GRI T REMOVAL SYSTEM Reference to Rel ated Applications This application
clainms the benefit of the filing date of U S. Provisional Application No.
61/ 364, 8axountkno6BS U. S. C. 119(e), filed on July 16, 20P0OT/GA281105043p €
5content of which, including the specification and the draw ngs, is hereby
i ncorporated by reference. Background of the Invention Settled solids (such
as grit-) on the floor of many tank systens usually require periodic

cl eaning, or, accumul ation of such settled solids will eventually inpair
tank 10operation. The cleanin prrocess can _be quite inconvenient, and nay
require first renoving all t IiWY%éP{éFE s) in the tank system thus
shutting down tank operation. This is especially inconvenient and expensive

for tank tens operatij on .conti nuous node or sem -conti nuous node. For
exanpl e, ﬁ%%’ﬁ““&ﬁ&&"bﬁ‘?‘fc‘g&?lﬁ@g?@r tank, there are usually significant
anmount of 15undj gestabl e solids (ingcl udi rocks tones, sands, netal

b aets ) oror RlESo R ST Sk R sbbio b Mg Sy 8 P gl ons et o) i hat
teng to sestp‘ltpliam@ﬂNtog@l/S@rﬁ(, )lfu]b@@Bﬁ [ﬁ&!ﬁhlﬁ)@é)i fasd bﬁnﬁjeldi,fl()&i,ﬂ% &g@m m nu]Ee ]
sand particles to objects a few inches across. The anount and type of suc
settled sGPHEY ofupehdacipdpg hy seisiitcAbonsad eI ingh & hFehs Mo RREAG A

Regar dl esse@fendche type and anmobunt of such solids, however, accunul ation of
the solids on the tank 20fl oor needs to be cleaned up periodically before

such accunul ation eyventual |y inpacts tank and/or process operation.
d eani ng tigkarapnd alfhe fayegtiony t he tank floor usually requires shutting

andlor Tox ) SRLCLEHIERETOE FHe) Pk IoBaF Gre LEE e1UaPebITRLeRHY: he ¢ ank
f1 oor can pbgodeaemsdonduinanayesk subiugdkthalsBiistyill eventually impair tank
10 operation. The cleaning process can be quite inconvenient, and may require first removing
all the liquid (and/or gas) in the tank system, thus shutting down tank operation. This is
especially inconvenient and expensive for tank systems operating on continuous mode or

semi-continuous mode.

For example, in an anaerobic digester tank, there are usually significant amount of
15 undigestable solids (including rocks, stones. sands, metal objects, or other undigestable
organic or inorganic foreign objects) that tend to settle on the tank floor. Such solids
range in size from minute sand particles to objects a few inches across. The amount and
type of such settled solids depends partly on the source of the organic waste. Regardless
of the type and amount of such solids, however, accumulation of the solids on the tank
20 floor needs to be cleaned up periodically before such accumulation eventually impacts

tank and/or process operation.

Cleaning the settled solids on the tank floor usually requires shutting down the
anaerobic digester tank, venting all the liquid and (noxious and/or toxic) gas content of the
tank, before settled solids on the tank floor can be accessed and removed. Furthermore,

25 after the cleaning process is complete, restarting the anaerobic digester to reach peak
performance requires an additional lag time. Therefore, the whole cleaning process
usually requires weeks of tank down time, leading to significant operational and
economical disadvantages. The same type of problem may also exist in bioreactors and

other tank systems.



25after the cleaning process is conplete, restarting the anaerobic digester
to reach peak perfornmance requires an additional lag tinme. Therefore, the
whol e cl esioiznp/qssess usual |y requires weeks of tank deem/cazos/os0eadi ng to
significant operational and econom cal disadvantages. The sane type of
probl em may al so exist in bioreactors and other tank systens. Summary of
the I nvention The i nvention described herein provides systens and
met hods for effectively renoving solids settled at the bottomof a tank
(e.g., anSanmepgf thednyeadionr tank), preferably on a continuous basis,
preferably without the need to shut down the tank or 5otherw se negatively
i npact the nor i NppBiea dpssHbesFhefgpionidRs ptemp axbrpthedidaceliestivkt end t he

interval DEhWeRINGHERNIAA hPBoHANES a tank (c.g.. al RERrobidJiORG: BHRLCL, the
invention provides a solid renoval systemfor renoving solids settled at

t he bot t opra¢raldy pankownes basipgrefersbll indthpitdhe epedioshut dravnghestaskoconpri si ng:
(a) a pit ~ Lk ~ r I LV] l'ids; and,
() & St addBR et pRE A BGbping LB ol RSGLYLRG IBRP e
mechani smttchatrnebbriwednslaahiog diedathar ge of the solids through the opening;
wherein the standpipe is designed such that jnternal pressure of the tank
al one is suffi dlEnt Q8 asherlothe IPRRIUGITPYLes POkt SEIREM GESIBIA FY dRfRO bR

st andpi pe solids settled at the BdkomBIrh R BARAHROLEiqlil gD ehaRteRfcolPBsisd andpi pe
is at | east about 25 feet, 30 15feet ﬁo,feet, 45 feet, or 50 feet.

In cert ai h)ersdaFaRdrit die bofem of e dwkper reseivisg hgrelst erdoffBraPBIRPY h at | east

about 130 B&ting APoffing WaRiPRE pit. 2Rd ResciRcd REBREm At 08k Yy BBMLEPf the
tank. In certain enbodinents, the tank is pressurized. In certain
enmbodi nenttlse sotifrathfonglk the 9 peptings titerspHbe jtandprressipsgnedrh thebintesiish enbodi nent s,

the standpidgyd S HONIEGLAS LOrLAS GRRAL 18 WidNb BisiBaRhbubiifough a pr oxi mal

pi pe, and connected to a d arge tank receiving the solids through a
di stal pi pendpipe.

In certain embodiments, the height of the standpipe is at least about 25 feet, 30

15  feet, 40 feet, 45 feet, or 50 feet.

In certain embodiments, the standpipe is designed to operate with at least about 10
psi, 15 psi, 20 psi, 25 psi or more of internal pressure of the tank.

In certain embodiments, the tank is pressurized.

In certain embodiments, the tank is at atmospheric pressure.

20 In certain embodiments, the standpipe is connected to the opening within the pit
through a proximal pipe, and connected to a discharge tank for receiving the solids
through a distal pipe.

In certain embodiments, the discharge mechanism comprises: (a) a first valve on
the proximal pipe that controls the flow from the opening to the standpipe: and. (b) a

25 second valve on the distal pipe that controls the flow from the standpipe to the discharge
tank.

In certain embodiments, the first valve and the second valve are designed not to

open at the same time.

In certain embodiments, at least one of the first valve and the second valve is

30  automated.



In certain enbodi nents, the discharge nmechani sm conprises: (a) a first
val ve on the proximal pipe that controls the flow fromthe opening to the
st andpi pevoant/006tay a 25second val ve on the distal pipePChatA2e0n5043bs t he

flow fromthe standpipe to the discharge tank. In certain

enbodi nents, the first valve and the second val ve are designed not to open
at the sane tine. In certain enbodi nents, at |east one of the
first valve and the second valve is 30 autonated. In certain

enbodi nent s, t Heccipigchbpdiaentantie disehardedand campriggh ahigheloy depel conbpkfebl f or
control i Qentl‘»d‘lﬁagO[H@%eHEng)Et}k@@ooﬁ@?&l(‘@' Y@ MG hSUEILHRE id 6 S&GRPEH val ve is

desi gned not to OE contents 1 n the discharge tank is at or
hi gher t hanerawinneghy @qnéqnmlnuéu d%@ha;g@tanl\ is at or higher than g gret deilatmingh oeliment s, t he

di scharge nechani sm conpr.i ses hird valve for 5 reven tln e flow or

controlling th ‘Feété}ﬁlemé’f)d‘fl}%%tﬁ? 518%5‘{%%“@8'&3&&%@0“% 1S‘fsh"et b‘bﬁh I n
certai B ephadhimBAisHow becdh@lling thehd eBéfanapi:Re tHewpbhes toQ@é@didd@@;%. areturn
pi pe for returning excessive contents back to the tank. In certain
enbodi ment s, t hecestyistegrbodinentiche powb theswgdmpsiatthéredmgodes d rerawipig fay st em

conflgureqa&% gn 8539é%§&mﬁﬁ%&x@qh9&nﬁhe bottom of the tank towards the

pit. 10In cert he Settl ed-solid noving system conprises:

(a) a rack, asppcepaiten®bdithen@Cike a@fénpﬂunh&r&oﬁgﬁﬁmlsémecmom@lﬁﬁdl around an
i nner perlphery of the tank; éb) center pivot disposed substantlally

vertical | yYaHE Cyisyted it mare %911 eiftiledaf e Wqu A tb%@nk &wwrdsclef) Pify s haf t
conflqﬂred to ro (ﬁge ar.o

coli ddovi g meCanR AU AR bR SRR i e el u SR BTRHE Bk fom of
t he tank tpawaf geck hel dibiph hsser@biel, dlhﬁsahacﬁttndlaﬁ inngdperiphert e thp ki (ﬂﬁiﬁh end,
rotatably connected to

Lo a pin SRg Pk e G erral ST fgh Sptlatibhititle oo a0

hydraul i ¢ (i) cadiileduw ®thid Qogld ivecenlte ppbNite r@hztft)cdﬂiq)vlemg Ia@algi t he rack.
In certain enbodi nents, the rack and d when the

B BT BR ot o e
tank is fiT9vaKE REchHPiimEondighied (9 myLs i At BR dotsn pf ¢ %F'P ffw i ment s,
t he t st h paf addhge dhakks: POlanthe gfb\Mh\ﬁﬁUéﬁld,Tr&at@lﬁlﬁ@&ﬁle&t@@toﬁh@&éﬂfbr pivot, and

(2) at the distal end, engaged to a pinion of the rack and pinion assembly, (d) a power

source (¢.g.. a hydraulic motor) configured to drive the pinion to move along the rack.

