RELATED APPLI CATION(S) This PCT Application clains all benefits
applicable under 35 U.S.C. 119(e) related to U. S. Non-provisional
Pat ent Appt? d4ePY87serial No. 12/982,669 filed on Decerf§SfUSipilo58ih
entitled "FLOATI NG Bl OREACTOR SYSTEM', which is a U S.

Non- provi si onal Patent Appli gadliagBeprairaiegdribigs)U. S. Provi si onal

Pat ent Application Serial No. 61/317,715 filed March 26, 2010

entitled " FLOKE PG ABpKIREM TSRS SIYRAEA appattichiRdR B P OTRE 831909 blatkd -
Provi si onal Patent Application Serial No. 61/317,715 and U. S.

Non- pr ov.ss NeR@tovRaha PateApliCatibh S43ia3Q6.118b8:0Nb9 il B82c 6623 10)2@8CHRIRE
its entirety herein by reference. 10/// FIELD OF THE | NVENTI ON

The pr eSELOATINGEBIDREACFORIISTEM Owidéh i8 8 U, NeR-pewiosa Padsl AFpSdad dlated
bi oreactor systemfor use in a liquid nedium More specifically, the
i nvent i eUBSetraidisional Patduk AghlicAiEhnTeil @RCE1031 7Y S LiRABIatAAE, 03Nt dapt ed
to applications for treatnment of water, |eachate and industrial waste
i N riversBLOSTINGBIOREACTHRISHEM”Adhd Wbipordtes W&k BIS. Prdvisidbtd Patti B pplitetion
donestic septic systens. /// BACKGROUND OF THE | NVENTI ON

Subsur f 8eéal Hercal3il Bnl SoeksS. Nonpelviad Phisfdd pEcatibn SRl RO 2/08D, 65D i d3€h of
pond and allow themto rise by the force of gravity. D ffused

aer at i oits syisdrenseinby fefezadcdubbl es to aerate as well as m x the pond.
Wat er di splacenment fromthe expul sion of bubbles can cause a m xi ng
action to occur, and the

¢ 10 i



5contact between the water and the bubble will result in an oxygen
transfer Bi oreactors are al so designed to treat semage and

wast enat eWO IRAMB pst efficient of these systems t hePETUSIILEFA) v
of free-flowing, chemcally inert nedia that acts as a receptacle for

t he bacteria that breaks dowgpiheor awssRVRSEIOMEr at ors supply oxygen
to the sewage and nedia further 10accel erating breakdown. In the

process, t heriel piskd $nvBhifdn PEflins 3d an@edh86Nd DRI BIMBERaI tork R Qﬁg_ln_lhfor use

suff|C|entIy to render the contam nated water fit for reuse

bi osol i ghs 1RGR nelube Mot Ipéc@ﬁcal(;)u keRRentRMQEISSSto MPatRE btk 9aEnHER darftse
fertilizer, agricultural feed, etc. Subsurface aeration, bioreactors

and mS&dabtb&%'aﬁpIﬂ:aﬁ&B’@drm@iﬂn% oP¥atBOlichak enCRNERAL \yasﬂeEiﬁ?HWr@k‘t%ﬂmE &hd
treat sewage water, recycle wast ewat er and ot her water treatnent

appl i cagtrass het b \bzﬂ&liﬁ hdubdds)in@dorsloiEshiiCdbibnis. ///  ADVANTAGES AND
SUMVARY OF THE | NVENTI ON The present invention relates to a
systemthat consists of an apparatus for aerating and circulating a
liquid nmediumand at the sanme time an apparatus for the continuous

m crobig biorenedi ati on of organic waste in rivers, sewers and ot her
wast e | aden environnents utilizing in-situ 5mcrobial seeding.

The present invention is a m crobe bio-reactor designed to work in
"open wat er such as | akes and ponds and in | agoons and tanks to cl ean
up water biologically. It can clean tip water in a short anount of
time and will be energy efficient. It works by having i nbedded

m crobes in, and these arc 10stores in its main reactor chanber that
is a slotted pipes.



The core of its main reactor chanber is a perforated hose. Air is
punped into the perforated hose and is released all along the pipe.
The air | VRPRBYE in the water surrounding this and PRITASEHY8I3N he
water to rise and it circulate the microbe with the dirty water. This

feeds the m crobes 15i me%ﬂiﬁ%&ﬁb@ﬁoﬁ@i dridlys causes the

m crobes to replicate and thus releasing billions of m crobes every

second. As t R, eLL AR, §ebs t‘b?él%ﬁéﬁlbb'l@é’\ﬁ'iﬂ: boftorh O RS A A0 e;af&% w

by the nmain hose diffusers and this causes the m crobes to mult

even MUGHHEREE of gravity. Diffused YeratibEsys@Rs Rzt Q&b}’é@{oga!érafetag GelVA tﬂe}oud.

pushed out and is nmi'xed causing even nore mcrobial 20growt t the
sur f acevgfer H@@a&ﬁaﬁrﬁm he PR bSHubNRAIE hutd: &laﬁg%ﬁﬂ(ﬁ&%}ﬁﬁaﬂa% I's

1
not only evenly spread out, it is again oxygenatéed an
mulst i pl Yinngt 9520 1K Wi ¥RMhd MbBe will result id REoYLaARgS. create an even
| arger zone of air and/or oxygen transfer to0 the water, thus
facilitating even nore mcrobial growh. Thus, all along the water
flow cycle, the present invention 25generates even nore mcrobes in

the expense Bordaibts BUMsE HAGE 6 kM st15B08ndOfastetlRe@RRAOK dHIBHE Siekt APHEsOT
21 1 P. As the water is pulled down under the tank or water

body, i fyseihk tisredO¥pPIO bt RRLIOWIALCEHRRRGIPME PGS BASES adl S&PIaVIE dor ey gEN
such that mcrobial growth at the bottom of the tank or water body is

gr eat | ybRntba tateakd Bk thivaly@Ewdgs. LrR@DaHp BRI NERwadein@Bedil fuder
the process renoves hydrogen sul fide present 1n the contam nated

waper Oficcélbiatig réagdtineh. RREH pi6Bess e LR Scheic8 Oxf @A e EndBOD ABduc &R
green house gas, formation to hel p preserve the environment.
An  adv asiifxgentlp to felter hé ementinatedward FiOfRr tebsel Tiatbidablas aleicBifecal tr Gfrthsd udge
handling is elimnated. The biosolids are eaten up and consuned by
t he m cprobeesing dridtsd @l wsddaafettigerd Heicwiaed fdedretcs| udge and bi osol i ds
handl i ng equi pmrent, disposal, etc. In addition, having the m crobes
on the surface of the C 10water increases the efficiency of oxygen
transfer in the bioreactor. Anot her obj ect of the present
i nventi on i sSubkhefagereyatismbioreactmBund oo fikadd atmbirgiidnyof bot attretmdtle t o
hi gh efficiency which hel ps to reduce energy consunpti on.

15 employed to treat sewage water, recycle wastewater and other water treatment applications both

{

industrially or domestically.

1



15Anot her obj ect of the present invention is that the biosafety |evel

one m crobes can inhabit the mcropores in the rocks and river beds
of the st MaHE28H®Bkeep on inproving even after the bi QCTHERHA058439
di sengaged al t hough the effect is nuch better to |eave it in place.

