I N THE UNI TED STATES PATENT AND TRADEMARK OFFI CE SYSTEM AND APPARATUS FOR
FEEDI NG SOLUBI LI ZI NG GROW NG AND DI SCHARA NG A Bl OLOG CAL MATERI AL
BACKCGROUNROGH1 1Tiols05 NVENTI ON Techni cal Fiel d [0001] Thi s iporaskéion4eoe ates to
a system and apparatus for feeding and solubilizing a solid biological
starter material, and for aerating, growi ng and di spensi ng aqueous m xtures
of select vegetative bacterial strains for various end use applications.
Such end use applications can include, for exanple, digestion and renoval

of grease fromINJGRE PNITEDSSTHTES RABENTAND TIRADEMARK ©@FHCEr aps, grease

I nterceptors and sewers, and bi o-renediati on of other anenable wastes and
waste streans. The system and apparatus of the invention preferably
conpri se some di sposabl e conponents, principally for conveni ence and to
reduce the time required to clean and maintain the device. Related Art

[ 0002] Bi ol ogi cal growth and di spensing systens with various feeder devices

have previously gyeergy IA@%WRAﬁm@@mﬁE%Dm Whi gEI Fmices Patent Nos.

7,081, 361 and 6,3 “T’W i 't hose patents,

and i n pendi ng pu%l [ sﬁp% tDIIe%'C fr?g'dg ?\L?gg?o#bﬂb 20090130740.

[ 0003] Sone devi ces previously dlsclosed for use in feeding tabl eted,
BACKGROUND OF THE INVENTION

Technical Field

[0001] This invention relates to a system and apparatus for feeding and
solubilizing a solid biological starter material, and for aerating, growing and
dispensing aqueous mixtures of select vegetative bacterial strains for various end
use applications. Such end use applications can include, for example, digestion
and removal of grease from food processing or restaurant drains, grease traps,
grease interceptors and sewers, and bio-remediation of other amenable wastes
and waste streams. The system and apparatus of the invention preferably
comprise some disposable components, principally for convenience and to

reduce the time required to clean and maintain the device.

Related Art

[0002] Biological growth and dispensing systems with various feeder
devices have previously been disclosed, for example, in United States Patent
Nos. 7,081,361 and 6,335,191, and in the prior art referenced in those patents,
and in pending published United States Patent Application No. 20090130740.

[0003] Some devices previously disclosed for use in feeding tableted,
prilled, pelletized, granular or powdered bacterial starter materials have
encountered difficulties with bridging or jamming. Similarly, some devices
previously disclosed for use in solubilizing solid starter materials in an aqueous
or other liquid medium have required the use of a pump driven by an electric

motor for mixing, transferring or dispensing the liquid medium. Other previously
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prilled, pelletized, granular or powdered bacterial starter materials have
encountered difficulties with bridging or jammng. Simlarly, sone devices
previ ouslwodnsigios®ed for use in solubilizing solid starPer/usationi@ks i n an
aqueous or other liquid nmediumhave required the use of a punp driven by an
electric motor for mxing, transferring or dispensing the |iquid medi um

O her previously disclosed devices have required tine-consum ng and costly
periodic cleaning to alleviate flow path bl ockages attributable to

bact eri aldigpissddndévicdsiravd ayuired aBne-COREIMNiAG ReRidcdshigpetiodie dearsing té or a
conpact and relatively inexpensive system and aﬁgﬁﬁatua bhat,can reliably
feed, soIQUSV'Ptez@?WPPMP@'@%@WPEE&Y%@ bagieral grawinyngide deviipgSanpunt s of
sol ubilized and/or slurried vegetative biological material for smaller

vol une agebogiat i ond R¥ed itReretore fdxaus bt BOSBMpAA N RdativeBU RRxpShigive Sy st em
and apparatus wil| desirably conprise sone disposabl e conponents and wi ||
reduce omyslemhiangt apparatugcbat £an rgliahly deed, ephukilizes Iteansfaignch disReBeR i at ed

downt i e : n&e SQCI i S+ e i i ce knferval s.

somery G HBEE BB et e g ikt PRIt RRPB G D,

desi r abl ynateripk fios smalleovnglame, applitatians byt gradvito fiew mgthaut requiringaanpuenpd cover

t hat sup&g&% and, conceal a feeder umit containing .a solid starter, aterial,
%

a feeder SYRIERANG ARAARET pulheSPRTERYE £OBEEISE | Fome LdISPRTARE t ank

that al s@offjonentsAand wilkeddicecorasimihtevirestded for\Weriobict hangall didardh@r t er
material is solubilized, circulated and aerated to increase the hacteria

popul at | @ddAsspgiatedyr densting; ARd SyReRSSf aTesIaiR]d oWith s RS-eRNSMIRGLrs), a
wat er SUPﬂhMuﬁ%néﬁﬁﬂgﬁég.line pressure to fill, circulate and aerate the
bacteria inside the mxing tank, a control systemthat conprises liquid
flowlines, timng circuitry and sol enoi d val ves operated by notors powered
by direct current, and a direct current power supply such as a battery.

[ 0006] According to one preferred enbodi nrent of the invention, the feeder
unit further conprises a feed canister or hopper and a feeder base and |id
assenbly that includes a rotatable feeder cup. Particulate solid starter
material, preferably conprising a bacterial conponent and a nutrient
conponent, is desirably provided in the formof pellets, prills, tablets or
granules. A plastic container in which the solid starter material is

shi pped can al so serve as the feed canister or hopper, and becones an
integral part of the feeder unit when attached to the feeder base and |id
assenbly. The rotatable feeder cup can optionally further conprise
anti-bridging surface enhancenents and can be used in conbination with an
overlying pellet dam having an upwardly directed surface configured to help
orient the solid feed particles so as to reduce the |ikelihood of bridging
or janming. In either case, the rotatable feeder cup will desirably
conprise a feed chanber having an open top and bottom t hrough which a
predeterm ned neasure of the solid feed material can fall by gravity flow
as the openi ng passes over aligned feed ports di sposed above the m xi ng
tank. The feeder drive assenbly that rotates the rotatable feeder cup
preferably conprises a drive shaft and gear assenbly powered by a small DC
nmot or .
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WD 2011/ 005605PCT/ US2010/ 040023 [0007] The m xing tank is preferably

di sposed beneath the feeder unit and is generally cylindrical with a | ower
sect i on twetoiigopdosf er abl y frust o-coni cal and conpri sesPpaThistaiomi@eai n. A
rigid overflow drain tube is preferably disposed in sealing engagenment with
the drain and has an upwardly extending free end. The drain tube is
optionally rel easably engageable with the bottomwall of the m xing tank,
provided that a liquid seal is provided in the area of the rel easabl e
engagenment to prevent |eakage. The free end of overflow drain tube is
adapted to receive and draV Mﬁﬁh\’@"_f Wb‘ﬁe“ﬁ\ég\wﬁg so as to prevent the
liquid level inside the vessel from exceeding a desired maxi num | evel that
is at | ed0600§ne i ndhel Wmtémhapharahjsosfeﬂte weveation wlesiraltly cespaisei ah t he

air gap required U|Id|n es to gvoid sible co tion of
ot abi b VeRhacE el e ntagbans Wik & Traine Bnf v SrRRE Suphet SO BT |

vessel atg feBB8ePadit BoMtBRMINY a Safidstartel matdriap Referidep Briv@bsssmihidisposed i d
starter material is introduced into the mxing tank fromthe feeder unit.