In certain embodiments, the rack and pinion assembly is submerged when the tank

is filled with the solid-liquid suspension.
20 In certain embodiments, the teeth of the rack point downward to engage the pinion.

In certain embodiments, the rack is fixed on the bottom of the tank, or on the wall

of the tank.
In certain embodiments, the shaft is hollow.

In certain embodiments, the solid-moving mechanism comprises a plurality of

25 scraping blades. each arranged at an angle not perpendicular to the axis of the shaft.
In certain embodiments, all the scraping blades are parallel to each other.

In certain embodiments, at least two of the plurality of scraping blades are not

parallel to each other.

In certain embodiments, the angle of each scraping blade is individually adjustable.



In certain enbodi nents, the rack is fixed on the bottomof the tank, or on
the wall of the tank. In certain enbodi nents, the shaft is holl ow.

I n certaiwoentadsment s, the solid-noving nechani sm conpPCIas2a11msus3al i ty of
25scrapi ng bl ades, each arranged at an angle not perpendicular to the axis
of the shaft. In certain enbodinments, all the scraping blades are parall el
to each other. In certain enbodi nents, at |east two of the plurality
of scraping blades are not parallel to each other. In certain enbodinents,
the angle of elrefrg@rappigensadbiesqlid-madamepharissy copiirss apraping cupal | n

certain empogieny %fthE 'slﬁuftthéran@Plesri&pf)@IQH%'s H?iblﬁgw&é?ésn?on%@foaf&!lng Cup at

the distal end of the shaft, wherein solids trappéd he scraping cup are
posi ti onedﬂt@dlefpaﬂ\thenrﬁlne(ﬂlitﬁ@nibpfthmﬁélﬂ magres eiesthglpitend of the shaft passes

over the pit. |n certain enbodj the shaft_is |onger than 20 30 40,
o0 or a0 . b P e R Rl dehraloni i ahet JoaP et cant L our o0 10
drive tshe pi ni ﬂpcerrtglnrgﬂ\ﬁgdlﬂlemggthé \Jf@&ﬁcé 9 cgﬂff Fe'&l t(ghlli\eec:[Bé @Hron to move

certain enbodi ments, he Center pi vot conpris ti-p rau ic

swi vel toabmgwhedecl\tlmeqlmdlwqmouertal n enbodi rrent S, settl ed-sol i d movi ng
system conprises two or nore 10shafts, In certain enbodi nents, the bottom
of the tank i s!F§espinsmbedigepisrips egnisy phhgomprises a mylf-poghy diap i tdicrent s,
the bottomQidetibgué.ank is not flat, such as cone shaped or reserve cone
shaped with a raised center. In certain enbodi nents, the system
further conpri sesrtainwatbedinjeets, settlethelidamvvitosyaesi ®mpliSésheo bt mski ng of sol i ds
in thqoplt %Erough the standpi pe. In certain enbodi nents, the system
conprises P nore pits.

In certain embodiments, the bottom of the tank is flat or substantially flat.

In certain embodiments, the bottom of the tank is not flat, such as cone shaped or

reserve cone shaped with a raised center.
In certain embodiments, the system further comprises a water jet in the pit to assist
15 the flushing of solids in the pit through the standpipe.
In certain embodiments, the system comprises two or more pits.
In certain embodiments, the tank is an anaerobic digestor tank, and the solid-liquid
mix is organic waste undergoing anaerobic digestion.
In certain embodiments, the system is configured to operate and remove solids
20 settled at the bottom of the tank during an active anaerobic digestion.

In certain embodiments, the solids settled at the bottom of the tank comprise rock,

stone, metal, and other inorganic material not conductive for anaerobic digestion.

In certain embodiments, the system operates when the solid-liquid suspension in

the tank is being stirred.

25 In certain embodiments, the standpipe is configured to accelerate the initial
discharge of the settled solids under the pressure of the solid-liquid suspension, and
configured to prevent excessive discharge when the level in the standpipe approaches the

solid-liquid suspension level inside the tank.

In certain embodiments, discharge of the settle solids is not assisted by any power

30  source (e.g., a pump).



In certain enbodi nents, the tank is an anaerobi c digestor tank, and the
solid-liquid mx is organic waste undergoi ng anaerobi ¢ di gesti on.

I n certaiwoentadsment s, the systemis configured to operatraiand/osespye
solids 20settled at the bottomof the tank during an active anaerobic

di gesti on. In certain enbodi nents, the solids settled at the bottom
of the tank conprise rock, stone, netal, and other inorganic material not
conductive for anaerobic digestion. In certain enbodi nents, the

syst em oper at e§ ¢Hain enhedigwnisdhe staidpipeducopaersiddn aidischaige tadnfier i s bei ng
stirred. 23LRiGa5LHA BmeRAfTBRis« the standpipe is configured to
accelerate the1nitial discharge of the settled solids under the pressure
of the solid-| iterdinsubpéineh@nhe dinchag@ninkgum@tses a sfiiay arthakaessi ve

di scharge when the level in the standpipe approaches the solid-liquid
suspensi on | ev#l certpigiegwodimgnts athi discharge tank is configured fo rgium ehdyodindntas

di scharge gjm&pg)ﬁgF$ke solids is not assisted by any power 30source (e.
g., a pu i n certain enbodi nents, the standpipe is connected to a

di schar ge tankif @itaih@a®blinRets Seltlied Solide iDYie diséHaerd thfkeard @ildhargkdviaer t ai n
enbodi nents, the discharge tank conprises a stirring nechani sm
I n cert ai A“EM58Yi*hEnts, the discharge tank is configured to return a liquid

and./ or a 5gas %ﬂ&lﬁ 1158 écpgf thigfﬁkentio J rov'cfeg'a ﬁ%l?hto@%& r&HR%g%A{E%% ?e’ttleﬁ%{t led
solids in the |scﬁar%e ank are apscharge via a scr conveyer.

Anot her aslpdsttomfof b tmkicnmeining arsolpd-byuid esx. shema¢thabcohprisingrevioligetmgl i ds

settl at, the bottom of .a, fank. containin lid-1iquid m,x he net hod
compr 10 nge Phg B distledd H8PRATE Ralhlind GPI B s hDo: fom of

t he tank; panlgdpughogn pesiahaf gitangpiphahs@lenihg id insitidte pittantl iiecapghh aidn openi ng of
a standpi pe, the opening is inside th it nd the open and cl osure of the
openi ng’ | SREwRET BEPERGS SoueDEnEy U alrai RGeS RE Rt pe i s
desi gned slugithelRadh thati@emal prgk@s sihe 1@k aloheistsaficieal @RRok shesufidst6i ent to

al | ow the,solidﬁ to ﬂ%schgr e through the standpi pe. 15In certain
enbodi ment!schargrathipugly g siga hani sm conprises: (a) a first valve on a

proxi mal pipe r | f : LN . dpi pe;
and, ?g) a sec%ﬂ%%ygﬁggoﬁhﬁg&gﬁg%gﬁﬁ%?ﬁégﬁﬁgg§%%ﬁ§$%1g0%2g£gﬁbaéﬁpron1the
st andpi pe praximal gipcha cgerdshk flomtienethe opdnengfto thetstaudyipe asd db)tahecamdcond val ve

are desi gqglq%gr? El (]%%ﬂ gi gma %on%rﬁlg tl?elaf?(g\t %r(i)nq?h sltzt?lgf)\’lgflf’ fogailé}sc%gr%g galnEE nts, step (b)

is effecte val ve
wherein the first valve and the second valve are designed not to open at the same time.

