Innovation, Sciences et Innovation, Science and CA 2873081 C 2020/12/29

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 873 08 1
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépét PCT/PCT Filing Date: 2013/03/15 (51) CLInt./Int.Cl. CO2F 9/74(2006.01),
(87) Date publication PCT/PCT Publication Date: 2013/12/19 CO2F 1/52(2006.01), CO2F 3/00(2006.01)
Al . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2020/12/29 SCHWINGLE, TODD, US:
(85) Entrée phase nationale/National Entry: 2014/11/07 LINDEMANN, TIMOTHY, US;
86) N° demande PCT/PCT Application No.: US 2013/032313 WHITTIER, MICHAEL CASEY, US;
L L WOODARD, STEVEN E., US;
(87) N° publication PCT/PCT Publication No.: 2013/187979 ANTONNEAU NATHAN US:
(30) Priorité/Priority: 2012/06/11 (US61/658,102) BISHOP, ANDREW G., US;

BACKMAN, ROBERT, US

(73) Propriétaire/Owner:
EVOQUA WATER TECHNOLOGIES LLC, US

(74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : TRAITEMENT UTILISANT DES PROCEDES A COUCHE FIXE ET UNE DECANTATION PAR FLOCS
LESTES
(54) Title: TREATMENT USING FIXED FILM PROCESSES AND BALLASTED SETTLING

(57) Abrégé/Abstract:

A system and method is provided for water and wastewater treatment. The system comprises a fixed film biological process and a
ballasted flocculation process. The system comprises a fixed film reactor fluidly connected to a source of wastewater and
configured to provide a fixed film effluent. The system further comprises a source of ballast fluidly connected to the fixed film
effluent and configured to provide a ballasted effluent. A clarifier is provided in the system that is fluidly connected to the ballasted
effluent. The clarifier comprises a treated effluent outlet and a ballasted solids outlet and is configured to separate a treated diluent
from ballasted solids.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



wo 2013/187979 A1 [N 00000000 A A O

(43) International Publication Date

CA 02873081 2014-11-07

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/187979 Al

19 December 2013 (19.12.2013) WIPO | PCT
(51) International Patent Classification: (74) Agents: WILKINS, Frederick C. et al.; Siemens Corpora-
CO2F 9/14 (2006.01) tion- Intellectual Property Dept., 170 Wood Avenue South,
(21) International Application Number: Iselin, New Jersey 08830 (US).
PCT/US2013/032313 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ. BA, BB, BG, BH, BN, BR, BW, BY,
15 March 2013 (15.03.2013) BZ, CA. CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: Enghsh DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
61/658,102 11 June 2012 (11.06.2012) Us NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
(71) Applicant (for all designated States except US): T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
SIEMENS WATER TECHNOLOGIES LLC [US/US]; M, ZW.
4800 North Point Parkway, Suite 250, Alpharetta, GA . L
30022 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71)  Applicants (for US only): SCHWINGLE, Todd UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
[US/US]; 1123 Eastern Trail, Mukwonago, Wisconsin TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
53149 (US). LINDEMANN, Timothy [US/US]; 449 E. EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
North Street, Jefferson, Wisconsin 53549 (US). WHITTI- MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
ER, Michael Casey [US/US]; S73 W26260 Sierra Madre TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Court, Waukesha, Wisconsin 53189 (US). WOODARD, ML, MR, NE, SN, TD, TG).
Steven E. [US/US]; 17 Homestead Lane, Cumberland, Published:

Maine 04021 (US). ANTONNEAU, Nathan [US/US];
11610 W. Martha Drive, Wauwatosa, Wisconsin 53226
(US). BISHOP, Andrew G. [US/US]; 18 Orion Way,
Windham, Maine 04062 (US). BACKMAN, Robert
[US/US]; 133 West Plain Street, Wayland, Massachusetts
01778 (US).

with international search report (Art. 21(3))

(54) Title: TREATMENT USING FIXED FILM PROCESSES AND BALLASTED SETTLING

FIG. 1

(57) Abstract: A system and method is provided for water and wastewater treatment. The system comprises a fixed film biological
process and a ballasted flocculation process. The system comprises a fixed film reactor fluidly connected to a source of wastewater
and configured to provide a fixed film eftluent. The system further comprises a source of ballast fluidly connected to the fixed film
etfluent and configured to provide a ballasted effluent. A clarifier is provided in the system that is fluidly connected to the ballasted
effluent. The clarifier comprises a treated effluent outlet and a ballasted solids outlet and is configured to separate a treated diluent
from ballasted solids.
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TREATMENT USING FIXED FILM PROCESSES AND BALLASTED SETTLING

FIELD OF TECHNOLOGY
One or more aspects of the disclosure relate generally to water and wastewater
treatment, and more particularly to systems and methods for water and wastewater treatment

using fixed film processes and ballasted settling.

SUMMARY

A system for treating wastewater is provided. The system comprises a fixed film
reactor fluidly connected to a source of wastewater and configured to provide a fixed film
effluent. The system further comprises a source of ballast fluidly connected to the fixed film
effluent and configured to provide a ballasted effluent. A clarifier is provided in the system
that is fluidly connected to the ballasted effluent. The clarifier comprises a treated effluent
outlet and a ballasted solids outlet and is configured to separate a treated effluent from a
ballasted solids.

A method for treating a wastewater is also provided. The method comprises
introducing a source of wastewater to a fixed film reactor to provide a fixed film effluent.
The method further comprises adding a ballast to provide a ballasted effluent. The method
further comprises separating the ballasted effluent into a treated effluent and a ballasted
solids in a clarifier, and separating the ballasted solids into a recovered ballast and a ballast-
free solids. The method further comprises adding the recovered ballast to the coagulated
effluent.