Anot her obj ect of thenDARFRBES ANPRIMPIARSOF PRE neYRRTIHN hout
expensive nenbrane filters, the 20bioreactor can be applied to sewage

wi th resul tsrhdigtseftlifRAiNRIEEs WAk Rken] BatROisls@% fn IpBAP P herktHE 3nd NaN 1

and then it is percolated and the treated waste water can reCharge

gr ound Wu%n% a ii&u/id SR nd AERCRInR N Ghpaldi f%vyoﬁlﬁaous microbfal - | A

is a representative upper front perspective view of oat i ng

bi or eactdedats B R0 whte fahFeP 82§ Mind NERAsteQNen BhhiShmdR dtBiziflg in-situ
representative graph showi ng the rel ati onship between Standard Oxygen

Tr ansf emidReif sded@BR| and various Total Dissolved Solids [TDS] val ues
of the liquid medium FIG 1Cis a representative graph show ng the
rel ati onship between Standard Aeration Efficiency [ SAE] and vari ous
Total Dissolved Solids [TDS] values of the liquid nedium C10

The present invention is a microbe bio-reactor designed to work in open water such as lakes
and ponds and in lagoons and tanks to clean up water biologically. It can clean tip water in a short
amount of time and will be energy efficient. It works by having imbedded microbes in, and these are

10 stores in its main reactor chamber that is a slotted pipes.

The core of its main reactor chamber is a perforated hose. Air is pumped into the perforated
hose and is released all along the pipe. The air is diffused in the water surrounding this and this
causes the water to rise and it circulate the microbe with the dirty water, This feeds the microbes

15 imbedded in the media and this causes the microbes to replicate and thus releasing billions of
microbes every second. As the microbes are release upward il is oxygenated greatly by the main hose

diffusers and this causes the microbes to multiply even much more.

At the top of the water, the water is pushed out and is mixed causing even more microbial
20 growth. At the surface of the water, it again is exposed to the atmosphere and is not only evenly

spread out, it is again oxygenated and thus multiplying organisms even more.

The microbes create an even larger zone of air and/or oxygen transfer to the water, thus
facilitating even more microbial growth. Thus, all along the water {low cycle, the present invention
25 generates even more microbes in the expense of minimum electricity usage of the approximate range

of 2I1P.



FIG IDis a representative graph showing the relationship between
Standard Aeration Efficiency [ SAE] and various Salt Concentration

[ TDS] val Q2P | i qui d nedi um FIG | RGT4S3011/058139
representative graph showing the relationship between Standard

Aer ation 15Efkineivanre phRAowa fkeY Ak a5 widkrbo&P R oEMdG Rk baRaly HRShbes
val ues of the liquid nedium FIG 2 is a‘representative upper

front peusipaedkds\d@sotlddWxfen Alth kat SictoliaPio% BACHE boroRI Y Ble Mk 0 R%eMody is
floating bioreactor system 100 of the present invention. 20FIG 3 iIs

a 1 epr egRalpdnhiRed TRW, SRS AGintdediRIRAe M MaitRRPhE §8L:0Bmes b
fl oati ng bioreactor system 100 of the preseht thention. % §E?5%5 4A

IS a repilaseRtsaitinyBe Yin@ihiSHW RS o PIr MBI Ai0h. B 3RO MsPfed@Bs methane,
alternative enbodi nent, viz, aquarium bioreactor and aerator system

406G 25 a green houkd das, féiBhatisn 13 hEIP Prees@Nhdnl ¥dnhde vi ew of bioreactor and
aerator conbo 401 of aquarium bi oreactor and aerator system 400.

FIG 4Cis a representative side partially exposed view of bioreactor
and aerator conbo 401 of aquarium bi oreactor and aerator system 400.

FIG 5A is aAhepaeis@irteipSen inoWtishRWa0BioQN8s sloPQ6lie hardHaPE bighingtfd. an
alternative 5enbodi nent, viz. hone septic bioreactor and aerator

syst em FGébiosolids are datetoup ol dofisuthed BYPIhe HMENIHRE, DS clShidRinY kR Weddf fol MABe and
septic unit 501 of hone septic bioreactor and aerator system 500.

10FI G biosdligs bantl@preqsipmning tdispesals bid an p@kitonslaving Gposciks vh s facheni:
(septic unit 501 of hone septic bioreactor and aerator system 500.
10 water increases the efficiency of oxygen transfer in the bioreactor.

Another object of the present invention is the very small amounts of electricity consumed due

to high efficiency which helps to reduce energy consumption.

15 Another object of the present invention is that the biosafety level one microbes can inhabit
the micropores in the rocks and river beds of the sireams and keep on improving even afier the

bioreactor is disengaged although the effect is much better to leave it in place.

' Another object of the present invention is that even without expensive membrane filters, the
20 bioreactor can be applied to sewage with results that clean waste water to bod less than 5 or less than

1 and then it is percolated and the treated waste water can recharge ground water.

i



FIG 6A is a representative view show ng one nethod of adaption of an
alternative enbodi nent, viz. aero dynam c m xer bioreactor and
aerator sYSQ#¥RBUB7 15 FIG 6B is a representati PETSISFHIQI8AY of
aero dynam c m xer 601 of aero dynam c m xer bioreactor and aerator

system 600. /// 20 DETAYMEPDRESRRTIN ONTHE DifEwRREFERRED EMBODI MENT

The description that follows is presented to enable one skilled in

the art to npke)RARth MSeschBEyeRbES 2okt ﬂeﬁy&mémoﬁmmﬁi&&%{/ d&dn1po &he

context of a particular application and its requirerments. Various
snodi fi gpbieRsml&biie di scl osed embodi ments will be apparent to those
skilled in the art, and the general principals discussed bel ow may be
applied to other enbodi nents and applications w thout departing from
the scope and spirit of the invention. Therefore, the invention is

nots i nt endedrix0 19 al rbﬁ}‘éstaﬁ%\fe%}‘abﬁ' hoHaqehi r%§ﬁﬂb§@ééﬂ3ﬁﬂdaﬁ@ Bkydehe

invention is to be given the |l argest possi bl e scope ichis

consi st ephstiralt é@b?RP{nid REhRR st ofveRE e Frite $ahdsRe the RGN @ nBdium.
DEFI NI TI ON OF TERMS: St andard Oxygen Transfer Rate [SOTR] -

Pounds of oxygen transferred to water per hour [Ibs 02 /hour]. SOTR
is measured in clean water when the dissol ved oxygen [ DO

concentrat i ORG. $C #QNeprébntattve cRBh SHoWirg MetrBEioNMi etV @SB dard AGatiat er
tenperature is 20C, at a barometric pressure of 1.00 15atm |1 01kPa].

St andar gffidRhat[BAB] Mt vigdue eyl DisOREd Sol3t MRk £uddsy B8 Rquid AB&her Rate
er unit total power input. SAE is typically expressed as the pounds

of1coxygen transferred to the water per hour per HP [l bs 02
/hour/HPwire], and is sonetines referred to as SAE Wre. SAE is used
as a neasur eFlgt 1w rdRebdthidic@riph yhosvihgaerrélhihsiip btk enShaatdrd Agraiay gen.

Efficiency [SAE] and various Salt Concentration [TDS] values of the liquid medium.

FIG. 1E is a representative graph showing the relationship between Standard Acration

15 Efficiency [SAE] and various Salt Concentration [TDS] values of the liquid medium.

FIG. 2 is a representative upper front perspective view of an in situ bioreactor container 200

of floating bioreactor system 100 of the present invention.

20 FIG. 3 is a representative view showing the method of application of the floating bioreactor

system 100 of the present invention.

FIG. 4A is a representative view showing one method of adaption of an alternative
embodiment, viz. agquarium bioreactor and aerator system 400.
25
FIG. 4B is a representative side view of bioreactor and acrator combo 401 of aguarium

bioreactor and aerator sysiem 400.



