10

15

20

WO 2022/192921 PCT/US2022/071144

METHOD AND APPARATUS FOR MULTI-DESELECTION IN
WASTEWATER TREATMENT

CROSS REFERENCE TO RELATED APPLICATION

This application is entitled to, and hereby claims, priority under 35 U.S.C. § 119(e) to U.S.
Provisional Patent Application No. 63/160,497, filed March 12, 2021, titled “Method and
Apparatus for Double Deselection in Wastewater Treatment,” the disclosure of which is hereby

incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to methods and apparatuses involving physical selection (or
deselection) of slow settling particles for collection and management of sludge particles by
returning good settling particles, using internal selection, to the biological process while selecting

and sending poor settling particles to a waste stream.

BACKGROUND

There are many different types of sludge collectors used in, for example, state-of-the art
circular and rectangular clarifiers. These include the use of physical hoppers and baftles, as well
as collectors that use vacuum, airlift, or mechanical means to move sludge to an internal hopper or
external sludge box. The inventors have discovered an unmet need for a technology solution that
can provide improved selection, collection and management of sludge particles in treatment

systems and processes that include sludge collectors.

SUMMARY

The disclosure provides a wastewater treatment system, comprising an influent containing
contaminated water and a reactor comprising (i) an inlet, (ii) a bioreactor, (iii) an internal
deselector, and (iv) an outlet. In an embodiment, (i) the inlet is configured to receive the influent

and supply the contaminated water to the bioreactor; (ii) the bioreactor is configured to disperse
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the contaminated water in a solid-liquid mixture, treat the solid-liquid mixture and form biological
solids; (iii) the internal deselector is configured to retain or retard a first portion of the biological
solids from the solid-liquid mixture and output a deselected solid-liquid mixture comprising a
second portion of the biological solids; and (iv) the outlet is configured receive the deselected
solid-liquid mixture and output the deselected solid-liquid mixture, including the second portion
of the biological solids, from the reactor. The system comprises: a particle deselector configured
to receive the deselected solid-liquid mixture and deselect part of the second portion of the
biological solids in the selected solid-liquid mixture to output the deselected part of the second
portion of the biological solids; and a return line configured to supply the deselected part of the
second portion of the biological solids to the reactor, wherein the particle deselector comprises at

least one of a density-based (DB) deselector and a particle size-compressibility (PSC) deselector.

In an embodiment, the deselector is configured to deselect the first portion of the biclogical
solids from the solid-liquid mixture based on at least one of pressure differential, flow velocity,

flow rate, temperature differential, and electromagnetic energy exposure.

In an embodiment, the particle deselector is configured to deselect the deselected part of
the second portion of the biological solids based on at least one of solids particle density, size,

shear-resistance, or compressibility.

In an embodiment, the system comprises at least one of a decanter, a clarifier, a separator,
amembrane, and a filter configured to separate solid particles having predetermined characteristics

from the solid-liquid mixture.

In an embodiment, the biological solids include particles having an average solids
residence time (avSRT) for selecting fast and slow growing organisms with different treatment
functions, wherein: particles in the deselected part of the second portion of the biological solids
have a solids residence time (I10SRT) that is lower than the average solids residence time (avSRT);
and particles in the deselected part of the second portion of the biological solids have a solids

residence time (hiSRT) that is higher than the average solids residence time (avSRT).

In an embodiment, the deselected part of the second portion of the biological solids
includes particles comprising: a sludge volume index less than 80 mL/g; or improved membrane

flux or reduced membrane fouling.
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In an embodiment, the deselector is configured to apply a negative or a positive pressure
at or near: a. a reactor interface of the bioreactor; b. a clarifier interface; ¢. a surface of the reactor;
d. a surface of a settling blanket; e. a periphery of a clarifier; f. a feed zone in the bioreactor,
wherein influent or recycles are supplied; or g. a discharge zone in the bioreactor or a clarifier,

from which an effluent or recycles are output.

In an embodiment, the deselector comprises: one or more slotted manifolds; one or more
perforated manifolds; one or more plates; one or more pipes; or one or more baffles, wherein the
pipes are placed at or near a periphery of the reactor or a clarifier and the baffle is configured to

direct and separate sludge at the periphery of the reactor or the clarifier.

In an embodiment, the bioreactor comprises a feed zone that receives the influent using a

differential influent cascade approach.

In an embodiment, the first portion of the biological solids and said deselected part of the
second portion of the biological solids are supplied as recycle streams from the selector and
deselector, respectively, to at least two different locations in the bioreactor; or the first portion of
the biological solids and said deselected part of the second portion of the biological solids are
deselected by the selector and deselector, respectively, to increase one or more of microbially
produced electron donor, electron acceptor or carbon, and to provide at least 20% of electron

donor, electron acceptor or carbon requirements for operation of the bioreactor.

In an embodiment, the reactor comprises: a continuous flow reactor; a sequencing batch
reactor; a modified sequencing batch reactor; an integrated fixed film activated sludge reactor; an
upflow reactor with integrated clarifier; an upflow reactor with integrated decanter; or a membrane

bioreactor.

