APPARATUS FOR SEPARATI NG SOLI DS FROM A SCOLI DS LADEN DRI LLI NG FLUI D
The invention relates to an apparatus and nethod for separating solids from
a sol i ds weaden/goo2bl i ng fluid and particularly, but not pexaBeiovsiosoan

apparatus and nethod for separating solids froma solids laden drilling
mud. The invention also relates to a shale shaker and screen assenblies

t herefor. In the drilling of- § borehole in the construction of an oi
or gas well, a drill bit is arranged on the end of a drill string, which is
rotated to bore the borehole through a formation. A drilling fluid known as

“drilling mMAPPARATRISNROR (SERARATING: SOLIOS FRAM A tSOLTRS AOEN bit to

| ubricate the drill bit. The dgilli is also used to carry the
cuttings produced by the drillb%##tgﬁgnggﬁgﬁ solids to the surface through
an annul us foimed ivetemsdon heldridd tt ram@aEpakdthes bord o thod héoxdensi ty of

the drillin id is clasgly.controlled.to,iinhibit .the boreghal ¢ from

ol | apse SSRPTAFIAR SR 50T £ RoEFatCAPRRRq drin15pd A € Nensi ty
of the dipaddtirglard gl et adthexdhs idlelyenai radparatois tdred diethodit. By
adj usti n%gthe densit$/ of tge drilling nud _éhe rate %f . netraticﬁn changes
at the pd®F HPHFATINENEOLEIR o FRPsihgSe i BolaAtPe A#d 1S T4y nud nay
al so car Iivhd osdveanition 24166 matlateal TJ W SRaléNghRRERUSNTE 4 dfuen of the
borehole. The acidity of the drilling nud nay al so be adjusted according to
t he typeaéﬁemg%hﬁﬁ(ﬁﬁgﬁﬁﬁﬁFa being drilled through. The drilling nud

contai ns interraldnd FRANSINE o/ dchdid -Rasesk | cadsisn bt s
normal therefore to recover and re-use the used drilling nmud, but _ this
requi r es §Mdd &4 gashaedd i & 453 He hidhvveprgrangehenrthe isRA R, This is

achi eved yqpf pEestiAgg, hewdiéh ! iiR0 P&‘?até_é‘lettai rﬁéré’?rtheo‘cbéf‘@n&{é)cess R

to -2 separate the solids fromthe solids laden drilling mud. This is at
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processi ng equl prrent suc entrifuges a rocycl ones nmay be used to
further dcedmhbrigahed tdfe girlijlds bithe T idisi laring awvast eick il somsed nat es and
residues.. ]t | u ANE Q0ng . .of 40 1] idin
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solids to the surface through an annulus formed between

the drill string and the borehole. The density of the
drilling mud is closely controlled to inhibit the
borehole from collapse and to ensure that drilling is
carried out optimally. The density of the drilling mud
affects the rate of penetration of the drill bit. By
adjusting the density of the drilling mud, the rate of
penetration changes at the possible detriment of
collapsing the borehole. The drilling mud may also carry
lost circulation materials for sealing porous sections of
the borehole. The acidity of the drilling mud may also be
adjusted according to the type of formation strata being
drilled through. The drilling mud contains inter alia
expensive synthetic oil-based lubricants and it is normal
therefore to recover and re-use the used drilling mud,
but this requires inter alia the solids to be removed
from the drilling mud. This is achieved by processing the

drilling mud. The first part of the process is to



The resultant solids, known herein as "drill cuttings" are processed to
renove substantially all of the residues and contam nates fromthe solids.
The sol i dwocan/tsh@n be di sposed of in a landfill site orchGrRlumpisngoat sea
in the environnent fromwhich the solids cane. Alternatively, the solids
may be used as a material in the construction industry or have other

i ndustrial uses. Shal e shakers generally conprise an open bottoned
basket having one open discharge end and a solid walled feed end. A nunber
of rectangul ar screens are arranged over the open bottom of the basket. The
screens m@eparateubshensodidly fremarthey $olids 3bdght dmididnngTmmudasket is
arranged .Qn _spr.i.ngs ,abgve recent.Qr for .recejvin ecovered drilling nud.
A skip orll%d'lst chSs aﬁ-'r 0\c7)|'|e esg: bé’naerg-f]}“}’ t haeCholpeevnec%ji S%Jf%%li gea enve%]fa‘f%%y basket. A
not or i s slepaed tionr ,t heudlashket ,thdsechshalea shrakexr s odDschosed ddsh VIS h an

ol ump werges iten Bsec thtSfekeinda Fho- <RPERREF! e vidieto 1o
shake. Sg@lricdt®dsdd®n nudquspmehtoducssclat tlae f eedentdibhgébe bamkd®t on to

the screens. The _shaking noti on i nduces separation of the drilling nud from
Lhe ool i inobyarthad e beotat 000480 SCRATSL O 0 e i S s
above thegolGaRens ThEhe sdlakisg 48 | dbval s | NidiIC eSord i t&k tahdove al ong

t he screens towards_t he open di scharge end. 3 - The recaovered drilling
mud is r &SRS fhe Y2c&tor UPEPTRERL He? HGes$Pngtand % Rt ids pass
over the MiisahagE1enNd afh eRas@lbon O & bR rdiHAR or skip. The

rect angul ar screens may be arranged at an angle to horizontal, such as a

seven degrees Thecl | FRSEFERRE heSPéddSend kn9¥he H?%%%largésend“%lfij_tflﬂe shal e
shaker. The@anye Nive Do Adlusdd! fo TaGoter e@ﬁﬁs@é&t:@ﬂ?}?alahi féxed in the
basket and the "basket iS adjustable to adjust the a_ncigl e of the screens

rel ati ve the masidwesalandrieerfiagingteso|finpm |thiersakids i (khe |spbidmy form a

pool on i d C he; acti qu afr;5he gvidar ¢ r@ﬁkﬁﬂ m i nduces
sol i ds ttoégg i%t%i&ﬁcﬁ?%%@dds%r eJénsgtoQP%elgPsghgrgggatrgr%o tthe ihaker and
into theadi tedaornskilpe enviro@Geesartal fyomawhilghatthy sedAdsi stamenduci ng a
cireul ar AfidrallQu oty £80d<b9: Ll QuSobl deckromd e seheen hintg, the air
in randomdirections: A vibratory nmechHani sminducing an elliptical notion
will indibe tdomstotuats cno imolos tiny @ rdibaset icdiheof iinfdasitorigdstuselsord of t he

el lipse. A shale.shaker. having a vijaratory nechani sminducing a very thin
11 bee is knolirise Shekned, Bbad iyl BreRE St R cbPas PARk At o
sol i ds aleskethehacirenonal bpengllitsrhaggeeeand eand Bo sslfifderwd bsd

degr adat igalignd © 8UdlaibeleCtCrAldamf dNCs SELLAS atel NEyrdfiila Lhe
screen. The screens are genera of one of two types: hook-strip;
and pr e- %% ofkgl. open bottom of the basket. The screens may be

substantially planar or have a slight crown. The basket
is arranged on springs above a receptor for receiving
recovered drilling mud. A skip or ditch is provided
beneath the open discharge end of the basket. A motor is
fixed to the basket, which has a drive rotor provided
with an offset clump weight. In use, the motor rotates
the rotor and the offset clump weight, which causes the
basket and the screens fixed thereto to shake. Solids
laden mud is introduced at the feed end of the basket on
to the screens. The shaking motion induces separation of
the drilling mud from the solids, the drilling mud
passing through the screens and the solids above the
screens. The shaking motion also induces the solids to

move along the screens towards the open discharge end.



The hook-strip type of screen conprises several rectangular |ayers of nesh
In a sandw ch, usually conprising one or two | ayers of fine grade nesh and
a suppor twogoreesso2bavi ng | arger nmesh hol es and heavi er gewgB20ies1050he

| ayers of mesh are joined at each side edge by a strip which is in the form
of an el ongate hook. In use, the elongate hook is hooked on to a tensioning
devi ce arranged al ong each side of- g shal e shaker. The shal e shaker further
conprises a crowned set of -4 supporting nmenbers, which run along the

| ength of the basket of the shaker, over which the |ayers of nesh are

t ensi oneGheAnreceveted ofdrifild ngy peidf iscreseivedli sul d¢bed receptor
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panel having apertures re- ten3| type of screen

conpri sediseharge eag ofgiher bagkeats 1@f"—°m¥§1|¢ dideA I°f -ising one or two

| ayers of fi n@}ﬁrfﬂﬂz BEEE @cﬁé&p@rﬁaygbaeahraweag a|tara6ﬁrarf@:§é1 hol es
and heavi er au wre. The |layers of nesh are nsi o rigid

support tal o cPURQUPEr SRR r 3RIFPY l&ﬁ l&&h&r"’é’(ﬁ“ tﬂé? eto. The
screen i fetehbl’emd'lSEOt athel rrlxséha::h;mnehdr @ifl stles r ahgkd ishakelras Kﬂie of a

hal h . is t
?B?A?l%%%&%ﬁg)&g%p%‘;%%?;mé 'a¥§§a? %g% suﬁdeé}sﬁcrlaq’fslgp recel ving the
pr e-t ensiiondthe ﬂmslﬁftre@m thedbasgketedsi ﬁd®smablg76i°4$_&djust the\ probl em

associ at gd i iy shgle §é‘@é§r‘i§ kél&l@i‘&eS%e%h'i%%@atlheﬁ‘ﬂe“ £ §@ blind,
especi al ly mhen the solids_are gunmny, such as clay, or of a size close to

the size Solidse ABdRTsi QéléilPﬁe £Luedn mahe fom e@ t PRELofOB| ithB ng i s
known as ipRdlined esbfddnis Cl ehel idddikg Jof NUABER iBfratdryt imEehdvavém been

d.to tackle thi bl .di scl osed 663
i Ch o, S0 S80S LEPRE L) a8 o 'ic&%éinphaeﬁafer%g Ha

sandwi ch da.ml:l'mlrigtamemgl tofe ﬂ}m/esrlmlm‘r sambemmg tﬂrm etiitadh foor rekig.

i ndependent |y e(Ijas_LIlgd tySIrZe%a r@_‘ q_g_:gead éﬂ: pf the
screens. Tt dvanta eous 0 use 11 ne-neshed. reens Iter very
smal | pamibiadd.onf o¥ilelk g b@ &hSPEeSPﬂ}lﬁiﬁe fromgdhsf S?y(ﬁegmpud?o nor e,

w thout tdpe fiaiter iR0 deubem CHPPEERIoHR. W AN $IWrSt®t) RddNLALsn However,
it is the fjne-meshed filters in particular. that are prone _to such
undeS|re&QQqﬁﬁﬁ9ufn elliptical motion will induce the solids to

move in a direction of the longest chord of the ellipse.

A shale shaker having a vibratory mechanism inducing a
very thin ellipse is known as a linear shale shaker and
induces fast movement of solids along the screen,
although the screen tends to suffer fast degradation due
to sudden deceleration of the solids as they meet the
screen.

The screens are generally of one of two types: hook-
strip; and pre-tensioned.

The hook-strip type of screen comprises several
rectangular layers of mesh in a sandwich, wusually
comprising one or two layers of fine grade mesh and a
supporting mesh having larger mesh holes and heavier
gauge wire. The layers of mesh are joined at each side
edge by a strip which is in the form of an elongate hook.
In use, the elongate hook is hooked on to a tensioning
device arranged along each side of a shale shaker. The

shale shaker further comprises a crowned set of



-5 It is also advantageous to have a sinple reliable separator to
inhibit down-tinme for maintenance and repair. It is preferable in
certai n avocumptserees to retain particles, for exanpl e etramariisese size
in the range of 50-60 p or |arger, by neans of a screen.

US- A- 4, 446, 022 and US- A- 4, 306, 974 di scl ose a shal e shaker for separating

solids fromsolids |laden drilling_-mgd having a header tank for hol ding
solids laden drilling mud, the header tank having a weir over which the
solids laden drilling mud flows on to a first screen, solids passing over a

front endupportdrig rsemsereen wichdr ruhi jlomgl thew kepgthr oogh thee first
screen Oglgdt AV cADdSHAKEE! vl Qi cHiMphe BXG68 TS UGk kidkh itk I ows

over a welr ocated at the rear o Irst screen on to a second screen.

Sol i ds p&epsdpmedn Hroexagmpdofof Hbisedome fF agresn F idisakrsrd 1 ows
through tike gecANd, §2666630N The ashppyreitly dineght afhay Nbe tweowided Excess
drilling mud flows qQver a weir |located at the rear o he second screen on
to a thi Mg Pgeﬁepgélqetﬂ’sbﬁa?sp AN AT WSS &SRS R scr een and
drilling nmud fihewspidroemdidmedt iype soff eedrden eciompriialelsi ngevertal t he sunp.
WO 2004/ 110589 and the Axi ogrt,é\x-l shal e aker brochure disclose a

Vi brator)feélz:ﬁiﬂggg&r Y eESH) Sfa 157 s 38 Y SRR HSY i i T ng nud,
S0l 105 T rom the S0t l adonar e s d e o T ot dack aod 5 second
solids fromthe solids |aden drillin uid and, a first deck an secon
deck, thé3hd9e&t BRTKk BoteSeddfd h(?@é’lé-gq’% HEEDHYHF Bw ?ﬁ&nﬁ@yﬁr%t&ﬁ that the
first degleshs §rOVipded tenkhonedeadts BaWiid® suPSobEr eRmprd siligerd al and be
supplied froma diverter_apparatus with half of the scal ped solids |aden
drilling HRfFaRerlate 2BEOAd Wk FréFedendi @dhesedenshgresonaviBl) i ne

screeni NGRS | Bhe@Nfhber8@Pihed tremahRe1direanisera@RRR{eY Ush Wi th the
other half of the scal ped solids |laden drilling nmud, to run’n a parallel
nmode. Thé askefedofir @ |shiteushakem t AR faxampPlehdcSctbha $oPeerrBecks
passing_igdRdia & Wiko1Bued/ i1 A SPA JO £ Al Gedifpelogifa L0 run in
a series node whereupon |large solids are scal ped off by the scal ping
screen, &halef shakes| ssitablbe didyd | regedvdngasthag prertensidnedt screen
deck proy ded i fi I i ter al_ negn off fine solids and

t hen all \ggg,%t ﬁ\egéegélﬁédg'%l ?g'es%q i {I?ilg%rr]?u gta{ggi%fié&g\ier t he second screen
deck provi dedAni pimobilemr asseebabgd meticth alshadescsbekeasf isnethabl ids, and
drilling SS| t hr o into S . . 2010/ 0089802

di scl osessrégr%s ha eugg%akgﬁé?%lr'ﬂsg%g&fia{}iongglslb%ggseFPSﬁ]lggﬁydgﬁ%gde%%ri I 1ing
flui d hawsiolgdsosirecigummygt isschheseralay ( ldGMoferd rsai zee b Xdmes etan. thidhe shal e
shaker caonpri S:f {our scleen _dec i.n a_ stack. '?[ge L_Lo% rmstt screen deck
conpri se$ &S pHAY LEPBeR1ES PonoWiS | 57 5eSRol 185, 1PESEeIRE Rt een deck
conpri seblivdiing Mesh knowhenyi igdrCdised npdirtticiezebidhdilfig. WA ch pass
over the second deck and .sent for fyrther treatnent, or storage. The
under f | o6 FeedE SPHF325hi Pavec dBERPREFANnG T i ﬁ@cﬁégh HHfa weir.
Over f | owgriobnei)e stk &8l lds senolseda frousthast| 526, d68kiRawhi¢H iae nmesh
screen. The underflow fromthe third screen deck passes through a chute in
a sunp afFreRe ARSIV USIAE thEe fIAHaTs QfF SETFRRT Mehdect?y into

the sunpa WihdhilEeSandli ¥816R18gaBHe ChapRRLS o & drdefiGhangeedteal i n one
aspect, so that series or paral?el flowto and fromone or nore selected
decks is tPacimeyet egndependently to dislodge any near sized
particles lodged in one of the screens.
It is advantageous to use fine-meshed screens to
filter very small particles, for example of a size in the
range of 50-200p or more, without the filtering device
clogging up with the small particles. However, it is the
fine-meshed filters in particular that are prone to such

undesired clogging.