In certain embodiments, step (b) is effected by: (1) opening the first valve to allow
20 the liquid pressure inside the tank to flush the solids in the pit to the standpipe; (2) closing
the first valve and opening the second valve to allow the pressure inside the standpipe to

flush the solids in the standpipe to the discharge tank.

In certain embodiments, the solids are collected in the pit using a settled-solid

moving system configured to move solids settled at the bottom of the tank towards the pit.

25 While features of the embodiments herein may be described separately. it is
contemplated that any embodiments described herein, including those described under
different aspects (¢.g., methods of use and systems) of the invention, can be combined

with any one or more other embodiments where applicable or not specifically prohibited.

Brief Description of the Drawing

30 Figure 1 is a schematic drawing (not necessarily to scale) that illustrates a
representative embodiment of the invention. Partially shown is a cut-off view of a

5



20the liquid pressure inside the tank to flush the solids in the pit to the
standpi pe; (2) closing the first valve and opening the second valve to
al l ow thwopresweré i nside the standpipe to flush the s®eCras20m/05M39

st andpi pe to the discharge tank. In certain enbodi nents, the solids
are collected in the pit using a settled-solid noving systemconfigured to
nove solids settled at the bottomof the tank towards the pit. ZSVMiIe

features of the enbodi ments herein may be descri bed separately, is

cont enpl atdiggstehiaek apl Lethbdibaio sf He dieesteidanknardlese @ he Peidihag o le’se

descr i bed yydir, lLASEL Gt ASBRCE forb&oling PRENAHRS Qradd Sud il pi4Slis) of the
i nvention, can be conbi ned wth any one or nore other enbodi nehnts where
appl i cabl eolest reor al speti fnoéwowﬂ) ph dhiitsintabdipe By eohngésslde ihgthitdn Adeng he Dr awi ng
30Fi gure to t

11 ustr at o Hps SRIRIRAAE AR R e S ERRARY bl SRS BOEIR |y chown
is a cuat-ehd athi®waof 8a The dlpgéSDIvmuesacmdowaﬂSIchﬂge tank tloesobod.t Bm of t he

di gest or tan t er t rge
outlet or §@p§€9¥)n9§§%E$%PE§IQU tnﬁ f@xsﬂﬁgégﬂ%aau? gﬂﬁhg&gﬁt by the
solid renmmﬁTAmysuehn@mmeSmhbmmy“mgahdbrﬂmﬁnmkemmpew&nksmnbmmmnted to the
pit 2. Alo gy% e & EH»3 is a first valve 4 and a second valve 5, which are
f ol | owed 83 db<iiM%e 6 5and a third valve 8. The pipe 3 continues on
to a discharge tank (not sown). The standpi pe 6 shown has an optional
return 7 theadiled@escrijgiok of thetIngerttenk wal | 1 need the tank roof Al actua

nmeasures in the drawing are for illustrative purpose only, and are not

i ntendéd to beOhéﬂﬂthﬁ@Mu@Ef&kmedHEMSMM$pdhmﬂg@@fmhemﬂmven$$mmm10Che

3?' Iae{];n{(?atl\um §8Wllncr%10P W 1trﬁ\éestn ! Iﬂ;?lge o?ggr%)ﬁhcﬁl anetmo g€ 8(91(18 aehl eacﬂ zlt t[heerbr(])ﬁl Q}Er §§|S:J(rj§
settled amfﬂhethMbogi@ﬁmﬂhamhahkskhwough a SO|Id renoval systen1 As
used herein, -internal pressure of a tank- refers to the E@essure

di fference at thasqddierein. { sy pisehiyi Qe adpdn sefers tq e preatike differgesedit g on t he

desi gn of ptofﬁ?thte @ﬂhdplﬁet otho'tﬁecthMg ®epending on the design of the tank, it may include

15 the combined liquid head pressure (generated by any liquids inside the tank) and the
pressure at the top of the liquid in the tank (if any), minus any combined pressure (liquid
and/or gas) inside the standpipe. For example, the tank may be an atmospheric tank, and
the accumulative pressure at the bottom of the atmospheric tank, where the standpipe
connects, is up to the combined pressure of the atmosphere and the liquid pressure of the

20 tank. The tank may also be a sealed tank under gas pressure (such as pressure generated

by gas in the head space of the tank), and the accumulative pressure at the bottom of the

pressurized tank is up to the combined pressure of the gas in the head space, plus the

liquid pressure of the tank.

In an illustrative non-limiting embodiment, a tank, such as one having a flat
25 bottom, is constructed to have one or more pits for collecting settled solids inside the tank.
Such pits are preferably (but not necessarily) positioned at the periphery of the tank, such
that a settled-solid moving system inside the tank may be employed to scrape settled solids
into the pits (such as towards the pits located at the periphery of the tank). A standpipe.
preferably located outside the tank. is tyvpically connected to a pit via a proximal pipe and
30  an opening within the pit. The standpipe may also be connected to a discharge tank

through a distal pipe. A first valve on the proximal pipe controls the flow from the pit to

6



15t he conmbined liquid head pressure (generated by any liquids inside the
tank) and the pressure at the top of the liquid in the tank (if any), m nus
any conbiweadorms=sdre (liquid and/ or gas) inside the staoufixel1/0E5o39
exanple, the tank may be an atnospheric tank, and the accunul ative pressure
at the bottom of the atnospheric tank, where the standpi pe connects, is up
to the conbi ned pressure of the atnosphere and the liquid pressure of the
20 tank. The tank nay al so be a seal ed tank under gas pressure (such as
pressure derdndpige \Hilegascond velheomiigdisgh Bipe cottrofstibe lein kipm thggandpipe
accunul at iy g.RI:EF3H §uat the bottomof the pressurized tank is up to the
conbi ned pressure of the gas in the head space, plus the liquid pressure of
the tank. | n am éthdregibbdibient, tekawiihritier RigipedrboohEntindiag thankyitlsemh as one
havi ng a fLat 25bottom i.s %@Fstru ted to have one or nore pits f?r

col | ecti ng"Wat P EHeTsTIoNHEPrSicde et PiFkeenSHARIPME- reay MR FEFEwss y (but

not negess@ihlanlioposi tioned at the periphery of the tank, such that a
settled-solid noving systeminside the tank may be enpl oyed to scrape
settl ed sol i dsli atypictlhgepiioscyckuthh fias volowaodsnet ltehify thesdcomhtabad iat  t he

peri ph_er y cﬁ)fsech Qt?chttﬁlzp ifr} Ly z'ﬁ IR El%rl}%gd Bl%yor%ase%ggs%loal tﬂe?&%tfgxge O%E'%Eetqu t he tank,

is typically connec edry §’p| via a“proximal pipe an 3B an openi ng

Wi t hi n t heolplstinsidehke mit dundligh ge preymall pgi@ th enteotha 6obeahtibldy Jenghscdapige. t ank
through a distal pipe. A first.wvalve on the oxi pal pi pe ntrols the flow
from the. SARIEe (PEBGra e Mlifimfd 2 et BEREI bR b PRLR Rt ol ol pe

cont rdlos thbgniiih@we thé flash dy ble, ssitlamdpthpestied sbhd (s edmds gel drad) lire quickly I n

ot her enmbaodi pents, tanks with other shaped bottons, includin hose with
Cone. shapei?Bed RyelEDE ddelrih dtihe SuGRSRRN E Far S SHAREY bt t ors.

are w t hi nirdgdeffs qapeallohs bt Aendvavamikd Riled kolid qhi¢Riy Gab tRRehadipOmMdgye! e, the
first valve is opened (while the second valve is closed) such that internal

: )
li quid heddf BHEY 8 Y presture lar ineopatikd Fotr sty suwrtdddolst i ds
i nsi de then Piekiahd)i QUOIN stdd@o PEAXAIIR]. A8 phldRitn@ed hBodstuRgt@pt hal 1'y) enpty
standpi pe. Partly due to the large pressure differential, a verﬁ hi gh fl ow
rate ilS addi evtrsathaseondoplgisfivenry (Hhile the firgt yane sywlased). yigle that 94€s t he

settled sl indSiah&ifk willSRRIR RIELsGHEIRY of] Fuslbl Gl e BkGRIAGRE Jngm the pit.
As the level in the standpipe rises, however, the flow gradually drops off

Thi s al | owght(heuidanesvue isfdettipestandpipp.eds Seifiosrgo dheidisehyres wnbgmpenllst andpi pe
and put t e, SobhASnd AR RUSRERSARap A el QAL ORPuRAG [ nal | y
stops, the guspéd ed{%ﬂlds |n.€ e’s ahﬁplﬁgﬁJﬁ$£%t§r€ to settle again.
After a prlesidetclr Mibnéoippendddragén of thevylessgpening @hfbewdimitediteddhe t he second
val ve ;s qpgned '¢ AR L val ye. i I g ueh E solids in the
0 . ) | z fi )
st andpi pe%va %I?e Sq(lgjf:q@%( f?}“ {é:l ?@C{sﬂﬁ% Sé%%:le% g%ﬁgfsglégt %acfr;ﬁn%oenﬁ %%eéfl’ scharge tank
under hi ghliffdréngsoldi)ty s essghiteanidrasérdge s$4ee egt andpi pe. As the flow to the
di scharge tank gradual |y . . . . .
Thus in one aspect, the invention provides a solid removal system for removing
solids settled at the bottom of a tank containing a solid-liquid mix, the system comprising:
(a) a pit located at the bottom of the tank, preferably near an inner peripheral region of the
25  tank, for receiving the settled solids: and, (b) a standpipe having an opening within the pit,
and a discharge mechanism that controls the discharge of the solids through the opening:
wherein the standpipe is designed such that internal pressure of the tank alone is sufficient

to allow the solids to discharge through the standpipe.

