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1

ENHANCED BIOSORPTION OF WASTEWATER ORGANICS USING DISSOLVED AIR
FLOTATION WITH SOLIDS RECYCLE

BACKGROUND

Aspects and embodiments of the present invention are directed toward systems

and methods for the treatment of wastewater.
SUMMARY

In accordance with an embodiment of the present invention there is provided a method
of facilitating increased operating efficiency of a wastewater treatment system. The
method comprises configuring a dissolved air flotation (DAF) unit in a wastewater
treatment system in fluid communication between a contact tank and a biological
treatment unit to remove solids from a portion of a first mixed liquor output from the
contact tank prior to the portion of the first mixed liquor entering the biological treatment
unit and to recycle at least a portion of the solids to the contact tank, the recycle of the
at least a portion of the solids to the contact tank reducing an amount of biological
oxygen demand to be treated in the biological treatment unit as compared to the
wastewater treatment system operating in the absence of recycling the at least a portion
of the solids to the contact tank.

In some embodiments, greater than 50% of the solids are recycled from the DAF
unit to the contact tank.

In some embodiments, the method comprises recycling solids from the DAF unit to the
contact tank in an amount sufficient to increase biogas production of an anaerobic
digester of the wastewater treatment system having an inlet in fluid communication with
an outlet of the DAF unit, at least a second portion of the solids removed in the DAF unit

being directed into the anaerobic digester.

In some embodiments, the method comprises recycling solids from the DAF unit to the
contact tank in an amount sufficient to reduce the energy consumption of the

wastewater treatment system.

Date Regue/Date Received 2020-12-14
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In accordance with an embodiment of the present invention there is provided a
wastewater treatment system. The wastewater treatment system comprises a contact
tank

Date Regue/Date Received 2020-12-14
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having a first ke, @ second nlet, and an outlet and a dissolved wir flotation tank having
vy inbes fu Thatd conununication with the ontlet of the contact tank, a flest oudet, and &
second outlet. The wastewater treatment system forther comprises an gerated anoxic tank
having a first indet in fuid communication with the outlet of the contact tank, 3 sccond
tnlet, and an outlet and asrobic tank having a first indet in Haid commanication with the
ontlet of the asrated anoxic tank, & second inlet in fludd communicatton with the first
outlet of the dissolved air flotation tank, and an omtler. The wastewater reatment system
further comprises a clarifier having an infet in fleid communication with the outlet of te
acrobic tank and an outdet in fhud commumication with the second inlet of the contact
tank and with the second inlet of the seruted wnoxic tank.

In sceordance with another embodiment of the present invention there is provided
a.method of treating wastewater, The method comprises introducing the wastewater into
a contact tank, mixing the wastewater with activated sledge tn the contact tank to form 2
mixad luor, transporting a first portion of the mixed hquor to a dissolved air flotation
tank, separabing the first portiony of the mixed bquor in the dissolved air flotation ek to
form a dissolved air flotation tank offfuent and waste bicsolids, transporiing & second
portion of the mixed liguor 0 s serated apoxic treatment umk, biologically reating the
second portiom of the mixed hguor in the acrated anoxic trestinent tank to formy an anoxic
mixed Hgeor, trangporting the anoxic mised figuor 1o an acrobic treatment tank,
transporting the dissolved iy flotation tank efffuent to the aerobic treatment tank,
biologically treating the anoxic mixed Hquor and the dissolved wir flotation tank effivent
in the gercbic treatment tank o Forny an serobic mixed liguor, transporting the agrobic
mixed Hguor toa clanfior, separating the aerobic mixed Hguor in the clarifier to form a
clarifted effluent and g retormn activated slodge, recyeling a first povtion of the retom
activated shudge to the contact tank, and reeveling a second povtion of the return activated
shudge to the aerated anoxic reatment tank.

In accordance with an ebodiment of the present invention there is provided a
wastewater treatroent svstery, The wastewater Ureatment system comprises & contact tank
having a first inlet configured 1o roceive wastowalter {0 be treated, 8 second inlet, and an
outlet. The contact tank is configured to mix the wastewater 1 be treated with activated

shadge to form a fivst mixed liguor. The system further comprises a DAF unit having an
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imlet fn fluid conmnunication with the outles of the contact fank, 8 solids outlet, a DAF
anit sfflueot outded, and 2 gas indes. The gas indet is configurad w inrodoce gas info the
DAF anit to facilitate the Hotatdon of suspended matter from the first mixed Hquor and
the removal of the suspended matter from the DAF unit. The solids outlet is in Hlaid
commanication with the first inlet of the contact tank and configured 1o transfer at least a
postion of the suspended nyatter from the DAF anit 1o the first infer of the contacttank.
The system further comprises a biological teatrment undt having 3 first inlet in fluid
cofmsnication with the outlet of the contaot tank, & second findet, a third et in fud
cosprnamication with the DAF uwmit effluent ovtlet, and an outlet. The brologieal weatment
it is configured to hiclogically break down organic components of the first nuxed
figuor and of an efftuent from the DAF unit 1o form a second mixed Rguor. The system
further comprises a olariflier having an inlet in Huid convnunication with the outlet of the
hological treatment unit, an effluest outlet, and a return activated shedge oatlet in Bud
cosmunanication with the second et of the contact tank and with the second tnfet of the
binfogical treatment uwnit, The clanfier 15 configured to output » chartfied efffuent through
the effloent outlet and 2 revwrg activated shudge though the retam activated sdudge outler,

In sccordance with sonie aspects of the wastewater treatiment system, the
hiological treatment unit includes an aerated anoxic reginn having a first inlet in fluid
commusnication with the cutiot of the contact tank, a second inlet, and au outlet and an
acrobic region having a first inlet in fudd commupnication with the cotlet of the acrated
anoie region, a second indet in fuid communication with the DAF unit effluent ouatler,
ang an outlet.

I accordance with some aspects of the wastewaler treatiment systerm, the aevated
arowic region and the asvobic region are incloded 1n a same Beatment tank,

In accordance with some aspects of the wasiewater reagtment systen, the aerated
anoxic region and the serobic region are separated by a partition,

In accowdance with some aspects of the wastewsater treatment system, the gserated
anogic region is included in a first freatment tank and the acrobic region s included in a
second treatment fank distinet front the first treatment tank,

{n accordunce with some aspects of the wastewater treatiment system, the

wastewater treatment system comprises a first subsystem including the comact tank and
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the DAF unit which is physically separated from @ second sub-system including the
bintogical treatment wait and the clarifier,

In accordance with some aspects of the wastewater trestment systent, the contact
tank and the acrated anoxic region are included in a same tank.

In accordance with some aspects of the wastewsater freatment systen, the
wastewater reatment systeny frther comprises an angerobic digester having an infetin
fipid communication with the solids outlet of the DAF wiit and an outer.

{n accordance with some aspects of the wastewater treatiment systern, the outlet of
the anacrobic digester i in fluid communication with at least one of the contact tank and
the biological reatment unit.

In sceordance with some aspeets of the wastewater treatment system, the
wastewater treatment system further comprises a primary cltfler having an nlet in fluid
conpnusication with a sowve-of the wastewater o be geated and a solids-lean outlet in
Huid conymunication with the comtact tank.

Inn accordance with some aspects of the wasiowaler treaument sysiam, the
wastewater reatment sysiem further comprises a thickener haviag an inler in fluid
communication with a solids-rich outlet of the primary clarifier and an oadet in fhuid
conynunication with the anserobic digester.

in accordance with some aspects of the wastewater rcatment systom, the primary
clarifier hurther comprises a solids-tich outlst in fluid commumication with the DAF onit.

{n accordance with another embodiment of the present invention there is provided
a method of treating wastewater. The method comprises introdacing the wastewster inlo
& contact tank including an activated sludge. mixing the wastewater with activated sludge
i1 the condge! tank to form a mixed hqoor, and directing a Brsd porfron of the mixed
figuoy toa DAF unit. The method forther comprises separating the Hrst portion of the
mixed Hauor in the DAF unit to forne & DAF unit effiuent and separated biosolids,
directing at teast a portion of the separvated biosolids from the DAF unit 1o the contact
tank, directing a second portion of the mixed Hguor to o biological treatment unid,
dirscting the DAF unit efftuent to the biological treatment unit, biologically treuting the
mixed Hguor and the DAF unit efftuent in the biological tregtment unit to form a

bivlogivally sreated mixed Nguor, and directing the biologically treated mined Hywor to i
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clarifier. The method fiether comprises sepansting the biologically treated mixed higoor
i the claifer o form g clrtfied efffeent and o renaw activated shudge, recycling a firgt
portion of the return activated sladge to the contact tank, recycling o second portion of
the return activated sludge to the biological treatment unit, and directing the clarified

effluent to a reated wastewater outlet,

L¥ 4

In accordance with some aspects of the method of treating wastewater wherein
the hiclogical peanment unit includes an acrased anoxic restment unit s s acrobic
weatmment unit, the method fwther comprises directing the second portion of the mwixed
liquor to the acrated anoxic treatment unit, treating the second portion of the mixed lgueor

16 in the aerated mioxic treatment unit to form an anoxic mixed Liguor, directing the anoxic
mixed hguor to the acvobic treatment wiit, directing the DAF anit effluent to the acrobie
treatment unit, treating the anoxie miked Hauor and the DAF unit effluent in the acrobic
treatment tak fo Torm an acrobic mixed ligquor, directing the aerobic mived liguoy to the
clarifier, separating the acrobic mixed liguor in the clarifier to form the clantied effioent

and the retarn activated shudge, and recycling the second portion of the returm activated

RS

sludge wy the sersted anoxic treatment unit,

{n socordance with some aspects of the method of treating wastewater, the first
portion of the returs activated sludge and the second portion of the retuen activated
sludge comprise about 100% of all return activated shudye formed in the clarifier.

0 In accordance with some aspects of the method of treating wastewater, the first
portion of the retarn activated sladge comprises between about 10% and abowt 20% of all
return activated shudge recycled from the clarifier.

I accordance with some aspects of the method of treating wastewater, the first

portion of the mixed hguor comprises between abowt one third and abosat fwo thirdy of all

[
a

mixed Haoor formed brothe contact tank.

In secordance with some aspeets of the method of treating wastewater, the DAF
unit removes hetween aboot 60% and about W% of stspended solids in the first postien
of the mixed hguor from the fist portion of the nuxed hguor.

In accordunce with some aspects of the method of reating waslowater, ap amout
36 of suspended solids removed in the DAF un#t is adjusted based vpon 8 concentrition of a

bacteria in the biological treatment unit,
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T avcordancs with some aspects of the method of treating wastewater, the DAF
anit removes between about 40% and shout 80% of bicdogical oxygen demand in the first
portion of the mixed liguor from the first portion of the mixed liguor,

In accordance with some aspects of the method of treating wastewater, the
method firther comprises treating at least & povtion of the waste biosolids in an anaerobic
digester to produee an apagrobically digested stodee.

In accordince with some aspecs of the method of teating wastewater, the
method ferther comprises recveling at least a portion of the suscrobically digested studge
oy at Jeast one of the contact tank and the bological treatment anit.