Thr ougholenepth &g feeder wleraMivng t@%lt'l‘@raléeaﬁﬂﬁ“ﬁ 88 dagieriar W agai n
I ntroducgglg Fé’ltlﬂ Wiién B eb@%{gé@%{(ﬁ%ﬁﬂ i€ abluilik&d F@l?&urﬂ&gc{ ard %E?até@% agueous

bacteri al urry 1 nsi 1S nost y achi eved
directi ngnca‘eaésee&a ba@terlaipap’elatlormdurnyg emred@drm@eé aytlet ofeopieratiom (sgychvat er in

Cangent | A5 Zo0ONB)- el Ul 4 s RSyt D el AT BRE7 § i o

fill |eveheibastieitia inBRlenhsi mixiigtdnkapptomiohegstehettit flompriseelliqokd fidve ri gi d
overflow drain tube, bacteria floating at or pear thew arfaé:e f the
li quid arl'@eé,atamln@dcwlt%enqi sqlengid Yﬁ'Y)est ﬂ%efraiﬁf BY SRIPTS RRVRIPSRY IRSE and out

the drai iy Bungraag 4 eréétQ:Wrrer an)\ﬁélaéﬂp\blyl SudniEh refleat e storage or to a

desired end-use application. Tnlet scuppers are desirably provi ded near the
top of the rigid overflow drain tube to facilitate the fl ow of bacteri al

slurry i MP@08lhe ri dicgowsiing ta one Breferred ambodiment ot the, nventien dhe igrdes
operation,, ﬂnﬂjrﬁ\%‘]}r&rﬂ&ﬁ@gta%e& Ne gt SFMﬁggePfanﬂpﬁr@EHﬁrn ba8®@SdnLligt he

bacteria present in the mXxin tank an near the surface Is
di schar gead;semwg‘iat irivduddsga dotetabllé femged cap.n Rantmmlaigz satid rstarteri magtesial,
suffici ent rreof new water ,to,di spl ace .t he,water, .al,r S in the
t ank. féiﬁ?bo‘%‘ﬁﬁ%ﬁﬁ? USRS @AO PORTEB ot e? SEHEFY, g%ﬁ?ﬁ%&p gf erably
conpri se&ie@wﬁblqrmm@asmometm @ﬂogém@smrsl eavet vahvatlé ¢oplastt wat er
flowto the apparatus at desi g%nat ed tinmes for predeterm ned and ftgﬁ set

i nt er val £ontaieranydie the slidstarer matesal 's&h'wda%%b%w%@%%&fﬁ f eeder
unit at qegidigdo flﬁzlfgy?e?‘”gna Ohe®nidsS At |dtﬁtﬁerﬁgz§ﬁrta ¥nﬁéeﬁé\éd&a%nh' WhAEhNg

char gi ng, soI ubi ion and m xing of eed material, periodic
m xi ng araiitaabedittodhecfEed@ebmeﬁdCIIChIaSmmlelMusTb@ge’tadﬂbleéemt eun gRnsl urry

LD e L ST 08P BB B R obSRgPa i o Fadact oo
bact eri a iaegmbitiatioBnwith an overlying pellet dam having an upwardly directed surface
configured to help orient the solid feed particles so as to reduce the likelihood of
bridging or jamming. In either case, the rotatable feeder cup will desirably
comprise a feed chamber having an open top and bottom through which a
predetermined measure of the solid feed material can fall by gravity flow as the
opening passes over aligned feed ports disposed above the mixing tank. The
feeder drive assembly that rotates the rotatable feeder cup preferably comprises

a drive shaft and gear assembly powered by a small DC motor.
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desirably di scharged downwardly through the apparatus of the invention by
gravity flow, relying only on a small direct current notor rotating the
dri ve shaWo 20f1/mb@sf eeder drive assenbly to sweep a desipced/squantiory of
starter material into the mxing tank. The quantity of starter material

I ntroduced into the mxing tank is determ ned by the size of the feed
chanber and/or the nunber of conplete (3600) rotations of the rotatable
feeder cup. [0011]Simlarly, the aqueous bacterial slurry that is produced
in the sybpery appaihetmbqrigStalnkQé prefblaplyddispderddeshdatio the feedenunit byd gravity

fl ow. Nor mal | ressure s | ca

oper at i orf® (Qlen?Fﬂrl'V Cﬁ@@ﬂ‘ﬂ%’% tthﬁdowgr BeFHON; é‘gf Ferfé'@i’ﬁ’o#rﬁgpéﬁmﬁ‘? af‘?lue wat er
or to pur&bnwtsegmeba%mwalrbaﬁt@a %k/eﬁiowaaé.museh@ srerGhbigiddpRbdaach cycle
of operation. The normal line pressure is typically sufficient to introduce
wat er i nts@aling engagementawith texdrein ard hasiae abwardly pxtendingdrea erbudhe et s

di sposed \/ | f force to
cauge theoqg\/@'ttgpé?%o {I%IQ r%;%?égébly b?é Ié @r{g ;/%sﬂtgﬁ ublaﬁllbfzflﬂlr\lég;hﬁﬂég

parti cul daek,speovided thedteai Bquid asahtis ngot/idedv\mt tie aarda eofhecirelgabatde er i al

gr owt h. [0012 Acc r.din ther di men f the i ti.o a .f eeder
unit for P2 \L' tt% %rgY‘?’ﬁsl g cﬁ'@sgaet gé'ﬁ%ﬂ‘@ggmé f%@gueﬁdfster, a
dam di spefrptdietoveddir éﬁ@@raﬂm@ﬁ@rronatweov@és@bke deriprevetpid faged bel ow
the dam and a receptacle disclosed bel ow the rotatable feeder cup. The dam

and rot at'%ﬁ'éns"fi%éfé%we%iﬁi frane exeegding esdesirednparisurtevel dhaltie addeast on

havi ng a

gravi 19 at :b(;]%g Bh rlg%%lg&%lg? Q‘F ;\%FQ&E %t ﬁt%l}gtbﬁes&%é"eﬂ erh %g%lr brgg}tlyg?lg[ﬁ e ¥e| ative
to the damstﬁbunkiar@scodmeto avaid mosfsbteabblytabmauonocbf pcbtebl@awabn@upplieesr. ot at abl e

feeder c esi r abl ri,ses, u ci ng sur enhance t hat

ot p-r eadiater e Ripy PBRRLGT, MRNG otob  uliheh 5t ¢BE BeBMiaRy SLRALE .

sol i ds. Ayeleref cmrém)ra aner WrisH 8dlldystartef ﬁfat@tbl@dmm@uueéd id thdmixingenti on,
the entire particulate soljds feeder unit is disposable and recycl abl e, and

i s changd@nbiiemthe; egdpepnibaiThraugheut theycyde Péﬂpﬁﬁtﬁﬁes'ﬂi‘?”%ru%rﬁﬁ?? ally all

the partigyAbeaR! #§diR intfEHUREH 3hto' the RN 8AK pRALELSTY to AR & BERR! PTI ON
OF THE DRAW NGS

the aqueous bacterial slurry inside the tank. This is most preferably achieved by

A

directing at least two diametrically opposed jets of the incoming water in either a
clockwise or counter-clockwise direction that is substantially tangential to the

outside wall of the tank.

[0008] As the cumulative liquid fill level inside the mixing tank approaches
the drain level of the rigid overflow drain tube, bacteria floating at or near the top
surface of the liquid are carried by the liquid into the rigid overflow drain tube and
out the drain by gravity flow, preferably to intermediate storage or to a desired
end-use application. Inlet scuppers are desirably provided near the top of the
rigid overflow drain tube to facilitate the flow of bacterial slurry into the rigid
overflow drain tube. At the end of each cycle operation and commencement of
the next cycle of operation, most of the bacteria present in the mixing tank and
floating near the surface is discharged through the rigid overflow drain tube by
introducing a sufficient volume of new water to displace the water already

present in the tank.
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[ 0013]

For a nore conpl ete understandi ng of the present invention a

further advantages thereof, reference is now made to the follow ng
descri pt iwo 20akesc05n conj unction with the acconpanyi ng #Camisege/okm2svhi ch:

FIG 1 is a bottomfront perspective view of a preferred enbodi nent of an

apparatus for feeding and solubilizing a solid biological starter material,
and for aerating, grow ng and di schargi ng aqueous slurries of select
vegetative bacterial strains for various end use applications, with
housi ng 00@9] i n plTheecoitdh syatérm preferably edreprasesom migapuicesde thadar at us

of FIG

1: FIG A

1; | evat ,on Vi

nd for

t he

AeCatES ST pPIAFS oS i TRfo R B B Speaintes " Boglodiied]

rear el evimbédfor\predeteiminbe anansresstintedlals 4nd dlso activateklike fdedes daveop pl an
view of a preferred housing frane for use in the apparatus of FIG

rotated FFSEEWIEEsNEAhathe Jitgpt desiresh timesnancthéor Aoprese! BVeVAb
posi tion tﬁéereﬁpgﬁgliﬂgpgg'ceﬁﬁ@%q,%o?utﬁf?z%tibh%dcmwf’ir?gs BPfHY &Q'ﬁt feel hﬁafgﬁg,

vi ew of t

ion view of the frame as shown in

11

n

pl an

8; FIG

7 is a frpeniodil mixkng and aemtioofoftthe benefisialaiquelous Fegetativye baderigl slurma ri ght

of o pr ottrs Elbaled Sl varkEeEOT R vd<a Ping 2ot al e i ofeflgh AR

use in tlof opppstiodt us of FIG 1; FIG 10 is a front el evation
partially broken away and partially in section, of the m xing tank

9;

[0010] The particulate starter material comprising bacteria and nutrient is
desirably discharged downwardly through the apparatus of the invention by
gravity flow, relying only on a small direct current motor rotating the drive shaft of
the feeder drive assembly to sweep a desired quantity of starter material into the
mixing tank. The quantity of starter material introduced into the mixing tank is
determined by the size of the feed chamber and/or the number of complete

(360°) rotations of the rotatable feeder cup.

