to be
connected to a Besgesifeanialinexaersof theselerded RITHY NERNGIPTF8UERF nud f 1 owi ng
from t he housi ngniag fol2GorsBUd SEAWI EPédIGINY Righer ta@quEtthardsngioyed @8&i thg mechani sm
di sposed in the housipng between t Ny econd drilling nud ports,
t he solids proc%rgssslwﬁ3 ! e@ﬁ%‘ﬁfmseﬁ%j ecdgﬁ%%ﬁlescfe;dé‘% R

8. The subsea solids processing unit of claim 1, further comprising:
a controller that automatically varies the speed of rotation of the cutters in response

to torque applied to the first and second shafts.

9. The processing unit of claim 1, further comprising:
a controller that automatically reverses rotation of the first and second shafts in the

event a minimum forward speed is not attainable.

10. The processing unit of claim 9, wherein the controller automatically returns to forward

rotation after a selected period of reverse rotation.
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a first shaft conprising a first plurality of cutters and configured to
rotate about a first axis in a first direction; a second shaft conprising 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; a drivgbrmtor; a gear

mechani sm opéelat supess soligrpspeeasintgstnfidas OPRBUting cultingsiydrling BWE PeR%f t s and t he

drive notor forreids frog arvedl atih@ariled, comgrisfngr st and second shafts; a
| ubricant eseré’@&uginiﬂﬁ 'amrinmtg%{?\ué %ﬂm érﬁ%i]liﬁ&&g?&ﬁ@{, WeMBuditgckifiagh to the

gear nechani sm a pressure | nsitier having | east one piston | ocated
within a cyl i nderPresgyie Feijairing Yesee! ean3a AT RedgioRgrater in %S“b?%‘seé’ﬁ’ XMERL t he
drilling nmud in emeiriihg e infet acHpted nelbes@ansvtbdde & butiseqdrifind mpdretemntiowt he
pressure intensifjer, which produces a fluid output pressure proportional
to but greater than the fluid pressure of the drilling nud in one of the
first and secorfisH¥s MrPGERHNGRIRFAYTT disPogadin e 'I?H?'?ﬂﬁet‘?"?eﬁéhq C&'ﬁ'ﬂ? AY%from t he
pressure intensi fiil@and heldhiing il dutlétnthe s@ideprogissing mact@citre domprisingt he

prBssu e . l _ gt .
bgi gbcgﬂpp[ iezgf%v@a[snée@%oﬁgh@/é ¥t Sy bidts b ebitigRe@ R bR dbButlatfst! ubri cant

axis in a first direction,;

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;

a controller that senses rotational conditions of the first and second shafts and varies
rotation of the first and the second shafts in response; and

wherein the controller has an automatic mode wherein the controller controls rotation
of the first and second shafts based on a pressure differential between drilling
mud pressure at the drilling mud inlet and the drilling mud outlet.

12. The subsea solids processing unit of claim 11, wherein the controller has a speed
sensor that senses the rotational speeds of the first and shafts.

13. The subsea solids processing unit of claim 11, wherein the controller is configured
such that while in the automatic mode, a pressure differential exceeds a selected
maximum, the controller causes the first and second shafts to reverse rotation.

14. The subsea solids processing unit of claim 13, wherein after the controller is
configured such that after the controller has reversed rotation in response to a
pressure differential in excess of the selected maximum, the controller causes
forward rotation but at a lower speed and higher torque than employed when the

pressure differential exceeded the selected maximum.
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16. The subsea solids processing unit of claim15, further conprising an

i solator in the input line that isolates drilling nmud from | ubricant
contained in the lubricant reservoir. 17. The subsea solids processing unit
of claim 15, wherein said at | east one piston conprises two pistons, one

having a dianeter |arger than the other.
15. A subsea solids processing unit for comminuting cuttings in drilling mud being

returned from a well being drilled, comprising:

a housing having first and second drilling mud ports, the housing defining a pressure
containing vessel capable of being operated in a subsea environment, the first
drilling mud port adapted to be connected to a subsea drilling mud return flow
line for receiving drilling mud flowing from the well, and the second drilling mud
port adapted to be connected to a subsea pumping unit for delivering the drilling
mud flowing from the housing to the subsea pumping unit;

a solids processing mechanism disposed in the housing between the first and second
drilling mud ports, 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;

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;

a drive motor;

a gear mechanism operatively coupled between the first and second shafts and the
drive motor for causing rotation of the first and second shatts;

a lubricant reservoir containing a lubricant for supplying lubricant to the gear

mechanism;

a pressure intensifier having at least one piston located within a cylinder;

an input line communicating fluid pressure of the drilling mud in one of the first and
second drilling mud ports to the pressure intensifier, which produces a fluid
output pressure proportional to but greater than the fluid pressure of the drilling
mud in one of the first and second drilling mud ports; and

an output line leading from the pressure intensifier to the lubricant reservoir
connected with the lubricant reservoir for applying the output fluid pressure to the

lubricant being supplied to the unit.

16. The subsea solids processing unit of claim 15, further comprising an isolator in the
input line that isolates drilling mud from lubricant contained in the lubricant reservoir.

17. The subsea solids processing unit of claim 15, wherein said at least one piston
comprises two pistons, one having a diameter larger than the other.
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