As used herein, “solid” includes any undesirable objects that may interfere with the
30 operation of the tank, and are desired to be removed from the tank at least on periodic
basis. The solids may have a wide size and weight range, depending on the particular type

of operation of the tank and the nature of the contents inside the tank. For example, if the
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slows down, the liquid level in the standpipe will reduce, making it ready
for the next flush cycle. The timng and duration of the val ves opening can
be adj ustwo,20eyétdhe 20di aneters of the proxi mal and di CalCAIpas43ay be
pre-sel ected for different usages, different solid types, weight, and
average sizes, etc. Thus in one aspect, the invention provides a
solid renoval systemfor renoving solids settled at the bottomof a tank
containing a solid-liquid mx, the systemconprising: (a) a pit |ocated at
the bott or#bfis thamagrabik digsyteruspdisr gnageokicalindizersyag meewe phethellorgasisi on of t he
25 tank, \\Q&te n’ﬁl@&fay'tﬂegsoflél.k%lzﬁelhélll@edsuglmlﬂcggestaﬁl@%ate(nla)s a@sﬁltdaﬂ&ﬁ%' @‘3 ehav' ng an
openi ng w thi he 'pit, and a di scharge nmechanismthat controfs the

di schar ge nesfal phelaswlnlestss porres g lethehiorspeinifergign whiegte ihat minebesfomrddpixpé i s

desi gned t f jcient to
a||OM/the%§%PP%§ﬁ?€h &f(gégg&%ﬁigﬁﬁﬁthEgegg gﬁthgﬂggh%géggherein
-solids i mctltzumng@myennsndeslmeasm bdide bjesbtego pilBalthrmgjn mrnu@ﬁ\f ered giehingt he
30operati red fr he tank at

| east on ?13}” %a S]b%:e?&lﬁ‘lo nf.(?lrg tl%n%b(gﬁﬁg 1% }é (?Zblei (?goy(:\?dge 'g'rr?dE\A/el ght range,
depend|ngconlnhetmamnmmuh@mSﬂmp@amﬁmm@ésakkemz¢htbb%sﬂam&mandu@me nat ure of
the contents inside the t exa if 4t robi c

i gestor - Q8B PartSh AR p SRR THE MR 67 dr Tk Abrior dam k Svast e

mat eri al , 4t he. sol &ds may i ncl ude such undi gestable materials as sand,

st one, gravel metal or plastic pieces, bones, or other inorganic forelgn

obj ectld t hat rréyllbi‘el hetsism dsoidstisiei i b refies oroemisbirg ewitedoflrowisariveben pen
f eedl ot 8 s, the
@ﬁﬁ ﬂ@ﬁgﬁlTh% solSds R 1 ﬁrag glgﬁr?e evhdly ?r {l/)ruéh th @Qﬁg J@E

| ar gest so e to pass t roug roun ng haV|ng a
di anet er dbor erampter thetshlaly naydlont &by tof gortid@ of the iquiid., e. 4.0ns a@gre@tesmndG 5, 4, 3,

2, or 1 C{Plzh ey en(%t?arllg If:tﬂe ?or\T\ba cg a%%%t% Ili)mtt{(}g o’fl%ﬁ% Iilgglg aﬁ 1Zz% Igjen%a) f t(ijI%e gﬂ’cﬁorabl € t 0

pass thro openi no nore tha

about 15, aﬂtdr dléhuiﬁbnbith]:&gg@gaté? Al'fe;rna@n els, solldsSma\Zbe cbsrtnmlted‘melamﬁéks eumbd her ein,

-solid-liquijd m refers a m xture.having both undj ssol ved splids and

ou g5 B il FAGE 0 B TstidRad b g iaR ot SR oL ER RepeRR] (s g

phase Forsu@)mﬁmll 183y dld'b&e\smllalBISSeﬂﬁIBYO\fdrdbatbo(ﬁtﬁmépotrt(bp of dietliqofal phhset me |1 qui d,
eventual ly settl e tomerd rtion of

as a bott om
Shd i oo T FER BB Vem bR R e RERip e B R e ggr agat e,
Al ter nat i vedp¥nsi&@niallDe PRyYerd e e Sdnid Aittiee rel atively evenl y 15within the
| i quid phase, and forma -solid-liquid suspension.- Solids of the

solid-liquid sﬁb@ﬂhsMDhmwawfaﬁEe&ewémp@amﬂﬂq§@iﬂﬂenﬁogemdswﬁmbeiﬁﬁn1portion
of thegli ‘ill‘ééhgq %ﬂﬁ‘%@mk ﬂﬁ‘ﬂle %fp?t‘?ﬁ v b‘%%%cl ?sﬁa & L&l th}é?!)éenglgo% ipgeneous

nat ure of t X ure egates an pensi on esent in
t he sane WMxmﬂnammﬁhesmMMHﬂnyomﬂmemdmﬁf@h@mpoﬁmzesnmSMap@sxamdxdepths,
dependi ng on $

several ?ee({'\\ 1cfe anLA prefcgrgay is flush with the bottom of the tank to facilitate collecting
the settle solids in the pit. Solids collected therein may be discharged through an opening

on the wall or the bottom of the pit to the standpipe.

25 The pit is preferably (though not necessarily) located at or near an inner peripheral
region of the bottom of the tank. It may be, but needs not to, close to the vertical wall of
the tank. If more than one pits are in the tank, all pits do not need to be similarly situated
in relation to the tank wall. A water jet may be installed in the pit to assist the flushing of

solids in the pit through the standpipe.

30 The standpipe is preferably located outside the tank, and may be connected to one
or more of the pits, each through a proximal pipe that has an opening with a pit. Since the

system is designed to be operable on internal pressure of the tank alone, the standpipe
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20 design of the tank. For exanple, a pit nmay be bucket shaped with a w der
opening on the top and tapers to a snmaller size on the bottom The top of
the pit s 2be/mef46w i nches to several feet wi de, and prefraraabisosofl ush
with the bottomof the tank to facilitate collecting the settle solids in
the pit. Solids collected therein may be di scharged through an opening on
the wall or the bottomof the pit to the standpipe. 25The pit is preferably
(though not necessarily) located at or near an inner peripheral region of

t he bot t ord¢rably basgsafficient heighiyo preompgate eeitsiee - seid-lquisvispessiomle verti cal
val | of the haikomldhe @RL ePrEi}%@t'Bl\OH‘@clﬂf f MeQeIP s&lmglsttﬁ)'ﬂ&sméh lhy Ryt S do_not
need to be simlarly situated irn relation to the tank wall. A water jet may
be |nstalH@ﬂemWUWhé¢$lqmﬂm®aSS|st the flushing of solids in the pit through
t he standpi pe. 30The s and e S eferably | ocated outside the tank, and
my be-connbcr BEREnSREOB ey ke rbie et Wi fo ol e el pi pe

that has atébtcz;@enfdagmmetght &nl@bﬂtam ShhgemtNe (1e%Ehefibé 5 ddasicgnesbdige be operable
on internal pressure of the tank al one, the standpipe preferably has

suf fi ci entVitheit Rt apeit AR 8introRFh 2l Plomt BShPEMPRE o Mierag) pregstyrs of fheilagks pensi on)

recei ved fihemiha prafle at'?ﬁ@lﬁ&troﬁhlﬂfhe tdlhks(@e\h'@fegﬁe bxitlepipebidnfigso! i ds is not
assi sted by any power source In certalin enbodi nents, the

unp) .
st andpi pe cPanegled [the pithy gan Q%atF%éted t@@nlf gwfent Ug. thegaugesessyigets or 50 feet

i n hei ght ., dRrfRALAIH 1&TPOdL RN S nﬁ@ﬁlsi%lte %CIMJO%& Be Sl@i.g06gid Br @per at e
with at | east about 10 psi, 15 psi, 20 psi, 25 psi or nore of internal