A method for retrofitting a wastewater treatment system is also provided. The
wastewater treatment comprises a fixed film bioreactor and a clarifier positioned downstream
of the fixed film bioreactor. The clarifier comprises a solids outlet. The method for
retrofitting comprises installing a coagulation tank in the clarifier, and installing a ballast feed
tank connected downstream of the coagulant tank in the clarifier. The method of retrofitting
further comprises connecting the solids outlet of the clarifier to the ballast feed tank.

In various embodiments, a system for treating wastewater is provided, comprising: a
fixed film reactor fluidly connected to a source of wastewater and configured to provide a
fixed film effluent, wherein the fixed film effluent comprises wastewater and biological
solids produced in the fixed film reactor; a source of coagulant fluidly connected to a
coagulant tank connected downstream of the fixed film reactor configured to provide a

coagulated effluent; a source of ballast fluidly connected to a ballast feed tank connected
1
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downstream of the coagulant tank, wherein the ballast feed tank is configured to provide a
ballasted effluent and the ballast comprises magnetite; and a clarifier fluidly connected to at
least one of the ballast feed tank providing the ballasted cffluent, the coagulant tank
providing coagulated effluent, and the fixed film reactor, the clarifier comprising a treated
effluent outlet and a ballasted solids outlet and configured to separate a treated effluent from
ballasted solids.

In various embodiments, a method for treating a wastewater is provided, comprising:
introducing wastewater from a source of wastewater to a fixed film reactor to provide a fixed
film effluent, wherein the fixed film effluent comprises wastewater and biological solids
produced in the fixed film reactor; adding a coagulant to the fixed film effluent to provide a
coagulated effluent; following coagulation addition further adding a ballast in a ballast
mixing step in a ballast feed tank downstream of the coagulant tank to provide a ballasted
effluent, wherein the ballast comprises magnetite; introducing the ballasted effluent into a
clarifier and separating the ballasted eftluent into a treated effluent and ballasted solids in the
clarifier; separating the ballasted solids into a recovered ballast and a ballast-free solids; and
adding the recovered ballast to the coagulated effluent.

In various embodiments, a method for retrofitting a wastewater treatment system
comprising a fixed film bioreactor and a clarifier positioned downstream of the fixed film
bioreactor and comprising a solids outlet, the method comprising: installing a coagulation
tank in the clarifier, wherein the coagulation tank is connected downstream of the fixed film
reactor; installing a ballast feed tank connected downstream of the coagulant tank in the
clarifier; wherein the ballast comprises magnetite; the clarifier fluidly connected to at least
one of the ballast feed tank, the coagulant tank, and the fixed film reactor, and connecting the

solids outlet of the clarifier to the ballast feed tank.

DESCRIPTION OF THE DRAWINGS
The accompanying drawings are not intended to be drawn to scale. For purposes of
clarity, not every component may be labeled in the drawings, nor is every component of each
embodiment of the disclosure shown where illustration is not necessary to allow those of

ordinary skill in the art to understand the disclosure.

la
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In the drawings:

FIG. 1 presents a schematic of a treatment system implementing a fixed film process,
ballasted settling, and recovery of ballast in accordance with one or more embodiments ot the

o3

disclosure; and

(93]

FIG. 2 presents a schematic of reaction tanks integraled into a clanfier tank in

accordance with one or more embodiments of the disclosure.

DETAILED DESCRIPTION
Systems and methods are provided for treating water or wastewater, The systems and
18 methods may comprise treating a water or wastewater in a fixed film reactor, also referred to
as a tixed film biological system or attached growth system. The systems and methods may
further comprise treating the effluent from the fixed film biological system in a ballasted
settling process, or a ballasted flocculation system.
A fixed film biological system may oxidize and reduce soluble subsirate, elivoinating
15 impurities and producing solids. Fixed film processes may maintain biological growth on a
surface or wert carrier or sheet and the treated effluent from the fixed film bioreactor may
contain about 50 milligrams per liter {mg/1} to about 300 mg/! of biological solids. In certain
embodiments, the treated offfuent may contain between about 100 mg/l to about 200 mg/l. In

certain embodiments, the treated effluent from the fixed {ilm bioreactor may contain about 50

]
<

mg/l to about 2,000 rug/l of biological solids Examples of fixed film processes mclude,
without limitation, moving bed bioreactors (MBBR’s), trickling filters, and rotating
biclogical contactors. Typically, wastewater 1s filtered through a primary or coarse screen
and/or is treated in a primary clarification unit. Effluent of these primary processes or a raw

wastewater may enter a fixed film biological system where soluble substrate is oxadized or

3
(9,

reduced to biological solids 1o the form of slough from the fixed biomass on the inert carrier
or sheet of the fixed film reactor, Aeration may be supplied in acrobic zones to supply
oxygen and mixing to the system, In anacrobic.anoxic, or acrated anoxic based systems,
mixers or mixers with acration may be provided to maintain mixing throughout,

The fized film biological system may provide an offluent comprising biological
30 solds, often refeorred to as slough, which requires separation from a treated effluent ina
downstream process, While fixed film processes have a small footprint, cffluent biological
solids from the process are often difficult to settle with conventional sedimentation processes

frequently requiring a large settling area. Clarification, therefore, is often the hmiting step in

~
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the rate of wastewater treatment invelving fixed film biological systems or fixed film
reactors,