{n accordance with some aspects of the method of freating wastewater, the
method farther conywises separating the water to be treated into a sohds-lean portion and
asolids-vich portion, divecting the solids-rich portion into a thickener to produce a solids-
rich output and a solids-lean effluent, divecting the solids-ean portion into the contact
tank, dirccting the sohds-rich output from the thickeser into the anaerobic digester, and
directing the sohids-lean effiuent of the thickener tdo the contact tank,

In avcordance with another erbodiment of the present invention there iv provided
method of facilitating incrensed operating efficiency of a wastewater eatment sysieon.
The method comprises providing a DAF unlt in & wastowalor treatment system i fluid
communication between a contae! tank and & biological treatment unit, the DAF uait
configured to repmove solids from a portion of a first mixed liquor output froan the contact
tank priov o the portion of the first mixed ligouor entering the biclogical treatment unit
and to recycle at least a portion of the solids o the contact tank, reducing the amount of
bistogical oxyzen demarsd (o be treated in the binlogical treatment unit as compared
the wastewater treatient system operating 1 the absence of the DAF wiat, and providing
for a solids-Hquid separation unit in fleid comnmumicadon dowastream of the biological
trostment unit to recycle a return activated slodge formed from o mixed liguor output
from the binfogical treanment unit {o the contact tank.

In accordance with some aspects, the wethod further comprises providing for
between aboat 10% and about 20% of the return activated shuslge formed 0 be weeyeled

to the contact tank.
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Ty acoordance: with some aspects, the mathod Focther comprises adiosting an
amornt of return activated shadge recyeled o the contact tank based opon a concentration
of a bacteria in the biclogical reatment vt

In secordance with some aspects, the method further comprises providing an
anuerobic digester having an infet in flord communication with an outlet of te DAF amit
and an outlet in Flid commmarication with-at feast one of wy indey of the contaet tank aad

an inlet of the biological treatment snit.

BRIEF DESCRIPTION OF DRAWINGS

The sccompanying drawings are not intended 1o be drawn o scale. 1o the
drawings, cach wdentical or nearly identical component that is lustrated o various
figures is represented by o like numesal. For parposes of elarity, not every component
may be labeled tn every drawing. In the drawings:

FIG. 1 iy a block How dagram of a wastewater treatment sysiem m accordanee
with an embodiment of the present invention;

FIG. 2 is a block flow diagram of a wastewater weatment system i accordanee
with another embodiment of the present inventon;

Fi(z 3 iy a bock fow diagram of 3 wastewater treaiment system in secoadance
with another emabodiment of the present investion;

FIG. 4 s o block fhow diagram of a wastewater reatment sysiem in accodance
with another embodinent of the present investion;

FIG. 3 is a block flow diagram of a wastewater treatmentt system in accordance
with another emvbodiment of the present invention;

FIG. 6 15 8 block flow diagram of & wastewater treqtment system in accordieg
with another embodiment of the presest invention;

FIG. 7 is a block flow dingram of @ wastewater treatment system in sccordance
with another embodiment of the present fmvention;

FiG. B s a block fhonw diagram of a wastewater reatment system in accodance
with another embodiment of the prosent investion;

FIG, 9 is a blogk flow diagram of a wastowater treatment system in accordance

with another embodiment of the present invention
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FIG, 10 is o bloek fow dingram of & wastowates treativient systom i accordanoe
with another embodiment of the present invention
FiG, 11 illustrates a Dirst set of results of a est of 8 vystem in secordance with an

embodiment of the present invention; and

L¥ 4

FIG. 12 illustrates @ second set of results of a test of a syswem in accordance with

an embodiment of the present fvention,

DETAILED DESCRIPTION
This invention is not Hmited 1o 1is apphication to the details of construction and
16 the arangement of components set forth in the following description or Ulustrated in the
drawings. The invention 13 capable of other embodiments and of being practiced or of
being carried out 1 various ways, Alse, the phraseology wud terminology used Tierein is

for the purpose of description and should not be regarded as limsting, The use of

“chuding,” “oomprising,” “having,” “contating,” Tovelving” and vanations thereof

RS

herein iy meant to encompass the Homs Hsted thereafter and equivalents thereot as well as
adkditional items,

Ax the term s used herein, an “upstream’ unit operation refers o a first unit
operation which iv performed upen a fluid undersoing treatment prior 0 a second anit
operation. Stmilarly, an “upstrosm” treatment vessel or portion thereof refers to g first
W treatment vessel or portion theseof @ which a first umit operation is performed prior o a
second unit operation perfornred in 8 second treatment vessel or portion thereof, A
“downstrean” unit operation refers to @ second it operation which is performed opon a
fhaid undergoing treatment subseguent to a first unit operation. Siomlarly, a

“donenstrearn” treatment vessel or porBion thereof refers 0 a second treatment vessel oy

[
a

powtion theveof in which a second unit operation is performed suhseguent to a fust usit
operation performed in a firsst treatment vessel or portion thereof, An upsiveam unit
operation andfor freatment vessed having an outlet in “diveet fluid commanication™ with
an inlet of a downstream anit operation andfor treatment vessel diveets matenial output
from the outler of the upstream unit operatiom andfor treatment vessel 1o the inlet of the
3 dowastreamn anit operation andfor treatrment vessed without any tinfervening operaticons

preformed on the material. A first anit operation andfor treatiment vessel deseribed berein



9

as being in fluid communication with a second unit operation and/or treatment vessel
should be understood as being in direct fluid communication with the second unit
operation and/or treatment vessel unless explicitly described as otherwise. Conduits
which provide fluid communication between a first and a second unit operation and/or
treatment vessel are to be understood as providing direct fluid communication between
the first and second unit operation and/or treatment vessel unless explicitly described as
otherwise.

Various unit operations and/or treatment vessels disclosed herein separate fluid and/or
sludge into a solids-rich portion and a solids-lean portion wherein the solid-lean potion
has a lower concentration of solids than the solids-rich portion. As the term is used
herein, an “effluent” of a unit operation and/or treatment vessel refers to the solids-lean
portion of the separated fluid and/or sludge. “Recycle” of material refers to directing
material from an outlet of a downstream unit operation and/or treatment vessel to an
inlet of a unit operation and/or treatment vessel upstream of the downstream unit
operation and/or treatment vessel.

Aspects and embodiments of the present invention are directed toward systems
and methods for treating wastewater. As used herein the term “wastewater” includes,
for example, municipal wastewater, industrial wastewater, agricultural wastewater, and
any other form of liquid to be treated containing undesired contaminants. Aspects and
embodiments of the present invention may be utilized for primary wastewater treatment,
secondary wastewater treatment, or both. Aspects and embodiments of the present
invention may remove sufficient contaminants from wastewater to produce product
water that may be used for, for example, irrigation water, potable water, cooling water,
boiler tank water, or for other purposes.

In some embodiments, the apparatus and methods disclosed herein provide
advantages with regard to, for example, capital costs, operational costs, and
environmental-friendliness as compared to conventional biological wastewater
treatment systems. In some embodiments a dissolved air flotation system is included in

amain

Date Regue/Date Received 2020-12-14
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steeam of wastewater entering a biological wasiewaler treatment system,. The disselved
alr flogtation system may remove o signaificant amount of binfogical oxygen demuand, for
example, particulate bivlogical oxveen demand, from wastewater prior {o the wastewater
entering the biclogical treatment portion of the wastewater veatment systom. This
provides for a reduction in the size of the biologicad treatment portion of the wastewater
treatment system for a given wastewater streawm as compared o a conventional
wastewater trratment system and a commensurate reduced capital cost for the oversll

systerm. Utilization of the dissolved air flotation system also reduces the requirement for

aeration i the biological treatment portion of the treatment system to effect oxidation of
the biological oxygen demand of the wastewster, reducing operating costs. The amount
of waste sludge generated by the biological treatment prwtion of the treatment system s
also redeced, reducing the amount of waste which world seed to be disposed of or
otherwise further reated. The matertal removed from the wastewater in the dissolved air
Hotation system may be utilized to produce energy, for example, in the form of blogas in
a downstream anacrobic digestion system, The bingas miay be usad to provide salable
energy through contbustion or through use i, for example, fuel cells,

A First emsbodimen), indicated generally ar HIO, is hestrated in FIG, 1.
Wastewater from i source of wastewater 103 is directed into a contact tank 110 through
an inlet of the contact tank, In the contact tank 1180, the wastewater 1s mixed with
activated sladge seeyeled through a conduit 173 from a downstream biologieal treatmant
process deseribed below, In some embodiments, the contact tank 110 is aerated to
facilitate mixing of the wastewster and the activated sludge. The seration gas may be an
oxygen contining gas, for example, alr. The contact tank 110 may be provided with
sufficient oxyoen such that serobic conditions are mandained my @ least & portion of the
cotact tank 110, For examiple, the comtact tank 110 may be serated. Suspended and
dissolved solids in the wastewster, including oxidizable biological materials {referred 0
herein as Biotogical Oxvgen Demand, or BOD), are absorbed into the activated sludge o
the contact tank, forming & fnt moied iguor. A porbion of the BOD may also be
oxidized in the contact tank 110, The residence time of the wastewater in the contact
tank may be sufficiont for the majorlty of the BOD to be absorbed by the activated

shadge, but no so long as for a significant amount of oxidation of the BOD w0 cccur. In
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some sanbodiments, for exapple, less than about 10% of the BOD entering the contact
tank 110 s exidized in the contaet tank, The residence time of the wastowsates i the
contact tank is in some embodiments from shout 30 minutes (o about twe howrs, and in

some embodiments, from about 45 minotes to about one hour. The residence time may

L¥ 4

be adjusted depending upon factors such as the BOD of the influent wastewater. A
wastewater with a bigher BOD may require longer treatment in the contact tank 110 than
wastewater with # lower BOD.

A fiest portion of the first mixed Bquor formed 1o the contact tank is diected into
a dissolved air flotstion (DAF) system 120 through condeit 114, The DAF system may
16 clude a vessel, tauk, or other open or closed containment unit configared to performa
dissolved atr Sotation operation as described below. For the sake of stmplicity a
dissolved air flotation system will by referred o herein as a "DAF anit™ The DAF uni
126 may function as both a thickener and a clarifier. FIOL Uillustrates two DAF units

128 operating in parallel, however, other embodiments may bave a single DAF wnt or

RS

more than two DAF wiitx, Providing multiple DAF units provides for the sysiem {o
continge operation i one of the DAF units is taken out of service for cleaning or
maintenanee,

Before entering the DA unit(s), air or another gas may he dissobved in the first
mixed lgeor under pressure. The pressure may be released as the Tiest mixed liguor
o enters the BAF unitis) 120, resubiing in the gas contng vt of solution and creating
bubbles in the mixed Hguor. In some embodiments, instead of dissolving gas into the
first mixed Hguor, & floid, for example, water baviag a gas, for example, alr, dissobved
therein, i introduved inte the DAF uaitis) 120 with the fiest mixed liguor. Upen the

nmxing of the first puved bgbor and the gas-coutining Hoid, bobbles ave produced. The

[
a

hubbles formed n the DAF anifs) 120 adhere w0 suspended matier 1o the frst mixed
figuor, causing the suspended matter to float wo the surface of the Hguid m the DAF
unit(sy 126, whers 1t may be removed by, for example, a skimmer.