In the drilling of an oil or gas well, cracks may exist in the wall of the
wel | bore. Such cracks may propagate, which could cause structural problens
in the - Avoablo/sbozohe wel | bore and/or allow drilling fl ecdssBE2010865¢Epe

t heret horough into the formation. Furthernore, if substantial anounts of
drilling fluids are lost, the pressure in the drilling fluid in the
wel | bore may drop, which could cause col |l apse of the wellbore. Accordingly,
Vel | bore Strengthening Materials may be added to circulated drilling fluid.
The Wel | bore Strengthening Materials conprise sized particles of dril
cuttings. V%edﬁrﬁsdaﬂbbimﬁ#&nﬁabéqusitomhawﬂ ar sampleherensldilr e wal |
with cracg e|n the pa | es d th el,ves in the cracks

whi ch regu I% Il?ell ? Héwgrgc gep%§5aga lnteq%n#% beﬁ%f|0|al to
recover uhgsarsrzed partrcles and reuse themin circulated drilling mud.
Shal e shakers&nge t hus %Qi ed,to_size solids in %fﬁlds | aden
drilling flui srfch’éeE?fé? %hhﬂePeFEaﬂrf‘s&%Eé‘H‘sﬁ?nﬁssN IRFH2. A

range of pairidslefs ,sd@drdexamipllee o ta aedrad disd G AdIch atlshatangdak®er and

re-circul t%&as Vel | bore Strengtheni Material in fresh drilling fluid.
It is desi & OF 1&rI8T s S YPat iSG*ESEsuch as barites that are
often found i nysdia-4,ige ,w2eds, asad ushas 4t 139 6 iora S&w@mwre s rs abl y not

too fine as to screen the barites fromthe drllllng I n the past

it has bEHRKEFTMIRF t SSREEARLPEI (5O 18k EFRM afOAEi ﬂ'laéielne\FE‘F’s”r’rP% shal e

shaker el OGRSA Y | 1d | Heddd¥ d.t4h10. £6XT G g ONb11d® Ofaddy €€
| evel s. "Lost circulation" of drilling fluid occurs when, in drilling a

wel | bor e 3nidd il dat | SheoheRdan | WK | BRYLPG #hdWwehEn OXREy WHiR t he dril |
bi t ceasesduRliid Nedey ARl iy tfif fardR igh @ndd Oflﬁé#’? §c9réér?-Ct uring of
the formation through which the wellbore i's being drillTed. Wien | ost

ci rcul at isediglsc rassing | ovey Al Frenits eadchpell Fheo fims tf sem@anendr nat i on
rat her t t urfac e ul at i is |lost at
sone spe?@g‘ﬁq&g’gtrﬂ@ gﬁl?wﬁ% fgkr%rgelll? %ntri% efl%{', Qc %tghadr)ﬁt%g féract ure
ext ends I‘tmayzmctlldyqumdfx@mtheSDQpehEmeSExpimslshlms mxbdf tawslescri be

st on SingoNeay G e ey, e, A W 4 WA Baq ol W1

| i mest one, unconso wi de
variety af ééoendcrsrcmdeair oSoIraderrraises ove€Ma HRavetbemn poffipethe nto

wel | bor es e d o sealdofdfrl Q_grous({og vtvron or L ftrhlel or.Sé | off a
wel | bore Teaélture sorfhgf'aproperg St %lr Haflwd T ation is

re-establsceiesth <kt eo laostray ranbdadiserteiderints ahe gampr.alExcaelsi ded into
fibres, f]Jakes, granules, and m xtures. Oten jt |s al so desi le to
oover i Tiang R it W S e, TRdaihd ot i SR s 161 e syst em
during ceridohddUscreds UbAL itdN.a SEheedi R ricks . drsdiidtg pudsf @Rrerxera)val of
undesi re 6part|cul at e ma}]ter can_also result .in r%%va of the | ost

ci r cul at T et 8Pfalofandhet nErEFdr §CTEEGui 2RI c S PHE $on of new
| 0St Ci I ailrahigh tIR! @Hiald leddad Wiidddtlg mad 1dewnSivteamnel sg .nud

screeni ng operation. The addition of lost circul ation material conpounds

the separ at i nd%r 904rd 19588usanpt | thekeArhemdrAXT1 ngshale d,shakeF ef er abl y

cleaned ayddne raukaisse @I%LBQawey\A@épalsa&h_e @bkl | ddiehfd dligy of smal |
size, the lost circulation material of a |arge size, and the undesirable

mat er i al Seiglssi fsomheselbds wekdeny Wridddngr sudy ahlaesﬁmble%'@ow t he
mat eri al $eand/yy @é\?{ﬂé‘l lFanger ddialed hgelRSEo! sty

| al, to
be re-circdlate conventr onal two step screeni ?1 process as shovvn
in U S Relido. fzom 1thegsolidrndwsentiricl king eﬁlm—dgandxtajrfelltﬁt drilling

fluid, | ostacige! atiandimd eadal, apfle syl Aok "BhE" is¥cdnd fddat
subj ected to a coar
linked by flow channels, such that the first deck is
provided with screens having a fine screening material
and be supplied from a diverter apparatus with half of
the scalped solids laden drilling mud and the second deck

provided with screens also having fine screening



-9 screening to separate the lost circulation material fromthe drilling
fluid and undesirable material which drops to a second finer screen

t her e- belwo 2vm/separate the drilling fluid fromthe undesirrglba/oseiseri al .
The drilling fluid and lost circulation material are then reunited for
recirculation into the well. This systemis susceptible to height
restrictions and fine screen probleegs- The lost circulation material can be
coated with undesirable material which will not go through a first screen,
noves over and exits off of the top side of the first screen, and is

ci rcul at ¢ teadlali mngl densdupplied frigmertthenrdiwentar eippadatuwithil |l ing

fluid prOseoslR SuoL £iTSor SiLe 30TKEhS oAl TaLIAS L0 FiSEpuRLy, of |05t

circulation nateri I nC I'~Q, exa but™ not "those in
U S. Pat et xuy 868,80 Earad 1609 rMtde . orHEs X Gbsendd 362 1EYg Gyud OFf 194 ;

5,861, 362; 5,392,925: 5, 229, 018; 4,696, 353; _4, 459, 2Q7;,_ 4,,495, 065;

2 245, 020, et And ek oReranh HedRE pageial Lok, he -

i ncor por ahed ybreferEnsepacaton can allspubposes) up to rbAa dertain prior
systens, prablens have been encountered wjth systens for reeni.ng out | ost
o7 T cul ot FBF RS SR NARRE URATE SR St 131e oA TR Lt % I ol so
screened stidllping sctdeA¢C@Idanse WH bbeigEeSEider NYeAllOAg tede 1S
provi ded an apparatus for separating solids fromsolids |aden drilling

fluid and®asiSHNy PHersdh&sTIFRE A5Fash uSeebnRiipd Wasketfine vibratory

nechani s@ecrddniny mdtedah10aek siibeh TGO KL rieC RSN e ndoendeh Pel ow t he
first screen deck and a dlrectlng;deV|ce for selecting a parallel or series

node of G&fertds oirtidswnladen| dnibdling| myd PageAndr iovethdhe ¥ererd di vi ded,

Sp'ﬁ)tt I ng heleteeletii® gidwiadeClhidnd Ehfes eIk ARGy aRdtarsslii 6% mode of
screen off finer solids, and drilling mud passing
therethrough into a sump.

US 2010/0089802 discloses a shale shaker for
separating solids from solids laden drilling fluid having
lost circulation material (LCM) entrained therein. The
shale shaker comprises four screen decks in a stack. The
top most screen deck comprises a scalping screen to
remove large solids. The second screen deck comprises
medium mesh for removing LCM and medium size solids,
which pass over the second deck and sent for further
treatment or storage. The underflow proceeds on to a
third screen deck having fine mesh and a weir. Overflow
from the weir falls on to a fourth screen deck having
fine mesh screen. The underflow from the third screen
deck passes through a chute in a sump and the underflow
from the fourth screen deck falls directly into the sump.
The chutes, diverters and channels are interchangeable,
in one aspect, so that series or parallel flow to and
from one or more selected decks is facilitated.

In the drilling of an o0il or gas well, cracks may
exist in the wall of the wellbore. Such cracks may

propagate, which could cause structural problems in the



operation in which all or nost of the solids laden drilling fluid is
directed on to the first screen deck and then drilling fluid screened

t hereby iwodbresbed on to the second screen deck wherei RCrleB2appBEIGHUS
further conprises a noveable diverter tray for selecting parallel or series
node of operation. In series node, the solids wal ked off the first screen
deck can be collected and reused, suych as with |lost circulation materi al

whi ch can be added back to the screened drilling fluid in the sunp or nud
pit. Preferably, the noveable diverter tray is slideably arranged in
rails, swelllasod tt@ekW@ﬂlboghanaedéorAdiﬁhuagdaddﬂﬁpgthéluadSS'bmnprise an

expandabl I t sel ect.i ve f t e Ie tray; ¢n t he
rails. Pregs 3 Gébrretrh '{q:ehon]%)vegaﬂb ljl%‘i’v‘éfr%?e ra;i-’ll%g arran e oe;tev(eenft he first
screen dsmibsa:mhuﬂad samondtscreén dieickl ing flxﬁdisanhargeone!;y, atHé ow tray

is arranged between t scre deck an the cond scre n deck and
the movedBics S Fertert ‘T’a 1‘%]’ gﬁ:‘lgf Ph& 1?‘% Y& rer tray,

when cl oséd chacdiculad éitesélewuapye bt t\l\ﬂ&emd]ﬂﬂjbre’il |M\13015dﬂmﬂBy ) aden
drilling dtoflowthe et hr ough Pr ef er abl first_screen
Geck | o Helrgss’ ot SEFERBRREILERG] MateFhal s cctisng B a38PethartR end of

t he baskefirddl@ted sdrsaneey de€tkigONPrhéi WeB1WEHE , StiEdhdtldniipn a pond
forming on the first screen deck and reachi ng g'fpredeterm ned. depth, solids

| aden dr Materdadisui GORRY L8PS cPRFYR RAFEITEe AYaht OIS - t he

appar at Uhids ' GAMILIRE S ayeli dcui t&E tadd @y Ofhe Qhd OpdAclen
drilling fluid fromthe weir to the second screen deck. Preferably, the

channel ™&1drr #¥34dd GFERKS t KBepgiRet . thAvaft 28@oREFt1I¢HRS Wef9d9® provi ded

with a | edgemded vethishi tereold d%kas SiHidH %ﬁm{é‘g th@elltla/é)f‘lmiods&é' ds whi ch
may be prevented from passing t hereover, are solids denser than the

drilling basd crmgkwomagamaqo ﬁrtemtbeneferczs@l v reenvgrasthere
t her eovergy eragpééga%f' YeusRe ERERT %&P%EEEEESEe&O@HPPﬁl Sca' pi ng

screen dec scal ping screen deck conprises screenin
mat eri al mfug. scr%leinlelg ahﬁkelrar gbavel i tlhus Prixdfegy almogifaed owot r%cyzeﬁ or

directi n%oSRL(iEaspeQnsoéb??dL Qd%[!]ieldd_jﬂql_ frledr,u lglrldLo gugged e the first

screen de I"Ver tra as a uc? t ere%el ow for
di r ect i nghsdkeae ned ¢:oé¢bbséd1d'am UsSN| tlﬁg490u|462onAt canige et osikesTr een

deck, suc t%tjﬁ@ena th di verter ¥1n retgacte scrse ed sol ids | aden
drilling |Lﬁ§' owe 1t %u@’ﬁ tas %% M9t 3YFRe s &CONT Stieen det (318c).
re-circulated as Wellbore Strengthenlng Material in fresh
drilling fluid. It is desirable to retain some small
particles such as barites that are often found in
drilling muds, and thus the fine screens are preferably
not too fine as to screen the barites from the drilling
mud.
In the past it has been common to use multiple
screens at multiple levels in a shale shaker to process
drilling fluid, e.g., screens at one, two or three
levels. “Lost circulation” of drilling fluid occurs when,
in drilling a wellbore, the circulation of drilling
fluid to and then away from the drill bit ceases due to
the porosity of the formation and/or due to fracturing of
the formation through which the wellbore is being
drilled. When lost circulation occurs, drilling fluid is

pumped into the fractured formation rather than being



Advant ageously, the diverter tray has a duct therebelow for directing
screened solids laden drilling fluid into a sunp, such that when the

di verter woayiosooet ract ed, screened solids |aden drill ipog/dB2oiothsidsons

t hrough the duct into the sunp. The present invention also provides an
apparatus for separating solids fromsolids laden drilling fluid and sizing
the solids, the apparatus conprisinng .a basket, a vibratory nechanism a
first screen deck and a second screen deck nounted below the first screen
deck and a directing device for selecting a parallel or series node of

oper at i orreiturnieidchté| dheof syofads. | fdrendr clhikendgationd is desitdeat bet ween

the first ck .th d deck a a. series de_ of, Lation.in which
solids | as(?g"% dsrﬁg%g:l'%lggf ?%%gﬂl swacﬁ];;eecgg off?r%r{oaectlﬁerﬂoflr?st w%(%%eén T e%k and
t hen dri |thatgy thei dfsactened dxttredy i mizcettadd yonawayt hEremcotite scr een

deck wherein.the apparatus.further conprises a.noveabl.e plate or_duct for
el ect| nopERa e  ERPEEFFLGHRn e 680, dFRERLES. Epse PLRRE el 0L |

t he pl at edstepdibde | tpeliarat fetiithd| ihdluldyardngeonsky, iguldnt e has at
| east one .aperture therein. The plates may be sw tched fromsolid to

hpor t ur o HHGESHERE, HETGERAO LIS R ARaTfar JTH A HCEEaLE! | FRh iR o5 and
aperturelfigde.parallel or solid for parallel and aperture for series.
Preferably, the duct conprises afpl ate wth an aperture therein. The plate

may formthe &ndvdde hdafiaty of 'Bfter inculaisian r fatgriaktond screen

decks conpiiche )SHBRNSHEAN| PumpBE SHB SKEERSbFE@Shtsi £€11 or seal _
Advant ageously, the first and second screen decks conprise screens having

the diff&fénta RIX/S nk_FMatien ereter Ably, oroseadnify a eklhere node.