FIG |Ais a representative upper front perspective view of floating
bi oreactor system 100 of the present invention. Floating bioreactor
syst em 10019783y esent i nvention has a housi ng 102. PCHUSHU1/058139
enbodi ment, housing 102 is nade of fiberglass that is strong enough

to support thg a@isgankpr@cntsﬁt};a sf%?samauggégokmw&b%&%mqsraéyéénﬁsmpo

wi t hout the assistance of buoyanhce I'S not prone to corrosion,
degradan&ﬁmﬁﬂﬂ&&%m&&%ﬁﬁ@&ﬁmgkmﬂﬁhﬁf and/ or other liquid nedium
including salt water or waste water with other chem cals. Housing 102
of floating bioreactor system 100 can be assenbled by nuts and bolts
or other optinmal nechanical fastening neans. As shown in FIG 1A a

plurality ofpgfd 981 datheRlfcIhAfdlats bR gglkggﬁio%aé%% offh Q31 des.

The main function of Tloats 120 i's to buoyahce to the entire
f1 gat i ngiaREesa Gl Hon ¥t BlokdQorSHe Qermas?st&ﬂ@od?r esent invention is
able to float and mai nt'ain an appropriate buoyance | evel within the
liquid medium Optionally, floats 120 are 5infl atable or otherw se
adj ust abl e so buoyancy and waterline of the overall housing 102 can

be adj usted. is aPSor iy . s
of housi ng 11619 : Sl?r? gﬁ]e&gﬂn%ﬂggik?r%ﬁ%‘?og ofesgltf%\gﬁﬁ ?@%ghgltﬁ%sgtt\?/cv%& b b

regenerg%&&gsgggmﬁ{ which is an ideal solution for noving |arge
vol une o 16 alr at | ower pressures or near vacuum The nain
function of blower 104 is to be an air source for the aeration
(process of the present invention 100. Using bl ower 104 can be one of
thg nost cosggeid ﬁ(\atrkﬁféeﬁm{vggg§paﬁ't@i’llg RERIHAG Mo RbAS SPfiCunfts0Y BEANHD

Filter 106 cleans particulate fromthe air that goes in and through
bl ower 04 difreRYRhAH A3dr s@fenPdop. I N contact with diffuser grids 130.
15As best shown in FIG [|A Dblower 104 is connected to diffuser grids
130 via diverter 150 and subsequently hoses 152. Hoses 152 are
attached to diverter 150 to receive the necessary air for diffuser

grids 130. I1GOALisTBAGLIRNE vie@isNGYihEdne hrthod B &aglRn b Akha@gner at ed
from bl ower 104 evenly to diffuser grids 130 via a plurality of hoses

152. Th&ny¥aintend, Wik GletotInMic Mixkf B1S8actd@ bhdhRralod yshetn 600, Create aeration
within the liquid mediumthat the present invention 100 is trying to
cligan. In alternative 20 enbodinents, nultiple diffuser grids 130
can be installed and connected to bl ower 104 to increase overal
ef f ect i venesgGasRlisaeehQedtive 5ieaniw 8f ROV haBit nfileP 8011 0 Gerb bREARGHIRY:
system 100 of the present invention. For efficient aeration system
whet herpibleadidy afdheafdraysdaioody st em or devi ce spl ashes, sprays, or
25di ffuses air, an inportant factor is how nmuch surface area it
creates. The surface area is where water/liquid nmediumcontacts air
-and where oxygen transfer takes place. Smaller bubble size results in
‘more suwface area, which is why fine bubble aeration devices are
superior in oxygen transfer than

20



coarse bubble aerators. To maxim ze aeration efficiency in a system
an aerator nust create fine bubbles while expending a m ni nrum anount
of ener gy WOrHA2MH¥ purpose is to have a high SOTR and PSRESH/058130
aeration system 5In one enbodiment, there are a nunber of

commer ci al |y avaip@iierd DEsesaTION b HEIREFRRREDFMBEDIMIGAT pPor ated in
the floating bioreactor system 100 of the present invention. Mst of
t hese nodel s resenbl e what has been di sclosed in US Patent No.
5,811, 164, issued Septenber 22, 1998 to Mtchell entitled "AERATI ON
Pl PE ANPhd\ieddrpbiohat WM oiNG p2AMEed to WhHbRRdné Skilled GPhE & Btredle RRINGBL e Pi¥sent
reference inits entirety. One of the commercial nodels is

Aer o- Tuheéntiofliahdl 14pRIvided indSo cobdB oPh pArhi@ildr agBiomDh ahd RQEJudbthen®s! VMY €
for the extrenely high performance and efficiency of diffuser grids

138 i s #nbaifedliom 181t ARclofed BRABRLIBEE TN b8 apbdniub{H6tk skilBd RUEH LR ue
conbi nati on of technique and raw material, creates numerous

M Cr o- pghesl prddiphlh diedisR o bdlow bRy bepglidd t0bthRHBoERIEA Sppliddiond WRIRAL

m cro-pores 134 create tiny air bubbles and hence hi gh surface area,
whi ch afidpertiag frive tifsédpe b@pirlt bAAS nSéntiod. TAbrefotelHho invARio@&inet intehddd QR
enbodi nment, diffuser grids 130 are nmade up of hose segnents 15 132.
Pr ef er alxhiyed th @ embaijnEn dsclbsed], Rt thefm@atichiO0bé hiesd S RigeP ¥R scope
particles in a matrix of thernoplastic binder material, which nay be
made acehiridisronsisenawitiehdgihcipels afid foatked desdribed heddidt patent. I n one
cenbodi nent, the specifications of hose segnents 132 are in the
“approxi mate range as 20fol l ows: Qutside Diameter, 1.00 inch (2.54
cnm; Inside D anmeter, 0.500 inch (1.27 cm; Wall Thickness, 0.250

i nch (ODBBHITION ONMBERMS:, 0.220 | bs per foot (0.327 kg per neter);

Rol | Length, 200 ft. (60.98 nmeters); Roll Wight, 44 |Ibs. (19.9 kg);
Bur st Pr essustenda8®xp&in Trdsr Baie JSOTBJ e Phundt bfoxpgenivensfafed poras perteat ed
during the manufacturing process, there is little resistance

25cr eat [dg Oalfenr]p¥ TR igreaduredtimeleangtutdn oben thedjsrelvedoxy8éh [DRE sinstntAdm® is
equal s energy demand hence diffuser grids 130 uses significantly |ess
hor sepo&es at @h epinig dvipaweter valus, the welet teropesdtorenis2R64 st adfrogetriatpiesrwrennfd 90as
bubbl ers, paddl ewheel s, aspirators, |ess efficient tubing, etc.
MIfeovertm [flikFalser grids 130 bare tiny pore size which creates
bubbles with extrenely small dianeters. The smaller the gas bubbl es,
the nore efficiently they transfer oxygen into water. Small bubbl es
al so take longer to rise once they are introduced into water. Slower
ri sing, smalYandridferadion Bl d SAERNSAsae Qyemnduansier Refe prianietabpowsid a

much hi gher rate of oxygen transfer. By creating_ si l(_;jni ficantly
snal | erPip Bk ds typically expressed as the pounds of oxygen transferred to the water per hout per HP

[lbs O, /hour/HPwire], and is sometimes referred to as SAE Wire. SAE is used as a measure of how

20 efficiently an aerator is transferring oxygen.