[0011] Similarly, the aqueous bacterial slurry that is produced in the
subject apparatus is preferably discharged from the unit by gravity flow. Normal
municipal water pressure is typically relied upon for operation of the invention,
and no pump is required to circulate the water or to pump out the aqueous
bacterial slurry at the conclusion of each cycle of operation. The normal line
pressure is typically sufficient to introduce water into the mixing tank and to
periodically pulse water through jets disposed above the liquid level in the mixing
tank with sufficient force to cause the water to swirl inside the tank, thereby
solubilizing the particulate starter material, aerating the water and enhancing

bacterial growth.

[0012] According to another embodiment of the invention, a feeder unit for
particulate solids is disclosed that comprises a feed canister, a dam disposed
below the feed canister, a rotatable feeder cup disposed below the dam, and a
receptacle disclosed below the rotatable feeder cup. The dam and rotatable

Page 5
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FIG 11 is a right side elevation view of the mxing tank of FIG 9;

FIG 12 is a bottom perspective view of a preferred feeder unit for use in
t he apparwousiiafsésG 1, FIG 13 is an expl oded becrase@ens@extive
view of the feeder unit of FIG 12 in conbination with a preferred feeder
drive assenbly that activates the rotatable feeder cup; FIG 14 is a
top perspective view of a preferred enbodi nent of a pellet damfor use in
the feeder unit of FIG 12; FIG 15 is a top perspective view of a
p][ ef er r edeeddrodupreprefephbin eadhataippeisé %ﬁarcwﬂ@fs‘emtlomslﬁa\mng Eheopmd@r uni t
of FIG ; . FIG .1 's . Lo an view o ar.a [

i th the tigueh whichearticuate®sSldsCdarh 10y Sraieriineliar OB Fialatie frakr he
appar at ug@fis @r&eréledtBtab@rél&W@rtortﬁéTﬂéﬁd A®IBEst one, anbigrefetdbly Both, I i ght
side elevation view of the apparatus of FIG 1 with the cover r enoved.

Li ke ref @feth@edamrﬁ}datfp otatabiaefeader iau@i degi@bly RempEsess upwagdly fagiggr es of
the dr aV"'snugl‘gce enhancements that help reduce the likelihood of bridging or jamming of

the particulate solids. According to a particularly preferred embodiment of the
invention, the entire particulate solids feeder unit is disposable and recyclable,
and is changed out during periodic servicing following use of substantially all the

particulate starter material in the feed canister.
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DESCRI PTI ON OF PREFERRED EMBODI MENT [ 0014] Referring to Figs. 1-8, a
preferred apparatus 20 of the invention preferably includes a housing

havi ng a wermoualbs@scover 30 and a franme 24. Cover 30 degcraistyrobha®2: nodern
styled highly finished | ook and is attachable to frane 24 by frictional
engagenent and is preferably conpletely renovable to facilitate access to
the interior of apparatus 20. It will be understood and appreci at ed,
however, that cover 30 can |ikew se be connected to frane 24 by ot her

siml arly effective neans_such as hinges, for exanple provi ded that access
to the interior of afRAlER Dﬁ%Rb%HCHﬁiQ'F THE RIRAWINGS cover 30 can al so
snap on or screw on and, if desired, a lock (not shown) can al so be

provi ded [001$]oﬁbrai neare esamplete lnadéemstarding obfthé hrebentsinngntidloaed 80

i ncl udes front and, bottom wal | sections ect

Ext end: nd REAaTRag R SRS, (STRTesse oF N Bradsot B ieTBiineedeRatisss or
use in ditgkdPintdrurREBE Wit thé%b@éﬂnﬁbnyﬁhg'Uféﬁﬁg@irpﬁméﬁd in apparatus 20.
Ei t her or both of "cover 30 and frame 24 are preferably nade of a suitable
metal or pl astAIG, 14d$ aHmiipm frbalnpaer@éectlvfa viewd of af prpfesrsedi embadioeintioban made of

dur abl e plastlcth i,S resist o fadj cr.ackin her

St ot ur PRIt S toedina S S0EBHZ8 A Shld HiosidiFs R EriR: gt or
appar at USae%h %;fr@Wﬁ‘nQ'éhd disEhstgmgnaiRous $iRtied ef SSlebevdgrtatiieerdcteRs 32
(FIGS. 5 and for Insertion of nounting screws or other conventional

f ast ener $traiis fos Matipns enst use aprlicalions. yith the hawgingroyeainudacd to a support
structure suc S I 498 rably further

conpri ses upptei:rlés% s %ﬁoﬂi‘?@%ﬁ%ﬁemﬁ{ﬁheg sub%orfﬁqpl ate 64, each of which
is either madeFIGnBesgaaighysMeteHE\mtlonarmeoftdad apoaraiusmf hig>.0l,at e 65 and

br acket rrenbe % Z) ectivel M t hat fg@% e1fabl y di sposed at each
side of the r {5 @ OH B?é(’teé“éo tha a&PEBa B? 8r orwardly from nounti ng

plate 65. Uppﬂesgwarréarrélémoﬁana;e@ftr@oépparamktwweaperture 68 for
receiving a drive shaft for feeder unit 70, descr.i bed |ennégreat er et ail

bel ow, and apdi®ule® BotopoplansEew rpfi agrafariedgheysing fame, 4o U8 N 18 118 as
descri bef%p?asa g Fi6! at reBtddLol 'o@?ree]s7rh1§ cl Wl@ éﬁ&ﬁfon‘lf@omsthérffbﬁtded for

use inre y attachi ng cover frame desired. WO
2011/ 005 &SrRtoN PRsitiony a1 sioaen [msm]m ernosrtlgnt@rneswdmg to lm tapoplag,

net achnad g pf gt Sl @itip 4T b HRB s ST 18 807 0! ' bt rery
42 or, altern®GYEliya front slevaticraviengofdhe franie gpithe Figdapt er (not shown),

water flow lin 110, 112, 114 quid f]ow contr ystem 48, feeder unit
70, feeder drih ﬁé Qé%@ﬁﬁhi/s'gg eéﬁYé’“ﬁF)‘(ler‘{bo{ Riratpe Oghg?sré tank 56 preferably
has top flangegat bag astd;fislahr\héw%%ﬁm%d WikiRgaak @RArcctstth Hlowiae of
upper support pl ate 66.” ower sug | at e corrprl sing drain port 34
desi r abl ywesseldsnidngitaal”) dor useeintt QQPP@ltatlllS @ffﬂﬁ tlhe bottom side of nixing
tank 56. [001¢ Ref@r o of a

di sposabl e anylrae(;@c{sa%ﬁ'é&ngné[:%\@g ant:lpgmgll ra%?éwgo rigrsme it lHﬁ Enflange
130 defi rseotio csfltlbsh“anhg aédlg/ofd-Tchel ar top openi ng, a substanti aI |y
cylindrical tion 124, a frusto-conical |po si dewal | section
726, "and hot ¢ Sie138 % a4 Bsiahan PipwpEhe siiRatEnk ob b 57 Over 1 ow
drain tube 12@|GpAgfieakbtions pERIpeetivi viel 6f a pFefRAetFedddh unisfoprudeiided for
use in harvesting the aqueous bacterial slurry produced in the invention.
The | i quitde 8RpA@US/ O IGrilki ng tank 56, which is deternined by the height of
overfl ow drai u el