Advant aggQulthrd NgoSCRAgR EES h?%ﬁéri Nrblge SCESENSALIN 1 {15 SEENNKy SCr een

deck is of a smaller size than the screen nesh size in the screens on the

first scrdasuwdadidon is re-established. Often 1lost circulation
materials are generally divided into fibres, flakes,
granules, and mixtures. Often it is also desirable to
recover and retain the lost circulation material in the
drilling mud system during continuous <c¢irculation.
Screening the drilling mud for removal of undesired
particulate matter can also result in removal of the lost
circulation material and, therefore, require continuous
introduction of new lost circulation material to the
drilling mud downstream of the mud screening operation.
The addition of lost circulation material compounds the
separating problems because it, like the drilling fluid,
is preferably cleaned and re-circulated. Exiting the well
is the drilling fluid of small size, the lost circulation
material of a large size, and the undesirable material of
a size there-between, with the largest and smallest of
the materials, and/or materials larger than the lost
circulation material, to be re-circulated.
A conventional two step screening process as shown
in U.S. Pat. No. 4,116,288 is known. There the exiting
mixture of drilling fluid, lost circulation material and

undesirable material is first subjected to a coarse



Preferably, the basket is nounted on resilient neans, such as springs or
rubber bushi ngs. Advantageously, the resilient nmeans are nounted on a base.
Pr ef er ablwo 2081081300201 s arr anged bel ow t he basket. Advant agemsbin/osashl ow

tray is arranged beneath the second screen deck to direct screened drilling
fluid into the sunp. The present invention also provides a nethod for
separating solids fromsolids ladengdrilling fluid and sel ectively sizing

the solids, the apparatus conprising a basket, a vibratory nmechanism a
first screen deck and a second screen deck nounted below the first screen
deck and szrdiendaig rp despaeater thel dositngiacudedliionl mategd@lestrae of

operation.in i£h. f1 ow: of .sqlids den 1] flutd s divided between
the fi rs'?-'h ec%p%%%#ew%gégn%négcﬁﬁi%%l%adrgieér [ }élggﬁ]ﬁ” %h'ofwlhd'ﬁglr ac%x?%s i n which
sol i ds | atenadrséd¢omd) fimed | scedeenctietbs-baldine to r sepacaten ek WO

2010/ 15002QRCT/ GB20 /Q?lO?O - 13.- and éhen q%illin fluid screened

t hereby € dirES et o0 £AE™sel sPPABRHRRKS Wh BPESF *Prhe netHod furt her
conpri si Mgitld nef eplaidnasdig lesrovenbtel dtient edatdrbalf oarael €dn ng
paral l el or series node of operation, i nvention al so

The_present
orovi des TEUTRERSH 9 XeTHGH A U0l FREOt EBR ¥BLEds Thdde P HRYTT 18y f I ui d

and sel eglusRipti¥la Nkd hensDghes, réberappabakus ag@dpriisidg schasket, a
vi brat ory nechanisntga first screen deck and a second screen deck.nmounted
r

bel ow t h®TlSMmSscr TRE JRKE afdrsudAtdon Metrti’zt A" skfect?Hdh paral | el

or seri eyifpdeuRfic 9PBEB1 & Ot aiIChwhi oW Qfi1S0! hds |gslerndbubhi g fluid is
di vi ded between the first deck and the second deck and a series node of

oper at i of 1it8 twficaieedo| MPYesa e and st ¥9 AEE iaf dihecier! vt PEhe first

screen degle @d-dher A | i filuic 34196200 a4 6 & dld18ct ed on to the
second screen deck wherein the nethod further conprising the step of noving

a noveabl e pl fhersr qre fér yardetivng hr aknevnor drddildagodelwid
oo o mpseesinlhy RSy 0 SRR, e SIIREITESE 1D
and vi ce nggoygery of lost circulation material; including, for
example, but not 1limited +to, those in U.S. Patents
6,868,972; 6,669,027; 6,662,952; 6,352,159; 6,510,947;
5,861,362; 5,392,925; 5,229,018; 4,696,353; 4,459,207;
4,495,065; 4,446,022; 4,306,974; 4,319,991; and 4,116,288
(all said patents incorporated by reference herein for
all purposes).

In certain prior systems, problems have been
encountered with systems for screening out lost
circulation material when undesirable material of the
same size 1is also screened out.

In accordance with the present invention, there is
provided an apparatus for separating solids from solids
laden drilling fluid and sizing the solids, the apparatus
comprising a basket, a vibratory mechanism, a first
screen deck and a second screen deck mounted below the
first screen deck and a directing device for selecting a
parallel or series mode of operation in which flow of
solids laden drilling fluid is divided, splitting between

the first deck and the second deck and a series mode of



The present invention discloses, in certain aspects, nethods and systens
for processing drilling fluid to recover conponents thereof and, in one
parti cul avoaspesbo2bo multi, screen shal e shakers in whi ebTfdB20oth/dshadw pat hs
can be selectively changed fromseries to parallel, and vice versa.

In certain particular aspects, such nethods and systens enpl oys a novel

shal e shaker in accordance with thejgresent invention with screening
apparatus including multiple screens and conversion apparatus for changi ng
a first separation node frommaterial flowi ng fromone screen to another in
series t@p@metd@md sepavhicbn akde or 14nos'1n Wi chhél ua’sdlidiswslademul tiple
screens ifiRLald Shigiq io HIGANESENLn! RYCNHONLSE! Q68 ] g !l n
aspects, a sysltgm or procCessing a mxture o dr| |ng o 5ol i d

mat eri al anal st&patadeihlihgafﬂudde soorgEotTeeht tindréle ursxtdumd:bpdsmm fromthe
m xture, .the.s steml cl udi i br.at abl e sket for .rece an i nput
flow of & ITHHgSFFED \ﬁicfﬁe ol ?f\sj‘t‘ﬁ}é?]é?h gﬁﬁl GPRARF IS "b% = apart
SCreen agwaipiliises iaheldwdiak] e dﬂ\féiiteiﬁrtﬁﬁy St ndd Je dfich ;saaca)rtdebcr een
assenbly positioned b Iow the first screen asserrbI\é t he scree ssenbl i es

mount ed” i9F tHFIFDrAPEDI 85 LR AR vi i afEHT8S t FIRFEW t1he i on

appar at usraas®eci ef £d thet hfihet Seceernaséedipl ican fe seheekitwal Yakontrol Iing
the input flowto select one of series flow and parallel flowto the screen
assenbl | FUsES/| 1SURP 133 R ohABFe CLRFYLGH1ORe Matediade M F &l y; and
drillingyd Waddd wwhi ecd heregBck8enegcard1sehgeriasseh e ddmewabl e
down therefrom A vibratory separator or shal e shaker, in one

enbodi me® Mrdadddr-dance with the present invention has a screen or screens
at separate I@f@ﬁe&m@escm@%@@aﬁw amvageer:d%%'; wid hs1figedBpent
invention. In one particular aspect, two |owernost Screens receive flow
froma h|ag‘r¥@rng@(§3r eé-liil m,3| (?nlcéppzﬁ%tlﬁs peratk s Qi CTehannelye

sel ectivelg o g;% mtﬁgéaiéfistEoﬁaE €8 2B UFBIAHIRA o It €SeNt
invention, in c taln énb ments, I ncfudes a vibratory separator or shale
shaker vvutLOh aebasélmelirraimc &hebapreeabde stremrtemurtmiayy appathe us on or
|0 Lhe D33g . AR | Rh SRR Slaldd e o RAC L ARRL di ST nCt
| evel s |n accor ance W T H 't he presen |nvent| on at'i ng appat at us; node
conver si be taveear dthes fisosdt asq::telelnedelcam anginkther secomo adreenSdeltka shal e
shaker can tre: ? nr'”'orﬁ%flu'ddﬁ olldgtherrel Le wceuettl% - 15-
debris, etc.; “Snd d-’raqel gyf’l f d- W h F%%t & PEIFRE gn erlal erein

first screen deck and the second screen deck and the

moveable diverter tray forms part of the flow tray. The
diverter tray, when closed, acts as the flow tray, but
when open, allows solids laden drilling fluid to flow
therethrough.

Preferably, the first screen deck is arranged at an
uphill angle from a feed end to a discharge end of the
basket, the first screen deck comprising a weir, such
that upon a pond forming on the first screen deck and
reaching a predetermined depth, solids laden drilling
fluid may discharge over the weir. Advantageously, the
apparatus further comprises a channel to direct flow of
solids laden drilling fluid from the weir to the second
screen deck. Preferably, the channel is arranged within
the basket. Advantageously, the weir is provided with a

ledge to inhibit solids passing thereover. The type of



The present invention discloses, in certain aspects, a conversion apparatus
for a systemfor processing a mxture of drilling fluid and solid materi al

t 0 separ ave 28to/1se@8t one conponent of the m xture from he/gB2etoumsegsot he
systemincluding a vibratabl e basket for receiving an input flow of
drilling fluid with solids therein, a plurality of spaced apart screen
assenblies including a first screenjgssenbly and a second screen assenbly
positioned bel ow the first screen assenbly, the screen assenblies nounted
in the vibratabl e basket and vibratable therewith, drilling fluid flowable
t hr ough tsled ifdsr s¢hisir @y dss arsverdretl tfiwons gqreosaii sy riderecseanbl grelown
therefro t. conversi pRarat us. associ ated wi t.h e ree enblies
for sel e(rzg"toll\}e y %%%?ér%l |‘Q'|Hﬁ§ P%ee i%%h?f*ﬁéwﬁl g’s\gue%tl%% e%g'fs%sg}e?fs fl ow and
par al | el pidesnntt lodcheonserldiden fapa paisiss ngn dhedieloyera body, a first flow
channel throu t he body for effecting systemparallel flow.to the screen
assenbl i es, a%‘givz?ng:(?&?r?ésﬁydw %Snn%mg?ﬂ%/‘b%h %é:?‘n?&dyc?%?réf?gcﬁ ng system
seri es flseslpdrghesgeeenan dascknblPrsferably, | theer s8abppagt | setedn aspect s,
an insert, between screens is a novabl e gate structure between screens

provi des IR TG P RS T RS d‘fae‘?e’?’%‘a]otﬁ%rr SERRPT R t12E8F acent
screens, syAdNr i rtefékapighannelfiliong, teay Eyy oghiratelijgl asedBsed | ow back
barriers praovide this node conversion feature, The present invention
di scl ose$oliiflsc dadsm dddddtng B udd it tvr2 theed ishf L% 11 F1%8% 1 1i ng
fluid W tgareRin deckt.he method i ncluding introducing the flow of drilling
fluid with solids to a systemfor separating at |east one conponent from

the flow, theB¥pfesabdy arkhe dvertry eFhaynhagcdr dite WeFPRMECHr esent

i nventi oot he JERIGLE T tdisted NEb VP01 SGERCHIAT 19R8 F1 A o5 )6H &8 Seri es
flow to the screen assenblies or a systemparallel flowto the screen
assenbl i éheusiagprd crmrani dechppanehushat| sheng the |diveriemitray th sol i ds
to the Sﬁrse%% ' eécréé!l?e&%@fﬂa&gl%ﬁ%nf Q%109 nePEY S SRNLWY

assenbl y. resent invention discloses, in certaln aspects,
met hods dipdrongdt dine fdactproacdssitihg deidanidn g drlegind desckr @3 \8&) .conponent s

t hereof and, i red ar ecty. parati.ng t circ i on
material (or oﬁgg%ga%%lﬂuas?&dn m%?%ri gﬁf"%%%g V\Aﬁas};ol#gg o% si&n{l!l%r si ze)
from usecdtheérebeloy ffor ddikecténgaiscraspeat ssolids sdpdeat aiirdibksing

circulatign.material _is_recovered d, used. ln certain _particular
aspect s, TANAR it HOE SRAPCyTUT EBFOYEcR ngvel diRsFESE A |1

accor danae tualdteidie peesentdi nsehidon Middn sdredding appaidt uSldwed ow an
initial al per ree par at for separating lost circulation nmateri al
(and/ or Hhtsndh e aual ahte ;%e £0R-used drilling fluid. A

vi br at or yheeppirakentor inti@htishakelso | pravd R¥odnreappabatasoresmce wth

the present invention has a _screen or screens at{ separate_l evels as
descri be FSPEFEH N %%ﬁbﬁ?%lar’ffé’“\mi FPL 1R &P&e@nt&’F ‘?o%.lullﬁ

parti cul ¥i-3sRECthe t ¥B1LQ¥er HhS! Heus ABomPELs Vg f howaskem a Qi gher
screen in parallel or in series. The present invention, in certain
enbodi meViLrateOy dBechaRi B at G yELERLr st dRgke athkdr /9P base or

frame; ashasketdefk HORRRITOBEISRT thRPAFAELE QRrRkn ddde Bage Hr frame;
screens at three or four different, spaced-apart distinct |levels in

accor dan@é TR nch dgicsentor nseheF bR vRbPAFRASAp P& AR e sartPde
col lecti QF t¥¥-a¥ion in which flow of solids laden drilling fluid

is divided between the first deck and the second deck and
a series mode of operation in which solids laden drilling
fluid is directed on to the first screen deck and then
drilling fluid screened thereby is directed on to the
second screen deck wherein the apparatus further
comprises a moveable plate or duct for selecting parallel

or series mode of operation.



- 17- receptacle.

with sol

Such a shal e shaker can treat drilling fluid contam nated

Ids, e.g. cuttings, debris, etc.; and drilling fluid with | ost
circul atiwo 20ebe002al (and/or material of simlar size) trheres010/Bwsh a
shal e shaker, in certain aspects, provides a separate exit streamfroma

second screening level which is primarily lost circulation material (and/or
material of simlar size). WD 20104350020PCT/ GB2010/ 051050 - 18- For
a better understanding of the present invention, reference will now be

made, by way of exanple, to the acconpanyi ng draw ngs, in which:
Figure 1 is aBreffersbly,vi dheof pdasel i ds | adénddr i hpeforater coedsi ng

system

blind. Advantageously, the plate has at 1least one
aperture therein. The plates may be switched from solid
to aperture to select between series and parallel modes:
solid for series and aperture for parallel or solid for
parallel and aperture for series.

Preferably, the duct comprises a plate with an
aperture therein. The plate may form the end of the duct.

Preferably, the first and second screen decks
comprise screens having the same screen mesh size.

Advantageously, the first and second screen decks
comprise screens having the different screen mesh size.
Preferably, for running in series mode. Advantageously,
the screen mesh size in the screens on the second screen
deck is of a smaller size than the screen mesh size in
the screens on the first screen deck.

Preferably, the basket is mounted on resilient
means, such as springs or rubber bushings.
Advantageously, the resilient means are mounted on a
base. Preferably, a sump is arranged below the basket.
Advantageously, a flow tray is arranged beneath the
second screen deck to direct screened drilling fluid into
the sump.

The present invention also provides a method for
separating solids from solids laden drilling fluid and
selectively sizing the solids, the apparatus comprising a
basket, a vibratory mechanism, a first screen deck and a
second screen deck mounted below the first screen deck
and a directing device for selecting a parallel or series
mode of operation in which flow of solids laden drilling
fluid is divided between the first deck and the second
deck and a series mode of operation in which solids laden

drilling fluid is directed on to the first screen deck



Figure 2A is a side cross-sectional view of a shale shaker in accordance

with the present invention; Figure 2B is a side cross-sectional view
of the shabeoshab@n shown in Figure 2A Fi gure 2CPC3/GB2810051050
cross-sectional view of a shale shaker in accordance with the present

I nvention; Figure 2D is a side cross-sectional view of the shale
shaker shown in Figure 2C, Eigwe 2E is a perspective view of a

di verter of the present invention; Figure 2F is a front view of the
shal e shaker shown in Figure 2A Figure 2Gis a view in cross-section

of the diangr tghershdwnllongi gduddoEdreaned stisdrelshaker ddlvemteidn g gure 2A;
Floure SAd o fesl fle-sresscatat] onabuvi Mol Rl enabRkE" Ai-aggprdance
comprising the step of moving a moveable diverter tray
for selecting parallel or series mode of operation.

The present invention also provides a method for
separating solids from solids laden drilling fluid and
selectively sizing the solids, the apparatus comprising a
basket, a vibratory mechanism, a first screen deck and a
second screen deck mounted below the first screen deck
and a directing device for selecting a parallel or series
mode of operation in which flow of solids laden drilling
fluid is divided between the first deck and the second
deck and a series mode of operation in which solids laden
drilling fluid is directed on to the first screen deck
and then drilling fluid screened thereby is directed on
to the second screen deck wherein the method further
comprising the step of moving a moveable plate or duct
for selecting parallel or series mode of operation.