pr essube @@hdh@ndamk The internal pressure at the botton1of t he tank

(where the pro&h 8 pe 0 enlng i S conn cted to % é t hat can be
attributed to i?pé’ RpRtpe B, et‘?PS“&’a gaL Y BYSF &9 “e?t BrdpYiti onal to

the |evel pgfe te@bpds |nisﬁiéltlde tAm X fok Fbﬁlrﬁﬁﬁg%}flﬂ bha@nk theaitk. plRravehageh density of
the 10solid-liquid m x. p. of the standpi pe may be gpen to the

air, or midpksilcasHibRgbroe Iy elfﬂéetfﬁf‘%’? %fﬂ&@oefﬁ&tsta&fhéﬂ%m%%? %féleflﬁ %&nk for
returnlng\gpbhhwgggﬁ\to the tank, preferably through the tank side near the
tank roof In either case, the top of the standpi pe nay be sealed off by a
val ve li5f neceséﬁmyuemsamﬁasﬂdhmnmmﬂpmanmebemﬁumhﬁmsﬂhndbéﬂedﬁaymge adj ust ed

basedd o0 Y1e ARl N lF g W FRTR e SRRSO L5 PR ™ e

fl ow fronmnmidnebid dipéstdr mnkhe st andpi pe (through the prOX|naI plpe) and the
flow fromthe standpi pe to a downstream di scharge tank (through a dista
pi pe) are cont bt flew fipo thytagk ti the vaidge kbetvahihsrroimalpipsy afdthe S

enbodi ment,,f 1@9 gﬁ%q{) 99, WRGRAR! fdﬁgﬁaq N (?lﬁﬁugh(ft)lstﬂ djfl[%es sk c¥@tygqon the

proxi mal pipe t ntro s the e openin o0 the standpi pe;
and, &) &v geimhidgaﬂabqhem@m irh@prdfeme@ibmmcp@ertthh@ dl@@ntge@heghztntrﬁelf | ow fromt he

st andp| pe cEn%pltlsrysa‘ (gj §§1J§Ia\ B8 oﬂl%rl.%kproumal pipe that controls the flow from the opening to

the standpipe: and, (b) a second valve on the distal pipe that controls the flow from the

standpipe to the discharge tank.

In certain preferred embodiments, the first and the second valves are designed not
25 to open at the same time, ¢.g., one cannot open while the other is opened. but both may be
closed at the same time. This design may help to prevent accidental discharge of the tank
contents. Preferably, this control mechanism may be manually overridden such that both
valves can be opened at the same time.
One or both of the two valves may be automated. For example, the first valve on
30 the proximal pipe may be set to open on pre-determined time intervals (e.g., open once
every 1, 2, 3 hrs, efc.), and closes either after a pre-determined time period or closes

automatically when the flow into the standpipe stops or nearly stops. The second valve
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In certain preferred enbodi ments, the first and the second val ves are

desi gned not 25 to open at the sane tine, e.g., one cannot open while the
ot her i s wpenexdostdt both rmay be cl osed at the sane ti meCTAIN2811d8643gNn may
hel p to prevent accidental discharge of the tank contents. Preferably, this
control nmechani sm may be manual ly overridden such that both val ves can be
opened at the sane tine. One or both of the two val ves nmay be aut omat ed.

For exanple, the first valve on 30the proximal pipe may be set to open on
pre- det er g setiterabanrif a pigaleteripmed time giarihg ey abneetgpest such thagselids | et c. ),
and cl 0SS, fiifeliaRhbiemad nEnIBHFRMACE stiilBeBR oGl GesHens
automatically when the flow into the standpi pe stops or nearly stops. The
second valhhe preedetdpainge time peidpedepends gn pmembertad faeiaie dudhi amghedf peeaf thehe fir st
val ve clo ~' [ NS} i vV, tim
Ve to sernlsCeEpabdB BobER daCs BehlS ShERCR AL PP 1o

peri od Sdepemndzedhasad mustselficofagkact ors, such as the type of the solids being
renoved, the tipe it takes for themto settle in the standpipe, etc., and
can be 5opti ni 2egssarbdlEimy pewibeiptopaiggdepending on fgcortgridnigl dhs e may al so

be aut omatgadhAenandi Ig eQinfld nelhRhA0E hRWRL chifphRe ndirsieRasgecdnabk. For
exanpl e, the discharge tank nmay conprise a hlg%-|OMF | evel control for

control | i Agf copolbpethP apengte af e ssendnalveandethaidhe seconaileleesstéond val ve

does not aeGAeMt dbdewRRERe YRR LA AR Gnlt R of HhitlesMARRYR-tank is at or
hi gher than a pre- 10determ ned volume, thus preventing overflow in the

di schdfge detgririned volume. [thys peaverting osplodiimtheidsschargetaeli. schar ge nechani sm may
further conprife a Ihird.valvehf%r revenFin the.fl ow or controlling the
level of flow MFFERNCAROBMEN BN éd@{g&r%ﬁ‘i e sy Qiripe Gogpis] Y8 ey be

| ocat ed ORaltvb@orRr¥hiHRl thdflRe ofdonirdifihg el §iflow Béik hetphab tHeRRWnfipipw from the
pit to the standpipe nay be stopged or slowed down if nece

y ! ssary.
Pr ef er abl yhistthisd yalteinpgde/arajrd andhewiryisal Bipe ainpsies fhegit such that thy ’%io‘ber tain

e”bpdi”Enﬁﬁmn&@ﬁﬁﬁghéQm&%ﬂk%ﬁkWﬁ%&b ahﬂﬁw“kﬂﬁbhﬁhhﬁaﬁﬁﬁiSﬁe@n&%terd-SO'id
nDV|ng_systen1conf|gured to nove solids settled at the bottom of the tank
S

t owar ds t Hardoyalvg is ggepllnsotigded | ocated at the periphery of the tank. Any

of many art-recogni zed settl ed-soljid noving. syste may be. ada d for use
*n the sabj ect B ortEr s ut AR DR S BBy o S RS TP e s S SR ¢ e
set t | ed- sablidimbang sPeayShagaredwphdoeaslids(sajledatrtRelottomsof shepanki toefirda rack and
i nion assenbl y, di sposed around an.i nner, per,i phery of the tank;. (b) a
P ent o o JE gt o RS e R P BT IneBfrk, PR et ol bR BRTY Lot vl 1y
W t hi n t heettlankslid(Gdviri sshraht maeBd hdaptee tortude ihahadu®jcar QUM eknidvel sasmher pivot,
t he shaft conprising a solid-noving nechani smconfigured to nove solids
settl &4 at thelibotaxemplofy enfwdinzenk tesseled-s@Bt mwargly steecopwrisgshery of t he

the. cent or i BaToantal s hd pinfh sAeR TR ol o he? bR ROECE & e
rack and tank: (b)a center pivot disposed substantially vertically and substantially centrally within
the tank: (c) a shaft configured to rotate around the center pivot, the shaft comprising a
solid-moving mechanism configured to move solids settled at the bottom of the tank (e.g..
25  towards the periphery of the tank), and the shaft is: (1) at the proximal end, rotatably
connected to the center pivot, and (2) at the distal end, engaged to a pinion of the rack and

pinion assembly, (d) a power source (e.g., a hydraulic motor) configured to drive the

pinion to move along the rack.

A rack and pinion assembly is a pair of gears which convert rotational motion into
30 linear motion. The circular pinion engages teeth on a flat bar - the rack (which may be
curved or circular in shape for installation around an inner periphery of a largely round

tank). When the rack is kept stationary, as in the instant design, rotational motion applied
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pi ni on assenbly, (d) a power source (e.g., a hydraulic notor) configured to
drive the pinion to nove along the rack. A rack and pinion assenbly is a
pai r of geanreiws™R convert rotational notion into 30 | iPpagarA20mt0soe39 The
circular pinion engages teeth on a flat bar - the rack (which may be curved
or circular in shape for installation around an inner periphery of a

| argely round tank). When the rack is kept stationary, as in the instant
design, rotational notion applied to the pinion will cause the assenbly
attached tothe g willgausedhepssembheatipgleddp Hig PAHeR ©re -tihkesverBing Y ¢F thove
relative to,hReHAEKIative to the h€ rack and pinion assenbly may be installed
close to the bottomof the tank, such that sweeping bl ades attached to the
shaft may effeThé ek yndsginiapassehisly sk thk @dtatiod tlds: tbtlewattols of the gkt S. The rack

may be instal|ed on.t || of the tank, or. may be installed on a
Cvporti ng dyhfienPiinaiodh agastie e b ety 3Gapdih FeTonl S

profil e ragkudde pitiToR raksRiyVeVnsidle@pehaiag othiRNakuUBRLIRAnMARE LNt he
solid-liquid mx 1n the tank, and/or operable when the solid-liquid mx in
the tank PSUBRSFHY syt liged o the 1BEP0% o prevent or reduce solid settlement
on the stationary teeth,10 r .t h hterfering,w t engagenent
of the rack an B%fﬁgbﬁegoé\e?%?}e{} ﬁ%‘ @gg{nﬁon&ﬁ&tﬂ ﬂ)g‘ "Sgk?%a‘%l%g%%ﬂe%“g?lg %(31/ poi nting
downwar d tuodarithe solid-bqad aurin the iaok a0fl/os@terdbéedivisnl theklidthiqtikdenik acthe t eet h.