FIG. 1A is a representative upper front perspective view of floating bioreactor system 100 of
the present invention. Floating bioreactor system 100 of the present invention has a housing 102. In
one embodiment, housing 102 is made of fiberglass that is strong enough to support the weight of the

25 entire floating bioreactor system 100 without the assistance of buoyance and is not prone to
corrosion, degradation in thé presence of water and/or other liquid medium, including salt water or

waste water with other chemicals. Housing 102 of floating bioreactor system 100 can be assembled



5nore efficiently, diffuser grids 130 are able to deIiver hi gh rates

of oxygen_transfer [SOITR] and energy efficiency [ SAE].
FIG 1A B’#%?O&%{?ﬁlfﬁsrp" punp 108 is al so nounted on housi nQ’CTﬂIﬁZMF"HSSé:??e
enbodi ment, bioreactor punp 108 is a relatively |ess powerful punp in

the r angyem@i and DBl or GAVY dphidhl mekBanfdPiadtérify ridats. 1AQ shd¥h ih RIGR 1A Va plurality of
bi or eact or contai ner 200. Bioreactor hose 140 that connects

bi or eactiedts 2AQrehiSdhed TohBSHRI192 84 both 58 THeF@AGA @b PRI 4OBist Plchhe
bi oreactor 200 for the biocarrier media therein. Air and nutrients

ar e supphdyte tdthd Gtird ot tbacide Bidleal 100 BachiHaliic &l iReatiGs Wit Bifdat he
bi ocanier nedia. In one enbodi nent, bioreactor 200 is secured at the

bot t om gfd ddmish &Qaplaﬁ%nﬂ@ Budysiie (P 3Hihintlnd fihfedtid. @ptickaldy, tﬂ@at@iﬁ\é'réje

continuous in-situ dition of beneficial mcrobes directly within an

15@nvi r nREKE of thPRisd 1RALaBId s§ ARLARY arrzﬁvrdr@rﬁﬁelomgmepémmo&@ 102 canbe
m neralization of waste being treated as well as acclimation of the

m cr obegdjisedsuch waste. FIG 1B is a represent ative graph show ng the
rel ati onshl p between Standard Oxygen Transfer Rate [ SOTR] and vari ous
Total Dissolved Solids [TDS] values of the liquid nediumof both

20commercial diffuser grids 130 and traditional aeration device |ike

paddl e wheel As Aswh @SHIGSIQ B weit 08 i<plackBon @) bf 1e88hg B01 1 Snd ShoaslehOr M5
better than paddl e wheel throughout the range of TDS fromO to

appr oxi gkl 194 352 0P ABénkrativd Yl S SARA Klah ddeBiSsolubed foyﬁbm% 16t L4188 of
(grrds 130 is an effective, inproved nmethod for aerati higher

SAHR] . ZAbdthdsver plossutes ar de@PAASONTRE hAS AAERRRT 51BN 108iskd15e MmekabhO S hd
bet ween Standard Aeration Efficiency [ SAE] and various Tot al

Di ssol v&ghtion biotlss bthd)restaliMRsidal108. MRk b@er10aREH BEBnO b ROEBst CRNERL GYeal
di ffuser grids 130 and traditional aeration device |ike paddl e wheel.
As best m&hedsforipfoducing pressure or vacuum. Filter 106 cleans particulate from the air that goes in and

through blower 104 to avoid dust or oil in contact with diffuser grids 130,

15 As best shown in FIG. 1A, blower 104 is connected to diffuser grids 130 via diverter 150 and
subsequently hoses 152. Hoses 152 are attached to diverter 150 to receive the necessary air for
diffuser grids 130. In one embodiment, diverter 150 spreads the air generated from blower 104 evenly
to diffuser grids 130 via a plurality of hoses 152. The main function of diffuser grids 130 is to create
aeration within the liquid medium that the present invention 100 is trying to ¢lean. In alternative

20 embodiments, multiple diffuser grids 130 can be installed and connected to blower 104 to increase
overall effectiveness and scale of cleaning power of floating bioreactor system 100 of the present

invention.

For efficient aeration system, whether it is an aeration system or device splashes, sprays, or
25 diffuses air, an important factor is how much surface area it creates. The surface area is where
water/liquid medium contacts air and where oxygen transfer takes place. Smaller bubble size results

in more surface area, which is why fine bubble aeration devices are superior in oxygen transfer than



FIG IC, diffuser grids 130 perforns better than paddl e wheel

t hroughout. the range of TDS from O to approximately 35,0000 ng/L.

Pr oofigng t“f%%‘"%{g%lFFg di ffuser grids 130 is a nuch nore (?SHUS&%P@FQM
nmet hod for aeration [higher SAE]. 5FIG 1D is a representative graph
show ngcddae blstedeta@Rs ITh aliativeentil Amaat HinAQysdnh, @R adeltbd hiseRGye findAE]
and various Salt Concentration [TDS] values of the liquid nediumfor
MoSt  COBNEbIEs Milddxbeding inligthSmi aRoliM AT 8@refeTHe mbiliRrpokd iGio Hale 4 BalBSOTR
representative graph showing the relationship between Standard

Aer at i omdSAE fof Basat{o®Aslenand various Salt Concentration [TDS] val ues
of the liquid nmediumfor nost conmon aeration nethods including

Aer o- Tube'. An 10internationally recogni zed engineering firm
conducted performance tests on the aeration tube in both fresh and
salst wat er emwné antvaiiest, theft ate LOMbEAS k@tinGtibit)availabRYIifRQERATEB0 @At can
airlift aerator utilizing Aero-TubeTmtechnol ogy with an equal

hor sepopehcdpidédn egrhtingbibr&k 4y sPad 0l 6 td1RekntdBeRioAl Mos: WOth&E mobds
nost popul ar aeration technol ogi es on the market today. 15Aero- TubeTm
per f or nigentiid winRds Bentfisciokdd idlUR Pak@a®, 5,8 NGleudistd Sch@mbhizh | 1HY8 foitchell
transfer oxygen to water, expressed in ternms of a standard oxygen
rate [ S&itikd “ARRATION PEFE ANDMETHOM OF MLABING SAMBT) 6bich fis ifotyi@eiedd@fein by
kil owatt-hour [the standard aerator efficiency or SAE Wre, rate].

I n the fefeeale indks efitiréte ne PEthe titmdeiiianclelb 8MeaeTEHeOT difxeegiiie Mrchethe
¢paddl e wheel's energy 20efficiency [SAE Wre] by up to 2.6 tines.

" AdDo- Tutnest impgeetmd tsir@iurd fobihe gxtpeatelydighadrfevaticelasd éffitiench of diffusstdrids Wal e r
test. As the density of the water's salt content increased [from

5, 000nytht 6daphti@OdF hosgsegniche 10X ywhieln tlachsh ahaige: @binktonAE feohnldib eddrasy st em
steadily rose. At 35,000 ng/L NaCl, the energy efficiency of

Aer 0- Tuletath] 2oats aimdtons@sicraponetitid tasughod tHellenath df Rese edgrients €32 Yheaé t he
paddl e wheel. Wil e performance of diffuser grids 130 may vary anong
di f f er emafcrdopaesd34 aade rimyded tipblesand hence high surface area, which allows the efficient

transfer of air into the water. In one embodiment, diffuser grids 130 are made up of hose segments
15 132. Preferably, hose segments 132 are made from thermoset polymer particles in a matrix of
thermoplastic binder material, which may be made according to a method described in the '164

patent.