Thus the present invention provides shale shakers
with structure for converting shaker fluid flow paths
from series to parallel, and vice versa.

The present invention discloses, in certain aspects,
methods and systems for processing drilling £fluid to
recover components thereof and, in one particular aspect
to multi, screen shale shakers in which fluid flow paths
can be selectively changed from series to parallel, and
vice versa.

In certain particular aspects, such methods and
systems employs a novel shale shaker in accordance with
the present invention with screening apparatus including
multiple screens and conversion apparatus for changing a
first separation mode from material flowing from one

screen to another in series to a second separation made



Figure 3B is a side cross-sectional view of a shale shaker in accordance
with the present invention; Figure 3Cis a perspective view of a flow
barri er uwsedoiomse2shal e shaker in accordance with the pressB0iomsesdi on;
Figure 3D is a perspective viewof a flow barrier used in a shale shaker in
accordance with the present invention; Figure 4A is a side
cross-sectional view of a shale shakgr-in accordance with the present
invention; Figure 4B is a side cross-sectional view of a shale - 19 -

shaker in accordance with the present invention; Figure 4Cis a

per spect iive whiek dludd iflomst twsguilitipd esisaireesisalier paraddedr.dance with the
present invenwﬁgrpresent invention discloses, in certain aspects,
a system for processing a mixture of drilling fluid and
solid material to separate at least one component of the
mixture by size from the mixture, the system including: a
vibratable basket for receiving an input flow of drilling
fluid with solids therein; a plurality of spaced-apart
screen assemblies including a first screen assembly and a
second screen assembly positioned below the first screen
assembly; the screen assemblies mounted in the vibratable
basket and vibratable therewith; conversion apparatus
associated with the screen assemblies for selectively
controlling the input flow to select one of series flow
and parallel flow to the screen assemblies; drilling
fluid flowable through the first screen assembly; and
drilling fluid flowable through the second screen
assembly and flowable down therefrom.

A vibratory separator or shale shaker, in one
embodiment in accordance with the present invention has a
screen or screens at separate levels as described herein
in accordance with the present invention. In one
particular aspect, two lowermost screens receive flow
from a higher screen. Conversion apparatus permits this
flow to be selectively changed from parallel to series,
or vice-versa. The present invention, in certain
embodiments, includes a vibratory separator or shale
shaker with a base or frame; a '"basket" or screen
mounting apparatus on or in the base or frame; multiple
screens at different, spaced apart distinct 1levels in
accordance with the present invention; vibrating
apparatus; mode conversion apparatus; and a collection
tank or receptacle. Such a shale shaker can treat

drilling £fluid with solids therein, e.g. cuttings,



Figure 4D is a perspective view of a channel

apparatus used in a shale

shaker in accordance with the present invention; Figure 4E is a

per spect iwe 2¢ioerso@b an i nsert used in a shal e shaker i nrer@wB20emse0s0i t h t he
present invention; Figure 5A is a side cross-sectional view of a shale
shaker in accordance with the present invention; Figure 5B is a side
cross-sectional view of the shal e _sRaker shown in Figure 5A; Fi gure 5C
is a side cross-sectional view of a shale shaker in accordance with the
present invention; Figure 5D is a side cross-sectional view of the

shal e shdebrisf, Fegare 88d drilRHngyr §l%Ed switlpedopdcté¢mecwiaviari an

i nsert of
Fi gure SIE'aﬁ:s

e%*l%{le t%'é‘} 8n N accprdance wth fthe present | nventi on;
atop view of the insert shown in Figure 5E;
The present invention discloses, in certain aspects,

a conversion apparatus for a system for processing a
mixture of drilling fluid and solid material to separate
at least one component of the mixture from the mixture,
the system including a vibratable basket for receiving an
input flow of drilling fluid with solids therein, a
plurality of spaced apart screen assemblies including a
first screen assembly and a second screen assembly
positioned below the first screen assembly, the screen
assemblies mounted 1in the vibratable basket and
vibratable therewith, drilling fluid flowable through the
first screen assembly and the second screen assembly down
therefrom, the conversion apparatus associated with the
screen assemblies for selectively controlling the input
flow to select one of series flow and parallel flow, the
conversion apparatus including: a body, a first flow
channel through the body for effecting system parallel
flow to the screen assemblies, and a second flow channel
through the body for effecting system series flow to the
screen assemblies.

In certain particular aspects, an insert between
screens 1s a movable gate structure between screens
provides the mode conversion feature. In other aspects
inserts adjacent screens, appropriate flow channelling,
and appropriately located flow-back barriers provide this
mode conversion feature.

The present invention discloses, in certain aspects,
a method for treating a flow of drilling fluid with
solids, the method including introducing the flow of
drilling fluid with solids to a system for separating at

least one component from the flow, the system as any



Figure 6A is a side cross-sectional view of a shale shaker in accordance
with the present invention; Figure 6B is a side cross-sectional view
of a shalwobskeoo2on accordance with the present inventipomGB2010/0s5kisgure 6C
is a perspective view of an insert of a shale shaker in accordance with the

present invention; Figure 6D is a top view of the insert shown in
Fi gure 6C; Figure 6E is a perggective view of a channel apparatus of
a shal e shaker in accordance with the present invention; Figure 6F is

a perspective view of an insert of a shale shaker in accordance with the
present heredin oap ac@rdance with the present invention, the

method further including selecting one of a system series
flow to the screen assemblies or a system parallel flow
to the screen assemblies using a conversion apparatus,
flowing drilling £fluid with solids to the screen
assemblies, and screening the flow to each screening
assembly.

The present invention discloses, in certain aspects,
methods and systems for processing drilling £fluid to
recover components thereof and, in one particular aspect
for separating lost circulation material (or lost
circulation material along with solids of similar size)
from wused drilling fluid. In certain aspects, the
separated 1lost circulation material is recovered and
used.

In certain particular aspects, such methods and
systems employs a novel shale shaker in accordance with
the present invention with screening apparatus below an
initial scalper screen apparatus for separating lost
circulation material (and/or material of similar size)
from used drilling fluid.

A vibratory separator or shale shaker, in one
embodiment in accordance with the present invention has a
screen or screens at separate levels as described herein
in accordance with the present invention. In one
particular aspect, two lowermost screens can receive flow
from a higher screen in parallel or in series. The
present invention, in certain embodiments, includes a
vibratory separator or shale shaker with a base or frame;
a "basket" or screen mounting apparatus on or in the base
or frame; screens at three or four different, spaced-
apart distinct 1levels in accordance with the present

invention; vibrating apparatus; and a collection tank or



Figure 6Gis a perspective view of an insert of a shale shaker in

accordance with the present invention; Figure 7A is a side

cr oss- seawvoanal1svo2ew of a shal e shaker in accordance w ProTidB20pVESENt
invention with a diverter in an open Figure 7B is shal e shaker shown
cl osed position; Figure 7Cis a top shaker in accordance with

Figure 7D is a top shaker in accordarce wth Figure 7TEis a top

shaker in accordance wth

receptacle. Such a shale shaker can treat drilling fluid
contaminated with solids, e.g. cuttings, debris, etc.;
and drilling fluid with lost circulation material (and/or
material of similar size) therein. Such a shale shaker,
in certain aspects, provides a separate exit stream from
a second screening level which is primarily lost

circulation material (and/or material of similar size).



Figure 8A is a side cross-sectional view of a shale shaker in accordance
with the present invention, showi ng certain ducts and fl ow paths;
Fi gure 8BvD2om/sbake cross-sectional view of the shal e siralrayB2stvmsmshi gur e

8A, showi ng certain other ducts and fl ow pat hs; Figure 8C is a side
cross-sectional view of a shale shaker in accordance with the present
i nvention, show ng certain ducts andgflow pat hs; Figure 8D is a side

cross-sectional view of the shal e shaker shown in Figure 8C, show ng
certain other ducts and flow paths;. Figure 8E is a perspective view of an
insert of a srmlreaeﬂmm:reﬁ nradsosrtgadiaghiath thee rpr%nlt inwmestiam,; Figure

8Fis at Vi e oft ser 8E F| |de
Cr oss- sec%'l%on n\g\‘/al eW‘o %shak%e s%gﬁéé ac%o ance v#?% t e pffheesent

I nvent i orcompiamying drawings, in whlch.

Figure 1 is a schematic view of a solids 1laden
drilling mud processing system;

Figure 2A is a side cross-sectional view of a shale
shaker in accordance with the present invention;

Figure 2B is a side cross-sectional view of the
shale shaker shown in Figure 2A;

Figure 2C is a side cross-sectional view of a shale
shaker in accordance with the present invention;

Figure 2D is a side cross-sectional view of the
shale shaker shown in Figure 2C;

Figure 2E is a perspective view of a diverter of the
present invention;

Figure 2F is a front view of the shale shaker shown
in Figure 2A;

Figure 2G is a view in cross-section of the diverter
shown in Figure 6E in the shale shaker shown in Figure
24;

Figure 3A is a side cross-sectional view of a shale
shaker in accordance with the present invention;

Figure 3B is a side cross-sectional view of a shale
shaker in accordance with the present invention;

Figure 3C is a perspective view of a flow barrier
used in a shale shaker in accordance with the present
invention;

Figure 3D is a perspective view of a flow barrier
used in a shale shaker in accordance with the present
invention;

Figure 4A is a side cross-sectional view of a shale
shaker in accordance with the present invention;

Figure 4B is a side cross-sectional view of a shale



certain ducts and flow paths; and Figure 9B is a side cross-sectional view
of the - 23.- shale shaker shown in Figure 9A, show ng certain other ducts
and f| ow wet2b8/150020 Figure 9C is a side cross-sectionacTdeRmoafsi@goshal e
shaker in accordance with the present invention. Figure 9D is a side
cross-sectional view of the shale shaker of Figure 9C Figure 9E is a
perspective view of an insert in acqgrdance with the present invention.

shaker in accordance with the present invention;

Figure 4C is a perspective view of an insert used in
a shale shaker in accordance with the present invention;

Figure 4D 1is a perspective view of a channel
apparatus used in a shale shaker in accordance with the
present invention;

Figure 4E is a perspective view of an insert used in
a shale shaker in accordance with the present invention;

Figure 5A is a side cross-sectional view of a shale
shaker in accordance with the present invention;

Figure 5B is a side cross-sectional view of the
shale shaker shown in Figure 5A;

Figure 5C is a side cross-sectional view of a shale
shaker in accordance with the present invention;

Figure 5D is a side cross-sectional view of the
shale shaker of Figure 5C;

Figure 5E is a perspective view of an insert of a
shale shaker in accordance with the present invention;

Figure 5F is a top view of the insert shown 1in
Figure 5E;

Figure 6A is a side cross-sectional view of a shale
shaker in accordance with the present invention;

Figure 6B is a side cross-sectional view of a shale
shaker in accordance with the present invention;

Figure 6C is a perspective view of an insert of a
shale shaker in accordance with the present invention;

Figure 6D is a top view of the insert shown in
Figure 6C;

Figure 6E 1is a perspective view of a channel
apparatus of a shale shaker in accordance with the
present invention;

Figure 6F is a perspective view of an insert of a

shale shaker in accordance with the present invention;



Figure 1 illustrates a system S in accordance with the present invention
whi ch includes a derrick 1 that extends vertically over a wellbore 2. A

t ubul ar vwokosWrsoozg 3 extends into the well bore 2, and extraBisidiosomt he
earth's surface to a desired depth within the well bore. A flow line
4a is connected to the tubular work string 3. Aflowline 4b is connected
to annul ar space 5 fornmed between _t g outer surface of tubular work string
3 and the inner surface of wellbore 2. Drilling fluid (or "nud") for the
systemin a nud pit 6 is circulated through the overall nud systemvia a
mud punp 7. Didiguret y6% cak dr iperspeaperat voaw, off 1anl issepubped iato t he

t ubul ar rk string 3.by t u thro t f.low l.i.ne 4a,

circulatée aig'l?t sel?abk%trt &n%eaﬁg:%fargég)tc%t krﬁ'ttauﬁ:u Ca v%osr tPﬁ_’stlrnlv\n%l r2>(né. g., but not
limted to, ottiduremZd dis|la billeOrrosp-aecannnhils viesf cfhea veidlmre 2, and
out of th nnulus 5 via the flow.li 4h. Spent, (or us fluid nud
oxi t 1 g CREREH | Hor AokeRdraces Tt bier rasent | FRESHELPACHIFE i1 11 no
fluid, ddiverdert imJan lopein @osdiwWiaini;on material (and/or material of
simlar size),_ .and otﬁ r debris encountered in the wellbore 2. Accordingly,
the spent dri FRAF& | gs I xur 1 H8a TSI HETRIN3L ol 8 (S

separ at i @hadevisieak&rICBhaan0ia OFiglre Shahd tihalies sd8veptaecamdance - 22-
with the present invention. The conmbi ned m xture of drilling fluid, added
mat eri al ¢s§d PASiFER/id/ or | ost circulation nmaterial, etc.), debris, and
drilled cutti paguaee Atr Gt ed QP heishalos simkenhsedt LéflURd Shdlding fluid
passes through screens at the sane or at different |evels of the shaker,
e.g. scr&bikegy igpecoprdagge\miidh the presemt dveatd®n /| evel s of the shale

shakers 8 and gigAid egped d nj 0 tpe Pkl Pigle 634 OF plshe+f Wor | quedpd  screens
are at the sane level each receiving a portion of flow fromthe screen 8b).

Drill cutshakgs dimd asaeadanssi 69 thadheopaesemd daveatdo®a- 8d of the shale
shakers 8 and gl A sgRanged; (YFove; 8¢ g%f ’?ﬁging!%)rt VE£ h ot e, proper

I-

sel ection of screen rreshl%or t he“screen ost circulation material (wth
sone mat shiaklerofinsiandomdagicee wiith hhes gmesend dayyendticoa ;by and di schar ged
fromthe top m ee b e w . ver. I
circulation n(g{l rl % SB(&gml og ?ngsiégr Fgf%gf sg:::%r:llf’grgisi%g%)% ?1%\%5 %?15 r is
punped t shakeard ig taceordamece owithotheo prelsenthemverdciess, nshewipas at us 8k.
Optional |y, tthe shal.e sr}?efrs 8 ane | i ke any other shal e shaker disclosed

herein i Faccord Hgé-'svx,i thlgwplpgseﬁt’ i nvention. One, two, or nore screens

in series nay Fieateat 8Bsel eclaedsideererdsg-esectidndl netiew nbfedth®, | ost
circul ation naterial , such as wel | bore strengtheni mat erials (WBM )
Chat 1 oRBahRysHAKRE SR kS e S (SFTERL RS SHEEDsai no
appar at uan®K.flow pathsgures 2A to 2D show a shal e shaker 310 in accordance

with the present invention which has a basket 312 vibrated by vibratory
appar atus 314 "398%8 1%unets s%nﬁlg%cﬁﬁﬁéﬁsFEEéP% PH&EWd ofor2 f*’rftﬁ‘ﬁe and some

sol i ds) idmakeRASiSESadbdLddicd NeehSehaepyedt®t iNkAntiTHBC Mbwihgr €
nmounted to the basket 312 at different [evels.
certain ducts and flow paths;

Figure 8D is a side cross-sectional view of the
shale shaker shown in Figure 8C, showing certain other
ducts and flow paths;.

Figure 8E is a perspective view of an insert of a
shale shaker in accordance with the present invention;

Figure 8F is a top view of the insert shown in 8E.