In some epbodiments, the first mixed ligeor is dosed with a coagulant, for
example, ferric chlevide or aluminwm sulfate prior to or afier introduction into the DAF
36 unit(sy 1200 The coagulans facilitates flocoulation of suspended matter in the first mixed

Hquor.
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T e AR wags) 1200 at least a portion of the solids present i the infloest first
mixed Hauor, incleding solids frony the influent wastewater and front the recycled
activated studge, are remeved by a dissolved air Botation process. At least a portion of

any oil that may be present in the first mixed hguor may also be removed in the DAF

L¥ 4

unit(s} 120, In some embodiments, a majority, for example, about 80% or more, about
TA% o mowe, or abopt 90% or more of the suspended solids in the first mixed guor
inproduced into the DAF unir(s) 120 is ramoved and about 408 or move, for example,
aboat 3% or more or abowt 735% or more of the BOD is ramoved. Removal of the BOD
may inchude enmeshment and adsorption in the first mixed Hguwor andfor oxidation of the
16 BOD and the formation of reaction products such as carbon dioxide and water. In other
gmbodiments, up 1o about 100% of the suspended solids is removed ia the DAF unit(s)
126 aned v majority, for example, up o about 8% of the BOD s removed,

In some embodiments, suspended solids removed i the DAF anitds) 120 are sent

out of the systerm as waste sohids through a conduit 1350 These waste solids may be

RS

disposed of, or in some embodinments, may be treated 11 a downsiream process, for
example, an anaerobic digestion process or anasrobic membrane bioreactor to produce
useful products, for example, biogas and/or usable product water,

in other embodiments, at Tenst 8 portion of the susponded solids removed i the
DAF unit(sy 120 are reoveled back to the contact tank 110 through conduits 125und 126
20 Condait 126 may branch off of conduit 1235 ay ilustrated, or may be connected to g third
outlet of the DAF uniils) 120, in which case suspended solids remaoved in the DAF
unit{s) {20 are recyeled back o the contact tank 110 through conduit 126 onty. The
amount of solids recyeled from DAF unit(s) 120 to the contact tank 11 may range from

about 19 to abowt 1O of dtotal amount of solids removed from the fiest ped hguor

2% dthe DAFondts) 1200 The amount of solids recyeled from DAF uait(s) 120 1o the
contact tagk 110 may be a majority of a total amount of solids removed from the first
mixed Hguor in the DAF anit(s) 120, for example, greater than about 509, between about
3% and aboul B53%. or between about 60% and abowt 30% of the totad amount of solids
removed fron the first mixed ligoor in the DAF unti{sy 120,

30 Recyeling solids remorved in the DAF unitfs) 120 to the contact tank 10 i

conter o the conventional operation of wastewater treatment systems incloding DAF
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ariits. Tvpically, DAF waity ace vtilized in wastewaior trealiment systams 1o ramove
solidds from the wastewster, s redocing the need for bivlogioal treatment of these
removed solids and reducing the energy requirements of the wastewater treatment system
by, for example, redocing the amount of air needed to be supplied 10 an acrated

5 biological seatent vessed to oxidize the removed solids, 11s counter to conventional
operation of wastewster treatment systems o resintroduce Hoated solids separated from
mixed Houor from g condact tank in DAF units) back to the contact tank. Typically,
atter solids are separated from nuxed lguor from a contact tank in DAF unit(s),
reintrocducing the separated solids into mixed Houor 1o the contact tank and force the

16 solids to go throogh the same separition process in the DAF anit(s) again reducing the
efficiency of the system. Such a solids recyele from DAF units) to a contact tank
directly upstrean of the DAF anii(s) would cause g need for 3 greater amowd of conact
tank capacity and a greater amount of DAF unt capacity.  Such a solids secvele from

DAF unit{s} to a contacy tank directly apstream of the DAF unit(sy would also require

RS

nore air flow to the DAF unit(s) to remove the reeycled solids froum the nuxed Hguoe in
adeition to any solids that would be present in the absence of the solids reeyede. ¥ has
heen discovered, however, that benefils may be achicved by the counterintuitive re-
infraduction of solids removed 1w DAF amt{s) back indo the contact tank of a wastewaior
trogtment system from which mixed Bquor is supplicd to the DAF unit{s).

W0 For exarmple, by recveling the solids removed by the DAF unit(s) 120 to the
contact tank 1Y, the amount of total suspended solids (TSS) in the contact tank 1O may
be incressed as compared to methods not including # recyele of solids from the DAF
undtisy 120 to the contact tank 110, The increased TSS level in the contact tank 110 may

provide for additional solubde BOD (o be adsorbed 1 the contaet fank THE as compared to

[
a

@ comtact tamk 110 having o lower fevel of TSS. o some embodiments, o desirable TSS
fevel in the contact tank 110 may be between about 1,200 mg/L. and about 3,500 mg/L.

The removal of the additional soluble BOD in the contact tank 110 due to the
higher TSS level in the contact tank 110, resulting from the reeyele of sodids from the
DAF unit(s) 120 to the contact tank 110, provides for the removal of this additional BOD
30 as solids in the DAF uait(y) 1200 The additional BOD semoved as solids in the DAF

unit{s} {20 may be directed (0 an anaerobie digester (for sxample, apasrobic digester 480
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ihastrated fn FIHG 4) rather thawy an serated bivdogical froatment wadt (for oxample,
binfogical treaument unit 130), tus reducing the need for seration power in the binlogical
treatment unit and nereasing the amount of ogas thet could be produced in the
anacrobic digester.

5 When sepplied with recyceled solids from the DAF unit(s) 120, the contact tank
8 may bave o hydvavbe retention fime (HRT) of between about 15 vnutes and abowt
one howr and a solids retention tdme (SRT) of between aboot 0.5 days and about two duys
o effectively adsords solable BOD. In other embeodiments, the SRT in the contact tank
may be between aboat 8.2 and about (4 days. When the contact tank 11 inchudes TSS

1 A range of between about 1,200 mg/L and about 3,500 mg/L.. a sludge age (SRT) in the
contact tank may range from about one 1o about pwo davs.

Revveling solids removed du the DAF unit(s) 120 o the contact tank 11 provides

for the comtact tank 110 to Tonction as a high rate activated studge system while the DAF

unit{sy 120 funciion a sofids-Hauid separator. Reevehny sohds romoved fothe AR

RS

anitisy 1240 to the contact tank 118 provides for greater oxadation of BOD 1y the contact
tank 11 than in systemy where solids removed from the DAF unit(s} 120 are not
recyeled 1o the contact tank because the solids reoycled o the contact tank tnchades living
hacteria capable of axadizing BODL For example, in systems and methods where solids
removed 10 the DAF uni(s) 120 are recyeled to the contact tank 1100 oxidation of greater
1 than sbowt 1% of the BOD in wastewater influent o the contact tank 110 may be
oxidized in the contact tank 110, Recyoling solids removed in the DAY unitlsy 120 w the
coatact tank 110 may thus redoce the amount of BOD that needs to be trested in
downstream unit operations, for examyple, fn the biological treatinent unit 130 discussed

betow, thus redocing the power reqairemients forthe downstiean writ operations. The

[
a

SRT of the contact fank 110 may be adiusted 1o optimize BOD removal of particudate,
colloidal, and soluble BOD fractions,

Efflaent from the DAF unii(s) 120 is divected through conduit 124 into the
hiological reatment anit 13, which may fochude oue o more reatment anks, In some
embodiments, the biological treatment onit 130 may comprise a contact stabilization
3¢ vessell A portion of the efffuent may be recyeled (recyeie system not shown in FIG. 1 o

supply gas bubbles to the DAF onit(s)y 1200 A gas may be dissobved into the recycled
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postion of sffteent, which Is thes directed back 1nto the DAF unit{sy 120 and mixed with
inflaent fivst mixed lgeor,

A second portion of the first mixed liguor formed in the contact tank is directed
tnto the biclogical treatment unit 138 through a conduit 115, In some smbodiments,
about & half of the first mixed hquor formed 1n the contact tank is directed into the DAF
unit{sy 120 and aboot & hall of the fivst mixed Hgaor formed in the contact tank is divected
through the condait 115 tnto the blological treatment unit 130, §n other embodiments,
between about one thind and two thivds of the {irst mixed Houor Tormed in the comtact
tank 1s directed inte the DAF vrt{s) 120 and the remainder of the fivst mixed bhguor
formed in the contact tank is directed through the condhat 115 into the biological
tregtment upit 130, The mmount of the first mixed hquor divected into the DAF uniys)
126 us opposed {0 the biological reatment uait 130 may be varied based spon such
factors ax the concentration of the first mixed liquor and the effectiveness of the first
mixed luor at enmeshing BOD w the contact tank 116,

For example, H it was desired 0 remove a greater ruther than 3 lesser amouny of
sobids in the DAF unit(s) 120, a greater fraction of the first mixed Hguor from the contact
tank would be directed 1o the DAF anitfs) 120 when the first mixed Bquor bad a lower
rather than a higher comcentration of solids. Similachy, iV it was destrod to remove a
creater rather than a lesser amount of BOD i the DAY wnitds) 120, a greater fraction of
the first mixed Hauor from the contact tank would be ditected to the DAF wnit(s) 120
when the first mixed liguor had o lesser rather than o greater effectiveness at enmeshing
BOD in the contact tank.

{nn the hiological treatment unit 130, the effluent from the DAF unités) 120 and the
fivst muxed Rguor frovmed in the contact Gk D ave combined to Form a second mixed
figuoy which is biologically treated. I some embodiments, biological treatment of the
second mixed liguor in the biological treatment unit 130 includes oxiduton of BOD in
the second mixed Hauor, To this end, oxygen may be supplied to the second mived
oo i the biologieal treatment unit 130 by acration with an oxygen containing gas, for
exgmple, air. Insome ambodiments, the biological treatraent umit 130 s supplied with
sufficient oxyeen for serobie conditions to be created in the biological treatment unit 134,

In other embodiments, the amount of oxygen supplied is imsefficient (o meet the entie
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oxygen demand of the sevond mixed Hgoor, and the biological trettment vait 130, orat
least @ portion thereod, mmay bemaintained v an anoxic or anaerobie condition,
Nitrification and denstrification of the second mixed liquor may scear in different

portions of the acrafed biological treatment wnit 130 The residence time of the second

L¥ 4

mixed Hquor in the biological treatment wiit 130 may be sufficient to ondize
substantially all BOD i the second mixed hguor. Residence time for the second mixed
Hauid in the biclogical seatment unit 130 may be from shout three to abowt cight hours,
This restdence tine may be increased i the influent wastewster (o be treated andfor twe
second mixed liquor contains a lgh level of BOD oy decreased if the influent wastewaler
1 to be reated andfor the second mixed lguer includes s low level of BOD.