Ballasted flocculation systems or ballasted settling systems may comprise the addition
of a coagulant, ballast, and, optionally, a flocculant to improve the removal of dissolved,
colloidal, particulate and microbiological solids. In certain embodiments, the coagulant may
be optional. For cxample, ballast and tlocculant may be added, without coagulant. In other
embodiments, ballast may be added without coagulant and flocculant. In other embodiments,
ballast and coagulant may be added, without flocculant. The procipitation and enhanced
settlability of ballasted solids provides for a small clanification step, which may allow for a
smail footprint system comprising biological and clarification steps. According to
embodiments of the present disclosure, ballasted flocculation sysierns mway eliminate the need
to provide a secondary clarifier directly downstream of a fixed film biological system or
reactor, Further, the ballasted flocculation systera may be installed between the fixed film
bioreactor and the secondary clarifier, thereby using the existing secondary clarifier as the
ballasied flocculation clarifier and eliminating the need for a new clarifier,

Flocculation may be a process of contact and adhesion whereby particles and colloids
in liguid such as a water or wastewater form larger-size clusters of material. Particles may
cluster together mto a floc. A tlocenlant may comprise a matenal or a chemical that
promotes flocculation by causing colloids and particles or other suspended particles in liquids
to aggregate, forming a floc. Polymer may be used as flocculants. For example, acryhic
acid/acrylamide copolymers and modified polyacrylamides may be used.

Coagulation may be a process of consolidating particles, such as colloidal solids.
Coagulants may include cations, such as multivalent cations. They may include cations such
as aluminum, fron, calcium or magnesium (positively charged molecules) that may tnteract
with negatively charged particles and molecules that reduce the barriers to aggregation.
Examples of coagulants include bentonite clay, polyaluminum chloride, polyaluminum
hydroxychloride, aluminum chlonde, aluminur chlorchydrate, aluminum sulfate, ferric
chloride, forric sulfate, and ferrous sulfate monohydrate.

According to some embodiments of the disclosure, a fixed film biological system may
be used in conjunction with hallasted clarifiers to treat water or wastewater. The systema and
methods of the present disclosure may be particularly advantageous, for example, in
treatment plants where a small footprint ts required such as, for example, a retrofit for
indusirial plants, small flow plants or package plants, hybrid wastewater plants, combining

3
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fixed film processes and activated sludge processes, and lagoon plants requiring nitrification.
Also, this combination may be used in sroall flow aystems that do not have significant
operator interface yet require a high quality eftluent. The use of a fixed film process in
combination with ballasted settling s not limited to the examples given. Many uses in
biclogical and chemical treatment of wastewater or potable water are possible.

In certain embodiments, a fixed film process followed by a ballasted tlocculation
process may be utilized for biological treatmient of water or wastewater o remove at least one
of nitrogen compounds, such as mitrates, biological oxygen demand (BOD), chemical oxygen

iy
i

demand (CODY), and phosphoras compounds. Fixed film processes may oxidize ammonia to
mitrate and/or reduce nitrate to nitrogen gas. Biological solids produced may then be removed
in addition to dissolved, colloidal and particulate solids by the ballasted clarifiers, In certain
emtbodiments, at least one of nitrogen compounds, such as nitrates, biological oxygen
demand (BOD), chemical oxygen demand (COD), and phosphorus compounds may be
removed prior to disinfection to provide potable water or drinking water to distribute it to a
water supply grid,

Ballasted floccunlation systems may comprise the addition of a coagulant, a ballast
and, optionally, a flocculant to improve the removal of dissolved, colloidal, particulate and
microbiological solids. In certamn enbodiruents, the coagulant rmaay be optional. For
example, hallast and flocculant may be added, without coagulant. In other embodiments,
ballast may be added without coagulant and floccudant. In some embodiments, ballast and

coagulant may be added, without flocculant. In certain embodiments, a magnetic ballast may

o

¢ used.

The enhanced settlability of these ballasted solids may provide for a small
clarification step, which may allow for g small footprint system comprising biological and
clarification steps. Recirculation of solids, either ballasted solids or ballast-free solids, to at
least one of the ballasted fliocculation processes, such as the ballast mixing step, and to the
fixed film process caun further enhance the rehability of the overall system. These features
may be utilizod in existing wastewater treatment plants, small flow plants or package plants,
combmned sewer overflow (CSO) treatment plants, new plants that require a small footprint,
hybrid treatment plants (fixed film and activated sludge), and [agoon treatment plants
reguiring nitrification. One benefit is that an existing clarifier downstream of a fixed film

process s readily convertible to a ballasted system using the system of the present disclosure.
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Conventional clarifiers may be even more readily convertible if the ballasted system uses a
maguoetic material, for example, magnetite, as the ballast,

In some embodiments of the disciosure, a system for treating wastewater 18 provided.
The system comprises a fixed filwy reactor fluidly connected to 2 source of wastewater and
configured to provide a fixed film effluent. A fixed film biological system may be emploved
which may comprise one or more {ixed film reactors, which are utihized 1n parallel or in
series, and in which one or more of the fixed filo reactors is operational at a given point in
tirne. In certain embodiments, the fixed film effluent may comprise about 50 mg/l to about
300 mg/! of biological solids. The {ixed film effluent may flow to a ballasted Hocculation
system in which a source of coagulant may be fluidly connected to the fixed film effluent and
configured to provide a coagulated eflluent. The source of coagulant may be optlional. A
source of ballast may be fluidly connected to the coagulated cffluent and configured to
provide a balasted effluent, In some embodiments, the source of ballast may be fluidly
connected to at feast one of the fixed film effluent or the coagulated effluent. The source of
ballast may comprise a powdered ballast. The ballast may not be n a liquid such that it may
be added in dry powdered form. In some embodiments, the ballast may be added by an
operator or by machinery, such as by a dry feeder. it is to be understood that the source of
ballast being flwdly connected to the tixed film etfiuent or the coagulated efluent, or to any
cttluent or wastewater stream of the system, may comprise the source of ballast may be in a
dry (non-liuid) or powdered form. A clarifier may be fhudly connected to the ballasted
effluent, the clarifier comprising a treated effluent outlet and a ballasted solids outlet and
configured to separate a treated eflluent (rom 4 ballasted solids. The ballasted solids outlet of
the clarifier may be fluidly connected to at least one of the coagulated effluent and the fixed
film reactor. In some embodiments, the ballasted solids outlet may be fluidly connected to
the source of ballast.