In one embodiment, the specifications of hose segments 132 are in the approximate range as
20 follows: Outside Diameter, 1.00 inch (2.54 cm); Inside Diameter, 0.500 inch (1.27 ¢m); Wall
Thickness, 0.250 inch (0.635 cm); Weight, 0.220 1bs per foot (0.327 kg per meter); Roll Length, 200

ft. (60.98 meters); Roll Weight, 44 Ibs. (19.9 kg); Burst Pressure, 80 PSI (5.5 bar).

Due to the number of pores created during the manufacturing process, there is little resistance
25 created when pushing air through hose segments 132. Resistance equals energy demand hence
diffuser grids 130 uses significantly less horsepower when compared with traditional methods of

aeration such as bubblers, paddlewheels, aspirators, less efficient tubing, etc. Moreover, diffuser
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general diffuser grids 130 are considered one of the nost effective
and cost efficient aeration devices because nearly all _of the energy

used to d&QPHOUAY air that goes through hoses 140 andHESOIVEF Nt s
132 goes directly into the water/liquid nedium A paddl e wheel,

wast es eRRMIY bARY tihy PordMidRGvhiehtcRiatel bubblcshw MR MLl Bha1 &iBBet@b.Tht GnddibGke UP
oxygen. 5 FIG 2 is a representative upper front perspective

Vi ew of g@bubblesStht thokl eﬂ’icﬁ%’ﬁﬁ%@t&y #AHRRr Qb hie SmiDBudies hko@kd 1BGer to
bi oreactor system 100 of the present 1nvention. In summary, in situ

bi or eacti@fontSthey £ Birb@AEL 9o wAG.[SBShvetitifl MalPEAAdrONLUIAVEL M ChhtRE A
m cr obubbl e generator. The purpose of the nicrobubbl e generator is to

gener at @ithikg Rlajer SaugaRa higder\Wat 61 ox%ﬁl‘ﬁans.fdﬂfB&S&é&ﬁﬁg ﬁér@ﬁ@ﬁtly]ﬁg‘)ﬁ'ilér IBuEb'flﬁ,

nutrients required to achieve very high | evels of process and

t r sat nepibreeficasily, ETCE Sridd B0 afclabRirdlier hibh @at@GE 8% RERIAE BOTRE4AL | ON
of m crobes accel erates the natural mneralization process, reducing
t r eat megdergyeeiceenty (SRE).and virtually elim nating organi c contam nant

| evel s. As best shown in FIG 2, in one enbodinent, in situ

bi oreactor tube container 200 has an 15external slotted pipe
structure 220 which has lots of inner bores 220. Wthin each inner
bore 220, enaugbwiincriabiA bicidetbepudibA o8 Ralh thobed Pamedng 102, 1966

enbodi ment, there is aeration tubing 230 enbedded within the slotted

pi pe st érhtbtiient, BidactéRmAN08 Bk ragival l@pdwdIhtimg 30tht SanGOFMBSE 60W it

“bi oreact or hose 140 and subsequently to bioreactor punp 108. Wen the

"bi 10r eacéuppliep ai thO sitsbioRactdricoRLipR 20 Bickéattol sO UPNhA bt Oblortkbatkr DED

230 which tiny air bubbles are created. Air bubbles diffuse 20 from

t he i nt @soednstt:® air HOmSKdr@ERAPunIDE ACEBSbibkadir QUERE the biodRHeramdia therein. Air
ultimately disperse to the surrounding water/liquid nmediumvia

NuMer ousdindifiesits Be E&pliA0 thatacitebial popion Whith aicocatd wahia tedidcakiaasbdial he
ai r bubbl es supply both oxygen and nutrients to mcrobial nedia 210

and evehtod@thbodihhenp) Biofeactd PO sBdudedianBie BottoffRelisig 10AkRINnldraBaih@iffuser
medium 25FIG 3 is a representative view show ng the nethod of
appl i cagridem3®b ptdviie kboiatdua gh-Hin addinat o berdsiGhlenerdb9 diptetly Rethjarag sent
invention. As shown in FIG 3, floating bioreactor system 100 of the
prigs ent envinaexehi to e ireatddnisdrebly [perchitdngloptimired s@@raligatioh ef Wiseddeid trbdtuk hell
medi um 310. The waste 320 is

as acclimation of the microbes to such waste.

FIG. 1B is a representative graph showing the relationship between Standard Oxygen
Transfer Rate [SOTR] and various Total Dissolved Solids [TDS] values of the liquid medium of both
20 commercial diffuser grids 130 and traditional aeration device like paddle wheel. As best shown in
FIG. 1B, diffuser grids 130 performs better than paddle wheel throughout the range of TDS from 0 to
approximately 35,0000 mg/L. This demonstrates that using diffuser grids 130 is an effective,

improved method for aeration [higher SOTR].

25 FIG. 1C is a representative graph showing the relationship beiween Siandard Aeration
Efficiency [SAE] and various Total Dissolved Solids [TDS] values of the liquid medium of both

commercial diffuser grids 130 and traditional aeration device like paddle wheel. As best shown in
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received via inlet pipe 312 and is discharged out through the outl et
314 after treatnent. In one enbodi nent, housing 102 is suspended and
f1oati ng WQ 1A ssi st ance of floats 120 on both si d@CTAS24JA@58139
shown in FIG 3, when the floating bioreactor system 100 is turned

on, bi orsﬁaqtpaiffasfépgmsaméﬁﬁnsrzﬁe%%ﬁ PadaR0Habi (B AbS tl%rr;n%jg BAHY from 0 to

contained in its inner bores 220. The tiny air bubbles 0 5generated

from aeqghé:GRatk1y B 060 2RI Whdokind #ELBRE dﬁléus%?gﬁ@s%msgrn%@aoéﬁgst gfﬂcieﬁ]e

the system while continuously supplying oxygen and nutrients to
M Ccr obes 3681 BtahyRbleysatfle m crobes 360 di spersed from bioreactor
200 wi Il | establish thénsel ves as the dom nant species within the
i quid medium 310 being treated. 10Wiile at the sanme tine, tiny air
bubbl es 350 are generated continuously fromdiffuser grids 130. The

fine air bprﬂC@$D%5.preﬁ'E&mﬁ@Je%raE§%iwliﬂé ROSRANREp b Cen kRl Bird REftiNP! UTe

of air conpared to coarse air bubbles. Consequently, oxygen content

is muc hEimfeh@_,gSﬁﬂ] i vii&s BE1P@GREhHati G ITBS TRl B Bl Rnid VR BYSE mods he | ow

head-1 oss of diffuser grids 130 conmbined with bioreactor 200 |eads to
a hi gh eduihGaedtibOmethdt® in¥lu@ing AleAl TUBOBUERL LOR alréprdshfativt Gdbitknb® iz Y0
being treated. 15 As shown in FIG 3, mcrobial population 360

i's di spelabiesthiptemcbl SRR Qatidh BIfRREcYBUE] MRNVEA A KAIVCAHWRafidnqTDENe
bi oreactor 200 towards diffuser grids 130. Air bubbles 350 rel eased

not onl yaises pP@é tiqlid@edihh @or @losttchAmB SorA38 eBB8: M dinl Afo-Dhaler, avenl y
di spense m crobes 360 out to the liquid nediumfor treatnment 310. As

best shwatithalty fscoghized BineeNRifiRa bbr@acted pedfofrhdd SbsthithtSaedd6h @RB&in both
20bi oreactor 200 and nore inportantly their relative orientation in
f.1 oat i nfjeshiand @actatk crBitsimdns1BQ coftrdibestityehenéonipie@ it 4i0in ag®atitliting
enhances the efficiency and effectiveness in treating |iquid nmedium
310. Acro{ThbaiM hdchipdogy ndidras tqpathotsagdweb paadielwhdd apdighdbpasdidmigel dand) | ng
requirenents are elimnated in the present invention. The biosolids
ar e eat s of fhe amst popustasadorryclinblegies anrtidyeskettddgs el i m nating the 25
need for sludge and bi osolids handling equi pnent, disposal, etc. In
addition, having the m crobes on the surface of the water increases
the efficiency of oxygen transfer in the floating bioreactor system
106. WO 2012903187 paiBRolckirobdy 89l MER freRE BldlulliSg its ability to transfer oxygen fo

water, expressed in terms of a standard oxygen rate [SOTR], and its efficiency in terms of pounds of

oxygen per kilowatt-hour [the standard aerator efficiency or SAE Wire, rate].