Biologically treaied mixed Higuor from the biological treatment unit 1303
dirvevted through o conduit 135 Into o separation apparatus, which may inclade, for
example, a clarifier B0, o gravity separation apparatus, and/or another form of separation

apparatis, Bfthsen from the clarifior 140 may be direeted to a product water outlet

RS

through a conduit 145 or be sent on for further trestment. Activated studge separaied
from efflaent in the clarifier may be recycled back upstream 10 4 wastewater inlet of the
systern, the source of wastewater, the contact tank 110 through conduiis 155 and 175,
andfor the hiclogical eatment unit 130 through condings 155 and 165, In some
embodiments 16 of the activated sludge separsted in the charifier is reoyeled upstrewm,
W o some embodiments between about 1% and about 20% of the reoveled shudge s
directed 1o the wastewater inlet and contact tank through the condalt 178 wnd between
ahout 80% and 90% of the recveled shudge ix directed into the biclogical treatment anit
138 through the conduit 165, The amount of reoycled sludge divected to the wastewater

tilet and contact tank through the conduit 173 way be set of & higher end of this range

[
a

when the incoming wastewsater bas a high level of BOD anddor when the reoyeled shadge
is hess rather than more effective st enmeshing BOD in the comtact fank 118, The amount
of recycled sladge divected 1o the wastewater infet and contact tank through the condt
175 roay be set at a lower end of this range when the incoming wastewater has a low
level of BOD and/or when the recycled sludge 13 more rather thas less offective at

3¢ enmeshing BOD in the contact tank 1L
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The amount of activated sladge sepavated 1o the clarifier 10 which is reeycled to
the contact tank 110 andfor biological treatment st 130 may also be adjusted based ona
fraction of the first mixed liguor from the contact tank 110 which is directed to the DAF

unit(s} 120, the amount of activated sludge which I8 removed in the DAF uniiz(s) 120,

L¥ 4

andfor the amount of activated sludge removed in the DAF wnits{s) 120 which is recycled
to the contact tank 110, The woount of activated stadge which is recveled to the contact
tek 110 sndfor blolngical weatment wnir 130 may be an amonnt cqual w oy grester than
an amount required 0 maintain g desined population of bacteria in the bological
treatment unit 130 to parform biological treatment of the second mixed liguor within a

10 desied tmeframe andfor o protect against depletion of the bacterial population fnthe
event of temporary disruptions in the operation of the freatment system.  For example, the
amoenits of activated stedge which is reoyeled o the contaet tank 110 or biological
treatment unit 138 may be set such that sufficient bacteria containing solids are prosent in

the biological reatpsent wit 130 o resudtin a SRT of botween about one and abou 10

RS

days in the bindogical treatment umt 130, Sumtlarby, an antount or fraction of the fiest
mixed Houor directed into the DAF wnit(s} 120 may be adjusted based on the amount of
sornvated sludge recveled frowm the clatifier 10, the efficiency of removal of solids in the
DAF amit(sy 120 andior the concentration of one or move types of bectenia in the

Mological treatment unit 130 to, for example, establish or maintain a desired population
0 of bacterix in the biological reatment unit 1340,

i{n the embodiment llustrated s FIG. 1 and in the additionad embodiments

described below, it should be understood that the vanous conduits Hlustrated may be
provided with, for example, pumps, valves, scnsors, sod control systems as needed to

conttrol the flow of flads therethrough, These control elements are not Hlustrated n the

[
a

figures for the sake-of stmplicity.

In another embodiment, indicated generally at 200 in FIG. 2, the biclogical
treatiment unit 138 includes an asvobic region 158 aad an aerated mnoxic region 168, The
acrobic region 1536 is in Hoid commumoation downsiream of the acrated anoxic wgion
160 and recetves biologically treated anoxic mixed hguor from the aerated anoxic region.
30 Insome embodiments, the acrobic region 130 may be formed in a same vessel or tank as

the aerated anoxic region 160 and separated therefrom by a pastition or weir 193, In
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other embodiments, the aerobic region 150 may be physically separate from the
aerated anoxic region 160. For example, the aerobic region 150 and the aerated anoxic
region 160 may occupy distinct vessels or tanks or may be otherwise separated from
one another. In further embodiments the contact tank 110 may be combined with the
aerated anoxic region 160 in the same tank.

In the system of FIG. 2 effluent from the DAF unit(s) 120 is directed into the aerobic
region 150 via a conduit 127 without first passing through the aerated anoxic region
160. In other embodiments, the effluent from the DAF unit(s) 120 may be introduced
into the aerated anoxic region 160 and then directed into the aerobic region 150.

Another embodiment, indicated generally at 300, is illustrated in FIG. 3. In this
embodiment, the wastewater treatment system 300 is broken into two separate but
interconnected subsystems, one subsystem 300A including a contact tank 210 and DAF
unit(s) 220, and a second subsystem 300B including a biological treatment unit 230 and
a separation apparatus 240. In the first subsystem 300A influent wastewater from a
source of wastewater 205A is directed into the contact tank 210. In the contact tank,
the wastewater is mixed with activated sludge recycled through a conduit 275 from a
biological treatment process included in subsystem 300B described below. In some
embodiments, the contact tank 210 is aerated to facilitate mixing of the wastewater and
the activated sludge. Suspended and dissolved solids in the wastewater are
adsorbed/absorbed into the activated sludge in the contact tank 210, forming a first
mixed liquor. A portion of the BOD in the influent wastewater may be oxidized in the
contact tank 210. The residence time of the wastewater in the contact tank may be
sufficient for the majority of the BOD to be adsorbed/absorbed by the activated sludge,
but no so long as for a significant amount of oxidation of the BOD to occur. In some
embodiments, for example, less than about 10% of the BOD entering the contact tank
210 is oxidized in the contact tank. The residence time of the wastewater in the contact
tank is in some embodiments from about 30 minutes to about two hours, and in some
embodiments, from about 45 minutes to about one hour. The residence time may be
adjusted depending upon factors such as the BOD of the influent wastewater. A
wastewater with a higher BOD may require longer treatment in the contact tank 210
than wastewater with a lower BOD.

Date Regue/Date Received 2020-12-14
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A first postion of the first miked Bgoor formed o the contact tank is divected into
a DAF unit 220 through condult 234, FIG. 3 illastraved two DAF units 220 operating in
parallel, however other embodiments may have o single DAF unit or more than two DAY
units, Providing pultiple DAF units provides for the system to continue aperation if one
of the DAF units 1s aken oat of service for cleaning or maintenance. A second portion of
the Tirat mixed Haguor formed in the contact tnk is directed into the biclogical reatowent
unit 230 in the second subsystom 3008 through a conduit 215, In some embodiments,
about a hall of the firstmixed liguor formed in the comact tank s divected into the DAF
units}y 220 and abeut 3 half of the first mixed Hquor formed in the contact tank 18 directed
through the condiit 215 into the biological treatment unit 230 Tn other embodiments,
between ghout one third and two thirds of the first mixed bquor formed in the contact
tank ix dicected into the DAF wnvit(s) 220 and the remainder of the First mixed Hopusr
formed in the contact tank 1 divected through the condeit 215 into the biological
treatment unit 2300 The amount of the first mixed Hguor divected inio the DAF anitts)

228 as opposed o the biological treatment unst 230 niay be varied based upon such

factors as the concentration of the first mixed liguor and the effectivensss of the first
mixed hguor at enmeshing BOD in the contuct tank 2140

in the IXAF umi(s) 320 at least a portion of the solids present in the influent firg
mixed lgeor, including solids from the influent wastewater and from the reeveled
activated sladge, are removed by a dissolved air flotation process such as that desoribed
above with reference w0 DAF unit(sy 126, The removed suspended soblids may be sent owt
of the system as waste solids through & waste conduit 223, These waste solids may be
dispoved of or treated in @ downstreasn process, for example, an anacrobic digestion
process or anaerobie mentheane bipveactor 1o produce nogas andfor asable product
water, Efffuent from the TIAF unit(s) 320s divected to-an outlet 235 from which it may
be used as product water or sent on for further freatment.

In some embodiments, a portion of the suspended solids repxorved frow the first
mixed Bguor in the DAY anit(s) 220 may be reeycled o the contact tank 210 through
conduits 225 and 226 in a sinular manner as the wovale of suspended solids ramoved in

the DAF unitds) 120 w the contact mak 110 descrtbed above with reference 1o FIG, 1,
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Iy the second subsysiem 3008, influent wastewsater from a source of wasiewaiar
2058 s introduced into the blologica] reatment anit 230 The sowrce of wastewater
i

2058 may be the same as or different from the source of wastewater 2054, In the

okogical treatment unit 230 the wastewater and the first mixed hguor formed in the

L¥ 4

contact tank 210 are combined to form a second mixed ligquor which is biologically
treated. In some embodiments, biological treatment of the second mixed Hauor in the
binlogical treatment unit 230 may include oxidation of BOD in the second mixed figuor,
To this end, oxygen mayv be supplied to the second mixed Haguor in the bivlogival
treatrnent unit 230 by seration with an oxygen containing gas, for example, air. In some
16 embodiments, the biological reatment unit 230 15 supphied with sufficient oxygen for
acrobic conditions © be created in the biological meatment woit 2300 In other
embadiments, the amount of exveen supplicd is nssuificient o meet the entire oxygen
demand of the second mixed Hiquor and the biological treatment anit 230, or & leasta

portion thereof, may be maintained 1wy an anoxic or snacrobic condition. Nitrification and

RS

denitrification of the second mixed Liquor may oceuar in different portions of the aerated
binfogical treatment wit 230,

Residence time for the second mixed hguid in the biological reatment tank 230
may be from about three to about etght hours. This residence time may be increased if
the influent wastowstor to be treated and/or the second mixed Houor contains o high level
W of BOD or decreased i the wastewater andfor the second mixed Haguer inchedes a low
level of BOD.

Biologically treated nuixed Hquor from the biclogical restment unit 230 iy
divected through a conduit 235 into a separation apparatus, which may inelude, for

example, a clarfior 240, Effluent from the clacifier 240 ny be direeted toa product

[
a

water outlet trough & condult 245 or be sent on Tor further trostment. Activated shadge
separated from effluent in the clarifier may be recycled back upstream to the hiclogical
treatment anit 230 andfor o the contact tank 210 in subsystem 300A through & conduit
255, Inosome embodiments abowt 1009 of the setivated sludge separated in the clarifier
i recyolad upstream. In somme esbodiments front ahoat 10% o0 abowt 20% of the

30 recveled shudge is directed o the wastewater inleg and contact tank through a conduit 273
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and from abowt 05 to about 80% of the reoveled sludge is divected inte the biclogical
treatment il 230 tuoagh a condait 265

Utilizing DAF units us described above in @ wastewater treatinent system
movides several advantages over similar wastewater treatment systems operated withouwt
DAF units, Because the DAF wnits remove a significant portion of saspended solids
from influem wastewater withowt the need for oxidation of these solids, the sive of other
components of the system may be reduced, reselting in a lower capital cost for the
systent. For example, primary elanifiers nay be omitted from the wastewater treatment
systemy. Dae 1o the reduced amount of oxidized sohds 1o be removed from the system, &
final clarifier, such as the clarifier 140, may be reduced n size, In some embodiments by
about 50%. Bevavse a lower amownyt of BOL enters the biological treatment unit {for
exansple, the bindogival treatment unit 130}, the size of the biological treatment vnit may
be redaced, in some embodiments by aboet 30%. There is alse a lesser reguirement for
anvgen in the biological reatment wnit which allows for the capacity and power
requirements of ap aeration gystent i the biological treatmient uail to also be reduced, n
some embodiments by about 30%. The reduced size of the components of the treatment
systemn provides for a decreased footprint of the system. For example, a wastewater
tresttment plnt with a capacity to treat 35 sullion gallons per day (MGD) of wastewater
with an influent BOD of 200 mg/L would require about {30,000 1 of treatment units
with a conventional design approachs with embodiments of the present Invention the
footprint could be reduced o abowt 75,000 i,

in other embodiments of systems and methods in aceordance with the present
invention, a wastewsater reatment system, such as any of those described above, may
forther nclude an angerobic treatment woit (o anasrohic digestery. Non-liniting
examples of components or portions of anaerobic systems that can be wiitized in one or
more configurations of the wastewater treatment systens include, but are not Himited (o,
the DYSTOR® digester gas holder system, the CROWN® disintegraton system, the
PEARTH® digester gas mixing system, the PFT@ spiral goided digester gas holder, the
PFT® vertical gutded digester holder, the DUQG-DECK™ floating digester cover, and the

PFT® heater and heat exchanger system, from Evogua Water Technologies,
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The anaerobic digester may be utilized to treat mixed liquor, which may include
suspended solids, sludge, and/or solids-rich or solids-lean fluid streams, from one or
more other treatment units of the wastewater treatment system. At least a portion of an
anaerobically treated sludge produced in the anaerobic digester may be recycled back
to one or more other treatment units of the wastewater treatment system. The nature
and function of the anaerobic digester and associated recycle streams may be similar to
those described in published patent application US 2011/0203992 A1.