Figure 9A is a side cross-sectional view of a shale
shaker in accordance with the present invention showing

certain ducts and flow paths; and

Figure 9B is a side cross-sectional view of the



- 23- Fluid flows through the screen 318a (which nmay be a scal ping
screen), flows down to a flow back barrier 317a, through an openi ng 328,
and t hen wot2010/13e028cr een 318b. As this fluid builds up iPotr@GBRoPBHs81l5a on
the screen 318b, it rises to a level equal to and then greater than a top
313a of a weir 313. Fluid then flows over the top 313a of the weir
313 through a channel 311 to the lowar-screen 318c. The opening 328 is
defined by the weir 313 and an end of the flow back barrier 317a. Fluid
flows through the | ower screen 318c on to a flow back barrier 317c which

di r ect es sthiad f | shaként showmp B16Figure 94 ,ui ghowingf lcewdatimr cuigest he screen

318b flo fd,ow b barrier 317b, over an end of a diverter 320,
and dom\éﬁlgctt%hwe‘]m?ur%%éﬁ@%\%lﬁas'a channel 316a. The diverter 320 is

sel ectivel y miigiure i9C hicd da ngidér vebesesd2idaoand, vaiew mfFigweald, bl ocks
an openin 22 aof a channel 324 forned by spaced-apar.t nenbers 325, 326.

As shown Sﬁl‘ﬁ Fgdfe BEOHREE V& erth@@’ré’scﬁghtlg‘v@ﬁ:ll@q'hat has exited from
t he bottom of rikgrecr ebn 34 8la f shdef | @y Lad i sl Seriean 3E8cthdhis fluid
flows pasé_‘ he pi'ni ng 322 into the channel 316a. Figures 2A and 2B
illustrats asg’éi | G %W Dat h. As shown in Figures 2C and 2D,

the diverter 33Quies beendouetosPspdetite Uhvdews dEowabl endewn oo the
screen 318c whjch has exited through the bottom of the screen 318b. This is

an "in s&Geerdancs, Wit the prg dAVERT1PP8a to the screen 318b to the

screen 318c - HiQfurld Ui di dPuBtiotbEe as WM. S| AnS/UdRT IR Wwiken SCreen
318c is usually of a finer nmesh than the nesh of screen 318b and screen

318a is (hfal PyeeeBtalifiViRy W@eenifhusinerdan i 8s 81y thethateen 318D
will be @adeds PGEBRPSALDY 'S¥er a wellbore 2. A tubular work

string 3 extends into the wellbore 2, and extends from
the earth's surface to a desired depth within the
wellbore.

A flow line 4a is connected to the tubular work
string 3. A flow line 4b is connected to annular space 5
formed between the outer surface of tubular work string 3
and the inner surface of wellbore 2. Drilling fluid (or
"mud") for the system in a mud pit 6 is circulated
through the overall mud system via a mud pump 7. During
typical drilling operations, £fluid is pumped into the
tubular work string 3 by the mud pump 7 through the flow
line 4a, circulated out a bottom end 3a of the tubular
work string 3 (e.g., but not limited to, out from a drill
bit 9), up an annulus 5 of the wellbore 2, and out of the
annulus 5 via the flow line 4b.

Spent (or wused) fluid mud exiting the wellbore
annulus 5 through the flow line 4b includes drilling
fluid, drill cuttings, lost circulation material (and/or
material of similar size), and other debris encountered
in the wellbore 2. Accordingly, the spent drill cuttings
mixture leaving the well is directed to a separation

device, such as one or more shale shakers 8 in accordance



- 24- use. The diverter 320 can be mani pul ated and noved through an
open end access area 329 (Figure 2F) of the basket 312. As shown in Figure
2E, the dwoenteerso®80 has a solid chute portion 320a for pCawB2otoatsiosg f | ui d
fl ow and two handl es 320b projecting fromthe chute portion 320a. The
angle fromthe horizontal of the screen 318b coupled with the height of the
weir 313 determ nes the depth of thegool 315a and of a | ower edge 318e of
a beach area 318f on the screen 318b (e.g., see Figure 2C). Fluid flow ng

t hrough the screen 318c fl ows down a flow back barrier 317c into the sunp
316. Sol mdeh( wehet opgsesentegineentiow. of Thehecombdined tmixtereenst as

i ndi cate t. 0 e .di.veyter 3 L ted enrails
591 of ¢ RE it F LR hoded, patlradh 144 601 135 TAURS PRJECD
appar at usds c3d@yr i o3 e tarrd alse ek tan )holdkHdrhiss diaret tdri B icutptiaoges Any

sui tabl e ¢l angi.n aratug,may _pe.used i.ncluding, W thqut liygtation,
PNEUVOSEATS. abEPSERgocts Wik SBAbF: ceh el ar ) EEBEE. S Hifhon
expansi ofludldpddredi terdegh 32Oréén&- shapher glaime. o a®i digf Bgapenat uses
310p and 3205 hold the screens in place. Me in th creen 318A is
pr ef er ab¥V&Fe P otl?‘l’lafﬁ?g?f:ds ©1P8" %%75648aarggscgf:pe§.dsl"f'}”0%é aspect,
the screere3ldA hesradiEEarehte 1ewellst et €id | ShalleeahakelrBam lddd” are
renoved (and _pieces of, am)nﬁﬁot her things, solids and/or_lost circulation

mat eri al iha@iapeted14nty thal Mid | RitarfedPrdithsistyR pHEeFRBugh t he
screen 31@Adesd ardd Wt NMe |ddid Akt HAMI teedidlind A5tpsi#1dn ad £ On

material that are 1/16" in |argest dinension or slightly smaller).
flow from the screen 8b). Drill cuttings and other solids

pass over the screens 8a-8d of the shale shakers 8 and
are discharged (arrows 8e, 8f, 8g, 8h). With the proper
selection of screen mesh for the screen 8b, lost
circulation material (with some material of similar size,
if present) is separated by and discharged from the top
of the screen 8b (see arrow 8f). The recovered lost
circulation material (and/or material of similar size)
flows and/or is pumped to a mud pit, a reservoir, or to a
further processing apparatus 8k.

Optionally, the shale shakers 8 are like any other
shale shaker disclosed herein in accordance with the
present invention. One, two, or more screens in series
may separate selected material (e.g., but not limited to,
lost <circulation material (LCM) , such as wellbore
strengthening materials (WSM)) that flows and/or is
pumped to a reservoir or to the further processing
apparatus 8k.

Figures 2A to 2D show a shale shaker 310 in
accordance with the present invention which has a basket
312 vibrated by vibratory apparatus 314 and a lower sump
316 which receives fluid (or fluid and some solids) that
passes through three screens 318a, 318b, 318c which are

mounted to the basket 312 at different levels.



- 25 - The screen 318B has a nesh size as chosen for renoving material of a
certain |argest dinension or larger, including, but not limted to solids,
debris, dwol2bmdisen2oti ngs, desirable additives, and/or | est/GB20oulsadsoon
material, such as well bore strengthening material. In one aspect the nesh
size is chosen in cooperation with the nesh size of the screen 318A so that
the screen 318B renoves |ost circul g on material (and solids or pieces of
simlar size) and, in one particular aspect the nmesh size is chosen so that
l ost circulation material of a |argest dinmension of 1/16" or greater does
not pass throﬁg.lmitdﬂélswsaethﬂd_@lahhlefsomsehraﬂrﬁahdwtldpm maxyedfe 4 n one

aspect sUehltsly JLU gl IR YAl do STARN Le Ball Sy or aq e exit
stream f rom the s&Een 318 I'n par I cul ar ‘aspec has wet™ |1ost

circul at |t¢1rdugreraralo;(mnget32&),stami rtnhdratdruro rlﬂ*teerscaiee‘xi m@m ths sol i ds of

simlar ze 50% voI une on articul spect at
| east 7537-hl gﬁ&ﬁl?i[clﬁu&ac%n 512 BPYo a:{}]%b & (h @h% Teapt Zs,rlqarh’e out put
is 50% | dad mdisesultd mnl@@é]areqhanndoSa%isezhleds gleatied |tHarsiazegop | n

certain é_ects screenég%sh size is chosen so that a relatively large
per cent ag’ G oth@ Miedk ‘the top of the screen is lost circulation

material, e.grFlRid otHErR, £UPws 0008% the%tdP 3134 0080%he weir F3xRIres 3A
and 3B show a shal e shaker 340 in accordance with the present invention,

with a bidROUIM23y| ThaRRRL by3 WA bit8t oFYe apfifeR uscsegen SélBens B, 347,
348 are 19 i3pd Nes haskaiedi 15%4&1&' Ruibagh3bany eh 3y kaneatd t he

screen 346 and fl ow back barrier 3 beneath the screen 347. A weir
341 wi t h fdpopackd Baraiaef i het ( whlhigh Ehews4tdnsfughetbaskawem2) a flow

channel 343 el F1lg¥ Gof {QMNEINURBLALE leﬁl%ﬁc LS MR di Rdded4 om a pool
351 WO 2010/150020PCT/G82010/051050 - -
the fluid into sump 316.

Fluid that flows through the screen 318b flows down
a flow-back barrier 317b, over an end of a diverter 320,
and down to the sump 316 via a channel 316a.

The diverter 320 is selectively movable in holding
structure 320a and, as in Figure 2A, blocks an opening
322 of a channel 324 formed by spaced-apart members 325,
326.

As shown in Figure 2B, the diverter 320 prevents
fluid that has exited from the bottom of the screen 318b
from flowing onto the screen 318c. This fluid flows past
the opening 322 into the channel 3l16a. Figures 2A and 2B
illustrate a parallel fluid flow path.

As shown in Figures 2C and 2D, the diverter 320 has
been moved so that fluid is flowable down onto the screen
318c which has exited through the bottom of the screen
318b. This is an "in series" flow path - from the screen
318a to the screen 318b to the screen 318c - for fluid
down to the sump 316. In series mode, the screen 318c is
usually of a finer mesh than the mesh of screen 318b and
screen 318a is usually a scalping screen. Thus the solids

exiting the screen 318b will be graded, perhaps for re-



of fluid on the screen 347. Fluid flow ng down in the channel 349 flows to
the | owernost screen 348. Fluid flowi ng through the screen 348 flows into a
sunp 356.woheieo@en 347 has flow barrier 352 (see Fi gureTtAB0mosnesot ed

t here-below with an end 353 which, in the position shown in Figure 3A

bl ocks an opening 354 so that fluid flowng in the channel 349 cannot fl ow
into a channel 359. Also, with the epeni ng 354 bl ocked, fluid flow ng down
t hrough the screen 347 flows along the flow back barrier 343 to the opening
354, into the channel 359, and then into the sunp 356. Thus the fl ow node
for the swesens 347 and 348 as shown in Figure 3Ais parallel - quid

fl ow ng throu% t h%jﬁ%e 35 (#3480anFI Lbed fnl Ii’]w_g&%ﬁrg&ug{] cfcr 47 does
over

not flow to screen | oW 'hg ~Wwei'r roug annel 349
on to scroeouyhs. arr upelnf lemds aénemgharlaa §c2r9ee(F1‘3gt8re N2B) s wifp 1356 Sol i ds

pass ovel 3G 246 a84ndRe 38 righrd SROSYnL as W Ur il Y RIPCesSI ng.
a solid chute portion 320a for facilitating fluid flow
and two handles 320b projecting from the chute portion
320a.

The angle from the horizontal of the screen 318b
coupled with the height of the weir 313 determines the
depth of the pool 315a and of a lower edge 318e of a
beach area 318f on the screen 318b (e.g., see Figure 2C).
Fluid flowing through the screen 318c flows down a flow-
back barrier 317¢ into the sump 316. Solids (wet to some
degree) flow off the ends of the screens as indicated by
the arrows W.

The diverter 320 is mounted between rails 321 of the
holding structure 320a (see, e.g. Figure 2G) and clamping
apparatuses 320p, 320s are used to hold the diverter 320
in place. Any suitable clamping apparatus may be used
including, without limitation, PNEUMOSEAL™ apparatuses,
which comprise a pneumatic hose, which upon expansion
holds the diverter 320 in C-shape rails. Clamping
apparatuses 310p and 320s hold the screens in place.

Mesh in the screen 318A is preferably sized so that
solids 1/8" and 1/64" are scalped. In one aspect, the
screen 318A has a mesh size such that solids greater than
1/16" are removed (and pieces of, among other things,
solids and/or lost circulation material that are 1/16" or
smaller in largest dimension pass through the screen 318A
(e.g., but not limited to graphite ball lost circulation
material that are 1/16" in largest dimension or slightly

smaller).



As shown in Figure 3B, the screen 347 does not have the flow below it and
the channel 359 is closed to fluid flow by a flow barrier 357. Wth the
channel 356 20lmsedtoby the flow barrier 357 and with thepemdiRbdyosesoved
fromthe opening 354, fluid flow ng through the screen 347 flows onto the
screen 348 and thus the flow node, as shown in Figure 3B, is in series for
the screens 347, 348. As shawpgn Figure 3C, for parallel flow, the
flow barrier 352 has a body 354 with a fl ow channel 355 there-through; a
solid portion 356; and an end latch 357 for connection to the screen 347.
As shown The FSgreen 3B18Be hidsova bmeshersiZe/ dmschobedy £338 wendving | ow
channel 353 there-t%ou h anq__aa Iatchr 3e651t Fd uerﬁasﬁoqli Iolusti'aa]:; eesrthe WO
2010/ 150 &/aéSZG’ | 651650 =227- ]ﬁ(ﬁ,\, pat W for series Tlow 9% Fi gures
4A and 4Brsflmdimgshabetshakier 13WA ted ateorsddrcks wi Hebrhe, prdxselited nventi on
wi th a basket. 372 vi.brated.by vibratory apparatus.374. Screens, 376, 377,
578 are ARRHEHS PRETHAERE! STHERTT owRA/E bal PFEr SASTIRERTR ¢ ho
screen 3fataid afll,0wdnic laHardli o F thrseptitediisy sedtearial/7.In one A weir
371 with a top end 371a_ def.i nes_%vmc%‘h an end 372a of the bastget 372) a flow
channel 3F® e BeFhoiRS obRr CPRESPOF 3 792°BRT 2 HEOe M t87 1588 om a pool

381 of flndisth 0O8ik8€ oXCr €RE Flkedt UBUSAl ¥4 NghdeWtHd | geree8A)3igBt he
channel 379, flows to the | owernost screen 378. Fluid flow ng through the
screen 3TFSMIVERs %e%hgcarf%aﬁbaew@&errﬂ@rl 3tand nFBléd§ur?]§ Jgpg=ces

of similar size) and, in one particular aspect the mesh
size is chosen so that lost circulation material of a
largest dimension of 1/16" or greater does not pass
through the screen 318B and flows from the top thereof.
In one aspect such lost circulation material is graphite
balls.

The exit stream from the screen 318B, in particular
aspects, has wet lost circulation material (or wet 1lost
circulation material along with solids of similar size)
of at least 50% by volume; and in one particular aspect
at least 75% lost circulation material by volume (in one
example, the output is 50% lost circulation material and
50% solids of similar size). In certain aspects, screen
mesh size is chosen so that a relatively large percentage
of the flow off the top of the screen is lost circulation
material, e.g. by volume, up to 50%, 75%, or up to 90%.

Figures 3A and 3B show a shale shaker 340, in
accordance with the present invention, with a basket 342
vibrated by vibratory apparatus 344. Screens 346, 347,
348 are mounted in the basket with a flow-back barrier
345 beneath the screen 346 and flow-back barrier 343
beneath the screen 347.