In the fresh water testing, the Aero-Tube™ aerator exceeded the paddle wheel’s energy

20 efficiency [SAE Wire] by up to 2.6 times.

Acro-Tube™ aeration tubing performed even better in the salt water test. As the density of
the water’s salt content increased [from 5,000mg to 35,000 mg], the oxygen advantage of the
Aero-Tube™ system steadily rose. At 35,000 mg/L NaCl, the energy efficiency of Aero-Tube™

25 aerator was as much as 4.2 times the efficiency of the paddle wheel.

While performance of diffuser grids 130 may vary among different brands and models, in
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Test Laboratory Robi nsons Land Cor poration; Analysis No. V\A— 10 217

Model : rTM 1200 nB system [ 16 HP] Test Date | e
Cct ober 3‘%2@5 17¥hal ysis - October 18-23, 2010 SSaanPé:Tg{?ﬁ?lé’@ 8139

SIT-Main Mall Quantitative Water Ana vsis Sanple ldentification

| nf | uentgedetdl disRiedr SFEENBO B thidrivled Ml rerk nobt dife@ite andbud B cNaSaclatibroddd i -
506) (S10-WA-506) Standard for Analysis

because nearly all of the energy used to deliver the air that goes through hoses 140 and hose segments
132 goes directly into the water/liquid medium. A paddle wheel, wastes energy by throwing

water/liquid medium into the air to pick up oxygen.

FIG. 2 is a representative upper front perspective view of an in situ bioreactor tube or
container 200 of floating bioreactor system 100 of the present invention. In summary, in situ
bioreactor is a bio reactor paired with an acration device such as a microbubble generator. The
purpose of the microbubble generator is to generate highly oxygenated water which infises microbes

10 with the nutrients required to achieve very high levels of process and treatment effectiveness and
efficiency. The accelerated regeneration of microbes accelerates the natural mineralization process,

reducing treatment cycle times and virtually eliminating organic contaminant levels.

As best shown in FIG. 2, in one embodiment, in sitz bioreacior tube container 200 has an

15 external slotted pipe structure 220 which has lots of inner bores 220. Within cach inner bore 220,
enough microbial media 210 should be loaded. In one embodiment, there is aeration tubing 230
embedded within the slotted pipe structure 220. One end of acration tubing 230 is connected to
bioreactor hose 140 and subsequently to bioreactor pump 108. When the bioreactor pump 108 is on,
it supplics air through aeration tubing 230 which tiny air bubbles are created. Air bubbles diffuse

20 from the internal to the external surfaces of bioreactor 200 and ultimately disperse to the surrounding
water/liquid medium via numerous inner bores 220 where microbial media 210 arc contained. The air
bubbles supply both oxygen and nutrients to microbial media 210 and eventually disperse them into

the surrounding water/liquid medium.

25 FIG. 3 is a representative view showing the method of application of the floating bioreactor
system 100 of the present invention. As shown in FIG. 3, floating biorcactor system 100 of the

present invention is installed and immersed in the treated liquid medium 310. The waste 320 is

13



I nl and Wat er Class C- "NPI" pH, as received 6.41 7.26 6.5-9.0
G ass El ectrode Met hod

10

i5

20

25

WO 2012/091787 . PCT/US2011/058139

received via inlet pipe 312 and is discharged out through the outlet 314 after treatment. In one
embodiment, housing 102 is suspended and floating with the assistance of floats 120 on both side. As
best shown in FIG. 3, when the floating bioreactor system 100 is turned on, bioreactor 200 disperses
microbes 360 which are originally contained in its inner bores 220. The tiny air bubbles 350
generated from aeration tubing 230 will further disperse microbes 360 out of the system while
continuously supplying oxygen and nutrients to the microbes 360. Eventually, the microbes 360
dispersed from bioreactor 200 will establish themselves as the dominant species within the liquid

medium 310 being treated.

While at the same time, tiny air bubbles 350 are generated continuously from diffuser grids

*130. The fine air bubbles 350 are more readily absorbed into water per volume of air compared to

coarse air bubbles. Consequently, oxygen content is much increased in the treated liquid medium
310. Moreover, the low head-loss of diffuser grids 130 combined with biorcactor 200 leads to a high

efficacy for the microbial population to the liquid medium being treated.

As shown in FIG. 3, microbial population 360 is dispersed from bioreactor 200 and move
vertically away from the bioreactor 200 towards diffuser grids 130. Air bubbles 350 released not only
support the life of the microbes 360 but also help evenly dispense microbes 360 out to the liquid
medium for treatment 310. As best shown in FIG. 3, the combination of diffuser grids 130 and
bioreactor 200 and more importantly their relative orientation in floating bioreactor system 100 of the

present invention greatly enhances the efficiency and effectiveness in treating liquid medium 310.

It will be understood that biosolids and/or sludge handling requirements are eliminated in the
present invention. The biosolids are eaten up and consumed by the microbes, thus eliminating the
need for sludge and biosolids handling equipment, disposal, etc. In addition, having the microbes on
the surface of the water increases the efficiency of oxygen transfer in the floating bioreactor system

100.
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Tenperature, C 27.6 28.3 Mercury-Filled Thernoneter Chem cal Oxygen

Demand (CO% /L 780.49 25.68 100 maxi num Di chromat e Refl ux Met hod
Bi ochemi c¥ @%éﬁ""Demand (5-days BOD), ng/L 721.26 <1PSHUSI/PR®
Azi de

TEST RESULTS:

Test Laboratory: Robinsons Land Corporation; Analysis No.: WA-10-217
Model: BioCleaner™ 1200 m3 system [16 HP]
Test Date: Sample - October 18, 2010; Analysis - October 18-23, 2010

5 Sample Source: STP-Main Mall

Quantitative Water Analysis

Sample ldentification Influent Effluent DENR Effluent Method of
(Lab. Sample Nos.) (S10-WA- (S10-WA-506) Standard for Analysis
506) Inland Water
Class C - “NPI”
pH, as received 6.41 726 6.5-9.0 Glass Electrode
Method
10 Temperature, °C 27.6 28.3 Mercury-Filled
Thermometer
Chemical Oxygen 780.49 25.68 100 maximum Dichromate
Demand (COD), | Reflux Method
mg/L
Biochemical Oxygen | 721.26 <1 50 maximum Azide
15 Demand (5-days Modification
BOD), mg/L (Dilution
Technique)
Settleable Solids, nfa 0.1 0.5 maximum Volumetric
ml/L (Imho{f Cone)
Method
Dissolved Oxygen, n/a 6.58 Azide
20 mg/L Modification
(Winkler Method)

15



Modi fication (Dilution Technique) Settleable Solids, nUL nfa 0.1 0.5
maxi mum Vol unetric (I nmhoff Cone) Method D ssol ved Oxygen, /L nla