The systems and components of embodiments of the invention may provide cost
advantages relative to other wastewater treatment systems through the use of biological
treatment processes in combination with anaerobic digestion. The wastewater
treatment systems and processes of embodiments of the present invention can reduce
sludge production through the use of various unit operations including aerobic and
anaerobic biological processes and recycle streams. The wastewater treatment
processes also overcome some of the technical difficulties associated with use of some
anaerobic wastewater treatment processes, by, for example, concentrating or
strengthening the sludge introduced into the anaerobic digester. Additionally, costs
associated with use of a conventional aerobic stabilization unit are typically reduced
because less aeration would typically be required in the aerobic processes due to the
use of the anaerobic digester and various recycle streams. The various processes can
also generate methane as a product of the anaerobic digestion process, which can be
used as an energy source. In certain embodiments, a large portion of the chemical
oxygen demand (COD) and BOD present in influent wastewater to be treated can be
reduced using the anaerobic digester. This can reduce the aeration and oxygen
requirements, and thus, operation costs of the wastewater treatment system, and
increase the amount of methane produced that can be used as an energy source.
Additionally, because anaerobic digestion can be used to reduce COD and BOD in the
sludge, the sludge yield can also be reduced. The reduction of COD and/or BOD in the
anaerobic treatment unit may also provide for a reduction in
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st of the stabilization tank or other acrobic teatment wnil in the wastewater teatment
system as compared oosystems nol aithizing the anaerobic digester.

Embodiments of the present invention may provide for the recirculation of
aerobic bacteria, anaerobic bacteria, or both through various unit operations of the
treatment svsteny,

It was previously believed that soethanogens werg strict anacrobic bacteria that
would die quickly in an asrobic environment. Various aspects of the invention, however,
wvodve reatment svsiems and subsystons, vl operations, and components thereof that
accommaodate of increase the sarvivability of methanogenic organiams, Doe
advantageous featare of the treatroent systems of the present application fnvolves
providing a large amount of nethanogens through the anaerobic recyele to a contact
stabllization provess through the unigque internal anaerobic studge recvele path. At least s
portiver of the methanogeme bacteria rebuon to the anacrobic digester, theveby sceding the
anuerobic digester with methanogenic bacteria to inin the existing population of the
viable methanogens in the anacrobie digester, This reduces the need for the anaerohic
digester 0 have a size and resulrant hydraulic residence time or solids retention time
maintain @ stable methanogenic bacteda population in the abscoee of bucterial seeding, as
in previously known processes.

The concentration of seeding methanogenic bacteria, on a basis of a count of
microorganisms, provided at the input of the anaerobic digester may in some
embodiments be at least a target percentage, such as about 0% or more, of the
concentration of the methanogenic bacteria present in the ansercbically digested sludge
stroam exiting the anacrobie digester. In some embodiments, this percentage may be, for

T

example, aboul 25% or move, about 335 or move. about S0% or move, or aboot 75% or

HIONe,

The mnaerobic digesier of systems in sccordance with the present invention may
be sized smaller than those in previously knowa systems. The methanogenic bacterial
sceding of the anacrobic digestor also provides for o safety factor against disruptions of
the anacrobic digestion process. In the event of anacrobic digestion process upset or

failure, the anacrobic digesters of the presently disclosed systems would recover faster

than that the anacrobie digesters in previousty known systems because the seeding of the
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angerchic digester with methanogenic bactesia would add w the rate of replenishment of
methanogenie bacteria i the anaerobic reactor due W the grovetl of these bacteria
therein, reducing the time required for the anaerobic digester to schieve a desired

concentratinn of methanngenic bacteria.

5 The advantage of methanogen recycle can be estimated as follow:
XV
g =
&
Where

£, = Solids retention time i anserobic digester (days)

X = concentration of methanngens
1t 2 = infleent and efffuent Jow rate

X = concentration of methanogens in the inlet steeam, which is normally
considered zero for conventional activated sludge prooess.
If about 50% of methanogens swrvive s the short solid retention tme contact
stabilizaticn process and are reeyeled back to anscrobic digester, the solids setention time
15 of the anaerobic digester could be doubled, or the size of the anaerobic digester decreased
by half. For example, in previcusly known systens a hydraalic refention time in an
anserobic digester was In many instances sef al botween about 240 and about 30 days.
Whh a treatroent systermn operating in accordance some embodiments of the present
application, this hydraulic retention dme may be reduaced by about 50% to between abowt
20 160 and about 15 days,
In some epbodiments of the apparatus and methods disclosed heredn, o hydraslic
retention thive in a treatment sysiem contact stabilization vesse! may be about one howr or
less, A signtficant portiont of methanogens can be reoveled in the shont solid retention

time contact stabilization aerebic procgss, which can reduee the capital cost and

[
T

opsrational cost of the anacrobic digester(s). For example, the tank voline of the
anaerobic digester(s) could be decreased to bring the safety factor to a range closer o
those anacrobic digester{s) without a methanogen recyele process. With smaller volume,
the capital cost of the anaserobiv digestors amnd the mixing onergy comsumyption of the

anaerobic digestion process would both decrease, which will make apparates and
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processes in accordanee with the present disclosure mors cost effective than previousty
known apparatus aad processes,
i{n other embodiments, the seeding of the anaerobic digester with revveled

methanogenic bacteria may provide for decreasing the hyvdraunlic residence time of studge

L¥ 4

treated by the digester. This would result in ¢ decreased evele ime, and Uaws an increased
treatment capacity of the treatment system. Increasing the amoent of methanogens
recyeled to the anserobic digester, by, for example, increasing an amount of methanogen-
containing sludge dirccted ot the digester, would provide greater npportunily to
decrease the hydraulic restdence tisme 1o the digester and increase the treatment capacity
1 of the system.

if 5 significant portion of methanogens cim be recyeled in the acrobie contact
stabllization provess, the capital coxt and operational cost of the maerobic digesters could
be decreased. Foroxample, the tank volume of the anacrohic digesters could be

Jecrensed wy bring the safdty factor to a range closer to those anaerobic digesters in

RS

svstems pot inclading & methanogen recyele process, With smalier volume, the capital
cost of the anserobic digesters and the mising energy consumption of the anagrabic
digesters will both decrease, which will muke the wastewater reslment process more cost
effective,

In certain embodiments, the contact tank ix constantly secded with nitrification
W bacteria (uch as anvmonia oxidizing and nitrite oxidizing biomass) which can sievive the
angerobic digester and which can be recyeled back o the acrobic envivomment. Por
example, nitsification and de-nitrification can take place in the contact tank. Nitrification
may be carried out by fwo groups of slow-growing autotrophs: smnonivm-osidizing

bactena (AORY which convert amumonia 1o niinte, and sitae-oxidizing bacteria (NOR)Y,

2% which oxidive niirite 1o nitrate. Both are slow growers and strict acrobes. Tn some
embodimenis of treatment systems disclosed herein, the nitrification bacteria we
introdisced o andfor grows in a contact tank, where they are captiwed in the floc. Some
of the nitrification bactegia will pass oot from the contact aak and be sopt {0 an anagrobic
digesier.

30 {t was previousty believed that the strictly anacrobic conditions of the anaervbic

digester would kill the nitrification bactena. Various aspects of the invention, however,
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involve treatment systems and subsystems, unit operations, and components thereof
that accommodate or increase the survivability of nitrification organisms in anaerobic
and anoxic conditions that may occur in some biological nutrient removal processes.
Nitrification bacteria which survive the anaerobic digester and are returned to the
aerobic part of the treatment process may enhance the nitrification process performance
in ways that can lower capital costs, for example by providing for a reduced aerobic
treatment vessel size and/or reduced aerobic treatment hydraulic retention time and/or
an increased safety factor that would render the nitrification process more stable in
response to disruptions to the treatment process. Disruptions to the treatment process
encompass deviations from desired operating parameters which may be caused by, for
example, interruptions in flow of material through the treatment system or a loss of
temperature control at one or more unit operations. The survival rate of nitrification
bacteria in an anaerobic digester could be increased by decreasing a hydraulic
residence time in the anaerobic digester, which would be accomplished if the anaerobic
digester were seeded with recycled methanogens, as described above.

A wastewater treatment system, indicated generally at 400 in FIG. 4, includes an
anaerobic treatment unit 490, referred to herein as an anaerobic digester. The
wastewater treatment system of FIG. 4 includes a contact tank 410, a DAF unit 420, a
stabilization tank 430, a clarifier 440, and associated fluid conduits 414, 415, 424, 435,
445, 455, 465, and 475 which are similar in structure and function to the contact tank
110, DAF unit 120, biological treatment unit 130, clarifier 140, and associated fluid
conduits 114, 124, 135, 145, 155, 165, and 175 of the system illustrated in FIG. 1 and
described above. A singular DAF unit 420 is illustrated in FIG. 4, although in alternate
embodiments the treatment system may use multiple DAF units as described above
with reference to the treatment system of FIG. 1.

In the system of FIG. 4, wastewater from a source of wastewater 405 is directed into a
primary clarifier 412 through an inlet of the primary clarifier. A solids-rich fluid stream
from the clarifier is directed through conduit 404 into an inlet of a thickener 480, which
may comprise, for example, a gravity belt thickener. A solids-lean effluent from the
primary clarifier 412 is directed into an inlet of the contact tank 410 through conduit 402.
A solids-rich output stream from the thickener 480 is directed to an inlet of the
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anaerpbic digester 490 through condust 484, A solids-lean effluent frong the thickener s
divected to ap injet of the contact tank 410 theough conduit 482, The anserebic digester
is also supplied with suspended solids removed from mixed Bgoor in the DAF anit 420
through conduits 425 and 484,

In some embodiments, & portion of the suspended solids removed frow the mxed
Heauor inthe BDAF anit 420 may be reevcled 1o the contact tank 4 10 throvgh conduits 425
and 426 n a similay manner as the recyele of suspendesd solids removed in the DAF
anit(sy {20 o the contact tank 110 desaribed above with reference 1o FIG. 1.