Optionally, a source of flocculant may be fluidly connected to the ballasted effluent.
At least one of the soarces of coagulant, ballast and flocculant may be provided in neto a
fixed film efffuent stream. Alternately, tanks may be used such that the fixed film effluent
flows to a coagulant tank, into which a coagulant is added from a source of coagulant. The
coaguiated effluent may then flow to a ballast tank, into which a ballast is added from a
source of ballast. The ballasted effluent may then flow to a Hocculant tank, into which a
flocculant is added from a source of flocculant. The flocculant effluent may then flow to the
clarifier, In certain embodiments, a flocculant tank and source of flocculant may not be

~
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included in the ballasted flocculation system, and the ballasted effluent may flow directly to
the clarifier. Tn some erubodivuents, a coagulant tank and source of coagulant may not be
included in the ballasted flocculation system,

As discussed above, the ballast may be a magnetic ballast. The magnetic ballast may
comprise an tnert material. The magnetic ballast may comprise a ferromagnetic material.
The magnetic ballast may comprise iron-containing material, In certain cmbodiments, the
magnetic ballast may comprise an iron oxide material.  For example, the magnetic ballast
may comprise magnetite {Fes0,). The magnetic ballast may have a particle size that allows 1t
to bind with biclogical flocs to provide enhanced setthing or clanification, and allow it to be
attracted to a magnet so that it may be separated from the biological flocs. The particle size
of the roagoetic ballast may be less than about 100 micrometers (um). The particle size of
the magnetic ballast may be less than about 40 pm. The particie size of the magnetic ballast
may be less than about 20 pm.

Sand ballasted systems often implement larger ballast size to effectively recover the
ballast. Ballast is also norn-magnetic. Sand ballasted systems have also implemented the use
of cleaning agents to separate the biclogical solids from the sand particles. Thiscouldbea
result of a large surface for bacteria to attach, requiring more than shearing forces of a vortex
mechanisia alone o remove biological solids from the sand particle surface, or the need to
dissolve chemical bonds that assist in the binding of the ballast.

Unlike sand based ballast that requires growth of floc around relatively large size sand
particles, magnetite ballast can be used with small size, such as less than about 100 pm,
allowing for the magnetite particles to imprognate existing floc. The result may be an
enhanced separation of flocculants. The ballasted effluent or the floccnlant effluent may be
directed to at least one clarifier where ballasted solids, such as magnetite ballasted solids,
may be removed by gravity at an enhanced rate greater than conventional gravity clarifiers.
The clarifier, being configured to provide a treated offtuent and a ballasted solids, may be
flnidly connected to at least one of the source of ballast, the coagulated efttuent, and the fixed
film recactor. In certain embodiments, the ballasted solids outlet of the clartfier may be fluidly
connected to at least one of the coagulated effluent and the fixed film reactor. This may
allow at least a portion of the ballasted solids to return to the fixed film biological system and
to the source of ballast, for example, the ballast tank connected to a source of ballast. A
portion of the biological solids may also be removed from the system. This may involve
utilizing 4 magnetic separation apparatus, which may allow recovery of magnetic particles,

0
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which would not be feasibic with, for example, sand particles. In certain embodiments,
mechanical shearing may be employed to shear the biological solids prior to ballast recovery,
for example, prior to magnetite recovery. In some instances, such as re-seeding and high
flow events, a portion of the setiled biological solids may be recycled to the front of the fixed
film system. These solids may either be ballasted or solids stripped of magnetite throngh the
magncetic separation. In certain embodiments, such as smali-scale operations, it may not be
necessary or feasible to recover the ballast, such as the magnetic ballast from the systen.

In certain embodiments, the system may be configured to treat between about 200
gallons per day per square foot of a surface area of the clarifier to about 2,000 gallons per day
per square foot of the surface area of the clarifier. In certain embodiments, the system may
be configured to treat between about 200 gallons per day per square foot of a surface area of
the clarifier to about 6,000 gallons per day per square foot of the surface area of the clarifier.
In certain other ernbodituents, the system may be configured to treat between about 100
gallons per day per square foot of a surface area of the clarifier to about 36,000 gallons per
day per square foot of a surface arca of the clarifier.

In certain embodiments, a ballasted recovery system may be positioned downstream
of the ballasted solids outlet of the clarificr. The ballasted recovery system may be
positioned upstream of at least one of the source of ballast and the fixed film reactor.

In certain embodiments, the use of a magnetic ballast provides advantages over use of
other ballast materials. For example, the use of a magnetic ballast provides for enhanced
removal of biclogical solids from the ballast. For example, a magnetic drum may be used to
separate the biological sohids from the magnetic ballast. Optionally, mechanical shearing
may be utilized prior to separation, This process may sufficiently remove the biological
solids from the ballast. Recirculation of settled solids to the reaction tanks further enhances
performance and reliability while the optional recycle to the fixed film system, whather with
ballasted or ballast-free solids, allows for additional flexibility for treatability and recovery in
process upsets or startups. In certain exobodiruents, cleaning solutious ruay be unnecessary n
separating ballast from the biclogical solids.