In an embodiment, theinternal deselection step is performed using energy within the
reactor comprising: a visible, ultraviolet or infrared photo source; a heat source; a gas source; or a

pressure or mixing source.

The disclosure provides a method for treating wastewater, comprising: supplying an
influent containing contaminated water to a reactor comprising a bioreactor and an internal
deselector; treating, by the bioreactor, the contaminated water in a solid-liquid mixture to form

biological solids; retaining or retarding, by the internal deselector, a first portion of the biological

(98]
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solids from the solid-liquid mixture; outputting, from the reactor to a particle deselector, a
deselected solid-liquid mixture comprising a second portion of the biological solids; deselecting,
by the particle deselector, part of the second portion of the biological solids in the selected solid-
liquid mixture to output a deselected part of the second portion of the biological solids; and
returning at least one of said second portion of the biological solids and said part of the second
portion of the biological solids to the bioreactor. The internal deselector can be configured to
deselect the first portion of the biological solids from the solid-liquid mixture based on at least one
of pressure differential, flow velocity, flow rate, temperature differential, and electromagnetic
energy exposure; and the particle deselector is configured to deselect the deselected part of the
second portion of the biological solids based on at least one of solids particle density, size, shear-

resistance, or compressibility.

In the method, the biological solids can include particles having an average solids residence
time (avSRT) for selecting fast and slow growing organisms with different treatment functions,
wherein: particles in the deselected part of the second portion of the biological solids have a solids
residence time (10SRT) that is lower than the average solids residence time (avSRT); and particles
in the deselected part of the second portion of the biological solids have a solids residence time

(hiSRT) that is higher than the average solids residence time (avSRT).

In the method, the deselected part of the second portion of the biological solids can include
particles comprising: a sludge volume index less than 80 mL/g; or improved membrane flux or

reduced membrane fouling.

In the method, the internal deselector can be configured to apply a negative or a positive
pressure at or near: a reactor interface of the bioreactor, a clarifier interface; a surface of the
reactor; a surface of a settling blanket; a periphery of a clarifier; a feed zone in the bioreactor,
wherein influent or recycles are supplied; or a discharge zone in the bioreactor or a clarifier, from

which an effluent or recycles are output.

In the method, the internal deselector can comprise: one or more slotted manifolds; one or
more perforated manifolds; one or more plates; one or more pipes; or one or more baftles, wherein
the pipes are placed at or near a periphery of the reactor or a clarifier and the baffle is configured

to direct and separate sludge at the periphery of the reactor or the clarifier.
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In the method, the bioreactor can comprise a feed zone that receives the influent using a

differential influent cascade approach.

In the method, the reactor can comprise: a continuous flow reactor; a sequencing batch
reactor; a modified sequencing batch reactor; an integrated fixed film activated sludge reactor; an
upflow reactor with integrated clarifier; an upflow reactor with integrated decanter; or a membrane

bioreactor.

Additional features, advantages, and embodiments of the disclosure may be set forth or
apparent from consideration of the detailed description and drawings. Moreover, it is to be
understood that the foregoing summary of the disclosure and the following detailed description
and drawings provide non-limiting examples that are intended to provide further explanation

without limiting the scope of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to provide a further understanding of the
disclosure, are incorporated in and constitute a part of this specification, illustrate embodiments of
the disclosure and together with the detailed description serve to explain the principles of the
disclosure. No attempt is made to show structural details of the disclosure in more detail than may
be necessary for a fundamental understanding of the disclosure and the various ways in which it

may be practiced.
FIG. 1 depicts an embodiment of an internal selection approach at a clarifier periphery.
FIG. 2 depicts an embodiment of an internal selection approach in an organ pipe clarifier.

FIG. 3 depicts an embodiment of an internal selection at a clarifier periphery mediated by

a waterfall baffle.
FIG. 4 depicts an embodiment of an internal selection approach at a top of a blanket.

FIG. 5 depicts an embodiment of an internal selection approach followed by an external

selection approach that includes a hydrocyclone-based density separation approach.

FIG. 6 depicts an embodiment of an internal selection approach followed by an external

selection approach that includes a screen- or filter-based separation approach.
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FIG. 7 depicts an embodiment of an internal selection approach in a bioreactor, including
surface wasting, followed by an external selection that includes a hydrocyclone-based density

separation approach.

FIG. 8 depicts an embodiment of an internal selection approach in a bioreactor, including
an internal lamella, followed by a clarifier and an external selection that includes a hydrocyclone-

based density separation approach.

FIG. 9 depicts an embodiment of a chamber that can be included to manage a single return
activated sludge (RAS), or multiple RAS, and/or one or more waste activated sludge (WAS) flows

and their disposition.
FIG. 10 depicts an embodiment of a double deselection process and system.

FIG. 11 depicts an embodiment of retardation of solids by a cascade flow using bypass of

influent.

FIG. 12 depicts an example of a chemolitho or photo selector/deselector combined with a

gravimetric selector/ deselector.
FIG. 13 depicts an example of a membrane tank with selectors/deselectors.
FIG. 14 depicts an example of a sequencing batch reactor with selectors/deselectors.
FIG. 15 depicts an example of an upflow reactor with selectors/deselectors.