enbodi nent of %Iﬁeq?ﬁ%éﬁtelfgﬁo%%ség an v%?yug\éezgrgwfgﬂjtggé% :érﬁt(r:lém é;n

par amet erl2 &mdeontibinationenitk da appferedt fesdef airive pssernbly| that apfiwates ube
Bacteria s rr%aé)c{l odi cal Iy overflow via gravity at preset tined intervals
triggered® tﬁ@atﬁl 499 ¥ Pof cold water to the mixing tank. The Iiquid

capacity of tiRGNMAiiBG tépsespactiles vievasly adrpfenddngmbodiient sfecpéllet desi gn

of a partjcular apparatus 1 ntended for a particular end use application.
dam for use'in the feeder unit of FIG. 12;
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[0018] Referring to FIGS. 12-15, particulate matter feeder unit 70
preferably conprises inverted feed canister 44 having a solid end wall 47
and an opypoed/mp@y end surrounded by threads 45. The vecCumsab/oimes
canister 44 is preferably sufficient to contain enough particul ate feed
material to last through a targeted nunber of operational cycles during a
desired service interval. Feed canister 44 is preferably designed so that
threads 45 are cooperatively engageable with threads 53 of feeder base and
lid assenbly FIG. Peid atoplpersp8ctiendewaf atprofegrefdeerdbodingpt pfia setatablexf er abl y

di sposed.i nsi de feeder. base and |id emhly 52 prior to attachnment of feed
cani ster f@qré:upefgrdﬁe wa@g?g#rﬁng%ﬁ@ 'y" 52. \When constructed in this or
a simlarly efigctibvia aa8pi gEh aliewrof fheegpsaiust of Fi3. dawithehs hiovped

prel oaded with the particulate starter material, pellet dam 78 and
rotatabléem@éﬁ@r cup 74 in place and oriented so that feeder base and lid
assenbly 52 1 §18! {PRIBHARCISERGN viedl of RRCAIdRAuS U FIEeedath teldebase 72
of feeder drive assenbly 50 at the tinme of 'use. Follow ng use for

pr edet er memoded,eand ce i ntervals, the entire feeder unit can be di sposed of

dosi rod, i Bt AR saanids Bt GRIGDL R et Rt ARLTMT NG 1 e

t oget her covehrentiwreldeeder unit. [0019] Feeder base and |lid assenbly 52
preferably further conprises side wall 148 havi. ci.rcu renti al spaced
keyways 152 t ki rre&"@HB% nUEIREalS @se P§ﬁ%%'%§ﬂb£gﬁaﬁ§@ gllﬁ?”f&ﬁ °3§+' et dam

78 to prepspingeel let damfromrotating relative to feeder base and |id
assenbly 52. ﬂeferring to FIG 14, pellet dam 78 preferably further
conprises a raised, wedge-shaped section 138 conprising surface
enhancenments 142 intended to help prevent the particulate feed materi al

fl owi ng dowmmwardly out of feed canister 44 (FIG 13) from bridging or

jamm ng prior to flowing further downward by gravity flow through openi ng
80 inside bottomrim 144 of pellet dam 78 and t hrough feed chanber 76 of
rotatable feeder cup 74 (FIG 15), downwardly projecting discharge port 54
of feeder base and |id assenbly 52 (FIG 13), and aperture 160 of feeder
drive base 72 into mxing tank 56 (FIG 17). Feed chanmber 76 of rotatable
feeder cup 74 has no top or bottom but is disposed over a solid surface of
bottom 154 of feeder base and |lid assenbly 52 at the tinme it receives
particul ate feed material flowi ng dowmmwardly through opening 80 in pellet
dam 78. As rotatable feeder cup 74 rotates between pellet dam 78 and bottom
154 of feeder base and |lid assenbly 52, feed chanber 76 sweeps under
opening 80 and receives particulate feed sufficient to substantially fil
the cup, then rotates over aperture 68 (FIG 16) in projecting discharge
port 54 in bottom 154 of feeder base and |lid assenbly 52 to discharge the
particulate feed into mxing tank 56 WD 2011/ 005605PCT/ US2010/ 040023

[ 0020] The preferred rectangul ar shape of downwardly projecting discharge
port 54 of feeder base and lid assenbly 52 (FIG 13) desirably rel easably
engages aperture 160 in bottom 158 of feeder drive base 72 and prevents
feeder base and lid assenbly 52 fromrotating relative to feeder drive base
72. Drive shaft 96 is preferably square and cooperatively sized to fit
snugly inside aperture 79 of rotatable feeder cup 74 to insure that
rotatable feeder cup 74 rotates with drive shaft 96. Conversely, apertures
86 of feeder drive base 72 and aperture 146 in bottom 154 of feeder base
and lid assenbly 52 are desirably | arge enough to permt drive shaft 96 to
rotate freely inside them Ribs 150 in outside wall 148 of feeder lid and
base assenbly 52 are sized and configured to cooperatively engage ribs 162
inside wall 156 of feeder drive base 72 to snugly hold feed canister 44 in
pl ace during use of apparatus 20 (FIG 1). [0021]Referring to FIGS. 13 and
15-18, feeder drive assenbly 50
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preferably further conprises gear assenbly 90, 92, 94 driven by shaft 84 of
smal | direct current notor 82 that is nounted through aperture 88 in bottom
158 of fewdeniidwsewe base 72. This is preferably a cent ePcCaiiseowiokdoepl e gear
drive with an offset notor. Rotatable feeder cup 74 preferably conprises a
substantially cylindrical disk having a centrally di sposed aperture 79
adapted to receive drive shaft 96 (FIG 13) extendi ng upwardly through
coaxially aligned apertures 86 and 146 in feeder drive base 72. Wen notor
82 powered by battery 42 is actuated by a signal received from

m croprocessor 49, ¢gbESCRIPFHDNYOREREFERREDENMBEODIMEN shaft 96 to
rotate, thereby causing rotatable feeder cup 74 to rotate and feed

particul goe14f ar t eRet&tiAGi 1 Figs! a-871 Xipigfetrad kapgparatli® (L bBalid éivenfidn whi ch
I's nost preferably a rechargeable battery pack and/or a 110v a/c to d/c
conver t erPreferghly iladudeswar hoesing iavings AogmayableoroVali 40 A8d a/ffametsk 82 for

gear for é&feq?é) a’ééieésyﬁéseg%ade‘?ﬂstﬁé@h[ag RREIREL ROR arftids ditaBHAble ftb OW

control unit desirably conprises at st one solenoid valve, and
m cr opr odesser24 by doctianall £nghgement] andps vireteratin| compdetedn igraovaide de  at

desi gnat 1 mes her, facilitatin L. ssghution. ] Xl f e solid
pr oduct S%C'['tﬁgee iq?lcé?saltgg%&' ?rborﬁa&[ 89&?%,&&%%' f&' u’#f %gnghé%%ﬁogoﬁh&;f

di ssol vedppragatedandwbieralthatdispe39i ¢ih iKewisg eaddnnecteaictoeframet 24 be
desired ggglic_at_ion near and at the end of the operatio

I ! nal cle.
M cropro %’o?'mﬁér'bPﬁ%Ct!é(St'ﬂﬁﬁ%%SWﬁﬂ%? hlgge%ffoq P'edPFQY@éertg_émcﬁsgo to
cause feagd9fe iHibfior’& é;ﬁ)a‘ﬂét% Q%%@n i e ‘éb'lhié?@d.f ];@%‘J_ef@b Rahalisd 8h4p bhe water

contained in mxing tank 56. 23] An exanpl e of m croprocessor pre-set
times forora&gsewicamand, if desiped.ta lngkanet shewmnecanralserbepravigast tosconfradact er i al

and nutri f r 40j I ' t erred
S hour ' Glspst PORET TSRO BoliefT ColePRDIRRAEE ot Mo dhRoidthEl (€4
run col d walpseetioas Z2)r245 28, mespectively. Extendind\fitoen ot hieugh ddodtont 28ddr uni t

70 activates d di scharges pr edet er mi,ned wei ght or vol une of particul ate
feed nat &PVEf %Bo'starﬂao ?tePorit%“tf?é UseolRk fischerging; a%‘%ﬁd@?‘cl{%ré%oﬂ §®seconds.

seconds. p78@Rds iMMappafstugder@t CERNE! ©r Hhokth @O ch@tr 80- and Urhne®! 24 tza9 Wat er
for 3 Mx and aerate cycle # 2 @12 hours -- run cold tag4vvater for 3 Mx

and aer atrsefeyahly made @ g6 suitahle metal gp plastig. alihowgh famep243ifyngded aerate
| : - - . cv el
cycle # 4,49 shgfcf)llfjfjb? éd@o?ﬂh%él@%l%@%%atf @greg{sg%ﬁ‘t#t%gﬁgﬁf E:Tcr)ﬁcrkg')bc e# 5@

22 hours '--"run ap water urn
creep or other structural failure when used over prolonged periods.