A systom for freating wastewater 16 shown in FIG. 1. A source of wasiowater, stream
1, which may be screened wastewater or primary clarification effluent, enters fixed film
biological system or fixed film reactor 4. Fixed film reactor 4 may comprise a moving bed
bioreactor, a trickling filter, or a rotating biological contactor, for example. Soluble substrate
may be oxidized or reduced to biological solids in the form of] for example, a slough, from

,7
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the fixed biomass on an inert carrier or sheet of fixed film reactor 4. Aeration may be
supplied in aerobic zones to supply oxygen and mixing for the reactor 4. In the case of
anaerobic or anoxic based systems, mixers can be provided to keep the system fully mixed.
Fixed film effluent exits the reactor 4. Fixed film effluent comprises wastewater and solids
produced in reactor 4. Fixed film effluent enters a series of feed reaction areas which may be
inline or utilize tanks.

Source of coagulant 7, such as metal or prehydrolized metal salt, is added in reaction
area 6 to provide a coagulated effluent. Following coagulation addition 6, flow continues on
to ballast reaction area 8. Source of ballast, is introduced to provide a ballasted effluent. The
source of ballast may comprise raw ballast 9, recycled or recovered ballast 10, recycled
ballasted solids 11, or combinations thereof. The ballast may comprise a magnetic material.
The ballast may comprise a ferrous material. The ballast may comprise magnetite (Fe3Os).
The ballast may be in powdered form. Raw ballast 9, or fresh ballast, is ballast that has not
before been introduced to the waste system. Recycled or recovered ballast 10 is ballast that is
separated from solids in another part of the system, for example, recovery system 20,
described below, and recycled to the ballast reaction area. Ballasted solids comprise
biological solids impregnated or partially impregnated with ballast. Recycled ballasted solids
11 are ballasted solids returned to the ballast reaction area 8 from an outlet of the clarifier 15
without first being introduced to a recovery system 20 for separation.

After ballast addition 8, source of flocculant 13 may optionally be added in flocculant
reaction area 12 to further flocculate solids and ballasted solids prior to being introduced into
clarifier 15. Flocculant 13 may comprise a polymer.

As discussed below, clarifier 15 incorporated into the wastewater treatment system
may be a converter or retrofitted clarifier. The details and particular components of the
clarifier may be chosen by a person of ordinary skill in the art as required. The clarifier may,
for example, comprise lamella. The clarifier may be configured to separate treated effluent
16 from ballasted solids 24 and comprises outlet 26 for treated effluent 16 and outlet 28 for
ballasted solids. Solids settle in clarifier 15 and separated treated effluent 16 continues on to
further disinfection if required. A portion of the settled solids may be recycled ballasted
solids 11 returned to ballast reaction area 8. In addition or in the alternative, another portion
of the ballasted solids 23 may be recycled to fixed film system 4,

At least a portion of settled solids 17 may be introduced into a ballast recovery system

20. Optionally, settled solids 17 may first be introduced to mechanical shearing device 19 to

8
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aid in breaking up the ballast and non-ballast components of the settled solids. Alternatively,
the mechanical shearing device 19 may be by-passed by stream 18, The ballast recovery
systern 20 may comprise a magnetic separator. For example, the separator may be a wet
drum magnetic separator, In a wet drum magnetic separator, magnetic ballast adheres (o the
surface of a rotatable drum and is directed to a separate outlet from nonmagnetic components,
or ballast-free sohds, of the feed, Stripped solids may comprise waste sludge 21 that oxits the
system 20 for further solid waste treatment and disposal. A portion of these stripped solids,
or hallast-frec solids, may optionally be recycled to fixed film system 4 via optional feed line
22, It should be understood that ballast-free solids refers to solids that bave a majority
portion of the ballast removed from the solids. In some embodiments, at least about 90% of
the ballast has been removed. In other embodiments, ai least about 93% of the ballast has
been removed.

Additional optional components include clarifier 3 fluidly upstream of fixed film
system 4, and bypass line 2 which may allow stream 1 to bypass fixed film system 4 if
necessary, for exarmple, durtng a high flow event, such as a rainfall or storm event.

In certain embodiments of the present disclosure, a method of treating a wastewater
may be provided. The wastewater may be treated at a of between about 200 gallons per day
per square foot of a surface arca of the clariier to about 2,000 gallons per day per square foot
of the surface arca of the clarifier. In certain embodiments, the system may be configured to
treat between about 200 gallons per day per square foot of a surface area of the clarifier to
about 6,000 gallons per day per square foot of the surface area of the clarifier. In certain
other embodiments, the system may be configured {o treat between about 100 gallons per day
per square foot of a surface arca of the clarifier to about 36,000 gallons per day per square
foot of a surface area of the clarifier. Tn certain embodiments, the rate may be an average rate
over a predetermined period of time. The method may comprise introducing a source of
wastewater to a fixed film reactor to provide a fixed film effiuent. The fixed film offluent
may comprise about 50 mg/l to about 300 mg/l of biological solids. In other exawmples, the
fixed film may comprisc about 50 mg/l to about 2,000 mg/l. The method may further
comprise optionally adding a coagulaut to provide a coagulated effluent. Tn sorue
embodiments, the coagulant may be added to the fixed film effluent. The method may
further comprise adding a ballast to provide a ballasted effluent. In some embodiments, the
ballast may be added to at least one of the fixed {ilm effhuent and the coagulated effinent.
The ballast may comprise a magnetic material. The ballast may comprise magnetite. The
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method may further comprise separating the ballasted effluent into a treated effluent and a
ballasted solids in a clarifier. The ballasted solids may include a small arnount of residual
ballast-free solids and other residual components, as separation processes and ballasting
processes will never be perfectly coruplete. The ruethod may further coraprise separating the
5 ballasted sclids into a recovered ballast and a bailast-free solids. Once again, the recovered
ballast may also comprise some residual non-ballast components. Likewise, the ballast-free
solids may comprise some residual ballast. The method may further comprise adding the
recovered ballast to the coagulated effluent.
The method may also further comprise adding a flocculant to the ballasied efffuent.
16 The method may also further comprise adding a portion of the ballast-free solids to at least
one of the source of wastewalter, the fixed film efffuent, and the coagulated effluent. The
method may also further comprise adding a portion of the ballasted solids to at least one of
the source of wastewater, the fixed film effluent, and the coagulated effiuent. The method