A weir 341 with a top end 34la defines (with an end
342a of the basket 342) a flow channel 349 for fluid
flowing over the top 34la of the weir 341 from a pool 351



The screen 377 has an insert 390 at an end 377a which is in the position
shown in Figure 4A. Fluid flowi ng through the screen 377 flows into a fl ow
channel 398 20fo/@o@bannel apparatus 391 (see Figure 8D) aou/dBrerv/isniso t he
sunp 386. PNEUMOSEAT. P appar atus 389p, 389s facilitates the clanping in

pl ace of the screens and the nai ntenance of the screen in a desired

posi tion. Fluid fromthe poal 5331 flow ng over the top 371a of the
weir 371 flows in the channel 379 down to the screen 378. Fluid flow ng

t hrough the screen 378 flows into the sunp 386. Thus the flow fromthe
screen 3@ tﬁllai:\@l phrougm sheeenr k. SFIuiG7&JJosviing adqmpanalttleé fl ow

node. har! nel &I'—‘F aur, 4§he”f owdi3 #%39%]_%%% t§§§6 f 4 apparat us

391 have D&&h reaned i d oW ng héS&een ows down to
t he scredladiihg THienotghi dthie ostreen hB@thEldms sdnéen 87 dufpovdselown to the

screen 3 t hr ough a eni n 4. An insert , JFiqure.4E, bl ks flow
Cheonn dhe TERHAINSTAPIRAY, Ficy Mprfist! B Geh' Eidiren:
floating cﬁ:@iﬂdﬂﬂ:etd’lelthélie%yélahSOwi)ﬁBS av erendi r35371whlilbhugh1ﬁhaﬂ&el 379 and

on to the | gqwer screen ures. 5A to 5D show a s er 400 with a
O 4 b poeiiond tEESH S (5 Lrigute bt thLoaks * ahneo a0 5 e bans. 411

412, and thbt FRIDULSHind imeth@skRhnAB2. 3A9f lcawnbac € 1lar rirfio 401 i s
bel ow t he screen 411 a_flowback barrier 414 is bel ow the screen 412, and

a f1ow b&RIB&L | 359 418158, hafigh ¢ FRes GRaxing 3354 blocked,  fluid
flowing down through the screen 347 flows along the flow-

back barrier 343 to the opening 354, into the channel
359, and then into the sump 356. Thus the flow mode for
the screens 347 and 348 as shown in Figure 3A is parallel
- fluid flowing through the screen 347 does not flow to
the screen 348.

Fluid flowing through screen 346 and overflowing
weir 341, flows through channel 349 on to screen 348.
Fluid flows through the screen 348 into sump 356. Solids
pass over screens 346, 347 and 348 for disposal or for
further processing.

As shown in Figure 3B, the screen 347 does not have
the flow below it and the channel 359 is closed to fluid
flow by a flow barrier 357. With the channel 359 closed
by the flow barrier 357 and with the end 353 removed from
the opening 354, fluid flowing through the screen 347
flows onto the screen 348 and thus the flow mode, as
shown in Figure 3B, is in series for the screens 347,
348.

As shown in Figure 3C, for parallel flow, the flow
barrier 352 has a body 354 with a flow channel 355 there-
through; a solid portion 356; and an end latch 357 for
connection to the screen 347. As shown in Figure 3D the
flow barrier 357 has a body 358 with a flow channel 359
there-through and a latch 361. Figure 3D illustrates the



A weir 405 having a top end 405a with an end portion 402a of the basket 402
defines a channel 409 through which flows fluid com ng over the top end
405a of twe 2emi150605 from a pool 406 of fluid on the screemBtiid/oskisui d

fl ows down and out of the channel 409 to contact and flow through an insert
417 positioned at an end of the screen 412. Fluid flows through a
passageway 418 in the insert 417 (see Figures 5E to 5F) to a channel 419
and down to the screen 413. Thus fluid flows fromthe screen 411 to both
the screens 412 and 413 in a parallel flow node. Fluid fl ow ng

t hr ough tfd@wscptaetén £0¥? sfelraes tfd cand through channel s 417a, 417b in the

I nsert 417, fr tré%re‘ll nt gn he gha 8gw 4;9 sﬁggedo akgrth%@urg_:)nﬂa
Fi gures 5C an aker 40 serres fTow node low is via
the fl owadwmlelr&aﬁﬁth 4ﬂ:Hb piretskeat rns'aretnuhm awmidth han bdeket V322 t he

h I t.h 413 PNEU t Op,--400s hol d
Ccroens VABERAE (Y ( RRBSFPEY, PRPBRG Ee s oadehayaay o 77 B gur es

6A and 687$hoaﬁré1 mbaheeahakertHéObaskemarv&lﬂ}el af IfQmebdleld pdtpige GA and
in serie Iolvjv § in Figure 6B. ggg sha e hak ALBO has.a b t 435
vi brat ed §PBREPor YPpSEERSTs barrigy, v 437 is

bel ow a wzﬁ%rtm?che &Jﬂe@& tzepcik

A weir 371 with a top end 37l1la defines (with an end
372a of the basket 372) a flow channel 379 for f£fluid
flowing over the top 371la of the weir 371 from a pool 381
of fluid on the screen 377. Fluid flowing down (Figure
8A) in the channel 379, flows to the lowermost screen
378. Fluid flowing through the screen 378 flows along a
flow-back barrier 391 into a sump 386.

The screen 377 has an insert 390 at an end 377a
which is in the position shown in Figure 4A. Fluid
flowing through the screen 377 flows into a flow channel
393 of a channel apparatus 391 (see Figure 8D) and then
into the sump 386. PNEUMOSEAL™ apparatus 389p, 389s
facilitates the clamping in place of the screens and the
maintenance of the screen in a desired position.

Fluid from the pool 381 flowing over the top 37l1la of
the weir 371 flows in the channel 379 down to the screen
378. Fluid flowing through the screen 378 flows into the
sump 386. Thus the flow from the screen 376 to and
through the screens 377, 378 is in a 10 parallel flow
mode.

As shown in Figure 4B, the insert 390 and the
channel apparatus 391 have been removed. Fluid flowing
through the screen 376 flows down to the screen 377. Then
fluid flowing through the screen 377 flows down to the
screen 378 through an opening 374. An insert 392, Figure
4E, blocks flow through an opening 397. Some fluid, with



barrier 435 is below a screen 432; and a flow back barrier 436 is below a
screen 433. The fl ow back barrier 435 has a channel 435a in an end
435b. Pnewousaalso@ppar at uses 430p, 430s hol d screens i npplrazBo10/051050 Fl ui d
flowi ng through the screen 431 flows to both the screen 432 and to the
screen 433 froma pool 429 on the screen 432, over a weir 444, through a
channel 427, and through an opening2>439a in an insert 439 (see Figures 6C
6D) in a nount 439b. Fluid flow ng through the screen 432 flows to a
channel 441 of a channel apparatus 442 (see Figure 6E) and then to a sunp
446. Fl uisemiel camaill t andligh tfAeatdngers @33 | therelomnmay Elsos passi46.

As shown jn _Fi gur L nsert e | 0 E o] flQ hr ough
t he chanfel r42‘%éjla§d§§% ?%%@%ﬂ4§ﬁ%§8§iF%g@r eg%%)%t‘ﬂ)ogi ?’:ﬁ %W cf#%)%gh an
openi ng 44%ees0 IM8at all fluid flowng fromthe screen 431 flows to the

screen 432. Vi t he openi.n 5 all fluid fl i N romthe s en 432

PP one oo Eaures B! 8 85°8hoft o Shakgx! B Blsh i E&Re: reo
with a basitet basReti baaredvhpratedbr by oryibpapts oy Usadbedratud | ovedack
barrier 457 is beneath screen 461 and a fl ow hack _barrier 488 s beneath
et oon Shesens ATt 1408 notdy 413 et e nPuB oo aa i HaRhE 6 456,
PNEUMOSEAT . fi cApicX Usesr 40401508 Belhdwseheerereenplsade. a flowFl uid from
a pool 459 on_the screen 462 overflows a top end 464a_of a weir 464,

through 2aFahdAri85 1 dhie BRt Bt ridsh AEead hovtPd i RN . Fluid

flow ng Wareu@y e S& RN W0 4+Hd Qes-ddy augh a channel 453 in an insert 451
(see Figure 7D) and then into the sunp 456 (not onto the screen 463). The

i nsert 451 i s A fitted G havingg@ top end 405a with an end portion
402a of the basket 402 defines a channel 409 through

which flows fluid coming over the top end 405a of the
weir 405 from a pool 406 of fluid on the screen 412.
Fluid flows down and out of the channel 409 to contact
and flow through an insert 417 positioned at an end of
the screen 412.

Fluid flows through a passageway 418 in the insert
417 (see Figures 5E to 5F) to a channel 419 and down to
the screen 413. Thus fluid flows from the screen 411 to
both the screens 412 and 413 in a parallel flow mode.

Fluid flowing through the screen 412 flows to and
through channels 417a, 417b in the insert 417, from there
into the channel 419, and down to the sump 416.

Figures 5C and 5D show the shaker 400 in a series
flow mode. Flow is via the flow channels 417a, 417b of
the insert 417 and then down, via the channel 419 onto
the screen 413. PNEUMOSEAL™ apparatuses 400p, 400s hold
screens in place (with no flow through the passageway
418) .

Figures 6A and 6B show a shale shaker 430, in
parallel flow mode in Figure 6A and in series flow mode
in Figure 6B. The shale shaker 430 has a basket 435
vibrated by a vibratory apparatus 434. A flow-back



10 nmount 467 and the channel 453 is in fluid conmunication with a flow
channel 471, permtting the fluid flow ng through the screen 462 to flow

i nto the woaonelsosk83. Thus, the fluid flow ng through ardTidB2010dawesof r om
the screen 461 flows both to the screen 462 and (over the weir 464) to the
screen 463, i.e. in a parallel flow node. An insert 474 (see Figure 7C) at
the end of the screen 462 holds theaJgcreen 462 in such a position that

hei ght of the pool 459 makes possible the flow of fluid over the weir 464,
so that series or parallel flow can be achieved. It should be noted that
dr awi ng tleerrdiererdt3gr is drediow) a5t remek 43lowar dFd awirdafckont , solids exit end
of 'the Shaker 0438 open goplyion fL sy alksl, modg opergfdonangd for vard
to a cl oséd position for serres node operation. IT Shoul d al'so bé noted
that in pearaliesd 4@3®eriat belowsal istxreemdad33drilling fluid can still flow over
weir 464, although.only small_solids d.light splids.are.likely to be
Faken wi th t haBE (FIPRAeR (Baggt et 435" nalss Fhzpdss BuBsn 55 Yol
series flema D .f orPddimncakierappera tAisd NA30p 4 74308 Gedkd tdereagedni ng to

t he channel 471 so that fluid flow ng through the screen 462 fl ows down
onto the ¥t Pe&F463 (not directly into the sunp 456 through the channel
471). Sone ovenfdiew, fidwiry . thiédyhhehpongberd he3sCEeBRs4@d assnl flow

over the weir 464 down to the screen 463. tionally a cut-out portion 472a
of the i 1 tSHFELHr R dRBda tRatdiSe SEEETF efqeg) a pool 43%8»s 8A and

8B show iR dd&ershaker 498rWal R haske! EBZouyhbhaldthdnelvifpafory

apparatus 484. Fluid flow ng through a | owernost screen 493 flows into a
sunp 4962and throughy an RAMINE K IPH rierandpser hehtht (59 e EeScr een

492. A flgew bask baf rizernd@rei dmneat hpihey S E1RRA P 3 thPBAYAD G
appar atuses 480p, 480s hold screens in place. In a parallel "fl ow node as

i |l ustratsersenr B3Fureow ato 12Bchanped f#ldwiodg a Ithanek rReraratss 491 fl ows

to both the s n ¢ d om,a4pP 489 ont r gy 492 a top end
487a of a wei SE%? v?%'lg@f I6f6Erv)v gﬁaﬁngfql‘%%B% own to the sc%r'een %gdlt shoul d
be not ed filieatinghethedugh8thes proaeneddd thlews edgeni8ia lthegi swywver the
pond 489§4\%hi ch helps inhibit solids flow ng thereover, a majority of the

i nhibited solids will eventually sink and wal k their way out of the pond
489 al ong scr @sn shd¥rt dra Bghums 6B ,scararigeseand, 448 d( s Klidyre heF)dashed

arrow. An.insert_.498 ee Figures 12E 12F),ih a unt 497 has openi ng
20801 hr SOGAi ELOY| (FEOHOHm ERE SREnmSt A48T Ao 10 cRessl P abs. A

t he sane (see, Figurd f6a)m bheckcifdew 482rdhghis anhr ot gpedidogs 98b to a
channel 5. and to_.ihe.s 496. Figures 8C and 8D shqw the shal e
chaker agath S (ELoFR o RTRKABS Arom it (3ERem ATBCEIPME oha® | oned

t hrough tdeaeer e432 434idlovke t 6pthengcassn, 4921 Hlwid filewming tfwsmgh t he
screen 43_%1flovvs to 3& openi ng_r49 ain an irls?%r:t 498 and then down to the
screen 498 FRFSERsé Se %g%%%rﬁe ) can block fluid flow
through the 1Figuaenrel 748andThes i BRSW! A98nhas @hakeani £50 498anf o 1 uid

fl ow and_openi ngs 498b for fluid flow Fi gures 9A and 9B show a shal e

shaker 5&@skety yhxa g byt & 1ibpatavaiaRPEHRE YR A 24 bR KEYOwD5 and
screens ALt 303 4 %t efds byeRe R 8t Qb¥edRPABA Uhd W F1SWEDAGK barriers

511 to 513 are, respectively, |ocated under the screens 501 to 503. An
i nsert 5¥@nriexr nd@St %50 bsng3&h t8 chargenoptbati ofridodElefg series to

paral | el a3 \grces VEES8en PiESMERAS, APRAT 2t USRS AP PNEUMOSEAL™
apparatuses 450p, 450s hold screens in place.

Fluid from a pool 459 on the screen 462 overflows a
top end 464a of a weir 464, through a channel 465, onto
the screen 463 (as shown in Figure 7A). Fluid flowing
through the screen 462 flows through a channel 453 in an
insert 451 (see Figure 7D) and then into the sump 456

(not onto the screen 463). The insert 451 is mounted in a



WO 2010/ 150020PCT/ GB2010/ 051050 - 32- 500s hold screens in place. As shown
in Figure RA fluid fromthe screen 501 flows both to the screen 502 and to
t he screew0208)/156020m a pool 509 on the screen 502, over paTwB2010534050t hr ough
a channel 505, through an opening 531 in the insert 530, to a channel 551
of a channel apparatus 550, and to a sunp 506). Fluid fromthe screen 503
flows to the sunp 506. Figures 9C_ang 9D illustrate the shaker 500 in a
series flow node. As shown in Figure 9C, the insert 530 (turned around)

bl ocks fluid flow fromthe channel 515 so that the screen 502 receives the
fluid fl @8 ngndéwn t 4é7scramd S5¢he Thehamselt 350 als® bHockst¥dadd fl ow

t hrough the cha l. 551 so. that al | t | d fJ.om n tom.the screen 502
flows toct%ﬁllénuglé%e%g:ﬁoélo:flgh ha X?Logho%a$+lg1=i g4u4rle{ QE,gr{"f]ig?f'}r} er‘fsn 30 has
fluid fl ddudldanfibdeind0chradmghs ctieen saseembl| 462 ay df ew t éntoangheai r of

screen assenbl i.es nd/ Qr_any_jnsert . cordance with the present
i nvent i oﬁiﬁnr?alud?‘%g; \;&Qﬁfdut tb?m{]alﬁcgn%gﬁgéggofﬁﬁodiﬁnésaﬂg& t9"YE) may be
used w t Rlcany froak etheDrs ReRireM 1N Floiey dastte v (thd hecfsasend2 iandnt i on
di scl osed herei.n. . The present inventi therefore, provjdes in at
east corteHR oo N A1 U, b STHE (Ebsi i 5 1 A BAERHLGE 1 1 1 o
fluid ang1ol ibde®! eahalinlse reepEr At eséé F&g&&eorn:)coamoaﬁat e@fd tde m xture
by size fromthe m xture, the system i ncluding:. a vibratable basket for
receivi nd"hz?n FPSRR™ f f8e @Pldlﬁ I IF%gsFFGFB ieh ’_s‘bl FHSht I?er%‘?srﬂ;t’ambl urality
of spacedmRartesSgh€c8ratHRNMISs 159! wdikdd PdddH1sSCLREN FAASREBEY and a
second screen assenbly positioned below the first screen assenbly; the
screen adddry it eiein 168, vFOr &hakl SeFasReoTaRR Ak dble
ther ew t huarCOBYETSIILARPAT JUSSHSSAET MeLOndtdd tiaSChegRiAgSepdies for
selectively controlling

diverter (insert) 451 back (towards the front, solids

exit end of the shaker) to an open position for parallel
mode operation and forward to a closed position for
series mode operation. It should also be noted that in
parallel operation, solids laden drilling fluid can still
flow over weir 464, although only small solids and light
solids are likely to be taken with the fluid over the
weir 464.