[0015] Frame 24 of apparatus 20 preferably includes mounting plate 65
having apertures 32 (FIGS. 5 and 7) for insertion of mounting screws or other
conventional fasteners (not shown) for mounting frame 24 and apparatus 20 to a
support structure such as, for example, a wall. Frame 24 desirably further
comprises upper support plate 66 and lower support plate 64, each of which is
either made integrally with or connected to mounting plate 65 and bracket
members 62, 63, respectively, that are preferably disposed at each side of the
respective base plates and also project forwardly from mounting plate 65. Upper
support plate 66 desirably includes aperture 68 for receiving a drive shaft for
feeder unit 70, described in greater detail below, and apertures 69 for use in
installing circulating jets 116, 118 as described below in relation to FIGS. 17-18.
Top bracket 46 is provided for use in releasably attaching cover 22 (FIG. 1) to
frame 24 if desired.
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It should be understood that these water injection tinmes can vary based on
requi rements for specific bacteria, anbient tenperatures or other

condi t i onwoabhfiewséong di ssol ved oxygen requirenents. WOPCT/US2010/040023

2011/ 005605PCT/ US2010/ 040023 [ 0024] Fl ow control system 48, which conprises
at | east one solenoid valve, controls the m x/aeration cycle as well as the
‘run tap water for 5 mnutes' beginning of cycle which results in the

di spensing of the live vegetative bacteria into the desired application.
This ' rurf00%§] wat er ReferrmngnonblGS.’ 1&,ytd andl 18y mapitiegi pates6t lmedgmperh vessel

w th cl ean ld ta ter, | rpot.to the, addition pf the soli

b ol ot cnd Rt ciPphtiateb . L ki@, dEnaET, o ahsh provide Ritinfipg, .

[ 0025] Zergped &br, WalcPéprobéstiod @;%auéé84zwmaﬁdmquy, aecfevredinghduteglh
apertures in upper support plate 66 are preferably positione g%’f%[@trlcally

opposi t e RAVEEreRAAREIs (o ShPemm Water diovntines d18edier 1H, hauld dgw 6, with
liquid 0‘%@&@{@%’8? fé%%ellaﬂitPﬁ?fégd%%ﬂvé‘raséé}ﬁ?l?%%%mixiﬁ nkChé CMixinyat er

inlets 1 are positiohed a mninumof 1 inch above the highest

ant i ci patteok b6 quetgrabdy bhs itops flarges thah glideainko 86gageneentplith aicohpgiatindi ng code
regul atiQps reguiring a onesin aj r gap. and ar ef I.re d

ber pendi e f dirprE ShRe T Blat? a0, | Qe St GR B EoFHRIn0 MalibBRT " ey
are posi t3goaesirdbly hizdels aith ars pifluehh gutiataipeon Ny oo siblé o mikingotadkci ve to
m xi ng and aerating of the resulting solution/mxture. It should be

under st oo¥®-t hat the nunber or size of jets, and the corresponding
positional relations can vary provided that the objectives of enhanced

di ssol utifgp17ym Xi g ReTErrAGr & IMGSAr &1aCchhiR@dtAik 88 tan b Made ycheri al
growm h. [0026] The vegetative bacteria contained in the aguegus bacteri al
slurry t ligpasgbleeand seeyelableimateriald and ripisraliyconprisas e fqrfiarge d30 e g. |

fl oor draj ; L 1Qr i d ; ste
streans Jennngkfioahtalf Gitiar t6F Boeinfod SupaRlAR Ty hg el HpBRE waR S,
r ot at i ng seetiore 24 up frdgto-qomiicad lovdermid@valhskatibri 126, asthkoB@GM:428 hevinglasposabl e
and recycl abl omponent s that..can be repl ac ever it LS _necessar
GO e Genltally AREPSET Aiain RBRar SveBiol el Ge ol Risibrathob3mP R iR ooy
parti cul aglet s&igpeis fleedierprovited fér @se i sl oSt ther=RjuBolus bacterial slurry

produced in the invention. The liquid capacity of mixing tank 56, which is

determined by the height of overflow drain tube 120, is desirably about 750 ml in
a preferred embodiment of the invention, but can vary accofding to other design
parameters and the intended application for a particular apparatus. Bacteria
slurry periodically overflow via gravity at preset timed intervals triggered by
additions of cold water to the mixing tank. The liquid capacity of the mixing tank
can also vary depending on the specific design of a particular apparatus intended

for a particular end use application.

[0018] Referring to FIGS. 12-15, particulate matter feeder unit 70
preferably comprises inverted feed canister 44 having a solid end wall 47 and an
opposed open end surrounded by threads 45. The volume of feed canister 44 is
preferably sufficient to contain enough particulate feed material to last through a
targeted number of operational cycles during a desired service interval. Feed
canister 44 is preferably designed so that threads 45 are cooperatively
engageable with threads 53 of feeder base and lid assembly 52. Pellet dam 78
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preferred feeder unit for apparatus 20 of the invention, it should be
appreci ated by those of skill in the art upon reading this disclosure that
f eeders iwoanpowatosng structural elenents that are equipcalusadiotaoozhose

di scl osed herein |ikew se have applicability to many other devices and
systens in which a controllable gravitational feeder for particulate solids
Is desired for other applications. Accordingly, the design and use of a
feeder unit simlar to feeder unit 70 disclosed herein for purposes other
t han for sgidomitatgblenfeetiar v@s 7é raregerefaralsly slisposied dnsite ieextezrbhasesaral bd

cont enpl at ed nstitute rt of e subject inyention {n the ence of
prior ar @S&?g@fvog' ne,"%faﬁ%a?ﬁF%UQ%T@ﬂE?G%abﬁf%aJ{‘P6?53(63&%( bﬁfﬁ“‘ cﬂf@anﬁit s to
the syst egsapBiy2ePanHdScoHsHuLRYGH thiSorakimilary sffdctive TBnRGEaHSH, F8edr ent to
those of ordinary skill in the art upon reading this disclosure and it is
i nt ended canigter: 4tk car Hpcshigpachereloages: with theepartigylategstafey maferialereliebadest

I nterpre ' ' jcoh ' gal ly
ent 11 ca. g gt [olfteRRP R o TR biRod roiqfied BEARLCIRARI Bar 00 LY e
starter ramddid adsenthip5R9$ atfached amahteatlydob msedioinantodfeaden diiivegbasmk? f or

sol ubi l'i zj he, starter rigl inside th I xi ng tank, for propgpting
growt h OTOfE%eeéedéi(f't"gﬁsaemg'a %@P{ ﬁ]esté'ﬂgrogiuﬁﬁ' }r?wg‘dl?@gff’sea@f Bﬁ%t%@wﬁ%)si ng the
bact eri a sehace tifervilX i ealife fédterapiitcahUbe CHispdsedl bf:for sabsequegt havi ng a
frame and a rel easable cover; a particulate matter feeder unit;

recycling, and a new feeder unit can be installed. If desired, mixing tank 56 can

likewise be disposed of and another installed together with the feeder unit.