The solids-rich mspet stream from the thickener 480 and any suspended solids
from the DAF unit 420 introduced into the anserchic digester 4940 wre combined and
anacrobically digested in the anasvobie digester. The anaerobic digestion process van be
operated at wemperatures between ghout 20°C and abowt 75°C, depending on the types of
bacterts utilived during digestion. For example, use of mesophilic bacteria typically
requires operaling emperatures of between about 20°C and about 453°C, while
thermophalic bactenta typically requbre operating temperatares of bebween about 30°C and
about 75°C, In certain embodiments, the operating temperature may be between about
25%C and abouwt 35°C to promote mesophilic scyvity rather than thermophilic activity,
Depending on the other operating parameters, the reention time in the anserobie digesior
gan be between abous seven and about 30 days rotention time, and i some entbodiments,
hetween aboat 13 and about 30 days retention time. o certain embodiments, anasrobic
digestion of mixed Bguor in the anserobic digester may result in a reduction in oxygen
denrand of the mixed hguor of aboat 306

A fst portion of an anacrobically digested sfudge produced in the anasrobic
digester may be recyeled thvough an outlet of the anaerobie digestier and bito the
stabilzation ok 430 through condoit 492, This reovele stréam msy factlitate retaining
sufficient solids in the sysiem t provide a desired residence time in the siabilization tank.
The anaerobically digested sludge recycled 1o the stabilization tak say also seed the
stabiliration tank with nitrification bacteria {0 enhance the mirification activity within the
stalnhization tank as descrtbed above. The anserobically digested shudge recveled into the

stahbilization tank may also contain methanogenic hacteria which are subsequenily
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mrtarned 1o the aoderolic digester W enhaney the performmance of the anacrobic digaster as
described above.

In embodiments where the stabilization tank 430 inclades an agrated anoxic
region and an acrobic region, such as in the biclogical treatteent unit 130 of FIG. 2
deseribad above, the portion of the anacrobically digested sludge reeyeled to the
stabilization tank may be divected into the aerated apoxic region of the stahilization tank.
A second portion of the anaerohically digested shudge prodeced in the anacrobic digester
say be sent out of te systom as waste solids through a condeit 493, The fird povtion of

the anacrobically digesied shudpe recycled info the stalnlization tank 430 may be any

amount between about 0% and about 1005 of the anserobically digested shudge
produced in and output from the anaerobic digester, with the second portion, making up
the balance, sent out of the system as waste solids through conduit 493, In sonwe
embodiments, between ghowt 0% and about B0% of the anaerobically digested studge 15
reeyeled fromyone or more outlely of the angerobie digester to one or mors other unil
operahions of the treatient systam,

o another embodiment of the wastewater treatment system, indicated generadly &
306 in FIG. 5, the first portion of the anaerobically digested shadge produced inthe
anagrobic digester 1s recyeled through an outlet of the anacrobic digestor and into the
inlet of the contact tandk 410 through conduit 494, rather than into the stabilization tank
430, This weoyele stream may Tacilitate providing sufficient activated siudge in the
contact tank o absorb/absorh or enmesh BOD present in the influent wastewuter, The
angerohically digested sludge seeyeled to the contact tank may alvo seed the contact tank
with nitrification bacteria to enhance the nitrification activity within the contact tank as
deseribed above, The anserobieadly digested shudge recvcled into the contact tank may
also contain methanogenic bucteria which are subsequently retarned to the anaerobic
digester to enhance the performance of the anserobic digester as described shove, The
figst postion of the anserobically digested sledge reoyeled into the contact tank 410 may
be any amowst between about 080 and about 19 of the anaerobically digested sludge
produced in and outpot from the anaerobie digester, with a second portion, making up the

balance, sent out of the system as waste solids through conduit 493,
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{n another embodimnent of the wastewater treatment system, Indicated generadly at
608 in FIG. 6, a first povtion of the anwerobically digested sludge prodaced in the
anaercbic digester may be recyeled through an oatlet of the anaerobic digester and into
the inlet of the contact tank 410 through conduit 494, and a second portion of the
anserobically digested shudge may be recyeled through an outlet of the anaerobie digester
and imo the stabilization tank 430 through conduit 432, These regyele stremms may
provige the benafits deseribed above with regard o systems 400 and 300. A thind portion
of the anzerobically digested shudge may be dircoted o waste theough conduit 395 The
sum of the first portion of the anacrobically digested shudge and the second portion of the
anaerobic sludge may be any amount between aboot 0% and abony 100% of the
anacrobically digested sludge produced in and output from the anacrobic digester, with
the third portion, making up the balance, seit oot of the system as waste solids through
condait 495, The recyeled anaevobic stadge may be sphit trany desired vatio between the
first portion and the second portion. The first potion may comprise from about 0% 1o
about 1% of all the anacrobically digested sludge produced in and cutput from the
anacrobic digester with the sum of the second portion and the third portion making up the
halance.

Another embodiment of the wastowater freatment system, indicated goverally at
T n FIG. 7, Iy strntlar to that illustrated in FIG, 6, however the thickener 48{) 15 not
utilized. Rather, the solids-rich fhad stream froa the olarifier iy directed theough conduit
406 into an inlet of the DAF unit 420, The DAF anit 420 of the system slustrated m FIG.
7 performs the function of the thickener 480 of the system Hustrated in FIG. 6. The
utilization of the DAF unit 420 to perfornt the fupetion of the thickener may redues or
eliminate the need for s thickeber i the system, which may redoce both capitad and
aperationa] costs of the systeny. A first portdon of the anaerobically digested sladge
cregted in the anaerobic digester 480 ix recyeled o the contact tank 410 and a second
portion is recyeled to the stabilization tank 430 to provide the benefits deseribed above.
A third portion of the snaerobically digested sludge is divected 1o waste through conduit
493,

Further embodimenis may include any combination of features of the systems

described above, For example, in some embodiments, a first porgon of the solids-rich
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fhaid stream from the clanifier i directed through condoit 406 into @y indet of the DAF
anit 420, while a second portion ix divected into 2 thickener 480, In any of the above
embodiments, the stabilization tank 430 may include an aerated anoxic region and an
aerobic region. A first portion of the anserobically digested studge reeyeled to the
stabilization tank may be divected into the aerated anoxic region of the stabilization tank
and a second portion yway be reeveled tothe acvobic region. The ratio the smoun of
recyeled anaerobic studge divected o the serated anoxic region 1o the amount of reeyeled
anacrobic sludge directed to the acrobic segion may be any ratio desired. Any of the
abowve embodiments may inclede mudtples of any of the teatment units andfor conduaits

ithustrated.

EXAMPLES

Example 1

A wastowater treatment systom 1000 was configered as Hostrated in FIG. HY
where the indivated unit operations and conduits have the same stracture and fuaction as
the identically indicated unit operations and conduits in FIGS. 4-7. The wastewater
rentment sysiem JO00 was used fo examine the elfects of recyeling removed solids from
the AR nmit 428 to the contact tank 410, By gradually increasing the amount of
removed solids from the DAF uait 420 recyeied to the contact tank 410 from 04 of the
solids removed in the DAF untt to about 90% of the solids removed inthe DAF anit over
the course of three weeks, the suspended solids (MLSS) content of contact lank was
brought up from 600 mg/l. to aver 1200 mg/l. The DAF disselved solids content
intregsed from 3%-4% prior to beginning the recyele of solids from the DAF omit to the
contact tink o above 3% after beginning the recyede of solids fronn the DAF wnit to the
coutact tank, The total suspended solids {TS8) removal efficiency of the DAF anit
increased from about 73% to over 8348, The COD removal of the DAF unit increased
from abowt 70% 1o about BO% over the course of the testing. These results are Hlastrated
ix the charts of FIG, 11 and FIG. 12,

These resulis show that recyeling removed solids from o DAF onit 1o a contuct
tank in a xystem such as that Hustrated in FEG. [Q may provide for a greater amowt of

suspended solids in the contact tank. The increased amounnt of suspended solids in the
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eotact ik increases the amount of suspended and soluble COD and BOD which may
be removed from sastswater inflgent 1o the contact tank and
absorbed/adsorbad/enmeshed in the suspended solids andfor which may be oxidized in
the contact tank. Recycling removed solids from a DAF unit to a contast tank in a

5 system such as that Hlustrated in FIG. 1 increases the efficiency of the removal of
suspended solids in the DAF wnit, These effects may decrease the toad on downstrenm
unit operations mnd may reduce operating costs of the sysiem as a whole andfor may
reduce capital costs of the system by providing for smaller downstream processing unils
1y be anhized, Further, a greater amount soluble BODICGD from wastewater influent w

16 the system maey be removed g3 solids 1o the DAF unit and may be seut from the DAF unit
to an anagrobic digester instead of an serohic freatment unit operation, reducing the
aeration power regquirenients of the system and increasing the amount of blogas that could

be produced.

15 Prophetic Example 1
{n this prophetic sxample, @ water treaument systern was configured as Hiustrated
in FIG. | with the biological treaument gait 130 comprising a single tok.
Assumpsions of Feed:

W The system was fod wastewater at a vate of 37,600 gallons/day {opd), 40 sallons
per mimste {gpm). The wastewater was assumed 1o be typical of municipal wastewater,
having atotal BOD ((BOD) of 140 mgd (67 ths/day} of which 43% (60 my/l, 29 ths/day)
was pacticulaie (non-soluble) BOD (pBOD), and 57% (80 mgdl, 38 the/day) was soluble
BOD (sBOIN. The wastewater was adso assumed to mwelude 100 migd (48 Ihsddayy of

2% suspended sobids (88, of which 19 thefday (48 Ths/day S8 ~ 238 hedday pBOD) weas

assumed o be inert {(non-biclogicaly material, and 6 Ibs/day of ammonia

HOT Assomptions:
The hydraulic detention time (HDT) in the contact tank 1HE was asswned © be 48
36 minutes and the hydraulic detention time (HDT) in the biclogical sreatment vnit 130 was

assumed to be five hows.
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Flow Rate Through Contact Tank:

The ratio of retwrn studge sent from the clarifier 140 10 the contact tank was set st
2.4 1b/tb of tBOD, for a (2.40{67 Hhw/day tBODY = 160 the/day recyeled studge or 2 880
gpd {20 gpm b sssuming a recyeled studge solids loading of 6,660 mg/l. The total flow
through the contact tank was thas 57,600 gpd + 2,880 gpd = 60480 gpd (42 gpon).