Figure 7B illustrates a series flow mode for the
shaker 450. An insert 472 blocks the opening to the
channel 471 so that fluid flowing through the screen 462
flows down onto the screen 463 (not directly into the
sump 456 through the channel 471). Some overflow, if
any, from the pond on the screen 462 could flow over the
weir 464 down to the screen 463. Optionally a cut-out
portion 472a of the insert 472 provides a handle (see
Figure 11E).

Figures 8A and 8B show the shale shaker 480 with a
basket 482, vibrated by vibratory apparatus 484. Fluid
flowing through a lowermost screen 493 flows into a sump
496.

A flow-back barrier 481 is beneath a top screen 491



- 33 - the input flow to select one of series flow and parallel flowto the
screen assenblies; drilling fluid flowable through the first screen

assenbl y;wendiwdisod2bi ng fluid fl owabl e through the seconeécswBen/mssenbl y
and fl owabl e down therefrom Such a system nmay one or sone, in any possible
conbi nation, of the following: a systemflow channel between the first
screen assenbly and the second screed assenbly, the conversion apparatus

i ncl udi ng hol di ng structure above the second screen assenbly, a diverter
hel d by the holding structure, the diverter having a diverter channel

t her e-t hrmaadgha t lﬁﬂ.oughawki d:han‘ﬁim'rd 483 f Lewdidredtlonat md ddlestsegayen
assenbly oug the nnel e secaond reen assenbly
for seri etsgh%’l (lz)s*wt}o IT%%om%t f?%ng;rg’[ tt%%r esé:rllre('%glsel%tcﬁ y to the
second s@memquaamﬂﬂgpanawuseseﬁﬂ@penu80§ehbﬂdssc&eeaen1&83&h&¢@'forning a
barrier to faC|I|tgg nt enance of a gfoLt 4:l|l f|UId:§%§ solids on
the first scteBA*S 8ﬂr‘o Ot Re 3G v‘e]r UStHRsA FIERS r?g tion, the
diverternzmuﬂﬁxnid)bloeknélthbbghu@mdf&bfa@ﬁemvmh&nbeb s theth t he pool
rises and drilling fl sol i ds passes the first sc n assenbly and
| ove &0 eSS A% Gl JFhiA JPach (BT G 4G | SRHRRN (HEE |HRR 11 0w o
both screenrcis il 4&ra éheahﬁéﬂrngsst friat &r €1V idMarRaAcerB@pddwn rai I s and
havi ng an end opening, and the diverter |ocated between the rails and

havi ng hdfdl'®apperatuside -t A& shiPsehagiotad haat &rgppsid BB hecessibl e

for moving tdieider it 4 h168§8€88750nhRG i BYSboeS [t lnedgo f | ow back
apparatus beneath the first screen assenbly for directing flow passing

through ol helRg ikt efdlyde o fLR¥IBYs tERTEOYRTe hahftd ] O% Blnp
beneath tj3e Eﬁéoriqi}ﬁ‘iﬁﬁtpé?i a§§§ﬂﬁéy uf:.QLrl r SG@h’éhQﬂl{g' cg/irn@sahag ddmeugh the
screen assenblies; a parallel flow channel adjacent the
2010/ 1500GRECT/ €@ 0 T0ItD50650the 3pondcr489 adomeh| seseenr 4cﬁ2r e&Pimy flow
fron1the t $§?Q cr Iy, b S h t reen
assenbl y ggiﬁbq%%hﬁr f?oaloﬁgaﬁggisg?e %ﬂ?d?hgﬂggrgg%tﬁg above the
second som@@rtaﬁawblqeeaﬁdgureﬁpllﬁg,aﬁ;ﬁr)atm & omohokdid®g thes dan/erter in
Lhe hol dieSticChuas: G LHECh! By iSF! 28RnaSIRIDLNALAEl U0asy
scalplng cree erein seCond screen assenbly 1 ncludes a screen W th
second sdlews rhesthef su:mae 498 .t #H etl'fearsaammm&g, soluids fitwm silre of | ost
circul atign nat ey éé’:l £184 ? emf ow crrllalt_nne Jeen thehflnrs Sﬁ§e”
assenbl y SHTThe secona %c ﬁ’ugssel?& nﬁ?roug Pch TGS owabl e
from t he and o Sﬂreeemn@sml y to t he second screen assenbly, the
conver si on appa ratus h é the q* i ng Iocklgg portion for
bl ocki ng 11 oW HRE o Y hiol 58 i S sheren paPd B 0w of
]Ehe I nputsefdiewy }ﬂdﬂ?&ﬂbd“ecrh@ﬁs? s’t&seﬂhln e&.gxﬁmnzﬁl,e Mﬂm hhea/s r‘?lcaﬂaid ow ﬂuct ]
or recei romthe first reen asse ich i 0 e throug
t he duct Ql"cf#\%‘ sk 8ncF°s‘?,ereébn4gi e‘i%‘l’?/ 6 EPSt SHTEST 49 ?I ovﬂ‘b"‘% he screen
assenbl | @owd niducth B @fkethé Ok cklbaakismg ffm§ hE@Uﬁh idperduey ;498ul/ or the
conversi gn apparatus having a _body, a_first flow channel through the body

for effedf iR syeEemtpA28 | nds Ité\ﬁnt AR $€r P aSSERBR| 493 -anth& second

flow chanpgleAthr poglisébe Fﬁ%ésor 18kf eCldF)g SYAl YRS | e3uilioveigy t he
screen assenbl i es. present invention, therefore, provides in at

| east cerdhgionabniid@ r@nt@a@%]ys‘ltse’-m fye plrreﬁ,%%’-'sl‘h?bs a8 @rPYILRF i | | i ng
fluid andqpal igd mehefiiale1lq, SERAL e:? Vo W FRA @Ol the mxture

by size fromthe m xture, the sys ng: a vi bratabl e basket for
recei ving an ifguarefs ofAofantt i 198 n§h¢WU|aj whehesothaker hé0f nina plurality

of _spacedgnant 1SHRRN ASIEDIhES shAReUist il M5! pACKEE" stEselRly and a

second screen
screens 501 to 503 vibrated by a vibratory apparatus 504

Flow-back barriers 511 to 513 are, respectively, located
under the screens 501 to 503. An insert 530 in a mount
540 is used to change operational mode from series to

parallel and vice-versa. PNEUMOSEAL™ apparatuses 500p,



- 35 - assenbly positioned below the first screen assenbly; the screen
assenblies nounted in the vibratable basket and vi bratable therew th;
conver si oNoapparsai2as associ ated with the screen assenbl ipes/deo10gBh@ot i vel y
controlling the input flowto select one of series flow and parallel flow
to the screen assenblies; drilling fluid flowable through the first screen
assenbly and drilling fluid flowahl gothrough the second screen assenbly and
down therefrom a systemflow channel between the first screen assenbly and
t he second screen assenbly; the conversion apparatus having a body, a first
fl ow chaw®ds thelougiereenshady pllecesf f ecti ng systemparallel flow to the
screen aggenblics. i3 SELand. T baw ahannek LAr quah Loe. Bedyohore£hfecting
system séri es Tow'to SCr éen ‘assenblres; oW back appar at'us %eneat h
the firsbodir eren tdes evdrdeerf @O iaretttogclid oveymsessi SOB t (Fwoargha thwoX i r st
screen a | 0 the syst fl ow channel ; u beneat h t.he second
Screon aSURNERY T SHESHR T 1 IV Ao OGP THPR G SERSEnDl | es;
and a parsals,el thioughhannelbpadiagens3l herscirhen asserbl 1539 ,f otodid ecti ng
flow fromthe poo o the second screen assenb bypassi ng the first screen
hsenbl y CHARAR] PSSl P8 3 | GHARBeLh TR B oS the] Pad £ & Wy esont
i nvent i ors0é)herahare £ oo \Whée sdrieed S0BAF1 AR R Rt ' ., a
conversi on apparatus for _a sjéjtemfor processing a mxture of drilling

0

fluid andigNnes nit ernd) 9P ystratetthethakie eBhpdRed HTIR nixture

from the slioi Wce t NG sysd@n LACkUgLPE acYi bhal 3l AAas®R) (@Qird&gei ving an
input flow of drilling fluid with solids therein, a plurality of

spaced- agdoungydr delreks efbrids flen ufirem &bei rchannglkeplassontirtand a

second SGiRERALRIMYoL RALdivaied e PMitder fdwitlg SEFGE RS SEdidan the
screen assenblies nounted in the vibratable basket and vi bratabl e

t her ewi t B01dr i The ngnsegtd FAbwabse blosks thrwidghflee fthroughcriden assenbly
and the %&%m%&s%rsﬁe%oa%@'éild LARLR] "B &md AL ARlar at us

associ at the screen assenblies tor selectively controlling the input
flow to S®2edtlomse tof tdher isereldnoR0z3nd parallel flow, the conversion

appar at us | NCl0i g, HOR i idiot Hlow channelad hrguah Lhe dody for

effecting systempara he stcreen as I'I"es, a second fl ow
channel tdivaougilst h230ody Ry ebteeenn@ssenibdiv,seanys divewtes ,t enyscr een
assenbl i eS. £ Tg%r%r esent inr}{b Jt_ison, t@1 r/ef or e, yr O\Jl_i dggﬂ in at | east
certain &MWASdi nBnt s SATet hot 1o “tTeati na Prrow B dr PP né fl'urd with

sol i ds, taeeorelames iwitihidiheg prederodumvention f {(iovelddiig ) [winghddtliid with
solids tq.a. t.em far separatj.ng at least o conponent fromthe flow, the
system ag‘lﬂ\}ya%il?@l o@é%lsehef’gi #ﬁgg‘rfc,scoflga%ffe%%)t H“rTEBF\e Br &8&% TH¥enti on:

t he met heghyf UshBReri nekudéygtemeliact iat@ordandle awiyht eghéerpassditow t o
screen assenbl i es of, tge sys%‘em or a systemparallel flowto the screen
assenbl i SVERTHE™ bhersi-atus; flowing drilling fluid with solids

to the screenmesepbbbeat ANvESELHN| NAHYRAd:AY  preagaescr egNidg
assenbly.. Such a nethod may one or sone, in any possible conbination, of

the fol | fiafE GRELELR tPBORAHIRRES on ApSYshels KRE aPEREGSSANG| &t fl ow

channel {AnQUGR tdye bedy1 i ey £1668t1 LA S¥ItaMmdealilal dd aegHdrdfie screen
assenblies, and a second flow channel thrqugh t he body for_ effecting system

series fla6w 1*Pheoser sompeseatp| ks theha Byr shee ifForudityy
sel ecti ngy;the dd r Stnd | QYsthannehel 94isyst ampasAliab1d | BWsREtsetSeting the

st

second flow channe %or_ system seri es % ow, wherein the systemfurther has
f | ow backeggiyimausanerdamut t idowi ofi driddangssibid wathdisekidsg f 1 ow
Passing LAILaN the fliata SUPeBrAHRINY bl besByabam dd Quptianpel . the
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including a first screen assembly and a second screen

assembly positioned below the first screen assembly; the

screen assemblies mounted in the vibratable basket and

vibratable therewith; conversion apparatus associated

with the screen assemblies for selectively controlling



directing flow fromthe first screen assenbly to the systemfl ow channel;
wherein the systemfurther has a sunp beneath the second screen assenbly,

t he sunp weceiwismgof | ow passi ng through the screen assewrglricRpiovdsessei n t he
system further has hol ding structure above the second screen assenbly, and
cl anpi ng apparatus for holding the diverter in the holding structure, the
met hod further including clanping_thgdiverter with the cl anpi ng appar at us;
and/ or wherein the first screen assenbly includes a scal pi ng screen, and
wherein the second screen assenbly includes a screen with second screen
mesh of a&heedophitsi Fowute abebefbr onenofi sgrielsi dlavhars] zzadllekt

circul ati mat erial . Thi l.ication.is.a cqeati.nuati on-iNn-part of
Tor 490 4g ol TS she eremr paaeibia ket - By Bl I TR Vel o
whi ch i s thromgh nthéi afiiidsk pacireeh hSsenipbyi catridondBéillihlg. ALMRB7, 709
filed on t. .10, 2008 entjtled "Systens and _Methods For,t Recovery of
Lost G r EIHAEIY AT | 4% MAREPIAI SCPRED, BOBEPRd Yo ioh SR o 2i 1 f or
all it didesnostlberefrdf: SuahM=z $ysABmappaf abhé foar sepdy ainngarswl i ds from
solids laden drilling fluid and sjizi the soljds, the apparat conpri sing
= backet HOPEAPLE, GPRPARBESOftac i CHE( 10} LORLES: <12 <57 BERMAEAIOT 9100)  and
a second chameRl detlvdehlBene PR Edsbebenw adisdmbiliStansCarRh feedndnd a
directing device for selecting a parallel or series node of operation in

whi ch fl §FT6ETsol3%enRMen dFREI i REPVRESEORs @RPAFaFUSet iRFIYINT i rst deck

and the sRaIhgleskraftudeSibSife MU OseOPRd aldYrd) ¥WBLERLEY! | 4§ | aden
drilling fluidis directed on to the first screen deck and then drilling

fluid sclddestethehepd iBYdithet dPldingn skryciugsnd theedditRETher ei n

the appaighlisd Ut N@IvEPERE | SamrfhdiDVeaRre -dh¥eu® tha¥ubR" wei&sting
parallel or series node of operation. 2. An apparatus as clainmed in Caim
1, wher eifdudg dsoiterkleli fremekher §}pre2@creens |dshamitly deheoerghl in rails