[0019] Feeder base and lid assembly 52 preferably further comprises
side wall 148 having circumferentially spaced keyways 152 that receive keys 78a
(shown as 140 in FIG. 14) of pellet dam 78 to prevent pellet dam from rotating
relative to feeder base and lid assembly 52. Referring to FIG. 14, pellet dam 78
preferably further comprises a raised, wedge-shaped section 138 comprising
surface enhancements 142 intended to help prevent the particulate feed material
flowing downwardly out of feed canister 44 (FIG. 13) from bridging or jamming
prior to flowing further downward by gravity flow through opening 80 inside
bottom rim 144 of pellet dam 78 and through feed chamber 76 of rotatable feeder
cup 74 (FIG. 15), downwardly projecting discharge port 54 of feeder base and lid
assembly 52 (FIG. 13), and aperture 160 of feeder drive base 72 into mixing tank
56 (FIG. 17). Feed chamber 76 of rotatable feeder cup 74 has no top or bottom,
but is disposed over a solid surface of bottom 154 of feeder base and lid
assembly 52 at the time it receives particulate feed material flowing downwardly
through opening 80 in pellet dam 78. As rotatable feeder cup 74 rotates between
pellet dam 78 and bottom 154 of feeder base and lid assembly 52, feed chamber
76 sweeps under opening 80 and receives particulate feed sufficient to
substantially fill the cup, then rotates over aperture 68 (FIG. 16) in projecting
discharge port 54 in bottom 154 of feeder base and lid assembly 52 to discharge
the particulate feed into mixing tank 56

Page 11



a feeder drive assenbly; a liquid flow control system a mxing tank; an
aqueous slurry recovery device; a mcroprocessor; a pressurized water
supply; aw~02a11pos@s suppl y; wherei n the particul ace/usativeuookeeder
unit further conprises a damand a rotatable feeder cup di sposed bel ow t he
dam and wherein the dam and feeder cup cooperate to control a flow of
particul ate matter downwardly through the feeder unit. 2. The
apparatus of claiml wherein the frane is nountable on a wall. 3.
The appar[@02@8] of cl dihe lprefesresi mettangtilaamehéape t bt r dewnpardlye sprajgsting and

ver SRRl U ot oo bR R AR STIEIS MEHBRRaAP
releasably engages aperture 160 in bottom 158 of feeder drive base 72 and
prevents feeder base and lid assembly 52 from rotating relative to feeder drive
base 72. Drive shaft 96 is preferably square and cooperatively sized to fit snugly
inside aperture 79 of rotatable feeder cup 74 to insure that rotatable feeder cup
74 rotates with drive shaft 96. Conversely, apertures 86 of feeder drive base 72
and aperture 146 in bottom 154 of feeder base and lid assembly 52 are desirably
large enough to permit drive shaft 96 to rotate freely inside them. Ribs 150 in
outside wall 148 of feeder lid and base assembly 52 are sized and configured to
cooperatively engage ribs 162 inside wall 156 of feeder drive base 72 to snugly

hold feed canister 44 in place during use of apparatus 20 (FIG. 1).

[0021] Referring to FIGS. 13 and 15-18, feeder drive assembly 50
preferably further comprises gear assembly 90, 92, 94 driven by shaft 84 of small
direct current motor 82 that is mounted through aperture 88 in bottom 158 of
feeder drive base 72. This is preferably a center axle multiple gear drive with an
offset motor. Rotatable feeder cup 74 preferably comprises a substantially
cylindrical disk having a centrally disposed aperture 79 adapted to receive drive
shaft 96 (FIG. 13) extending upwardly through coaxially aligned apertures 86 and
146 in feeder drive base 72. When motor 82 powered by battery 42 is actuated
by a signal received from microprocessor 49, gear assembly 90, 92, 94 causes
drive shaft 96 to rotate, thereby causing rotatable feeder cup 74 to rotate and

feed particulate starter material into mixing tank 65.

[0022] Battery 42, which is most preferably a rechargeable battery pack
and/or a 110v a/c to d/c converter, supplies power to liquid flow control unit 48,
d/c motor 82 for gear for feeder drive assembly 50, and microprocessor 49.
Liquid flow control unit 48 desirably comprises at least one solenoid valve, and
microprocessor 49 controls the cold tap water inlet solenoid cycles at designated
times, thereby facilitating dissolution and mixing of the solid product in the initial

operational cycle, and for mixing addition of dissolved oxygen and final
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5. The apparatus of claim1 wherein the particulate matter feeder unit
conprises a feed canister. WD 2011/ 005605PCT/ US2010/ 040023 6. The
appar at uswof2otllmséos5 wherein the particulate matter feesemr/useem/oemepri ses a
f eeder base assenbly. 7. The apparatus of claim1l wherein the entire
particulate matter feeder unit is disposable and recycl abl e when the
apparatus is used in ordinary service. 8. The apparatus of claimé6
wherein the feeder base assenbly has threads engageabl e with cooperating

t hreads alisgemeinigesidvexstatilectbacteria to theSdesTieel appizatidrusearf and at theGendher ei n

the feeder pase assenbly and feed cani st re di sposab] e d. recycl abl e
when t he %ﬁﬁﬁr%@'qgeﬁ%‘& i M"E?Brioﬁﬁﬁprs‘&: @F‘sgea&ua es moior g2'of feedér
drive assembly 50 to cause feeder unit 70 to discharge particulate feed material

into the water contained in mixing tank 56.

[0023] An example of microprocessor pre-set times for addition of the
particulate starter material comprising bacterial and nutrient components and for

water injection according to a preferred 24-hour operational cycle are as follows:
Beginning of cycle @ 0 hours, -- run cold tap water for 5 min.

After this cycle, feeder unit 70 activates and discharges a
predetermined weight or volume of particulate feed material to the water in the

growth vessel.

Mix and aerate cycle # 1@ 6 hours -- run cold tap water for 3

seconds.

Mix and aerate cycle # 2 @ 12 hours -- run cold tap water for 3
seconds.

Mix and aerate cycle # 3 @ 16 hours -- run cold tap water for 3
seconds.

Mix and aerate cycle # 4 @ 19 hours -- run cold tap water for 3
seconds.

Mix and aerate cycle # 5 @ 22 hours -- run cold tap water for 3
seconds

Return to step # 1 @ 24 hours.

It should be understood that these water injection times can vary based on
requirements for specific bacteria, ambient temperatures or other conditions

affecting dissolved oxygen requirements.
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10. The apparatus of claim1 wherein the rotatable feeder cup is rotatable
relative to the dam 11. The apparatus of claim 10 wherein the

r ot at abl ewbeedawseap i s di sposabl e and recycl abl e when Prhe/sppanaioas i s
used in ordinary service. 12. The apparatus of claim 10 wherein the
rotatabl e feeder cup conprises a feed chanber. 13. The apparatus of
claim 10 wherein the rotatable feeder cup conprises anti-bridging surface
enhancenent s. 14. The apparatus of claim6 wherein the damis

di sposed [0024] xed r dtlawicomirol spstatm 48, whichheorhpristsr ablesist ans esdienoid

15. The 6\1}<%1‘:)v‘fier, ac%HtSrolgftheC lrr%;(/gerlﬁio\f\]hc%{rc% a5 \t/vré a%%ﬁ‘e i‘r?md[iaﬁ Waﬁgrbllo? 5alﬂﬁjwtes’
beginning of cycle which results in the dispensing of the live vegetative bacteria
into the desired application. This ‘run tap water for 5 minutes’ cycle also

‘replenishes the growth vessel with clean cold tap water just prior to the addition

of the solid biological product initiating the preferred 24-hour operational cycle.

[0025] Zero Jet water inlets 116, 118 mounted to or received through
apertures in upper support plate 66 are preferably positioned diametrically
opposite and equidistant from the geometric center of mixing tank 56, with liquid
overflow tube 120 positioned at the center of that circle. Water inlets 116, 118
are positioned a minimum of 1 inch above the highest anticipated liquid level
inside mixing tank 56 to comply with plumbing code regulations requiring a one-
inch air gap and are preferably directed perpendicular to the intersecting
horizontal diameter line on which they are positioned to induce a ‘spinning’ water
movement which is conducive to mixing and aerating of the resulting
solution/mixture. It should be understood that the number or size of jets, and the
corresponding positional relations can vary provided that the objectives of
enhanced dissolution, mixing and aeration are achieved so as to promote

bacterial growth.