6.58 Azi NP IBHMH¥ati on (W nkl er Met hod) PCT/US2011/058139
Total Coliform, n/a <2 <10,000 Multiple Tube
MPN/100m! maximum Fermentation
Technique

As shown in the above Test Result, which the experiment and analysis was carried out by an

5 independent laboratory, after treatment by one of the models of floating bioreactor system 100 of the
present invention, the overall quality of waste water improved significantly, Most notable results
inciuded the BOD reduction from over 700mg/L in the influent sample to a mere <1 mg/L in the
effluent sample. The value of Total Coliform [E. coli] was also reduced to <2 MPN/100ml. Both

values are way lower than the DENR Effluent Standard for Inland Water Class C - “NPI, making the

10 effluent sample Class AA water, better or equivalent to drinking water quality in those respects. The
waste water was treated only by floating bioreactor system 100 of the present invention with no

chlorination, no filters, no sludge handling and no chemicals, pre or post treatment,

FIG. 4A is a representative view showing one method of adaption of an alternative

15 embodiment, viz. aquarium bioreactor and aerator system 400. As shown in FIG. 4A, floating
bioreactor system 100 of the present invention can be adapted to be used in an aquarium. In one
embodiment, aquarium bioreactor and aerator system 400 consists of air pump 414, air hose 413 and
bioreactor and aerator combo 401. In one embodiment, air pump is a low wattage pump,
approximately 2-3 watts, supplying air to in situ bioreactor and aerator combo 401 via air hose 413.

20 In one embodiment, bioreactor and aerator combo 401 is completely submerged in the water 412.
Preferably, approximately 150 grams by weight of bioreactor and aerator combo 40% should be used
for an aquarium of 81 to 160 liters by volume. For smaller tanks with volume below 80 liters,

100grams by weight of bicreactor and aerator combo 401 should be used.

25 To sufficiently aerate a 100 gallon tank, air pump 414 should be around 5 watts of power or

approximately 0.07 watts of power per gallon of water. In one embodiment, regularly clean filter and
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WD 2012/ 091787PCT/ US2011/ 058139 Total Coliform MPN 100nl n/a <2

10, 000 mexi num Ml tiple Tube Fernmentation Technique As shown in the
above TesWRHLHPIBMhich the experinent and anal ysis WRCTEERP1O813t
by an 5i ndependent |aboratory, after treatnent by one of the nodels

of {1 oakelithePhAl &AL 1Mk 18 Yl EMTohBR g 6f bib1Rs ALE SR 40P Wk bQPin ctngﬁncn
overall quality of waste water inproved significantly. Most

resul t s yiRgl- 865 1ngoPOD reduction fromover 700ng/L in the influent
sanple to a nere <1 naW. in the effluent sanple. The val ue of Total

Coliform[E. con] was also reduced to <2 MPN 100nil. Both val ues are
way | ower than the DENR Effluent Standard for Inland Water Class C -

“NPI,  meki ngridRvaeeES driens aq%@r'fmlll ﬁoga@oﬁﬁnfﬁré[@tsﬁ‘qem Qﬁtﬂc@l{dh eQb odor 9

equi valent to drinki ng water quality in those respects

watser Waslikdn@@b:e gox@x%llyd WiferpHQaTuk NG Blis ‘3&%&5&& fo? ¥uBTing A8 nggl 299 water

present i nvention with no chlorination, no filters, no sl

hand! i Ny AREhe SorSHTbE B fos 1 fre Hord?8Hiant £ SREMB ho ndsh Br m%é}lahﬁﬂ%uer and
representative vi ew showi ng one method of adaption of an alternative

15enmbodhdBRhicadindede@quar i um bi oreact or and aerator system 400. As
shown in FIG 4A, floating

FIG. 4B is a representative side view of bioreactor and aerator combo 401 of aquarium
10 bioreactor and aerator system 400. FIG. 4C is a representative side partially exposed view of
bioreactor and-acrator combo 401 of aquarium bioreactor and acrator system 400. The main purpose
of bioreactor and aerator combo 401 is to both generate tiny air bubbles for aeration and disperse
microbes to clean up waste in aquariums. As shown in FIG. 4B, the exlerior of bioreactlor and aerator
combo 401 is made of perforated stainless steel plate wherein numerous holes 420 are present. In one
15 embodiment, bioreactor and aerator combo 401 is cylindrical in shape with approximale dimensions
in the range of four inches by two and a half inches in diameter. As best shown in FIG. 4C, air
generated from air pump 414 enters bioreactor and aerator combo 401 via hose 413 subsequently
rubber hose 408 inside bioreactor and aerator combo 401. Air will then reach air diffuser 407 and
tiny air bubbles 415 are generated. Air bubbles 415 will then reach surrounding microbial media 406
20 where appropriate types and amount of microbial is contained. Air bubbles 415 will provide oxygen
and nutrients for the microbial population to thrive and also disperse them out of bioreactor and
aerator combo 401 via holes 420. The microbes produced by bioreactor and aerator combo 401 will
feed on the fish waste and other contaminant in the aquarium making the water 412 clearer and
odorless.
25
FIG. 5A is a representalive view showing one method of adaption of an alternative

embodiment, viz. home septic bioreactor and aerator system 500. Home septic bioreactor and aerator
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bi oreactor system 100 of the present invention can be adapted to be
used in an yarium |In one enbodi nent, aquarium bi oreactor and

aerator s (?% H0*consi sts of air punp 414, air hose XEEUS1/058139
bi oreactor and aerator conbo 401. In one enbodinent, air punp is a

| ow wat fagen 590 FRvida koKl dHRE Bbihradrs for\WHithSous SAUBR] MickBiaPlel didet (1 st U
bi oreactor and aerator conbo 401 via air hose 413. 20l n one

embodi meak 510KOERME EOFIGASAL 1R 848E bisRABR afPderdts: s%mé@keﬁsms%g@ﬁ%h? gdl
in the water 412. Preferably, approximtely 150 grans by wei ght o

bi or each@he RSk ARTSHE, Al pmgm h0ibsed BPUIbnD Bmblsiffbnt, AbmALpRAMASIL QT 81
to 160 liters by volunme. For smaller tanks with vol une” bel ow 80

liters, Q0618 BFmddkr WaicH Bko QvePh N BARLRS. BREE RFEARA50LR TRR4d 1 aboul d
be used. 25To sufficiently aerate a 100 gallon tank, air punp 414

shoul d Qast@saundo SoMdd1s xffis RRWEH at Me LAREL Qf@eﬁﬁkﬁh&@aﬁf&n 535y0f

power per gallon of water. In one enbodinent, regularly cfean“filter
and t hereliAgital WRhds. Biond Bfolidakr, hndAbRMaRE 56108 Bk zgtaQ{eld &Qbikd 418 sorTHE

system 400 works best in conjunction with a carbon ter 409. The
advant agesof: nbiiid WacREls' 54 A hiY agaﬁmlpﬁoca@f HRGE At Q%tiéfxa& 43 400

i ncl ude no odor, no 5sedi nentation, contro Ted wat &r pH val ue,
various set mcrobes for controlling nitrogen cycle, water and energy
conservation, fishes that are nore resistant to di seases, no need for

mechani cal {16t 88 1s3RghrRentiVe BHal Abw oPRAHSEtic Fhits014Bhbse rr%ptic biorcac'%or and
representative side view of bioreactor and aerator conbo 401 o

aqar i ugAORLe Rt PG, 0 aq’léi{/r@steﬂﬁtiv% Y3t i) QepobddGievss nble %Rgc unit 501 of

representati ve side parti al exposed Vi ew of bioreactor aer at or

conbo 4k pR B LYMARIOLBAGSEH 500 ARG B hOhe SY¥Sd G589 Om b-gﬂ'ﬁan?ﬁinﬂber

pur pose of bioreactor and aerator conbo 401 is to both generate tiny

[ bub T T j 1 [ m- i 1 .
ai r bublf 88 fiPkq ﬁgﬁrasdnp,gll %ﬁdzzﬂbtﬁﬂ@x{tﬁﬁ PL&HORESs0h & SLEY %lr? %Hﬁwuﬁ

aquariunms. As shown in B, the exterior of bioreact

aer at or AP a sotifBSR. R sHIGH LOnat 44 h&L@éegﬁ&&% 551 fRla oY S0 YpeT €1 N
nuner ous hol es 420 are present. |In one 1l5enbodi nent, bioreactor and

aer at or nGRRRE ird oiksSs08 Y theSHriofihd billeSdpeRife ¥otBar ARNEPRA MR IR (MBS ONS