From laboratory hench seale testing, it was found that in the contact tank,

approsimately MEE of the sBOD was removed, with approxinately 2/3 of the amount
removed convested to 58, and approximately 173 of the amownt removed oxidized, fir
example, converted to carbon dioxide and water. Thas, it was asswmed that in the contact
tank 14 tbe/day of sBOL was converted 1o S8 and § the/day of pBOD was oxidived. The
total solids passed trough the contact tank was thus 160 hs/day recyeled sludge + 48
thefday suspended solids from tnfluent wastewater + 14 The/day «BOT converted 1o 88 -
5 1bs pBOD oxidized = 217 the/day. The mixed Houor suspended solids (MLSS) leaving
the contact ank was thus (217 he/day /(60,480 gpd (453392 4 mg/Th 2041721 aalfl)
= 438 mg/l.

The (BOD leaving the contact tank was 67 {bs/day input ~ § thefday oxidized = 62
tw/day (121 mg/ly, The sBOD keaving the contact tank wis 38 bs/day in— 14 thsiday
converted t0 §8 -+ § the/day onidized = 19 [bsfday (37 mpfy. The pBOD leaving the
comtact tank was 29 ths/day inflaent + 14 the/day convertad from sBOD = 43 Ihs/day (84

mgdt).

Flow Spiit inte DAF and Binlogical Treatimesnt Tank:
The How out of the contact tank was split between the DAF units 120 and the

hiotogical reatment unit 1300 46.5% (101 theiday, 2R.080 gpd, 193 gpm of the ooipwt
of the contact tunk was directed to the DAF onits and 53.56 {110 The/day, 32,400 gpd,
22.5 gpm) was directed into the biological treatment anit.

It was assensed that &l reoveled shudge directed to the DAY units (160 thsiday
mroduced into contact tank ~ 116 thsiday retirned to hiological freatment tank = 44

ths/day? was removed in the DAF process.
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BOD Influent o Bivlogical Treatment Uit
The total BOD 0 be trested in the biological treatment vnit includes the BOD
from the contact tank {53,5% of 62 tbsfday = 33 thsfday) in 32,400 gpd of influent plus
BOD from the DAF unigs. The pBOD influent (o the DAF anits was 46.53% of 43 tha/day
S outpat from contact tank = 20 tw/day, The sBOD influent to the DAF units was 46.5%
of 19 thafday outpat from the comtact tank = 9 hefday wt & flow mie of 28800 gpd.
Assumting 80% of the pBODY was removed in the DAF anits, the (BOD flowing from the
DAY units to the biological teatment tank was (0.2% 20 Ibs/day pBOD) + 9 thsdday
sBOD = 13 hafday B0 Thus the wial influent BGD o the hiological treatment tank

W was 33 Ibs/day from the contact tank + 13 lbs/day from the DAY units = 46 lbsiday.

Sofids m Biologival Treatment Tank:
The biodogical treatment unit was sized 1o accommeodate a BOD loading of 29

the/ 1000 I, a common loading 1n the indastry, This meant that the volume of the

15 binlogical treatment unit was (46 ths/day influent IBODY(2Y Ibs/ 100G £t (BOD loadin )
= 1,600 f1° (12,000 gal). This volume resulted in s HDT in the biological weatment anit
of {12,000 gal/S7.600 gpd i 24hriday) = 5 hours. The toral solids 1o the biologieal
treatment unit was set at 330 Thy, for a tota? MLSS of (220 hs/12.000 gali.264
cal/THAS3.392 mg/ib) = 22 mye/l. Assuming a sludge vield of 95% of the BOD results

W an amount of waste sludge produced i the blological treatment unit of (0.95)(46
he/day BOD; = 44 ths/day wvaste sludge. The waste sludge age would thas be (220 Ths
todal solids)y{44 thefday waste sladge) = 5.2 days.

Bioslogieal Traatment Tank Oxvgen Reguirements:

28 It wis assumed that G998 Ths of oxygen were requiired 1o oxidize o pound of BOD
and 4.6 Tos of oxygen were required 1o oxidize a pound of amimonia. The oxygen
regquirement of the hiological eatment aait was tnes (0.98 hs Ooftb BODN(46 ths
BOD/day) + (4.6 s O/ amsnomia (6 ih/day ammoma) = 72.6 biday O: & b Oxhel,
Lising g FCF {(Feld Correction Factor — & correction fuctor 1o compensate for the reduved

3¢ oxygen absorbing ability of mixed sludge in the biological treatment tank as opposed to

clean water) of 0.3, this resudis 1o a specific oxygen viilization raw (SOUR) of 6 ths
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Ozt Assuming diffused air was supplicd o the biological treatment tank from a
aeration system subimerged by nine feet and a 6% ogygen transfer capability (OTE), the
biodogical reatment unit would reguire & How of (6 lhs Oy QOO 160
howr/min}{ /1429 Vg O433.6 gMby0.035 /1) = 18.5 f'min (scfm), or if acrating

with air with approximately 200% Oy, 92,6 schim,

Clmifien

The clarifier was assumed to huve a 61 117 volume, $7.600 gpd flowed into the
clarifier, resulting in an overflow of 37,600 gpd/61 {5 = 944 gallow per 1t per day (gpstdy
overflow rate. Assumning an MLSS of 2200 mgf from the biological treatment tank and
targeting # weoveled shudge (RAS) concentration of 6600 mgd and 50% of ovorflow
reeyeled as RAS gives a RAS flow rate of 20 gpm (28,800 gpd). & was assumed that 18
gpm RAS was reeyeled to the bictogicae] treatment tank and 2 gpm to the contact tank.
The solids loading of the clarifier was thus (37,600 gpd influent wastewater + 28.800 gpd
RASH2200 me/l MLSSY 1/453592 4 IbAmgi(3.79 Vealf(61 ft') = (1588 Ibsrday ¥ (61 1)
= 26 1/ fr-day.

Solids. Wasted:
Solids wasted in DAF unity; 191 Ibe/day (assuming 100% efficiencyl.
Ratio of shudge wasted to BOD treated: (101 Ihs/dayv {67 Ihsfday 130D in

wastewater influent) = 1.3

With the addition of the BAF units to the treatment system in the above example,
the amiount of (BOD o be treated in the biological treatiment tank was reduced from 62
thafday to 46 The/day, a reduction of 26%. This provided lor a redaced required size for
the bivlogical freatment tank to obvain a desired solids loading and resulted in a decrease
in the required amount of air needed to weat this tBOD in the biological treatment tank.
This would translate Into a cost savings for both capital costs, for areduced size of the
biological treatment tank and asration system, a5 well @5 a decreased operating cost due

tor the reduced amount of agration required.
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Prophetic Example 2
A simulation was performed asing BIOWIN™ simalation software (Eavirodim
Associates Lid., Ontario, Canada) 1o compare the performance of a wastewater treatment

system i accordance with an embodiment of the present invention with and without an

L¥ 4

anaerobie shudge recyile.

The wantewater treatment system withoot the anaerobic studge reovele included
was configared as Hlostrated in FIG. 8| indicated generally at 800, This system is stmilar
to that ilasteated in FIG. 4, but with no assmerobic studge seoyele conduit 492 and with
the addition of a membrane bioveactor (MBR) §10 which receives a solids lean effiuent
W from the clovfier 440 through condust 442, The MBR produces a product water permeate
which is removed from the system through conduit 443, and & solids-rich retentate, which
is recyeled o the DAF unit 438 through conduit 444, The MBR 510 was sinwlated to
pesform complete mitrification of the solids lean effhuent from the clarifier 448

The pecformance of the wastewater treatment of FIG. § was sinutiated and

RS

compared to the simulated performance of the wastewater treatment system 900 of FIG.
G, Wastewater treatment system 900 of FIG. © is similar to wastewater frestment system
R04 of FIG. §, bt with the addition of an anaerobic sludge vecycle conduit 492 .t‘t:{:}-‘c.ling
anacrobically digested sladge from the anserabic digester $90 to the stabilization tank

433 though conduit 492, Inthe sinmulation of the wastows

er treatmend system BO0, 45%
0 of the anasrobically digested shedge outpot from the anacrobic digester 490 was recyeled
1o the stabilization tank 436, and 33% of the anacrobically digested shudge output from
the anacrobic digester 490 was sent o waste.
The simulation of the performance of both systems 800 and 900 assumed an

infloent wastewstar flow rate of 100 MGD. The influent wastewiter was assumed o

[
a

have a COD of 300 mg/L, o tota) suspended solids (TSS) of 240 mgfL., a Towal Kjeldaht
Nitrogen {TKN} of 40 mg/L, and a temperature of 1535,

The results of the stmalation mdicated that the anssrobically digested shudge
recyule of the systern YR resnlted in a decrease o the total oxygen requarement for
treating the influent wastewater as compared Lo the system 800 of from 113,891 kg
30 Odfday to 102,724 kg Odfday, asavings of about 10%. Assuming an oxvgen transfer

energy reguirerment of 1.3 kg Ozkwh, this reduction in oxygen consamption wosld
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rrecduce the powiy ruirements assodiated with providing the oxyvgen from 73,988
kadi/day to 68483 kwi/day, o savings of 7.515 kwhdday.

The results of the simulation ndicated that the anaerobicatly digested sludge
recyele of the system 900 resulted in an increase i the amount of methane produced as
compared to the system 300 from ].348 sefm to 1,652 sefm, an increase of about 23%,
Assuming that 35% of the methane chemical energy could be converted to electrictty, the
potential elecnicity generation fromn the methane produced woold increase from 104,511
kwhiday to 128989 bwivday.

Combining the energy reduction from the reduced oxygen requivement with the
energy gain from the increased methane production results in an energy savings of about
31,982 lowlfday for the svstern 800 including the anacrobically digested shudge reeyele as
compared o the systern SO0 without the anacrpbically digested studge reoyele.

The resulis of the simolation also indicated that adding the anaerohically digested
shudge recvele of the systen S0 e system 800 resudiod ya reduction i blomass
{studge) production from 81,003 pounds per day o 61,167 pounds per day, a reduction of
about 25%.

This simulation dats indicates that the sddidion of an anserobicatly digesied
shudge vecyele 1o wastewater troathment systems i accordance with the present mvention
way rosull iy 3 vignificant seduction in power conswmnption snd a sigeificant decrease in
waste sludge production, both of which would resull in cost savings and enhanced

environmental-friendliness of the wastewater restment system.