[0026] The vegetative bacteria contained in the aqueous bacterial slurry
thus formed is then directed to application injection sites, e.g., floor drain, waste
pit, grease trap, grease interceptor, process waste streams, municipal waste
streams, and the like. Feeder driver base 72, rotating feeder cup 74, pellet dam
78 and mixing tank 56 are all disposable and recyclable components that can be
replaced whenever it is necessary during normal interval maintenance to

minimize cleaning.

[0027] Although particulate matter feeder unit 70 as disclosed herein is a
preferred feeder unit for apparatus 20 of the invention, it should be appreciated
by those of skill in the art upon reading this disclosure that feeders incorporating
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recycl abl e when the apparatus is used in ordinary service. WO

2011/ 005605PCT/ US2010/ 040023 16. The apparatus of claim 14 wherein

t he dam cwoppiigeseoant i - bri dgi ng surface enhancenents. PCT/US200/0d0ve3
apparatus of claim1l wherein the power supply conprises a battery.

18. The apparatus of claim 17 wherein the battery is supported by the upper
support plate. 19. The apparatus of claim3 wherein the liquid flow
control systemis supported by the upper support plate. 20. The
appar at ustoicturblbélenients) éhiadi aretdrpivalenti to thbeevdisshused| hergint Weavdsgrpavees at

| east one sal enpi d, val ve. 21. The apparatus_of claim Ln the
i cropr 0@38‘%’& i 19 4188y Jotep deViees c%}(f rsggtegﬁer'%t YVBEChofa tc#g“[ﬁﬁéqbﬁléd f1 ow
control <sytabitdtional feeder for particulate solids is desired for other applications.
Accordingly, the design and use of a feeder unit similar to feeder unit 70
disclosed herein for purposes other than for growing and harvesting agueous
slurries of bacteri%lso contemplated to constitute part of the subject invention

in the absence of prior art disclosing same.

[0028] Other modifications and improvements to the system and
apparatus disclosed herein will likewise become apparent to those of ordinary
skill in the art upon reading this disclosure and it is intended that the scope of the
invention be limited only by the broadest interpretation of the appended claims to

which the inventors are legally entitled.
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22. The apparatus of claim1 wherein the liquid flow control system
conprises at |east two spaced-apart liquid mxing jets. 23. The

appar at uswof2otllmséos 3 wherei n t he upper support plate coORpTIUSeE 0l0wH23
spaced- apart apertures each adapted to receive a liquid mxing jet.

24. The apparatus of claim3 wherein the notor-driven feeder drive assenbly
I S supported by the upper support plate. 25. The apparatus of claim1l
wherein the notor-driven feeder drive assenbly conprises a notor powered by
di rect cuiNeeddim: WO 2011/ 005605PCT/ US2010/ 040023 26. The apparat us
of claim1l wherein the feeder drive assenbly

1. Apparatus useful for feeding a particulate starter material
comprising nutrient and bacteria to a mixing tank, for solubilizing the starter
material inside the mixing tank, for promoting growth of the bacteria and for
discharging an aqueous slurry comprising the bacteria from the mixing tank, the
apparatus comprising:

a housing having a frame and a releasable cover,;

a particulate matter feeder unit;

a feeder drive assembly;

a liquid flow control system;

a mixing tank;

an aqueous slurry recovery device;

a microprocessor;

a pressurized water supply; and

a power supply;

wherein the particulate matter feeder unit further comprises a dam and a
rotatable feeder cup disposed below the dam, and wherein the dam and feeder

cup cooperate to control a flow of particulate matter downwardly through the

feeder unit.
2. The apparatus of claim 1 wherein the frame is mountable on a wall.
3. The apparatus of claim 1 wherein the frame further comprises

upper and lower support plates.

4. The apparatus of claim 3 wherein the particulate matter feeder unit
is supported by the upper support plate.

5. The apparatus of claim 1 wherein the particulate matter feeder unit

comprises a feed canister.
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conprises a drive gear assenbly having an output shaft that is engageable
In substantially fixed rotational relation to the rotatable feeder cup.
27. The appannrtawscosf claim 26 wherein the output shaft PETrUSR@EDAMI0R3
relative to the feeder base assenbly. 28. The apparatus of claim1l
wherein the mcroprocessor initiates a signal to control operation of the
feeder drive assenbly. 29. The apparatus of claim3 wherein the

m xing tank is supported by the | ower support plate. 30. The

appar atus of @.ai mThevdppatats tofielaithd Whetsim khespatiabilbte wattegfeedehanttr ame.
31. The apparatus of claim 1l wherein the m xi ng tank has an open top.
32. The &9PMTSESS Topderbasd assgAt%in the ni xing tank conprises a

7. The apparatus of claim 1 wherein the entire particulate matter
feeder unit is disposable and recyclable when the apparatus is used in ordinary

service.

8. The apparatus of claim 6 wherein the feeder base assembly has

threads engageable with cooperating threads on the feed canister.
9. The apparatus of claim 6 wherein the feeder base assembly and
feed canister are disposable and recyclable when the apparatus is used in

ordinary service.

10. The apparatus of claim 1 wherein the rotatable feeder cup is

rotatable relative to the dam.

11. The apparatus of claim 10 wherein the rotatable feeder cup is

disposable and recyclable when the apparatus is used in ordinary service.

12. The apparatus of claim 10 wherein the rotatable feeder cup

comprises a feed chamber.

13. The apparatus of claim 10 wherein the rotatable feeder cup

comprises anti-bridging surface enhancements.

14. The apparatus of claim 6 wherein the dam is disposed in fixed

rotational relation to the feeder base assembly.

15. The apparatus of claim 14 wherein the dam is disposable and

recyclable when the apparatus is used in ordinary service.
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bottom having a first drain port. 33. The apparatus of claim 32
wherein the frane conprises a | ower support plate having a second drain
port, andwoherigiossoshe second drain port is in fluid comramiusatioomoasth the
first drain port. 34. The apparatus of claim 32 wherein the m xing
tank conprises an overflow drain. 35. The apparatus of claim 34
wherein the overflowdrain is in fluid communication with the first drain
port. 36. The apparatus of claim 34 wherein the overflow drain has
an open top end that is disposed at the desired maximnumfill |evel of the
m xi ng tank. 37. The apparatus of c|laim 34 wherein the qyerflow
drainis a ridid oJé‘Pf@RRﬁr?fpﬁioﬁclaﬂBé4H’é'\‘ﬁrﬁ@ 'heldtﬁ%Fo@HHs?%é? "BP%Q)PQIes a
fluid-ti diffas@dnnah&mdnishe first drain port. 38. The appar at us of
claim 37 wherein the open top end of the rigid overflow drain tube

conprises at |east one inlet port.
17.  The apparatus of claim 1 wherein the power supply comprises a

battery.

18.  The apparatus of claim 17 wherein the battery is supported by the
upper support plate.

19. The apparatus of claim 3 wherein the liquid flow control system is

supported by the upper support plate.

20. The apparatus of claim 1 wherein the liquid flow control system

comprises at least one solenoid valve.

21. The apparatus of claim 1 wherein the microprocessor initiates a

signal to control operation of the liquid flow control system.

22. The apparatus of claim 1 wherein the liquid flow control system

comprises at least two spaced-apart liquid mixing jets.
23. The apparatus of claim 3 wherein the upper support plate
comprises two spaced-apart apertures each adapted to receive a liquid mixing

jet.

24. The apparatus of claim 3 wherein the motor-driven feeder drive

assembly is supported by the upper support plate.

25. The apparatus of claim 1 wherein the motor-driven feeder drive

assembly comprises a motor powered by direct current.
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39. The apparatus of claim38 wherein the open top end of the rigid
overflow drain tube conprises at |east two oppositely disposed scuppers.
40. The appanatowscosf claim 1 wherein the |iquid flow corCralS2eyst@ns

controls the flow of water into the m xing tank. 41. The appar at us
of claim1l wherein the aqueous slurry recovery device conprises a drain
port. 42. The apparatus of claim 1 wherein the aqueous slurry
recovery device conprises an overflow drain. 43. The appar at us of

claim4l wherein the aqueous slurry recovery device conprises an overfl ow

drain that i Sazt%lus g’?m% ragparfaﬁlﬁ dofC&H??H“LC\ﬁﬁér% %% Eggr YrRE N8 égntlbl\//. ty

44. The appar wherern the niXin rains by gravi
flow  Waohidrises b dfise’GEaUS26aDbR4RAARY an output4§hafﬂ' hmtasmlgageablefin claim1l

wherein t h%s{n n?laﬁ)yp F )?ecde ro?aotlron%?r erlttosnet% t}tlcle rr%tggab?el fre%gle;[' cr:gp

27. The apparatus of claim 26 wherein the output shaft is rotatable

relative to the feeder base assembly.