Scrapi ng bl ades .attached t ne or nore shaffs are us t . nove settled
sol s Lo R BEP e ki s o SRl Bhb S Bk B R MR &% or o e
(e.qg.,101, o2the3ack4thod intedliegng Lbh glhahiement ob the uskdnd pinidnacesly slicanath e@ch
attaching to and rgt ivn(% around a center pivot t.th? %)rodxi[rgslr end of the
shaft. At BHANP Stedyratln RO iigedogmaeyd 1P S st P H R BTl Bt he rack
and pi ni onhaaggewdhy, such that relative novenent generated by the rack and
pi ni on assenbly rotates the shaft around the center pivot (which may be

di sposed subst aepiag b\ndesattadhedtd gneandosusbsiisaane e tymeessertirl kglidai t hi n t he

t ank.) ' Th?ox%ﬁ@st it pirl)g, yt?ck alB%s R %)ertgfﬁ(e e? l%e(lzxmjbﬁé _Ipng(grg (hél df ay%jzlc r?ﬁ’gre el to
provi de torque. power sourc 3.9., a %y raurdc or(3 may be used
to drilve tshetspnayibemsddon mesestahoragh dthrehing ckand potefirer adaing aicanted gitwat di rect i on
as desired. . cerd aj n, embodi t a subner si bl e .not gear box

o r angenmiie prgvigal end of et Hng FRRCSHITR: Suand SEARIT IRy TEb e 2670 o
drive t he r@knnd piniddragfeatb8bkych tind vebative upp biierft @ene2bédis ¢ raak gehf@nion may run

t hrough a subnersjible swyvel at the center pivot. In certain

embod mentSemPoifs s g rauihls i a ohBFRNI b diswpredistbLRili ment s, the
shaft may vbgichiBngekubist@anal R QGen@ly within HO tan@y. B ckiiter fitot @K lcamprigmbodi ment s,

each shaft rises a plurality of scraping bl ades, each
20 mtﬁt?-ggrt vdraulic SR'IVG[ to pr0\¥de torque. ping

A power source (¢.g., a hydraulic motor) may be used to drive the pinion to move

along the rack, preferably in either direction as desired.

In certain embodiments, a submersible motor gearbox arrangement (¢.g.. a sealed
electric motor and gearbox) may be used to drive the pinion. Preferably, power supply for

25  the arrangement may run through a submersible swivel at the center pivot.

In certain embodiments, the one or more shafts are hollow. In certain

embodiments, the shaft may be longer than 20, 30, 40, 50, or 60 ft.

In certain embodiments, each shaft comprises a plurality of scraping blades, each
blade arranged at an angle not perpendicular to the axis of the shaft. When the shaft
30  moves around the center pivot in circular motion, the scraping blades gradually moves the
settled solids towards the pits. For example, in a preferred (but non-limiting) embodiment.
the angles can be designed to remove settled solids from more centrally located positions
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bl ade arranged at an angl e not perpendicular to the axis of the shaft. Wen
the shaft 30 noves around the center pivot in circular notion, the scraping
bl ades greiduraidopéTdsves the settled solids towards the piPCIICAROrI/08030Pl €, in
a preferred (but non-limting) enbodinent, the angles can be designed to
remove settled solids fromnore centrally |ocated positions 11 towards the
peri pheral regions, and ultinmately pushing the settled solids into the pit
at the tank periphery. ~In certain enbodi nents, all the scraping
bl ades ar dopHfsihe E¢“l’i(‘émbl‘&éllf?n%ﬂ%vltlnlﬂﬁ@b'dftuhléﬁg bapgdestsintoghe piggidhe t wo of
the pluralify,..Qfhepcr api ng bl ades are not parallel to each other. 5 This

| atter enbodinments may be nore efficient in certain conditions, where nore
fcent r ial ly (proxi m?ihwhbbflﬁghe,ct}usgé ﬁl&lpﬁ't% Adrd e pﬂ_ﬂyeﬁft@.ezlﬁh lO&ﬁgl _ Ilhe)ﬂiielst ;:mce

rom| ess anount of settled.so . nmor eri phera i st y

| ont ea scPupE B wFaY ey PRebrib: & Fulht bulur Sl gs flindiohl s of
accunulsat galis9@dr dsbodiments may be mof¥ i@l dertatnRen@nglsewidre ﬁl@ﬁéh:eﬁl@dll@'pi ng

bl ade may be individually or collectjvely 10adjustable. In certain
enbodi ment@oxipglly desqtsdsgiaginggladessngy [arelsts IEHBHISH HEUIPss meuyef 83t sol i ds
into the Rblids. 4da8nstObérfhhBRMI REktATRS NRRES SrifRYe AP hia$ @ac@ nRed RPLAGeCUp at the
distal end of the shaft, wherein solids trapped in the scraping cup are
posi t i onedropblarest amquptsel peranyiaiedgrbds t he di stal end of the shaft passes

over the pit. I ertain.enbodi nents,, .the di.schar.ge,tank _conprise a
otirring echadiemeps: bF atheT AR TSl oB TGRS 3B eRG T The
di schange atlakkble Pr ef er abl y, the di scharge tank is configured to return a

i quid and/or a gas back to the tank. For exanple, the discharge tank may
be a cl osed t aHkeefpinfenpodigsnisiiehicilitaig aiorg Hleieriyongie of hyshitledsakids hane and

CO? from 8 e ﬁlegblﬂﬁfﬁ {')ig?)ne%ﬂis& H B ert zp&m(tjpﬁ'l@ ub Q{ tﬂyﬁ@taﬁenrd% f

opening. 20In certain e nents, theé settled s s in the discharge tank

can be di dedvhnlyedhedimsadids samad oohy syamng TperspsidnngionValieto thagit eenany
art-recog%kﬁﬁgmqggg%§mF@%Hﬁﬁgyogfﬂ%gﬁperciaIIy avai lable. It preferably
I I en

sel ectivel'y conveys sSo e Ihg to | eave liquid behind, which

l'iquidsmay be apéeh@iatethodinfinis &ihélAiR@[rdeQarlkhfayt @MprisANQMM mabhpash «of the
invention provides a nmethod for renoving solids settled at 25the bottom of

a tank comfearHitieraniempiguals amgetting in thedisshargoiante drpieraghntie dpsghargsol | ect i ng

the sol i dsahs @onﬁgarea RERIuRM Afuid Ad/d19hs BRKOMEfanReFbPREMBl. Tl On of ) the
bottom of the tank; and, (b) discharging the solids in the pit through an

openi ng ofdisghasgetaefpinpebe 2 ¢lased irkiyith 4 reoff yest. dechtthns ami gas (el ag Methysen and
closure ofy,} b6, ABENYAGHE ARERGEALLEdu, e HiR GBI, BEYARIM wher ein the
standpipeaPs ?ésigne%ggdcﬂ&fﬂﬁtplnte?naf Sressurggg} tﬁ tg'k al one 30i s
sufficioent to aldedintehdodialeh@sthé etitidsehdrgehetdivchaghtabihenk andiir gel.
via a screw conveyer. The screw convever may be any art-recognized models, and may be
commercially available. It preferably selectively conveys solid while tending to leave

liquid behind, which liquid may be collected and returned to the tank.