Prophetic Example 3

Calevdations were performed 1o compar the performance of 8 wastewater
treatment system in accordance with an emsbodiment of the present invention with and
without a recyele of solids removed in a DAF unit of the systen: 1o & contact tank of the
system. The wasiewatsr treatment system was confisured as illostrated in FIG. 10

It was assomied that the system was provided with 40 milion gallons por day of
wastewster influent with ¢ BOD level of 250 mg/L (83 400 ths/day) and susponded solids

of 252 mgfL. (34,000 sidayv).
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Ttwas asswned that the bicdogical weatment tank 430 operated with a solids
retention time (SRTof § days, a mixed Biguor suspended solids (MLSS} concentration of
3,000 mg/l. and a BOD loading of 43 1hs/1,000 cubic feet (204 Kg/28. 3 cubic meters)
and that all solidy separated in the clarifier 440 were recvcled © the contact tank 4100
The hydraulic detention tme (HD'T) of the contact tank 410 was assumed to be 23
minutes for the system operating without the DAF 1o contact tank solids recvele sod one
hour for the system operating with the DAF 1o contact tank solids reeyele. The increase
i HIYT in the contact tank for the system when operating with the DAF to contact tank
sodids recyele was 1o provide for the tnoreased MLSS in the contact tank to adsorh
addisional soluble BOD in the contact tank as comupared 1o the system operating without
the IDAF to contuct tank solids recyele. For the system operating with a recyele of solids
froan the DAF unit v the contact fank, it was asswmed that the DAF anlt removed
JGE.000 Tha/day (139,706 kefday) of solids from the mixed Gguor passing through it and
reeyeled 190,000 hsiday (86,183 kgdfdiy, 629% of the sohids romovedy to the contact tank
while divecting 118,000 fbsfday (33,524 kg/day) of solids to the anaerobic digester 4900

A comparison of the resalts of the calculations comparing the yystem with and

without the DAF 1o contact tank solids recvele i Hlustrted in Table 1 below:
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Parameter

System oparated without
DAF ¥ Contact (ank

recycle

Sysiem with 629% DAF -

Conuct tank recvele

BOD peated in biologicsd

freatment tank (ths/day)

41,200 (15,688 kgl/day)

20,600 (9344 kefday)

Aeration engrgy (hoth
comtact tank and bhiological

reatment tank, kW)

600

41

Solids to anserobic digester

{Ihsfday)

103,000 (46,720 Lg/day)

F15.000 (32,163 ke/day)

Solids destroyed {ths/day)

33,000 (19.913 ke/day)

558,900 (25,356 kg/day)

Brogas produced (mefdiday)

(.66 (18,633 cubic

meters/day)

(184 (23,730 cubic

meters/day)

Biogas energy {assuming
4% conversion efficlency,

kW)

1,880

3360

Net energy gain (KW)

1,280

1.880

These resulis show that providing a wastewater resiment gvatem as conligured n

FiG. 10 with g regyele of solids removed in a DAF unit 1o a contact tank can significantly

recduce the eoergy required to aperate the sysiean as comparad 1o an sgaivalent system

without the recycle of solids from the TRAF unit 1o the contact tank, Adding the DAF o

coptuet turk solids reoyvele results in ess BOD being sent for geatment in the Bolngical

treatment tank {a reduction of (41,200 - 26,6000/4 1,200 = 3% 1n the present example)

which lowers the nead for aeration in the biological contact tank. A greater amount of

biogas (084 ~ (L6606 = 27% more in the present exaraple) i prodoced when adding

the DAF o comtact tank solids recyele ter the system. The combined gain in biogas

praduction amd decresse in seration energy requiremsnts results in 8 net energy zain of

1880 - 1,280 = 600 kW when adding the DAF 1o contact tank solids reoyele 1o the
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system. At an estimated $0.10/kW energy cost, this net energy gain would yield a cost
savings of about $530,000 per year.

Having thus described several aspects of at least one embodiment of this invention, it is
to be appreciated various alterations, modifications, and improvements will readily occur
to those skilled in the art. Such alterations, modifications, and improvements are
intended to be part of this disclosure, and are intended to be within the spirit and scope
of the invention. Accordingly, the foregoing description and drawings are by way of
example only.

Date Regue/Date Received 2020-12-14
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CLAIMS

1. A method of facilitating operating efficiency of a wastewater treatment system,
the method comprising:

configuring a dissolved air flotation (DAF) unit in a wastewater treatment
system in fluid communication between a contact tank and a biological treatment
unit to remove solids from a portion of a first mixed liquor output from the contact
tank prior to the portion of the first mixed liquor entering the biological treatment
unit and to recycle at least a portion of the solids to the contact tank, the recycle
of the at least a portion of the solids to the contact tank reducing an amount of
biological oxygen demand to be treated in the biological treatment unit as
compared to the wastewater treatment system operating in the absence of
recycling the at least a portion of the solids to the contact tank.

2. The method according to claim 1, wherein greater than 50% of the solids are

recycled from the DAF unit to the contact tank.

3. The method according to claim 1, comprising recycling solids from the DAF unit
to the contact tank for biogas production of an anaerobic digester of the
wastewater treatment system having an inlet in fluid communication with an
outlet of the DAF unit, at least a second portion of the solids removed in the DAF
unit being directed into the anaerobic digester.

4. The method according to claim 1, comprising recycling solids from the DAF unit
to the contact tank.

5. The method according to claim 1, wherein the contact tank is aerated with an
oxygen containing gas and a portion of a Biological Oxygen Demand (BOD) in
wastewater introduced into the contact tank is oxidized in the contact tank.

6. The method according to claim 5, wherein less than about 10% of the BOD in
wastewater introduced into the contact tank is oxidized in the contact tank.

7. A wastewater treatment system comprising:

Date Regue/Date Received 2021-04-16
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a contact tank having a first inlet to receive wastewater to be treated, a
second inlet, and an outlet, the contact tank configured to mix the wastewater to
be treated with activated sludge to form a first mixed liquor,

a dissolved air flotation (DAF) unit having an inlet in fluid communication
with the outlet of the contact tank, a solids outlet, a DAF unit effluent outlet, and a
gas inlet, the gas inlet configured to introduce gas into the dissolved air flotation
unit to facilitate the flotation of suspended matter from the first mixed liquor and
the removal of the suspended matter from the DAF unit, the solids outlet in fluid
communication with the first inlet of the contact tank and configured to transfer at
least a portion of the suspended matter from the DAF unit to the first inlet of the
contact tank;

a biological treatment unit having a first inlet in fluid communication with
the outlet of the contact tank, a second inlet, a third inlet in fluid communication
with the DAF unit effluent outlet, and an outlet, the biological treatment unit
configured to biologically break down organic components of the first mixed
liquor and of an effluent from the DAF unit to form a second mixed liquor; and

a clarifier having an inlet in fluid communication with the outlet of the
biological treatment unit, an effluent outlet, and a return activated sludge outlet in
fluid communication with the second inlet of the contact tank and with the second
inlet of the biological treatment unit, the clarifier configured to output a clarified
effluent through the effluent outlet and a return activated sludge through the
return activated sludge outlet.

8. The system according to claim 7, wherein the biological treatment unit includes:

an aerated anoxic region having a first inlet in fluid communication with
the outlet of the contact tank, a second inlet, and an outlet; and

an aerobic region having a first inlet in fluid communication with the outlet
of the aerated anoxic region, a second inlet in fluid communication with the DAF
unit effluent outlet, and an outlet.

Date Regue/Date Received 2021-04-16
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The system according to claim 8, wherein the aerated anoxic region and the
aerobic region are included in a same treatment tank.

The system according to claim 9, wherein the aerated anoxic region and the
aerobic region are separated by a partition.

The system according to claim 8, wherein the aerated anoxic region is included
in a first treatment tank and the aerobic region is included in a second treatment
tank distinct from the first treatment tank.

The system according to claim 8, comprising a first sub-system including the
contact tank and the DAF unit which is physically separated from a second sub-
system including the biological treatment unit and the clarifier.

The system according to claim 8, wherein the contact tank and the aerated
anoxic region are included in a same tank.

The system according to claim 7, further comprising an anaerobic digester
having an inlet in fluid communication with a second outlet of the DAF unit and
an outlet.

The system according to claim 14, wherein the outlet of the anaerobic digester is
in fluid communication with at least one of the contact tank and the biological
treatment unit.

The system according to claim 15, further comprising a primary clarifier having
an inlet in fluid communication with a source of the wastewater to be treated and
a solids-lean outlet in fluid communication with the contact tank.

The system according to claim 16, further comprising a thickener having an inlet
in flud communication with a solids-rich outlet of the primary clarifier and an
outlet in fluid communication with the anaerobic digester.

The system according to claim 16, wherein the primary clarifier further comprises
a solids-rich outlet in fluid communication with the DAF unit.

A method of treating wastewater comprising:

Date Regue/Date Received 2021-04-16
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introducing the wastewater into a contact tank including an activated
sludge;

mixing the wastewater with activated sludge in the contact tank to form a

mixed liquor,

directing a first portion of the mixed liquor to a dissolved air flotation (DAF)

unit;

separating the first portion of the mixed liquor in the DAF unit to form a
DAF unit effluent and separated biosolids;

directing at least a portion of the separated biosolids from the DAF unit to
the contact tank;

directing a second portion of the mixed liquor to a biological treatment

unit;
directing the DAF unit effluent to the biological treatment unit;

biologically treating the mixed liquor and the DAF unit effluent in the
biological treatment unit to form a biologically treated mixed liquor,

directing the biologically treated mixed liquor to a clarifier;

separating the biologically treated mixed liquor in the clarifier to form a
clarified effluent and a return activated sludge;

recycling a first portion of the return activated sludge to the contact tank;

recycling a second portion of the return activated sludge to the biological
treatment unit; and

directing the clarified effluent to a treated wastewater outlet.

The method according to claim 19, wherein the biological treatment unit includes
an aerated anoxic treatment unit and an aerobic treatment unit, and the method
further comprises:

directing the second portion of the mixed liquor to the aerated anoxic

treatment unit;

Date Regue/Date Received 2021-04-16
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treating the second portion of the mixed liquor in the aerated anoxic
treatment unit to form an anoxic mixed liquor;

directing the anoxic mixed liquor to the aerobic treatment unit;
directing the DAF unit effluent to the aerobic treatment unit;

treating the anoxic mixed liquor and the DAF unit effluent in the aerobic
treatment tank to form an aerobic mixed liquor;

directing the aerobic mixed liquor to the clarifier,;

separating the aerobic mixed liquor in the clarifier to form the clarified
effluent and the return activated sludge; and

recycling the second portion of the return activated sludge to the aerated

anoxic treatment unit.

The method according to claim 20, wherein the first portion of the return
activated sludge and the second portion of the return activated sludge comprise
100% of all return activated sludge formed in the clarifier.

The method according to claim 21, wherein the first portion of the return
activated sludge comprises between 10% and 20% of all return activated sludge
recycled from the clarifier.

The method according to claim 19, wherein the first portion of the mixed liquor
comprises between one third and two thirds of all mixed liquor formed in the
contact tank.

The method according to claim 23, wherein the DAF unit removes between 60%
and 100% of suspended solids in the first portion of the mixed liquor from the first
portion of the mixed liquor.

The method according to claim 24, wherein an amount of suspended solids
removed in the DAF unit is adjusted based upon a concentration of a bacteria in
the biological treatment unit.

The method according to claim 23, wherein the DAF unit removes between 40%
and 80% of biological oxygen demand in the first portion of the mixed liquor.

Date Regue/Date Received 2021-04-16
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27. The method according to claim 19, further comprising treating at least a portion
of the waste biosolids in an anaerobic digester to produce an anaerobically
digested sludge.

28. The method according to claim 27, further comprising recycling at least a portion
of the anaerobically digested sludge to at least one of the contact tank and the

biological treatment unit.
29. The method according to claim 28, further comprising:

separating the water to be treated into a solids-lean portion and a solids-
rich portion;

directing the solids-rich portion into a thickener to produce a solids-rich
output and a solids-lean effluent;

directing the solids-lean portion into the contact tank;

directing the solids-rich output from the thickener into the anaerobic
digester; and

directing the solids-lean effluent of the thickener into the contact tank.

Date Regue/Date Received 2021-04-16
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