28. The apparatus of claim 1 wherein the microprocessor initiates a

signal to control operation of the feeder drive assembly.

29. The apparatus of claim 3 wherein the mixing tank is supported by

the lower support plate.

30. The apparatus of claim 1 wherein the mixing tank slidably engages

the frame.
31.  The apparatus of claim 1 wherein the mixing tank has an open top.

32. The apparatus of claim 1 wherein the mixing tank comprises a

bottom having a first drain port.
33. The apparatus of claim 32 wherein the frame comprises a lower
support plate having a second drain port, and wherein the second drain port is in

fluid communication with the first drain port.

34. The apparatus of claim 32 wherein the mixing tank comprises an

overflow drain.

35. The apparatus of claim 34 wherein the overflow drain is in fluid

communication with the first drain port.
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46. The apparatus of claim 1l wherein the mcroprocessor initiates operation

of the notor-driven feeder unit at predeterm ned intervals. 47. The
appar at uswofocl/msés 1 wherei n t he m croprocessor initiatesTapseranimns3 of the
notor-driven feeder unit for a predeterm ned duration. 48. The
apparatus of claim1 wherein the m croprocessor initiates operation of the
liquid flow control system at predeterm ned intervals. 49. The
apparatus of claim1l wherein the mcroprocessor initiates operation of the
liquid flow control systemfor a predeterm ned duration. 50. The

apparatus of ¢l ai wherei.n the pressurized water _supply is a nunicipal
pot abl e wat er oy%eaﬁpp@@ﬂ'éﬁ? Pa?@lf‘f\“’h@reﬂ? thes pyerflow raih hag,an epgn
appar at Ugopkn@ tRatTs YispBsed bEihat<irsR PRMBPRI IE%el of the mixing tank.

37. The apparatus of claim 34 wherein the overflow drain is a rigid
overflow drain tube having a lower end that provides a fluid-tight seal around the
first drain port.

38. The apparatus of claim 37 wherein the open top end of the rigid

overflow drain tube comprises at least one inlet port.

39. The apparatus of claim 38 wherein the open top end of the rigid

overflow drain tube comprises at least two oppositely disposed scuppers.

40. The apparatus of claim 1 wherein the liquid flow control system

controls the flow of water into the mixing tank.

41. The apparatus of claim 1 wherein the aqueous slurry recovery

device comprises a drain port.

42. The apparatus of claim 1 wherein the aqueous slurry recovery

device comprises an overflow drain.
43. The apparatus of claim 41 wherein the aqueous slurry recovery
device comprises an overflow drain that is disposed in fluid communication with

the drain port.

44. The apparatus of claim 1 wherein the mixing tank drains by gravity

flow.
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52. The apparatus of claim42 wherein the overflow drain is renovable from
the m xi ng tank. 53. The apparatus of claim 12 wherein the feed
chanber hae 2a1vobase and wherein starter material is fe#crastoie/omozs ng t ank
in an anount that is proportional to the volume of the feed chanber.

54. The apparatus of claim 1l having an operational cycle during which the
rotatable feeder cup is rotated a nunber of conplete revol utions, wherein
the starter material is fed to the mxing tank in an anount that is
proportional #g, thadheusheira cosminetiewhewsh thé ansroprii@ssor comprises

2011/ 005605PCT/ US2010/ 040023 55. Apparatus for gravitationally
feedi ng PENPY EUFWING solids froma hopper to a receptacie at a controllable
rate, the apparatus conprising: a dam di sposed beneath the hopper,

the dam having a first aperture of size sufficient to permt a plurality of
the particul a¥8. solThesappargtiss of inlaitlgH whereinr the aperoplacessor initiateg f eeder

cup_ el €qtioralon AL ARl PRBAR it Wil IEaRERRTS cup havi ng vol ure

sufficien 0 recelve e plura ar ate so t hat pass through
the first aperture; a driver controllable to selectively position

t he feeder cup_beneath the damto receive the plurality of partjcul ate
sol i ds and to%t7her§-g‘?t 8PPH3 stlo&)rf’l"i“ﬁb%f 5@1?(5?'% BUEPPLSPR efrm’%?ﬁed
di schar gepReatin $fahé PAABSEriVdiFfeBast liitiorbgpre@tefthinediduration. r ecept acl e.

48. The apparatus of claim 1 wherein the microprocessor initiates

operation of the liquid flow control system at predetermined intervals.

49. The apparatus of claim 1 wherein the microprocessor initiates

operation of the liquid flow control system for a predetermined duration.

50. The apparatus of claim 1 wherein the pressurized water supply is a

municipal potable water source at conventional line pressure.
51. The apparatus of claim 1 comprising disposable parts.

52. The apparatus of claim 42 wherein the overflow drain is removable

from the mixing tank.

53. The apparatus of claim 12 wherein the feed chamber has a volume
and wherein starter material is fed to the mixing tank in an amount that is

proportional to the volume of the feed chamber.

54. The apparatus of claim 1 having an operational cycle during which
the rotatable feeder cup is rotated a number of complete revolutions, wherein the
starter material is fed to the mixing tank in an amount that is proportional to the

number of complete revolutions.
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56. The apparatus of claim55 wherein the feeder cup is rotatable relative
to the dam 57. The apparatus of claimb56 wherein the driver is a
drive shavDengms®@abl e with the rotatable feeder cup. PCT/US2&8/040D2E
apparatus of claim55 wherein hopper is a substantially cylindrical

cani ster. 59. The apparatus of claim58 wherein the dam and the
feeder cup are disposed inside a base and |lid assenbly rel easably
attachable to the canister. W) 2011/ 005605PCT/ US2010/ 040023 60. The

apparatus of claimb55 wherein the driver has an operating cycle that is
controllable to the rate at which particulate solids are fed
gravitationally fromthe hopper to the receptacle. 61. The apparat us
of claimb55 wherein the dam conprises upwardly facing surface enhancenents
that reduce the likelihood of bridging or jamm ng of the particul ate
sol i ds. 62. The apparatus of claim55 wherein the feeder cup
conprises an upwardly facing surface portion conprising upwardly facing
surface enhancenents that reduce the |ikelihood of bridging or jamm ng of
the particul at9®. sofpgeratus for gravitationally feeding particulate solids from a
hopper to a receptacle at a controllable rate, the apparatus comprising:
a dam disposed beneath the hopper, the dam having a first aperture of
size sulfficient to permit a plurality of the particulate solids to pass through the first
aperture;
a feeder cup selectively positionable beneath the dam, the feeder cup
having volume sufficient to receive the plurality of particulate solids that pass
through the first aperture;
a driver controllable to selectively position the feeder cup beneath the dam
to receive the plurality of particulate solids and to thereafter position the feeder
cup over a predetermined discharge point to release the particulate solids into

the receptacle.

56. The apparatus of claim 55 wherein the feeder cup is rotatable

relative to the dam.

57. The apparatus of claim 56 wherein the driver is a drive shaft

engageable with the rotatable feeder cup.

58. The apparatus of claim 55 wherein hopper is a substantially

cylindrical canister.

59. The apparatus of claim 58 wherein the dam and the feeder cup are

disposed inside a base and lid assembly releasably attachable to the canister.
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60. The apparatus of claim 55 wherein the driver has an operating
cycle that is controllable to the rate at which particulate solids are fed

gravitationally from the hopper to the receptacle.

61. The apparatus of claim 55 wherein the dam comprises upwardly
facing surface enhancements that reduce the likelihood of bridging or jamming of

the particulate solids.

62. The apparatus of claim 55 wherein the feeder cup comprises an
upwardly facing surface portion comprising upwardly facing surface
enhancements that reduce the likelihood of bridging or jamming of the particulate

solids.
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