FIG. 16 depicts an example of a modified sequencing batch reactor with

selectors/deselectors.

The present disclosure is further described in the detailed description that follows.

DETAILED DESCRIPTION

The disclosure and its various features and advantageous details are explained more fully
with reference to the non-limiting embodiments and examples that are described or illustrated in
the accompanying drawings and detailed in the following description. It should be noted that
features illustrated in the drawings are not necessarily drawn to scale, and features of one
embodiment can be employed with other embodiments as those skilled in the art would recognize,

even if not explicitly stated. Descriptions of well-known components and processing techniques

6
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may be omitted so as to not unnecessarily obscure the embodiments of the disclosure. The
examples are intended merely to facilitate an understanding of ways in which the disclosure can
be practiced and to further enable those skilled in the art to practice the embodiments of the
disclosure. Accordingly, the examples and embodiments should not be construed as limiting the
scope of the disclosure. Moreover, it is noted that like reference numerals represent similar parts
throughout the several views of the drawings. The terms “size” and “density selection” are used

interchangeably and are incorporated into a single conceptual outcome of densification.

There are several broad approaches to internal physical selection including densification
(retention of dense aggregates), and for managing the transport of the selected particles (for
example, heavy particles) within the process and the deselection of other particles (for example,

light sludge particles).

One approach is to transport particles based on size or density, where there are many
internal approaches to a reactor or clarifier for deselection. For example, poorer settling (smaller
or less dense) particles can be fed downstream of good settling (larger or more dense) particles
within one or more recycle streams, with the poorer settling particles being then exposed to
preferential deselection in, for example, a clarifier. The approach of transporting or deselecting
poorer settling particles downstream of good settling particles can be achieved using one or more
recycle streams, where the better settling or densifying particles can be added or transported
upstream of the poorer settling particles or conversely the poorer settling particles can be
deselected downstream of good settling particles. Such differentials, as well as their use, in the

recycles or deselection is an aspect of the disclosure.

Other size or density approaches can include the use of sludge collectors differentially to
collect the lighter fraction thus specifically exposing them to deselection. Many different types of
sludge collectors can be used in, for example, state-of-the art circular and rectangular clarifiers.
These can include the use of physical hoppers and baffles, as well as collectors that use vacuum,
airlift, or mechanical means to move sludge to an internal hopper or external sludge box. All of

these can be used for differential selection as an aspect of the disclosure.

Another size or density approach can be to surface collect from the reactor or a clarifier or
a settle zone the lighter (smaller or less dense) particles and expose them to deselection. In this

approach, the lighter stratifying fraction can be deselected relative to a heavier fraction in a reactor,



10

15

20

25

30

WO 2022/192921 PCT/US2022/071144

a clarifier or a transition between a reactor and a clarifier. Such stratification for surface wasting
in a clarifier or a sequencing batch reactor is an aspect of the disclosure, including embodiments
that include a size or density deselector. The action of removing the lighter fraction and

deselection ca be referred to as “surface wasting.”

An embodiment of an internal approach can be to cascade the influent or recycle flows to
promote selection or deselection using substrate or microorganism diffusion gradient differentials.
The concept of retarding the flow of mixed liquor can be achieved by adding a bypass or a series
of cascading bypasses of wastewater or wet weather flows to dilute away the sludge as it progresses
down a reactor train to address selection or deselection based on differential diffusion of interest
or differential feast vs famine conditions, or by different donors or acceptors provided. The
organisms downstream thus deselect themselves in the bypass (the term bypass denotes the flow
of wastewater bypassing the tank and ahead of the batch of wastewater that goes into the front of
the reactor) ahead of the earlier cascade. This approach of creating selection or deselection

differentials based on the physical forces of diffusion is an aspect of the disclosure.

The inventors have discovered an unmet need for a technology solution that can provide
improved selection, collection and management of sludge particles in treatment systems and

processes that include pumps, mixers and sludge collectors and recycles.

In various embodiments, the combined or series external selection/deselection of particles
that have been already internally deselected can substantially improve the overall efficiency and
create virtuous cycles for 1) improving settling characteristics, 2) improving thickening
characteristics, 3) reducing membrane fouling and increasing flux, 4) improving solids residence
time uncoupling to grow fast and slow growing organisms, 5) improving selective reactions by
providing specific exposures of sludge particles containing microorganisms to differential
priorities of electron donors and acceptors, and 6) improving production of electron donors or
acceptors by selecting for internal electron donor (including and not limited to internal or external
carbon storage production, or inorganic chemical donors production) or acceptor (such as from
photo or chemo reactions to produce oxygen, nitrate, nitrite or other higher oxidation state

chemicals) production by microorganisms.

In various embodiments, the approach of selection or deselection 1) improves the growth

of desired organisms, 2) improves the overall active fractions of these organisms, and 3) improves
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resource allocation by these organisms, and 4) improves resource production by these organisms,
all within the system. It thus provides for intensification of treatment, resource efficiency for
carbon and energy management, and better treatment efficiency. Thus, within the context of an
anthropological analogy, one moves from the current hunter gatherer experience of activated
sludge process to selective and precision agriculture of the microbial populations contained within

the overall activated sludge milieu.