may also further comprise adding a portion of the ballast-free solids to at least one of the

oy
L

source of wastewater and the coagulated effluent. The method may also further comprise
adding a portion of the ballasted solids to at least one of the source of wastewater and the
coagulated cfffuent.

Wastewater treatment systerns and methods such as those disclosed above may be
accomplished by constructing reaction tanks directly inside a clarifier. This clarified unit
20 may be constructed as part of a new wastewater treatment system or may be constructed as
part of a retrofitting. Such a configuration may address potential obstacles to the disclosed
wastewater systems and methods including locating the reaction tanks, and munimizing the
length of pipe rum between the reaction tanks and clarifier. The tanks could be constructed of

mild steel, concrete, stainless steel, fiberglass, or the like, Construction of reaction tanks

3]
N

directly inside a clarifier would minimize the footprint and capital cost associated with
installation of the disclosed system, particularly in cases where existing clarifiers would
require modifications to make them work better in a ballasted flocenlation systern, These
existing clarifiers are often oversized for the task of scttling ballasted floc, and therefore the
extra space may be used to ncorporate reaction tauks by instaliimg the reaction tanks inside
30 the clarifiers. This effectively reduces the hydraulic retention time of the over-sized
clarifiers, minimizes the required footprint of the water treatment system nstallation, and

provides the opportunity to use common wall construction to further reduce capital cost.

10
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Clarifiers designed for ballasted clarification do not typically inchade scum collection
systems, so there would be vo interference of the reaction tanks with such a systew,

A schematic of an embodiment of a system 18 shown in FIG. 2. System 200
comprises clarifier 205, Iutegrated nto clarifier 205 may be coagulation tank 210, ballast
feed tank 215, and flocculation tank 220, Source of coagulant 235 may be tluidly connected
to coagulation tank 210, Source of hallast 240 may be fludly connected to ballast feed tank
215. The baliast may comprise a magnetic material. For example, the ballast may comprise
magnetile. The magnetite may be in powdered form. Source of ballast 240 may be
introduced to ballast feed tank 215, For example, the delivery may be accomplished
automatically through a control system or manually. The delivery of ballast may be
continuous or it may be intermittent, Likewise, for coagulant aud {locculant delivery may be
automatic or manual, and continuous or intermittent. Optionally, source of flocculant 245
may be fluidly connected to an optional focculation tank 220, The flocculant may comprise,
for example, a polymer. While the present embodiment has all three tanks incorporated into
the clarifier, other combinations are possible. For exaruple, coagulant tank 219 may be
iocated outside clarifier 205, and flocculant tank 220 13 optional.

Similar to FIG, 1, effluent 230 may cnter coagulation tank 210, which may provide
coagnlated effluent streara 250, Stream 250 may euter ballast wixing tank 215, which way
provide ballasted effluent stream 255, Stream 255 may enter flocculation tank 220, which
may provide flocculated effluent stream 260, Stream 260 may then enter the clarification
portion of clarifier 205, Treated effiuent stream 265 may exit clarifier 205. Meanwhile, a
separate ballasted solids stream 270 may exit clarifier 205 at a different outlet from that of
treated effluent stream 265. A portion of the ballasted solids may be diverted to a returned
ballasted solids stream 275 that may feed ballast feed tank 215, At least a portion of the
batlasted solids stream 270 may be directed to ballast recovery systen 280, The ballast
recovery systom 280 may produce a recovered ballast stream 290 which may be directed to
ballast feed tank 215, The ballast recovery system 280 may produce a ballasi-free solids
stream 285, or solids waste stream, directed for further processing or returned to a part of the
waste treatment system,

In certain embodiments of the present disclosure, a method of retrofitting a
wastewater treatment system may be provided. The wastewater treatment system may
comprise a fixed film bioreactor and a clartfier positioned downstream of the fixed film
bicreactor. The clarifier may comprise a solids outlet. The method may comprise installing a
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coagulation tank in the clarifier. The method may further comprise installing a ballast feed
tank connected downstream of the coagulant task in the clarifier. The method may further
comprise connecting the solids outlet of the clarifier to the bailast feed tank. The method
may further comprise tnstalling a ballast recovery systern downsirean of the solids outlet of
the clarifier and upstrean: of the ballast feed tank. The method may further comprise
installing a flocculation tank 10 the sccondary clarnfier connected downstream of the ballast
feed tank.