Another aspect of the invention provides a method for removing solids settled at
25 the bottom of a tank containing a solid-liquid mix, the method comprising: (a) collecting
the solids in a pit located at (or near an inner peripheral region of) the bottom of the tank;
and, (b) discharging the solids in the pit through an opening of a standpipe, the opening is
ingside the pit, and the open and closure of the opening is controlled by a discharge
mechanism; wherein the standpipe is designed such that internal pressure of the tank alone
30  is sufficient to allow the solids to discharge through the standpipe.
In certain embodiments, the discharge mechanism comprises: (a) a first valve on a

proximal pipe that controls the flow from the opening to the standpipe: and, (b) a second
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In certain enbodi nents, the discharge nmechani sm conprises: (a) a first

val ve on a proximal pipe that controls the flow fromthe opening to the

st andpi pewoant/006tay a second val ve on a di stal pipe tharceaaoalsosshe fl ow
fromthe standpi pe to a discharge tank; wherein the first valve and the
second val ve are designed not to open at the sane tine. In certain
enbodi nents, step (b) is effected by: (1) opening the first valve to all ow
the internal pressure of the tank to flush the solids in the pit to the

st andpi pe;valFepn adissd pige Breheonrpls dhe Roay Yemdiedtandeing ing dissbaiseskd val ve to

al l ow 't hQ\hgfe‘ﬁ?t%Q Fifst { zﬂ§é Qﬁl tﬁé’s%cﬁ{dqlagg'a%edeg@ngdl IH)%R) &p'&? atstﬁ’é éaq{% tfnﬂe the

st andpi pe to the discharge tank certain enbodi nents, the solids
are col |l ected imceithia embbdlu&magst@ (BEls bffecdedsmi (1 opaNhdifie Sys5 1 €0 t@@nm gured to

nove soli s.sett ed at t e bottom of the ta k towards the such as

T S ot s a1 LS B T R o AR B) bsip et
syst emsf Ortherfﬂﬁﬁl\él\fégnc$ @[bdnﬂ@ tiedetbrRid apk 1 AWML hRBIUES indldd ABKasPMeabNi Ng a
solid-liquid said systemcaonprising: (a) a pit located at the bottom

of the taﬁwﬁl@%FMF§6é¢@F¥EﬂH¥%t8ﬂ§6?¥5§g%@?kIed at the 5bottom of said tank
cont ai ni ng sai | J n openi ng
within the p|tﬂ1&%'H%H%O&Hﬁgwmgéﬁgﬁggﬁfé@%Eﬁa@I%gﬂgmggsgaﬁ&p%$§charge of
sai d soI|dmnﬁ@m&ﬂghcmﬁkﬁmﬂpenmngyﬂMheﬂ@ﬁnuﬁmﬂﬂﬁaﬁaﬁﬂpkmkhnsuﬂﬁhegned such

t hat |nter surﬁ ) tqﬁ tanF F i sufficient to allow said
solids to ?53 éPlgﬁ?(F%ﬁ%ﬁ HEY %ﬁag 10 2. The solid renmpval system of
claim1, wherein the height of the standplpe is at | east about 25 feet, 30
feet, 40 feet, 45 feet, or 50 feet.
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3. The solid renoval systemof claiml1l, wherein the standpipe is designed to
operate 15with at |east about 10 psi, 15 psi, 20 psi, 25 psi or nore of
i nt er nal Wwoesweume746f the tank. 4. The solid renoval sysPem@200/0&E0439 1,
wherein the standpipe is connected to the opening within the pit through a
proxi mal pipe, and connected to a discharge tank for receiving the solids
through a distal pipe. 20 5. The solid renoval systemof claim4, wherein
t he di scharge nmechani sm conprises: (a) a first valve on the proximal pipe
t hat contqﬂhﬁhﬁ e flow fromthe opening to the standpipe; and, (b) a
second val ve on the distal pipe that controls the flow fromthe standpipe
25to the di schargg léF%Kal ﬁst&ﬂ%ﬁ@&bﬁ%?&ﬁ‘ay&gﬂe%? ¥h%§‘o€£n[1 8{ Alft 5. wherein
said first val ve and sal d second va are designed no 0 open at the sane
time. 14 2032/ .008% Gl %%Q 9. . .7. The solid renoval system of
claimb, i e?e?%%ég $é§§€ dﬁgﬁgg%tneg ﬁ%%FQValve and the second valve is
aut omat ed. 8. (@he spl lodatedeatpheatiottemstt dra tafk, &ir adcavBig smdeolalsnettibkatdheschar ge
tank cqQnprises a high- 5low |evel contrqgl for contraolling the opening of
sai d sgcond val ve, @ﬁ%ﬂ“ﬁﬁ% t%%f t%3%88883%‘6%*?@“%@%?%ned not to open when
t he contents i (b)t hea dusiphpahgeng andpehsg atithorthdpighed a tiheltarg mechardet er m ned
vol une. that controls the discharge of said solids through said opening;:

wherein said standpipe is designed such that internal pressure of the tank alone is

sufficient to allow said solids to discharge through the standpipe.

10
2. The solid removal system of claim 1, wherein the height of the standpipe is at least

about 23 feet, 30 feet, 40 feet, 45 feet, or 30 feet.

3. The solid removal system of claim 1, wherein the standpipe is designed to operate

15 with at least about 10 psi, 15 psi. 20 psi, 25 psi or more of internal pressure of the tank.

4, The solid removal system of claim 1, wherein the standpipe is connected to the
opening within the pit through a proximal pipe. and connected to a discharge tank for

receiving the solids through a distal pipe.

20
3. The solid removal system of claim 4, wherein the discharge mechanism comprises:
(a) a first valve on the proximal pipe that controls the flow from the opening to
the standpipe: and,
(b) a second valve on the distal pipe that controls the flow from the standpipe
25 to the discharge tank.
6. The solid removal system of claim 5, wherein said first valve and said second

valve are designed not to open at the same time.
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9. The solid renoval system of claim4, wherein the discharge nmechani sm
conprises 10a third valve for preventing the flow or controlling the |eve
of flow fwormntmemapeni ng to the standpi pe. 10. The sol PdTrAOMAISIESYSt em of
claim1l1, wherein the top of the standpipe further conprises a return pipe
for returning excessive contents back to the tank. 15 11. The solid
renmoval systemof claiml, further conprising a settled-solid noving system
configured to nove solids settled at the bottomof the tank towards the
pit. 12. The 3$bgicdlidrenprnhtyssystelins. ehapipmblgast gpver dhefirstialvgand fhed- sol i d
novi ng system 20conpri ses: (a) a rack, as a part of a rack and

pi ni on assewBl yalves 8pe8eEdar ound an i nner periphery of the tank: (b)
a center pivot disposed substantially vertically and substantially
centrally within the tank: 25(c)a shaft configured to rotate around the
center pivot, said shaft conprising a solid-nmoving nechanismconfigured to
move sol i ds seths W agmeRESYBST AiraBR St heereia e dshripaignk prampsises a gkt sai d
shaft i_s: (1 at the proxinmal end, rotatably connected to the center pivot,

and (2 atow kaelfoatelforgeptroling kg apening of sy sfcond valve. prehth gaidpgon ni on
30assenbly, WO 2012/ 006745PCT/ CA2011/ 050439 %a power source ge g., a
hydr aul i ¢ VABE Erdesigesioginrapan taetihe g enten giefigghargs ank is at or higher thana

pre-determined volume.

9. The solid removal system of claim 4, wherein the discharge mechanism comprises
10 athird valve for preventing the flow or controlling the level of flow from the opening to

the standpipe.

10. The solid removal system of claim 1, wherein the top of the standpipe further

comprises a return pipe for returning excessive contents back to the tank.

11 The solid removal system of claim 1, further comprising a settled-solid moving

system configured to move solids settled at the bottom of the tank towards the pit.

12. The solid removal system of claim 11, wherein the settled-solid moving system

20 comprises:

(a) arack, as a part of a rack and pinion assembly, disposed around an inner
periphery of the tank:

(b) a center pivot disposed substantially vertically and substantially centrally
within the tank:;

25 (©) a shaft configured to rotate around the center pivot, said shaft comprising a
solid-moving mechanism configured to move solids settled at the bottom of the tank
towards the pit. and said shaft is:

O at the proximal end, rotatably connected to the center pivot, and
2 at the distal end, engaged to a pinion of the rack and pinion

30 assembly,



nove along the rack. 13. The solid renoval systemof claim12, wherein the
rack and pinion assenbly is 5subnmerged when the tank is filled with the
solid-1|i guDdosumpmansi on. 14. The solid renmpoval system eCTalA2VER439wWher ei n
the teeth of the rack point dowward to engage the pinion. 1015. The solid
removal systemof claim 12, wherein the rack is fixed on the bottom of the
tank, or on the wall of the tank. 16. The solid renoval systemof claim12,
wherein the shaft is hollow 1517.The solid renoval systemof claim12,

wher ei n the soldd- nbRAVYR seHERTHERI- Sy Eowisrmales canfisuadde e e Pigtondpi ng

bl ades, each apj,apgeg. @&k RR angle not perpendicular to the axis of the
shaft. 18. The solid renoval systemof claim 12, wherein all the scraping
bl ades are parallel 20to each other. 19. The solid renoval system of claim

12, wherei 13 atp @&?1& rén\{\@étgsrz Stte[]]']h le ?‘ﬁ \I‘%re% tﬁ%?&cﬁ%&‘ﬁu}n@%&%‘%&bﬁf ig_not

paraIIeI to eac e so renmoval syste aim 12, wherein
t he anglesmmn@aahﬂgmMaUWMQs@MaﬂenhﬁwwnmihmdmahprQMJustable. 21. The solid
renoval system of claim 12, wherein the solid-noving nechani smconprises a
scraping cup at the distal end of the shaft, wherein solids trapped in the
30scr api ng4cupThe E)lipmﬁildi\iabtﬂe‘dmtaf cfagh [12.iwitecein the tqeilt ofwhemack préntdi st al end of

t he shaft d%\a\.g‘%g% to engage the pll’llOn

10 15.  The solid removal system of claim 12, wherein the rack is fixed on the bottom of

the tank, or on the wall of the tank.
16. The solid removal system of claim 12, wherein the shaft is hollow.