An approach, system, or process, according to the principles of the disclosure, can include,
or it can be applied to, a reactor or clarifier having any shape, size or configuration, including, for

example, a circular shape, a rectangular shape, a spherical shape, or a semi-spherical shape.

The method and apparatus can apply to any treatment of biological solids in a water or
wastewater treatment system where selection or deselection of biological solids is desired to

improve treatment.

An approach, system, or process, according to the principles of the disclosure, can include,
or it can be applied to, for example, a sequencing batch reactor with an integrated clarification step

and/or decanter.

An approach, system, or process, according to the principles of the disclosure, can include,

or it can be applied to, for example, a membrane bioreactor.

An approach, system, or process, according to the principles of the disclosure, can include,
or it can be applied to, for example, an internal or external deselector that can deselect based on

density, size, shear, compression, diffusion, or exposure to light or heat energy.

According one nonlimiting aspect, the disclosure relates to methods and apparatuses
involving physical deselection of slow settling particles in a manner to develop a series deselection
approach. The concept of multiple deselection by analogy can result in multiple selection as the
inverse of one concept could lead to the other. The water or wastewater stream can be subject to
a second or multi deselection step or process, which can include, for example, an external selection
process that includes density-based or size-based particle selection. In an example embodiment,
particles having poor settling characteristics can be selected and output to a waste stream while
particles having good settling characteristics can be separated and collected. This serial

deselection or out-selection by combining internal and external selection for wasting poor settling
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particles, filaments or flocs is a salient aspect of the technology solution provided by this
disclosure. A similar approach could involve selection based on another physical approach. Any
physical approach can be mixed and matched (such as internal diffusion selection and external

density selection).

An approach, system, or process, according to the principles of the disclosure, can include,
or it can be applied to, for example, a bioreactor comprising an internal lamella followed by a
clarifier and an external deselector such as, for example, a hydrocyclone. The lamella can be an

internal or external lamella.

The disclosure also relates to methods and apparatus involving a staged approach for
collection and management of sludge particles in clarifiers that have, for example, a circular shape,
a rectangular shape, a spherical shape, a semispherical shape, or any other shape that a clarifier
can be constructed to have. The methods and apparatuses can be configured to select and return
good settling particles to a biological process, while selecting and sending poor settling particles

to a waste stream.

The series approach improves the efficiency of deselection, while allowing for uncoupling
of solids residence times (SRTs) of the poor and good settling particles. This SRT uncoupling
allows for slow growing organisms to grow in the good settling particles, which typically are
granular. The poorer settling particles can support faster growing organisms. The larger or denser
particles can provide resistance to oxygen diffusion and support anoxic or anaerobic conditions,
where organisms grow more slowly. The smaller particles or flocs can support growth of faster
growing aerobic or anoxic heterotrophic organisms. Multiple deselection can support a plurality
of different solids residence times of particle fractions (for example, two, three or more SRTs),
including, for example, the lowest solids residence time for organisms subjected to double
selection such as with SRT less than 5 days, and moderate solids residence time for organisms
subject to only single selection with SRT greater than 5 days. The uncoupling can be devised or
controlled as SRT greater or lesser than the average SRT, or calculated as variance or standard
deviations from the mean SRT. In this way, all of the organisms are preferably grown and

harvested at their appropriate active stage.

According to an aspect of the disclosure, a method and apparatus are provided that include

multiple (for example, two, three, or more) different solids residence times (SRTs). The multiple

10
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SRTs can be provided by sequencing (or providing in series) two or more methodologies of
deselection, with, for example, a fraction with the series deselection having the lowest SRT (for
example, 1-5 days), a fraction with a single deselection having a mid SRT (for example, 5-15
days), and a fraction with the most efficiently retained having the longest SRT (for example, 20-

100 days), each fraction having a different particle size.

In an embodiment, an approach can have three sludge fractions such as, for example, 1, 4
and 20-days SRTs, respectively, to retain different organisms having different growth rates or
preferred redox characteristics. The lowest SRT approach can be focused on biomass observed
yield for energy production in sludge processes, while the highest SRT approach can be focused
on an autotrophic function such as, for example, nitrification. The middle SRT can be focused on
an anoxic function, such as, for example, enhanced biological phosphorus removal under anoxic
conditions. These are merely examples, and other approaches are contemplated by this disclosure.
According to an aspect, the technology solution can include the production and modulation of

SRTs, as well as the number of distinct SRTs that can be provided.

The double deselection (where double anywhere in the disclosure can also refer to multiple)
can improve resource allocation or resource production by either improving the use or production
of electron donor or acceptor by microorganisms. In this way the appropriate substrate (donor or
acceptor) is preferentially fed to the appropriate organisms for resource allocation, or alternatively,
the appropriate substrate is produced by the appropriate organisms when exposed to their preferred
production conditions. Two conceptual examples are provided, and many additional examples are

possible within a broader framework.