The function and advantage of these and other embodiments of the systems and
techniques disclosed herein will be more fully understood from the example below. The
following example is intended to illustrate the benefits of the disclosed treatment approach,

but do not exemplify the full scope thereof,

EXAMPLES
EXAMPLE 1

A wastewater strearn from a source of wastewater was delivered to three fixed film
moving bed bioreactor (MBBR} tanks in series after passing through coarse screcning, grit
rernoval, and a fine screen. The screened waler was pumped to the MBBR tanks at an
average flow rate of 2.1 gallons per minute {(GPM}. The flow then passed through a 6 foot
diameter by 7 foot deep sceondary clarifier. Samples were taken from the offluent prior to
being passed through the secondary clarifier. The samples were placed into liter beakers with
coagulant dosages of 10 to 60 ppmyv, with ferric chlonde as the coagulant. Magnetite at 10
¢/L was added to each beaker. The samples were mixed for three to six minutes, and then
allowed to settle. All samples settled rapidly in 15 to 30 seconds, with settling resuits ranged
{rom 0.2 10 2.9 mg/L effluent total suspended solids. All effuent in the beakers appeare
clear at cach does of coagulant.

These results may be compared to a fixed film MBBR system that 1s followed by a
secondary clarifier in which about 90 ppmv of ferric chloride is used, which results in an
effluent of the clarifier having 25 10 35 mg/L total suspended solids.

These results show that using a fixed filmy MBBR process in conjunction with a
magnetic ballast system enhanced the quality of the treated water, reducing the total
suspended solids. This process also required less coagulant to be used in the process. This
systemn provides enhanced treatment of the water as well as provide cost savings in forms of

using less coagalant than a conventional system.

12
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EXAMPLE 2

Wastewaler was processed through a treatroent system comprising a trickling flter
and a sccondary clarifier. The flow rate of wastewater entering the trickling filter was about
600 GPM to about 700 GPM. A coagulant {alum) was added to the effluent of the trickling
filter at concentrations ranging from about 100 ppmv to about 300 ppuav. Fifty GPM of
ctfluent from the trickling filter was diverted to a process comprising a ballasted flocculation
system in which magnetite was added to the trickling filter effluent.

Data regarding hiological oxygen domand (BOD)} was measured for a system
including a trickling filter whose effluent was either treated in a ballasted flocculation system
or a secondary clarifier. Samples were taken over a two week period. This data is shown in

Table 1.

Table 1.
Sample | BOD in BOD in BOD i BOD in
Feed to Trickling Filter | Efftuent after Effluent afler Effluent from
{mg/1} Trickling Filier | Ballasted Secondary
into Ballasted Floceulation Clarifier (mg/D)
Flocculation {mg/t)
{mg/y
i 75 51 3 Not tested
2 87 46 4 22
3 81 28.1 8.55 12
4 Not tested 20.6 3.9 io
5 914 28.6 2.6 4

Ag shown above in Table 1, the BOD of the effluent afier treatment with the ballasted
flocculation system was improved over offluent that was treated with a secondary clarifier.
These results demonstrate the improved trealed water product that may be obtained by using
the ballasted flocculation process over a conventional secondary clarifier.

Data was also collected from testing using the ballasted flocculation system and is

shown in Tables 2-5,
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Table 2,
Sample | Total Suspended Solids | Total Suspended Solids | Total Suspended Solids in

in Feed to Trickling

n

Fffluent after Ballasted

Filter (mg/1) Effluent of Trickling | Flocculation {mg/l}

Filter, going into
Ballasted Floceulation
(mg/1

1 117 110 3

2 127 85 73

3 110 95 3

4 40 43 4

5 45 34 2

*In this run, no alum was added.

As shown above in Table 2, total suspended solids was decreased substantially

through use of the ballasted flocculation process.

tlocculation process.

14

Table 3.
Sample | Total Phosphorus from Trickling Filter | Total Phosphorus in
Effluent, going into Ballasted Ballasted Flocculation Clarifier
Flocculation (mg/1) Effluent (mg/h
i 5.46 0.061
2 5.34 0.131
3 4.66 0.047
4 3.97 2.36
5 4.01 0.314
As shown in Table 3, phosphorus levels were reduced through use of the ballasted




CA 02873081 2014-11-07

WO 2013/187979 PCT/US2013/032313
Table 4.

Sample | Turbidity in Trickling Filter Effluent, Turbidity in
going into Ballasted Flocculation Efttuent after Ballasted Flocculation
{(NTU (NTL)

i 95 31

2 63 89

3 40 12.5

4 40 4.1

5 50 Mot tested

As shown in Table 4, turbidity was reduced through use of the ballasted flocculation

i

system,

While cxcmplary embodiments of the disclosure have bheen disclosed, many
maodifications, additions, and deletions may be made therein without departing from the spirit
and scope of the disclosure and its equivalents, as set forth in the following claims.

Those skitled w the art would readily appreciate that the various configurations
10 described herein are meant to be exemplary and that actual configurations will depend upon

the specific application for which the system and methods of the present disclosure are used.
Those skilled in the art will recognize, or be able {0 ascertain using no more than routine
experimentation, many equivalents to the specilic embodiments described herein. For
example, those skilled in the art may recognize that the system, and components thereof,

15 according to the present disclosure may further comprise a network of systems orbea
component of a2 wastewater treatment system, 1t is, therefore, to be understood that the
foregoing embodiments are presented by way of example only and that, within the scope of
the appended claims and equivalents thereto, the disclosed system and methods roay be
practiced otherwise than as specifically described. The present system and methods are

20 directed to cach individual feature or method described herein, In addition, any combination

of two or more such features, apparatus or methods, if such features, system or methods are

not mutually inconsistent, 1s included within the scope of the present disclosure.