15 one embodiment, air enters home septic unit 501 via air hose 506 and diffuser hose 509. As shown in
FIG. 5C, bome septic unit 501 microbial media 507 in its core that store and produce the microbes. In
one embodiment, a diffuser unit 508 is placed at the bottom of home septic unit 501, which is
powered by air pump. Diffuser unit 508 generates tiny air bubbles that provide oxygen and nutrients
to microbial that is contained in microbial media 507 and simultaneously creates vacuum that sucks

20 in waste water 530 from inlet holes 503 at the bottom. Waste water 530 travels upward inside home
septic unit 501 and is then released at the top via outlet opening 520. During the journey upward,
waste water makes contact with the microbial media 507 in the process and carries with it microbial

when it is released back to open water.

25 By continuous adding a desired microbial population directly into waste water 530 to be
treated, the present invention 500 allows for demand growth and microbial acclimation based on the

waste content within the said environment. The microbial agents generated by the present invention
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in the range of four inches by two and a half inches in diameter. As
best shown in FIG 4C, air generated fromair punp 414 enters

bi or eact oWQHA2ZEHHt or conbo 401 via hose 413 subsequeRCI{USRUBHERL3I
hose 408 insi de bioreactor and aerator conmbo 401. Air will then reach
ai 1 di T SEEE prdAeciith 4 doloudl 1o0@, | bl es
415 wil | the%r r eeach suror onﬁl ndﬁir " mgcor g%elﬁaF %ﬁ?gﬁg%&%%ﬁ%@e%s’%&

appropr }Tf?&ﬁ)iz}l }fg%%@ cglplqox@@ﬁ%ggely&in@aﬁ%qp- Blwit aﬁ%mn%hlg&q FSﬂeﬁn&%ﬁQ&. %‘ﬁef- o

415 wil | provide oxygen a nutrients tfor the m crobral pop on

thri : -di : | i 401
P S e S T R S T PR b G SR e
401 w | 3l : : ] N1 h [

W lcrle_lgtlﬁgng{;l% %\EES tl%l%’.,%ﬁ'e Wafl Sg?dggi(ljg dﬂ%ﬁ p&%@%ﬁ?&%ﬁ%keqlng biorkactBtag’ ' um

maki ng the wat er earer an riess. a

" e eSeRt AL ey b A8 RSN Bl sk 980 AheoBR LR Ve
enbodi nment , X él?ez @orre g’eﬁ%]?(]:n %ﬁlggggct orggﬁsgpqgagérrg?%ro %g?gttg%]?ndlg%g@%%
septic bioreactor and aerator = WD 2012/ 091787PCT/ US2011/ 058139
system 500 provides a nmethod and apparatus for continuous, in-situ

m crobial seggi @fgis%trgﬁ:&@mm%% shilis %ﬁneﬂﬁ‘ﬁ o?ﬂgéﬂlnio?ad: e{lt%nﬂ?xﬁ%’ home

septic bioreactor and aerator systentT consi sts essentl y of hone
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aerated water and brings additional water toward the device for acration.

Water 609 is aerated in an airlift device by use of a diffuser. When the diffuser is submerged
20 in water 609, the movement of gas through the device causes bubbles to emerge from the pores and
into the water 609. In one embodiment, the aero dynamic mixer bioreactor and aerator system 600

uses a patented porous rubber houses as a diffuser.

The present invention 600 is comprised of a series of porous diffusers called Aerogrids™

25 arranged in a way that they are in a straight line. These acration diffusers are positioned in fiberglass

frames that are supported by floaters 603.
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FIG 5C, hone septic unit 501 microbial nedia 507 in its core that
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‘ described. All publications and patent documenis referenced in the present invention are incorporated

20 herein by reference.

While the principles of the invention have been made clear in illustrative embodiments, there
will be immediately obvious to those skilled in the art many modifications of structure, arrangement,
proportions, the elements, materials, and components nsed in the practice of the invention, and

25 otherwise, which are particularly adapted to specific environments and operative requirements
without departing from those principles. The appended claims are intended to cover and embrace any

and all such modifications, with the limits only of the true purview, spirit and scope of the invention.
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20 in water 609, the novenent of gas through the device causes
bubbles to energe fromthe pores and into the water 609. In one
enbodi nent, the aero dynam c m xer bioreactor and aerator system 600
uses a pglt%nt ed porous rubber houses as a diffuser. The present

i nvention 888 s conprised of a series of porous diffusers called
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are now dl@gaelml Sé‘ %CPa t&ﬁ BrFR Eﬁﬁ"ﬁtoéﬁﬂmﬁﬁt@ﬁbefd@@m%ﬁ% an W@Ffeﬁlf‘é?f@d
in the pMemwerrﬁd/éﬁtsa@mlap@np,mqs&r@t@@@u@memb@ further hatiag erpderality
Whi | e t hefshatsgnigtabial ghedih contpiningt livnbavtaria ingeddehwathisl séd slots, an air
i || ust r athoseceembattignraint it purhe teesaid inlicrbleial neaeidi @irtiby. obvi ous to those
skilled in the art many nodifications of structure, arrangenent,
proportions, the elenents, materials, and conponents used in the
practi ce 20fA pBRaBIBY ABAtiY aerth and microbial reactor system for cleaning sewage
water, the aeration and microbial reactor system comprising: a rigid, semi-open and
stable housing frame having two side walls and a back wall to half of its height, the
housing frame further having a plurality of buoyant members attached on its sides
such that the housing frame remains afloat when it is submerged in sewage water of
various density; an aeration sub-system further having a blower attached mechanically
and sitting on top of the housing frame, a flat aeration grid device extending
horizontally across the entire width and attached in the bottom half of said housing
frame, the aeration grid device further comprises a plurality of porous plastic, said
porosity provided by a plurality of micropores having an average diameter of about
0.001 inch to about (0.004 inch along the length of said pipe for diffusion of gas
therethrough and transfer to a medium, a plurality of air hoses connecting said blower
to said aeration grid device; a microbial reactor sub-system further having an air
pump attached mechanically and sitting on top of the housing frame, an elongated,
tubular and externally perforated microbial reactor portion extending essentially
horizontally across the entire width of said housing frame and underneath said
aeration grid device, the microbial reactor portion further comprising an inner aeration
tube powered by said air pump, an perforated outside tube further having a plurality
of slots, microbial media containing live bacteria imbedded within said slots, an air
hose connecting said air pump to said microbial reactor portion.
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menbor & &1 ﬁéf?b@ b B portS R, Rathl il O it Pl

af | oat mﬁeﬁ ‘ubmerged in sewage water of various density; an
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