In an example, a preferential substrate or diffusion hierarchy of donor or acceptor can be
understood by providing the appropriate organism the preferred substrate. For example, using
double selection/ deselection, nitrifiers are preferentially exposed to oxygen, or via similar means,
heterotrophs are preferentially exposed to nitrate as the electron acceptors or otherwise anaerobic
conditions. Similarly, heterotrophs may be preferentially exposed to organic carbon and nitrifiers
may be preferentially exposed to inorganic carbon or ammonia as their substrate carbon or donor
source. Thus any heterotroph or autotrophs may also be preferentially exposed to their electron
donors or acceptor using such multiple selection approaches entail. By improving such resource

management/allocation of donors and acceptors and their appropriate use with appropriate

11
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organisms, much intensification and improved energy management is achieved. Improved
treatment is also achieved. For example, a 20-50% volume reduction or a similar reduction in
energy use is achieved by such improved resource allocation. Much improved treatment efficiency

exceeding 90% removal of desired constituent is also achieved.

The double selection or deselection by means of appropriately repositioning the return
streams also allows for variable production of internal electron donor or acceptor. For example,
the larger particles in the underflow of a hydrocyclone may facilitate redox conditions and/or
promote the growth of slow growing organisms that store substrates (such as
polyhydroxyalkanoate or glycogen) that can be relocated to facilitate storage under feast
conditions under anaerobic conditions, while autotrophs may be grown in famine conditions where
organic substrates are not present or needed and to produce an electron acceptor such as nitrite or
nitrate. Thus, the selection or deselection of streams for optimized substrate (donor or acceptor)
production when combined with an external size or density selector/deselector such as a
hydrocyclone or screen is conceived in this invention. Another approach is to produce either donor
or acceptor using a photo source combined with an external selector such as a screen or
hydrocyclone (or otherwise any size or density separation device). A photo source could hence
select or deselect organisms that favor or disfavor light and thus use these organisms to produce
an electron donor (organic carbon) such as with purple bacteria or electron acceptor (such as
oxygen) such as with cyanobacteria. The broader category of phototrophs to perform the
aforementioned donor or acceptor production, are used to be more inclusive and to comprise any
organism that can produce such donors or acceptors at any location or time sequence of a process
or in any reactor format. The same could apply to chemotrophs or approaches using a heat source.
All of these approaches need electrical energy to help influence the physical selection or
deselection. Thus, the combined internal selection/ deselection and external selection/ deselection
of organisms to produce microbially produced electron donor or electron acceptor is also a subject
of this invention in a much broader conception of using selectors to produce microbially induced
donors or acceptors. The internally produced carbon (from storage and selection/deselection)
could satisfy 10-100 percent of the electron donor needs and the internally produced electron
acceptor (from such selection/deselection) could also satisfy from 10-100 percent of the electron
acceptor needs. We propose a minimum of 20% of donor, acceptor or carbon production through

such means. By improving such production of donors and acceptors by appropriate organisms,
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much intensification and improved energy management is achieved. Improved treatment is also

achieved.

There are numerous different types of state-of-the art sludge collectors in use for circular
and rectangular clarifiers. These include, for example, physical hoppers and baffles, as well as
collectors that use vacuum, airlift, or mechanical means to move sludge to an internal hopper or
external sludge box. There exists an opportunity to introduce multiple (for example, two) hoppers,
or otherwise use a single hopper to collect the return activated sludge (RAS) and to include, for
example, a bottom collector mechanism (for example, a lift or a vacuum) to collect the slowest
settling particles found usually at the extremity from the influent supply in, for example, a circular

or rectangular clarifier, typically near the periphery of the effluent weir.

The disclosure provides methods and apparatuses that can include the collection of smaller
waste flows (for example, compared to an RAS flow), which can be collected separately and
directly from, for example, a bioreactor or a clarifier instead of from a combined RAS or mixed
liquor flow. This separate and direct collection of waste can allow for a graded approach for
collecting the lightest particles using different types of apparatuses, including, for example: one or
more suction pipes positioned at a periphery in an organ pipe arrangement; or including separate
perforated pipes or plates applied near the periphery (for example, at an extreme end of an
influent); or, including moving vacuum sludge collectors that can alternately return sludge to a
biological reactor near the influent feed section and waste sludge at the periphery. A waterfall
baftle can also be used, where the sludge on the hopper side of a baftle is returned to the bioreactor

and the sludge on the outside of the baffle is collected for waste, as needed.

Another approach is to include an internal or external lamella associated with a bioreactor.
In an embodiment, the sludge collected can make its way upstream in the bioreactor internal mixed
liquor recycle, while the poorer settling particles can be removed in a clarifier, subject at least in
part to wasting and deselection. A final approach can include sending the lighter surface waste in
the bioreactor to waste and deselection while an underflow of the clarifier can be returned as a
recycle stream. Accordingly, internal selection of poor settling particles can be carried out for
wasting (referred to as “deselection” or “internal deselection”). The term “out” can indicate that

a selection approach occurs to waste material.