(200 DA ety SRR B8 2 RSk o o o
tray (32@ssiembdyi Fonaiserie@Fdow of the input flow from the first
screen assembly to the second screen assembly, a weir
adjacent the first screen assembly forming a barrier to
facilitate maintenance of a pool of drilling fluid and
solids on the first screen assembly, and the diverter
having a blocking portion, the diverter movable to block
flow through the system channel so that the pool rises
and drilling fluid with solids bypasses the first screen
assembly and flows to the second screen assembly for
parallel flow of the input flow to both screen
assemblies; the holding structure having spaced-apart
rails and having an end opening, and the diverter located
between the rails and having handle apparatus at the end
opening, the handle apparatus accessible for moving the
diverter with respect to the system flow channel; flow-
back apparatus beneath the first screen assembly for
directing flow passing through the first screen assembly
to the system flow channel; a sump beneath the second
screen assembly for receiving flow passing through the

screen assemblies; a parallel flow channel adjacent the



4. An apparatus as clainmed in any preceding claim wherein said noveabl e
diverter tray (320) is arranged between said first screen deck (318b) and
sai d secomd 28nvearzodeck (318c). 5. An apparatus as cl aipoeasB2010203¥050
preceding claim wherein a flowtray (317b) is arranged between said first
screen deck (318b) and said second screen deck (318c) and said noveabl e
diverter tray (320) forns part of thhg flowtray (317b). 6. An apparatus as
claimed in any preceding claim wherein the first screen deck (318b) is
arranged at an - 39 - uphill angle froma feed end to a discharge end of
t he bask@tcr(e:em)asaeh@ﬂﬁasstfosmcis'meqtéaigﬂwi@mrg thevgigoX 3B)thesuch t hat
upon a p on said first sgre b) eac a
predeter%%%é’é] %]%regnl [ assF“‘%iX dr iy alnsns”}q ui gﬁé d‘l sc‘::ha?sgé;é%e\?ner sai d
wei r (31&)ssem‘blyAnda|ﬂp1agatplara:islel alfm:dvl mfd &hm 6sy£1:emherho:mmtg sing a
channel to di rect ow of solids_ |laden drilling fl from said weir
i mEIYE A

(313) 1o “SAFHEEORP S cBI® 1BEROP18EFooNg 2KR Hided in

Cl ai m 6 @pparatier elﬂbzsallﬁbm:ﬁgl stheovidiedreeirh dn edgse (48&19d1rtg) i nhi bi t

solids pas¥dl Jgg?wa\g¥eln the first screen assembly includes a
scalping screen; wherein the second screen assembly
includes a screen with second screen mesh of a size
suitable for removing solids the size of lost circulation
material; a system flow channel between the first screen
assembly and the second screen assembly through which
fluid is flowable from the first screen assembly to the
second screen assembly, the conversion apparatus having a
body, the body having a blocking portion for blocking
flow to the system flow channel to effect system parallel
flow of the input flow to both screen assemblies, and the
body having a flow duct for receiving flow from the first
screen assembly which is flowable through the duct to the
second screen assembly for system series flow to the
screen assemblies; a duct blocker for blocking flow
through the duct; and/or the conversion apparatus having
a body, a first flow channel through the body for
effecting system parallel flow to the screen assemblies,
and a second flow channel through the body for effecting
system series flow to the screen assemblies.

The present invention, therefore, provides in at

least certain embodiments, a system for processing a
mixture of drilling fluid and solid material to separate
at least one component of the mixture by size from the
mixture, the system including: a vibratable basket for
receiving an input flow of drilling fluid with solids
therein; a plurality of spaced-apart screen assemblies

including a first screen assembly and a second screen



9. An apparatus as clainmed in any preceding claim further conprising a
scal ping screen deck (318a). 10. An apparatus as clainmed in Caim9,
further owopoisisogoa flow tray (317a) for directing scalppedBoiomdsoshaden
drilling fluid on to a feed end of said first screen deck (318b). 11. An
apparatus as clainmed in any preceding claimwherein said diverter tray
(320) has a duct (326) therebel owfay directing screened solids |aden
drilling fluid on to the second screen deck, such that when the diverter
tray is retracted, screened solids laden drilling fluid flows through said
duct (32@ssemhly gl tSiopmdl belaentbdeckif8t8scretd aSsemipar;atthse as

clained i o] | t ... wWher ei n _sal l V. er.tr (320) has a
duct (47 LR, RefaihEed df“(rg’é‘]é"[%.eﬁig £ 7B Vb B El pakREe I%rh% f1 ui d
into a swijpragtable sudederdtthihercdriverdiiver t esppamats82(Ysscciztedict ed,

screened sqlids. laden drillin uid flows through said duct 26) into

Sl 0 conwithorne® Skt |abBdnbuies [fQtD sbIEREIVETD CHHOITE (L™ e
gri Ikl i n? theuiithpid Siow ngotheﬁée{:i dae blf)e safifigsatilow -artD-paxdlllé i ng a
asket 2), a vibratory nechanism.(314), . a fjrst reen deck (318b) and a
second s%ﬁé)é’n WRcEhe313e e%uﬁﬁéﬁmg&&&ﬁ’sa‘?’a"ﬂr’r%‘i %gf"é "Raél]rﬁj a
directi ngrdetgke the Selesti Ngeredial AdRImKAly SAhdEeSdADURiIAG OfRIALi On in

which flow of solids laden drilling fluid is divided [split] between the
first deddowadplenetbzeyah qkhg a‘-'rﬁF%P%eﬁ%?%déSGPmeXr a®"dn 9 ch

[al |/ nostenirelfi@in S @l i dedl Lo idHdrite 1 IBdtiden HHSOf Bk ONsdeddie first

screen deck and then drilling fluid screened thereby is directed on to said
second s@ssembdacienthetben sEtObRFERSR REFENRLY ¢ orFhE SRRPERH Wbl e pl at e

E, gg?éf?g)ﬁﬁar@% (it Ry Se a8l PRGAldrfdndd1 SE{ KfgHOEEe Of
body for effecting system parallel flow to the screen
assemblies, a second flow channel through the body for
effecting system series flow to the screen assemblies;
flow-back apparatus beneath the first screen assembly for
directing flow passing through the first screen assembly
to the system flow channel; a sump beneath the second
screen assembly for receiving flow passing through the
screen assemblies; and a parallel flow channel adjacent
the screen assemblies for directing flow from the pool to
the second screen assembly bypassing the first screen
assembly during parallel flow to the screen assemblies

The present invention, therefore, provides in at
least certain embodiments, a conversion apparatus for a
system for processing a mixture of drilling £fluid and
solid material to separate at least one component of the
mixture from the mixture, the system including a
vibratable basket for receiving an input flow of drilling
fluid with solids therein, a plurality of spaced-apart
screen assemblies including a first screen assembly and a
second screen assembly positioned below the first screen
assembly, the screen assemblies mounted in the vibratable

basket and vibratable therewith, drilling fluid flowable



14. An apparatus as clainmed in Caim113, wherein said plate is solid. 15.
An apparatus as clained in aim113, wherein said plate has at |east one
aperture wbenai13002016. An apparatus as clained in d ai mpt3/GBRd10005105H,
wherein said duct (391,441) conprises a plate with an aperture therein.

17. An apparatus as clained in any preceding claim wherein said first and
second screen decks (318b, 318c) cammyg se screens having the sane screen
mesh size. 18. An apparatus as clained in any one of Clains 1 to 16,
wherein said first and second screen decks (318b, 318c) conprise screens
havi ng t thrdiughertge §trebn sewslensiassembly dndrethed Sfemonsiepsaamémg sol i ds

fromsoli %s In%cien d&l | I | n %P‘%gﬁ‘%‘]d sq__ ct| gn¥e§gz ng t %%ll ds, the

appar at us conpri Tsi ng 4 *bas a VI ory echani sth a first
screen dedsocibied awdth s'elwnckcsmre&enadeehbaaia&c)fonurﬂeliadsleimﬂ.;sal d first

screen deghddtldny "G Ip0EVEISY Yo SSIAEL "8 BY YeSe erSh' O
and parallel flow, the conversion apparatus including: a
body, a first flow channel through the body for effecting
system parallel flow to the screen assemblies, and a
second flow channel through the body for effecting system
series flow to the screen assemblies.

The present invention, therefore, provides in at
least certain embodiments, a method for treating a flow
of drilling fluid with so0lids, the method including:
introducing the flow of drilling fluid with solids to a
system for separating at least one component from the
flow, the system as any disclosed herein in accordance
with the present invention; the method further including:
selecting one of a system series flow to screen
assemblies of the system or a system parallel flow to the
screen assemblies using a conversion apparatus; flowing
drilling fluid with solids to the screen assemblies; and
screening the flow to each screening assembly. Such a
method may one or some, in any possible combination, of
the following: wherein the conversion apparatus has a
body, a first flow channel through the body for effecting
system parallel flow to the screen assemblies, and a
second flow channel through the body for effecting system
series flow to the screen assemblies, the method further
including selecting the first flow channel for system
parallel flow or selecting the second flow channel for
system series flow; wherein the system further has flow-
back apparatus beneath the first screen assembly for
directing flow passing through the first screen assembly

to the system flow channel, the method further including



node of operation in which flow of solids laden drilling fluid is divided
between the first deck and the second deck and a series node of operation

i n whi ch wol2odgisbeden drilling fluid is directed on to the/dB208Vssasneen
deck and then drilling fluid screened thereby is directed on to said second
screen deck wherein the nmethod further conprises the step of noving a
noveabl e diverter tray for selectingparallel or series node of operation.
20. A nmethod for separating solids fromsolids |laden drilling fluid and
selectively sizing the solids, the apparatus conprising a basket (312), a
vi br at or dimecitamigs nEl8¢4)fremf ithet £iretn skexder 3B8isemidy ateectdm screen

deck (318¢ un bel.ow. said fj .scr.een de nd..a directing device for
sel ecti n%yas%g"r aﬁ?g (?rha\genre?lés Vriﬁ(gig&dﬁ otgleer a??{%lréleﬁndfv%ﬁ%kefl %\?vgofa sol i ds
| aden drisldmipng Héneakh s thei dedcbrivwesnreke f iassemibdyk artthe heswgsond deck

and a series .mde of ogeration irlgﬁgch sol L ds | aden drillh@ggflujd IS
di rect ed SFEY T e FP¥r BRTEHR dtK M « 8T dFFFFFRg 3TIFPEF2ened
t her eby whedigiect e OByls®emai fusEitend haer desl diaod sheneitareheavmidiod
further conprises the step of nqﬁéﬁg a noveapl e pl ate 90,439)for duct

3
(391, 441)FPFor SSEPRE! iSTFS5aY T FEF sefPls goﬁé’&’&FP&H.s or
holding the diverter in the holding structure, the method

further including clamping the diverter with the clamping
apparatus; and/or wherein the first screen assembly
includes a scalping screen, and wherein the second screen
assembly includes a screen with second screen mesh of a
second size suitable for removing solids the size of lost
circulation material.

This Application 1is a continuation-in-part of
12/490,492 filed on June 24™, 2009 entitled “Shale Shaker
flow Diverter”, which is a continuation-in-part of U.S.
Application Ser. No. 12/287,709 filed on Oct. 10, 2008
entitled “Systems and Methods For the Recovery of Lost
Circulation and Similar Material” incorporated by

reference herein for all it discloses.
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CLAIMS

1. An apparatus for separating solids from solids laden
drilling fluid and sizing the solids, the apparatus
comprising a basket (312), a vibratory mechanism (314), a
first screen deck (318b) and a second screen deck (318c)
mounted below said first screen deck and a directing
device for selecting a parallel or series mode of
operation in which flow of solids laden drilling fluid is
divided between the first deck and the second deck and a
series mode of operation in which solids laden drilling
fluid is directed on to the first screen deck and then
drilling fluid screened thereby is directed on to said
second screen deck wherein the apparatus further
comprises a moveable diverter tray for selecting parallel
or series mode of operation.

2. An apparatus as claimed in Claim 1, wherein said
moveable diverter tray (320) is slideably arranged in
rails (320a).

3. An apparatus as claimed in Claim 2, wherein said
rails comprise an expandable element (320p,320s) to
selectively fix said moveable diverter tray (320) in said
rails (320a).

4, An apparatus as claimed in any preceding claim,
wherein said moveable diverter tray (320) is arranged
between said first screen deck (318b) and said second
screen deck (318c).

5. An apparatus as claimed in any preceding claim,
wherein a flow tray (317b) is arranged between said first
screen deck (318b) and said second screen deck (318c) and
said moveable diverter tray (320) forms part of the flow
tray (317b).

6. An apparatus as claimed in any preceding claim,

wherein the first screen deck (318b) is arranged at an
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uphill angle from a feed end to a discharge end of the
basket (312), the first screen deck comprising a weir
(313) , such that upon a pond forming on said first screen
deck (318b) and reaching a predetermined depth, solids
laden drilling fluid may discharge over said weir (313).
7. An apparatus as claimed in Claim 6, further
comprising a channel (311) to direct flow of solids laden
drilling fluid from said weir (313) to said second screen
deck (318c).

8. An apparatus as claimed in Claim 6 or 7, wherein
said weir is provided with a ledge (487a) to inhibit
solids passing thereover.

9. An apparatus as claimed in any preceding claim,
further comprising a scalping screen deck (318a).

10. An apparatus as c¢laimed in Claim 9, further
comprising a flow tray (317a) for directing scalped
solids laden drilling fluid on to a feed end of said
first screen deck (318Db).

11. An apparatus as claimed in any preceding claim
wherein said diverter tray (320) has a duct (326)
therebelow for directing screened solids laden drilling
fluid on to the second screen deck, such that when the
diverter tray is retracted, screened solids laden
drilling fluid flows through said duct (326) on to said
second screen deck (318c).

12. An apparatus as claimed in any of Claims 1 to 10,
wherein said diverter tray (320) has a duct (471)
therebelow for directing screened solids laden drilling
fluid into a sump (456), such that when the diverter tray
(320) is retracted, screened solids laden drilling fluid
flows through said duct (326) into said sump (456).

13. An apparatus for separating solids from solids laden

drilling fluid and sizing the solids, the apparatus
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comprising a basket (312), a vibratory mechanism (314), a
first screen deck (318b) and a second screen deck (318c)
mounted below said first screen deck and a directing
device for selecting a parallel or series mode of
operation in which flow of solids laden drilling fluid is
divided [split] between the first deck and the second
deck and a series mode of operation in which [all/most of
the] solids laden drilling fluid is directed on to the
first screen deck and then drilling fluid screened
thereby is directed on to said second screen deck wherein
the apparatus further comprises a moveable plate
(390,439) or duct (391,441) for selecting parallel or
series mode of operation.

14. An apparatus as claimed in Claim 13, wherein said
plate is solid.

15. An apparatus as claimed in Claim 13, wherein said
plate has at least one aperture therein.

16. An apparatus as claimed in Claim 13, 14 or 15,
wherein said duct (391,441) comprises a plate with an
aperture therein.

17. An apparatus as claimed in any preceding claim,
wherein said first and second screen decks (318b,318c)
comprise screens having the same screen mesh size.

18. An apparatus as claimed in any one of Claims 1 to
16, wherein said first and second screen decks
(318b,318c) comprise screens having the different screen
mesh size.

19. A method for separating solids from solids 1laden
drilling fluid and selectively sizing the solids, the
apparatus comprising a basket (312), a vibratory
mechanism (314), a first screen deck (318b) and a second
screen deck (318c¢c) mounted below said first screen deck

and a directing device for selecting a parallel or series
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mode of operation in which flow of solids laden drilling
fluid is divided between the first deck and the second
deck and a series mode of operation in which solids
laden drilling fluid is directed on to the first screen
deck and then drilling fluid screened thereby is directed
on to said second screen deck wherein the method further
comprises the step of moving a moveable diverter tray for
selecting parallel or series mode of operation.

20. A method for separating solids from solids 1laden
drilling fluid and selectively sizing the solids, the
apparatus comprising a basket (312), a vibratory
mechanism (314), a first screen deck (318b) and a second
screen deck (318c¢c) mounted below said first screen deck
and a directing device for selecting a parallel or series
mode of operation in which flow of solids laden drilling
fluid is divided between the first deck and the second
deck and a series mode of operation in which solids
laden drilling fluid is directed on to the first screen
deck and then drilling fluid screened thereby is directed
on to said second screen deck wherein the method further
comprises the step of moving a moveable plate (390,439)
or duct (391,441) for selecting parallel or series mode

of operation.