15 17 The solid removal system of claim 12, wherein the solid-moving mechanism
comprises a plurality of scraping blades, each arranged at an angle not perpendicular to the

axis of the shaft.

18. The solid removal system of claim 12, wherein all the scraping blades are parallel

20 to each other.

19. The solid removal system of claim 12, wherein at least two of the plurality of

scraping blades are not parallel to each other.

25 20 The solid removal system of claim 12, wherein the angle of each scraping blade is

individually adjustable.

21. The solid removal system of claim 12, wherein the solid-moving mechanism
comprises a scraping cup at the distal end of the shaft, wherein solids trapped in the
30 scraping cup are positioned to fall into the pit when the distal end of the shaft passes over

the pit.
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the pit. WO 2012/ 006745PCT/ CA2011/ 050439 22. The solid renoval system of
claim12, wherein the shaft is |onger than 20, 30, 40, 50, or 60 ft. 23.
The sol i dwoentvmb74§yst em of claim 12, wherein the power PSOUIAE11/050439
configured to 5drive the pinion to nove along the rack in either direction.
24. The solid renoval systemof claim 12, wherein the center pivot
conprises a nulti-port hydraulic swivel to provide torque. 1025. The solid
renoval systemof claim 12, wherein settled-solid noving system conprises
two or noré shahe glidpgnonigbsysiem o clagnby-arhesyysthe ghadtis dngprhap 20nfe i n t he
bottom of shhg ¢hank is flat. 1527.The solid renoval system of claiml,
further conprising a water jet in the pit to assist the flushing of solids
in the pit through the standpi pe. 28.The solid renoval systemof claiml,
conpri si ng-,two mr. .1 SrarO : i i im1l,

wher ei n t%é' taﬁﬁé ?Ogm éﬁmgr?g%;stgé %%ﬁ‘lﬁggéf‘ g@@%ﬁ%@ﬁ%ﬁ O;ﬂ‘%ghgcg}l iﬁ)%]-rﬁ t?jui d mx is
or gani ¢ walstethapadergoinmge alwage thebads ideigesdirgfion. 30. The solid renpval system
of claim 29, configured to operate and renove solids settled at the bottom
of the tank during an active anaerobic digestion. 25 31. The solid renoval
syst em of 26| ai The®lidwhesel syseai d chohil 2svieedit thederaér (fite choprisesma ofiltt he t ank
conprise ro tal,. .and other inorganic material not conductive

f or anaer 88{% E‘ﬂ'@?‘é}gcgsg\i’i\beﬂ_?o ﬁafox"ide torque.

10 25 The solid removal system of claim 12, wherein settled-solid moving system

comprises two or more shafts.
26.  The solid removal system of claim 1, wherein the bottom of the tank is flat.

15 27 The solid removal system of claim 1, further comprising a water jet in the pit to

assist the flushing of solids in the pit through the standpipe.
28. The solid removal system of claim 1, comprising two or more pits.

20 29,  The solid removal system of claim 1, wherein the tank is an anaerobic digester

tank, and the solid-liquid mix is organic waste undergoing anaerobic digestion.

30. The solid removal system of claim 29, configured to operate and remove solids

settled at the bottom of the tank during an active anaerobic digestion.

25
31.  The solid removal system of claim 29, wherein said solids settled at the bottom of
the tank comprise rock, stone, metal, and other inorganic material not conductive for
anaerobic digestion.

30 32 The solid removal system of claim 1, which operates when the solid-liquid

suspension in the tank is being stirred.
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3032. The solid renoval system of claim 1, which operates when the
solid-liquid suspension in the tank is being stirred. WO

2012/ 006 MBRCI/0AR811/ 050439 33. The solid renpval systemCofCA2DEHIOFV4BY
wherein the standpipe is configured to accelerate the initial discharge of
the settled solids under the pressure of the solid-Iiquid suspension, and
configured to prevent excessive discharge when the level in the standpipe
approaches the solid-1iquid suspension |evel inside the tank. 5 34. The
solid rengval $hstodidhregnovel aisienad clajip dr whaieigtheskadpee biconfiraddet | e solids is

not assi SLE let?z)fe fh@{n AWRchat é'(ngEe s(eﬁ 9 solidd uHWe npres§ée ofr ﬁ"l@ sﬁﬁi 1'1 id enmoval

systemof claim1l erein the stan pipe is connected to a 10di scharge tank
for recei wispgnsswl. heflsconBemedie pevent axbessit adikchargGrheT i less] indhe samolpime syst em

of claim %g ot il Qolfdhl? ufl &g&ggi&g,&a%écg&%ahﬁes a stirring mechani sm

1537. The s renova erein the discharge tank is
configdred to return a I|qU|d and/or a gas back to the tank. 38. The solid

renoval S%ﬁt eml“Re socfllclar‘énqc])\% 8y s%legf clalmggt\;[ﬂegegn 1%\(':11' dse Olfg‘\ t‘fale S(I)hsd(s: E]s 0p€ tank
are di scharged via a Screw-conve for enDV|ng sol i ds
settled atmmﬂﬁnbamg@nmahoacéankeqmmMﬁjnlng a solid-liquid mx, said nethod
conprising: (a) collecting said solids in a pit |ocated at the bottom of

t he tank; and,
35, The solid removal system of claim 1, wherein the standpipe is connected to a

10 discharge tank for receiving solids removed from the tank.

36. The solid removal system of claim 35, wherein the discharge tank comprises a

stirring mechanism.

15 37 The solid removal system of claim 35, wherein the discharge tank is configured to

return a liquid and/or a gas back to the tank.

38.  The solid removal system of claim 35, wherein settled solids in the discharge tank
are discharged via a screw conveyer.
20
39. A method for removing solids settled at the bottom of a tank containing a solid-
liquid mix. said method comprising:
(a) collecting said solids in a pit located at the bottom of the tank: and.
(b) discharging the solids in the pit through an opening of a standpipe. said
25 opening is ingside the pit, and the open and closure of the opening is controlled by a
discharge mechanism;
wherein said standpipe is designed such that internal pressure of the tank alone is

sufficient to allow said solids to discharge through the standpipe.
30 40. The method of claim 39, wherein the discharge mechanism comprises:
(a) a first valve on a proximal pipe that controls the flow from the opening to

the standpipe; and
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(b) discharging the solids in the pit through an opening of a standpi pe,
sai d 250pening is inside the pit, and the open and cl osure of the opening
i s controvbedipersdi schar ge nechani sm wherein said st aodfiselisogesi gned
such that internal pressure of the tank alone is sufficient to allow said
solids to discharge through the standpi pe. 30 40. The nmet hod of claim 39,
wherei n the di scharge nmechani sm conpri ses: (a)a first valve on a
proxi mal pipe that controls the flow fromthe o ening to the standpi pe; and
WO 2012/ 0067458CT/ GAzoa \0bG439 de%)l@lpgél@éﬁ@ﬁr@bﬂtgeeﬂ@h ramahastldpipe e t hat
control s GRgchdOWanf.r om the standpi pe to a discharge tank; wherein said
first valve and”sai d second val ve are designed not to open at the sane
time. 541 vheeimsiiod @fveahdiad ggondinbiegitndesicagd dasyo open af the saneadtithg; :

(1) opening the first valve to allow the liquid pressure inside the tank
to flush the solids in the pit to the standpi pe; (2) closing the
first val vid. andhopethbhgf doim Hevberdinerb ¥l it effaldddw the pressure inside the
st andpi pe to flysh . [ in st i o the. di r ank. 10
32 The et hod o1 o1 eS8 fiRaiBe el EEFE Pk B RN LB IR R i
usi ng a selid¢dobdk inglad ico thesitangpipy.st em confi gured to nove solids settled at

the bottom of H}e t&(r)]slfné[ tg%}’sg\sal;['eha%d%ipgriing the second valve to allow the pressure
ingside the standpipe to flush the solids in the standpipe to the discharge tank.
10
42. The method of claim 39, wherein the solids are collected in the pit using a settled-
solid moving system configured to move solids settled at the bottom of the tank towards

the pit.