13
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In an embodiment of the disclosure, a second (or subsequent) deselection process can be
included in the technology solution. The subsequent deselection process can include, for example,
an external lamella, hydrocyclone, classifier, centrifuge, upflow separator, or other density-based
particle deselector, or otherwise a screen or a filter for a size deselector. The subsequent
deselection process can be configured in series with, for example, above-discussed approaches that
include density or size-based particle selection. Shear or compression forces can be used to help
physically obtain the out-selected particles, where the sheared and compressed particles are out-
selected while the particles surviving such shear or compression are retained. Thus, the multi-

deselection (for example, double selection) is an aspect of the technology solution.

In an embodiment, the method and apparatus can include an external deselector for
physical selection, such as, for example, one or more hydrocyclones or one or more screens, a
photo or heat source (including LED or mercury bulb for any wavelength of light including UV,

visible or infrared) or a shear mixer.

In an embodiment, the method and apparatus can include an internal deselector for physical
deselection, such as, for example, surface wasting for removal of non-desirous filaments and foam

causing organisms.

In an embodiment, the wastewater treatment system processes biological solids for water
or wastewater treatment, wherein at least one of an internal and an external physical deselection is
performed using pressure, flow, heat or light to achieve a physical deselection differential, with a
minimum of two or more internal-external deselection steps provided. The internal and external
physical deselection steps can include, in series, an internal deselector and a deselector, which can
deselect biological solids based on changes in any of density, size, shear-resistance,
compressibility, diffusion-characteristics, photo-sensitivity or temperature-sensitivity, and to
improve the selective retention of biological solids that are favorable for such the treatment,
comprising: (a) a reactor for water or wastewater treatment receiving an influent contaminated
water source; (b) a decanter, an integrated or external clarifier, or a membrane separator, or a filter;
(c) a first internal selector (or deselector) that deselects the biological solids particles within the
reactor, decanter or, clarifier, separator, or the filter, followed by; (d) an external deselector that

further removes and deselects particles in series.

14
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In an embodiment, the method and apparatus can bring these two approaches together in
an approach of series deselection that involves a combination of internal and external selection.
This series approach allows for improved overall deselection efficiency for improved
densification, granulation and improvements to sludge volume index and settling velocity. It also
allows for a range of particle size or densities to promote internal core redox conditions for slower
growing organisms within the inside of these particles or granules that promote or improve
function such as for nutrient removal. The approach allows for series SRT uncoupling, allowing
for multiple functions from maximizing yield to maximizing treatment function. In embodiments,
the method and apparatus can include such ecologically inspired functions promoted by floc or
granule formation, calibrated by redox and SRT formulations, and performed by a combination of

internal and external selection.

In an embodiment, an internal selection approach (or methodology) can be provided within
circular or rectangular clarifiers. The internal selection approach can be configured to include a
separate lift or vacuum or an outer hopper, which can be applied at or near a periphery of a clarifier,
such as, for example, near an effluent weir, to remove the slower settling particles that drift
outwards. The internal selection approach can be further configured to separate the faster settling
particles, which can then be returned in the return activated sludge to, for example, a bioreactor.
An alternate approach can be to waste at the top of the blanket and return the more compressed

sludge at the bottom of the blanket in the return activated sludge.

An embodiment of the disclosure can include clarification-based differential internal
selection and a combined internal-plus-external multi-selection approach. The selection and
removal (also referred to as deselection or outselection) of poor settling flocs, filaments or particles
can be a revolutionary approach for wastewater treatment. It can provide intensification by
increasing a total inventory of mixed liquor in a biological process by improving settling and
thickening characteristics of liquor. It can also provide intensification by increasing an active
inventory of mixed liquor through solids residence time (SRT) uncoupling, allowing for multiple
residence times for fast and slow growing organisms. By maintaining the most optimum SRT for
organisms based on their growth rate, the overall active mass inventory can be increased. So,
multiple (for example, double or triple) deselection with at least the first deselection stage
comprising an internal deselector, can facilitate cultivating organisms at their most optimized

active fractions within a single process while at the same time exploiting other functional attributes
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associated with improved densification or particle size that allow for increase in the inventory

within the process itself.

In an embodiment, a multi-deselection approach can include starting with an interesting
and important congruence that larger sized or denser particles settle well and can increase overall
settling velocities. This approach can increase the mass of inventory supported in a system as a
first approach. At the same time, the larger or denser particles can offer advantages of promoting
multiple redox conditions afforded by mass transfer (diffusion) resistance for oxygen or other
electron acceptors to support populations for a treatment function, such as, for example,
denitrification or phosphorus removal, as a second approach. Some of the lower redox conditions
can support slow growing organisms, which can be retained and not deselected. The ability to
support multiple solids residence times from serial deselection can facilitate retention of the larger
particles, which, by not being deselected, can become self-agglutinating carriers for such slow
growing low redox organisms, as well as slow growing autotrophs that may operate at higher redox
conditions. The mid-range particles can support other organisms such as denitrifying phosphorus
accumulating organisms that are subject to only a single deselection; and the smaller particles can
support heterotrophic organisms that because of double deselection grow fast, have high yield and
consequent high energy production within anaerobic digesters. All such organisms can be
maintained at their highest active fractions through periodic process control of the deselection

process by adjusting the efficiencies of the deselection.