Further, it is to be appreciated various alterations, modifications, and improvements

will readily occur to those skilled in the art. Such alterations, modifications, and

3
(9,1

improvements are intended to be part of this disclosure, aund are intended to be within the
15
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spirit and scope of the disclosure. For example, an existing facility may be modified to
utilize or fncorporate auy oune or woore aspects of the disclosure. Thus, in some cases, the
apparatus and methods may involve connecting or configuring an existing facility to
comprise at least one of a fixed film system, a clarifier, and a ballasted Qocculation system .
Accordingly, the foregoing description and drawings are by way of example only. Further,
the depictions in the drawings do not limit the disclosures to the particularly lustrated
representations.

As used herein, the term “plurality” refers to two or more items or components. The

EE T

terms “comprising,” “including)” “carrving,
fardd o

7% 3% 46 59

“having,” “containing,” and “involving,”
whether in the written description or the claims and the like, are open-ended torms, Le., to
mean “including but not limited t0.”” Thus, the use ol such terms is meant {o encompass the
items listed thereafter, and equivalents thereof, as well as additional items. Only the
iransitional phrases “consisting of” and “consisting essentially of)” are ¢losed or semi-closed
transitional phrases, respectively, with respect to the claims, Use of ordinal terms such as

%6

“first,” “second,” “third,” and the like in the claims to modity a claim eloment docs not by
itself connote any priority, precedence, or order of one claim element gver another or the
temporal order in which acts of a methed are performed, but arc used merely as labels to
distinguish one claim element having a ceriain name from another element baving a same

name {ut for use of the ordinal term} to distinguish the claim clements.
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CLAIMS

1. A system for treating wastewater comprising:

a fixed film reactor fluidly connected to a source of wastewater and
configured to provide a fixed film effluent, wherein the fixed film effluent comprises
wastewater and biological solids produced in the fixed film reactor;

a source of coagulant fluidly connected to a coagulant tank connected
downstream of the fixed film reactor configured to provide a coagulated effluent; a
source of ballast fluidly connected to a ballast feed tank connected downstream of the
coagulant tank , wherein the ballast feed tank is configured to provide a ballasted
effluent and the ballast comprises magnetite; and

a clarifier fluidly connected to at least one of the ballast feed tank providing
the ballasted effluent, the coagulant tank providing coagulated effluent, and the fixed
film reactor, the clarifier comprising a treated effluent outlet and a ballasted solids

outlet and configured to separate a treated effluent from ballasted solids.

2. The system of claim 1, further comprising a source of flocculant fluidly connected

to a flocculation tank downstream of the ballast feed tank.

3. The system of claim 1, wherein the fixed film reactor comprises at least one of a

moving bed bioreactor, a trickling filter, and a rotating biological contactor.

4. The system of claim 1, wherein the fixed film effluent comprises 50 mg/l to

300 mg/1 of biological solids.

5. The system of claim 1, wherein the system is configured to treat between 200
gallons per day per square foot of a surface area of the clarifier to 6,000 gallons per

day per square foot of the surface area of the clarifier.

6. The system of claim 1, wherein the ballasted solids outlet of the clarifier is fluidly

connected to at least one of the coagulated effluent and the fixed film reactor.
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7. The system of claim 6, further comprising a ballast recovery system positioned
downstream of the ballasted solids outlet of the clarifier and upstream of at least one

of the source of ballast and the fixed film reactor.

8. A method for treating a wastewater comprising:

introducing wastewater from a source of wastewater to a fixed film reactor to
provide a fixed film effluent, wherein the fixed film effluent comprises wastewater
and biological solids produced in the fixed film reactor;

adding a coagulant to the fixed film effluent to provide a coagulated effluent;

following coagulation addition further adding a ballast in a ballast mixing step
in a ballast feed tank downstream of a coagulant tank to provide a ballasted effluent,
wherein the ballast comprises magnetite;

introducing the ballasted effluent into a clarifier and separating the ballasted
effluent into a treated effluent and ballasted solids in the clarifier;

separating the ballasted solids into a recovered ballast and a ballast-free
solids; and

adding the recovered ballast to the coagulated effluent.

9. The method of claim 8, further comprising adding a flocculant to the ballasted
effluent.

10. The method of claim 8, further comprising adding a portion of the ballast-free
solids to at least one of the influent of the fixed film reactor, the fixed film effluent,

and the coagulated effluent.

11. The method of claim 8, further comprising adding a portion of the ballasted
solids to at least one of the influent of the fixed film reactor, the fixed film effluent,

and the coagulated effluent.

12. The method of claim 8, wherein the fixed film effluent comprises 50 mg/l to 300
mg/1 of biological solids.

18
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13. The method of claim 8, wherein the wastewater is treated at a rate of between
200 gallons per day per square foot of a surface area of the clarifier to 6,000 gallons

per day per square foot of the surface area of the clarifier.

5 14. A method for retrofitting a wastewater treatment system comprising a fixed film
bioreactor and a clarifier positioned downstream of the fixed film bioreactor and
comprising a solids outlet, the method comprising:

installing a coagulation tank in the clarifier, wherein the coagulation tank is
connected downstream of the fixed film reactor;
10 installing a ballast feed tank connected downstream of the coagulant tank in
the clarifier; wherein the ballast comprises magnetite;
the clarifier fluidly connected to at least one of the ballast feed tank, the
coagulant tank, and the fixed film reactor, and
connecting the solids outlet of the clarifier to the ballast feed tank.

15
15. The method of claim 14, further comprising installing a ballast recovery system

downstream of the solids outlet of the clarifier and upstream of the ballast feed tank.

16. The method of claim 14, further comprising installing a flocculation tank in a

20 secondary clarifier connected downstream of the ballast feed tank.
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