In embodiments, various approaches for internal deselection can be provided, including,
for example, with process equipment in operating clarifiers. For example, an internal deselection
approach can include a vacuum, an air lift or a pump operation at a top of a blanket to remove the

slowest settling particles.

In an embodiment, the internal deselection approach can include an organ pipe arrangement
configured to send slower settling particles from a peripheral pipe inlet to a waste line while other

pipes are configured to contain sludge that is returned as a recycle stream.

In an embodiment, the internal deselection approach can include a vacuum or a lift

arrangement for wasting peripheral sludge near an effluent weir only.

In an embodiment, the internal deselection approach can include one or more waterfall

baffles that are configured to retain slow settling organisms in a periphery for deselection. The
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waterfall baffle can be placed, for example, between about 25% and about 75% of the distance

between an inlet and an outlet.

In an embodiment, the internal deselection approach can include a moving vacuum system,

which can be manifolded in a manner to waste sludge only when the system reaches the periphery.

In an embodiment, the internal deselection approach can include a system comprising a
perforated manifold and one or more plates or pipes in a periphery to collect the slower settling

sludge.

In an embodiment, the internal deselection approach can include a system comprising a
double hopper with a peripheral hopper included to manage and collect the slower settling
organisms. Here, the periphery can be referred to sludge withdrawal away from the influent, for
example, at about 50% or greater horizontal distance (for example, measured radially for a circular
and along length for a rectangular clarifier) between a clarifier inlet or feed (for example, first feed
point in case of multiple feed points) and a clarifier outlet (for example, effluent weir or decanter),

preferably greater than about 2/3rd distance, and more preferably greater than 75% distance.

In an embodiment, the internal deselection approach can include a bioreactor and a lamella

or surface wasting

In an embodiment, the external deselector can include a density, size, shear, compression
or viscosity management device that uses physics to impart deselection. The external deselector
can include a hydrocyclone, a centrifuge, a classifier, an external lamella or another device that
can support external deselection based on density gradients where a lighter fraction can be
deselected because of seemingly small specific gravity differences, such as, for example, between

about 1.01 and about 1.04, or even as high as 1.10.

In an embodiment, the external deselector can include a screen, a filter or another device
that can select or separate particles based on size or compressibility, and that can be used for

deselection where, for example, smaller particles are wasted.

In an embodiment, shear can be included in the deselection approach to breakup particles

less resistant to shear and have them deselected.

In an embodiment, compression can be included in the deselection approach to remove less

rigid particles for deselection such as through its passage through pores in a screen or filter.
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In an embodiment, the deselection approach can include a viscosity gradient using a phase

separator to remove the more viscous slower flowing particles.

In various embodiments, the internal/external deselection approach can include an
internal/external selection approach, and internal/external deselection can include internal/external

selection,

In various embodiments, the internal/external selection approach can include an
internal/external deselection approach, and internal/external selection can include internal/external
deselection. For internal deselection or selection, the approach can occur from the physical use of
an inlet pipe, an outlet pipe, connected to a pump, or the use of a source of energy or electrons

being donated or accepted, thereof.

In certain embodiments, the deselection approach can include external selection or
deselection in combination with internal selection or deselection is of interest. These approaches
can be configured in a series arrangement, wherein, for example, an output of one deselection
approach is supplied to an input of the other deselection approach, thereby providing multi-
deselection, or double deselection in this example. Additional deselection stages can be added in

series to provide triple deselection, or greater than triple deselection.

The disclosure provides a multi-deselection approach that can increase SRT uncoupling by
a factor ranging from approximately two (2) to five (5) times, or greater, for denser or larger size
fraction relative to the lighter and smaller particles for a single deselection approach. For double
deselection, the SRT uncoupling is about double the single deselection range, and from about four
(4) to about ten (10) times for denser or larger size fraction relative to the lighter and smaller
particles. The template particle morphology for dense or large particle is a granule and the
template particle morphology for a light and small particle is a floc. Double deselection can better
retain slow growing organisms on one end of the spectrum, and washout fast growing organisms
on the other end of the spectrum continuum. In a preferred embodiment, the multi-deselection
approach can host multiple (for example, two or more SRT uncoupled) organism groups in their

most appropriate mass fractions for most effective treatment, referred to as “active inventory.”

The present disclosure provides, in certain embodiments, an SRT uncoupling approach that
can include an internal deselection approach performed within, for example, a reactor or clarifier,

and an external deselection approach performed using a size or density selector.
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In certain embodiments, the external deselection approach can provide a Sludge Volume
Index (SVI) of less than 100 mL/g (SVI < 100 mL/g), and the multi-deselection approach, which
also includes the internal deselection approach, can provide an SVI of less than 80 mL/g (SVI

<80 mL/g).

The multi-deselection approach can be applied to, or included with, any type of activated
sludge reactor, including, for example, a bioreactor and a clarifier, a sequencing batch reactor, a
modified sequencing batch reactor, an integrated fixed film activated sludge reactor, an upflow
reactor with integrated clarifier or decanter, or a membrane bioreactor. Fixed, moving or mobile
media as biofilms can be used if desired in any reactor configuration. The modified sequencing
batch reactor can include a single or multiple reactor tanks in series, in a step feed configuration,
with at least two sequenced clarifiers. The upflow reactor can include feed piping located at the
bottom of the reactor with an integrated clarifier or decanter at the top of the reactor. In the figures,
if an inlet or outlet is not explicitly shown for a reactor or a clarifier, it needs to be assumed to
have such inlet or outlet. The purpose of the figure is to show the key embodiment for performing

selection.

FIG. 1 depicts an embodiment of a clarifier 100, with an internal deselection approach that
comprises a physical deselector having an internal selection vector 103, according to the principles
of the disclosure. The clarifier 100 includes an inlet pipe or channel 101, which can be configured
to receive a solid-liquid mixture containing soluble organic and inorganic contaminants and
particulate materials from a reactor using 108, and send material from 102 back to the reactor. The
vector 103 can include an extraction system (not shown) comprising, for example, a vacuum or a
pump that removes the lighter material in the periphery of the clarifier 100, which can then be

output to be wasted.

Any of the various embodiments of the internal selection approach discussed below can
include a physical deselector 109 that is included internally in a reactor (for example, reactor 750,
shown in FIG. 7) or external to the reactor, or internally in the clarifier 100 or external to the
clarifier 100. The physical deselector 109 can comprise one or more pipes, one or more plates, a
baffle, a manifold, a slotted manifold, a perforated manifold, a pump, a vacuum, a heat source, a
gas source, a pressure Source, a mixing source, a cooling device, an electromagnetic energy source

(including, for example, infrared, visible, and ultraviolet wavelengths), a motor, a drive, a filter, a
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membrane, a clarifier, a centrifuge, a cyclone, a hydrocyclone, a tank, a reactor, or any combination
thereof. The selector can be configured to perform any of the various embodiments of internal
approaches disclosed or contemplated by this disclosure, including performing the various vectors
disclosed herein, including vectors 103, 201-204, 304, 403, 503, and 603 discussed below. The

physical selector 109 can include, for example, the energy source 1204 (shown in FIG. 12).

The selector can be configured to perform an internal selection (or deselection) approach
by, for example, using a negative or positive pressure at or near a reactor interface or clarifier
interface. The internal selection approach can, for example, be performed: at a surface of the
reactor or surface of a settling blanket; at a periphery of the clarifier; using slotted or perforated
manifolds, plates or pipes that are placed near the periphery; using a baffle that directs and
separates sludge at the periphery; at a feed zone for influent or recycles addition; or at a discharge

zone for effluent or recycles.

In various embodiments, the selector can include an energy source provided in the reactor
(for example, reactor 750, shown in FIG, 7) that provides energy to deselect/select particles,
including biological solids, from a liquid-solid mixture. The energy source can include, for
example, an electromagnetic energy source (visible light, ultraviolet light, or infrared), a heat
source, a gas source (for example, oxygen, air, nitrogen, etc.), a pressure source (for example,

pump or vacuum), and a mixing source (for example, mixer, motor, etc.).

In various embodiments, the selector can be configured to separate lighter or less dense
particles that occur at the surface of a solids blanket or away from the clarifier influent at the
periphery. The selector can include negative or positive pressure, for example, using a vacuum,
lift or pump mechanism that is applied either directly to the sludge, or include collectors such as,
for example, perforated or slotted pipes, plates or manifolds, or baffles to direct or separate two or
more sludge withdrawals or rake arms that assist in collecting at least one of two or more sludge

withdrawals.

The internal deselection approach can be applied at a periphery of the clarifier 100, away
trom the inlet piping or channel 101, and nearer to the effluent weir or decanter (not shown) where
poorer settling sludge will tend to migrate and settle. The internal deselection approach can have,
for example, the internal selection vector 103 depicted in FIG. 1. A return activated sludge (RAS)
102 can be collected from an underflow outlet or hopper of the clarifier 100. The RAS 102 can be
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collected and supplied to a return activated sludge (RAS) box (not shown) or returned as a recycle
stream to an input of, for example, the clarifier 100, a reactor (not shown), or another stage of a
wastewater treatment process or system (not shown). The pipe or channel 108 can receive flow
from a flow source 105. In various embodiments, the flow source 105 can include a reactor, which

can be configured to receive flow of influent wastewater or primary effluent.

In an embodiment, the flow source 105 includes optional combinations of the following: a
pretreatment system (not shown) that is configured to receive wastewater from a sewage system
(not shown) and process the wastewater in one or more pretreatment stages, including, for
example, a bar screen (not shown) configured to remove larger objects such as cans, rags, sticks,
plastic packets, and the like, from the wastewater; a pre-treatment chamber (not shown) containing,
for example, a sand or grit chamber or channel configured to adjust a velocity of the incoming
wastewater and thereby allow the settlement of, for example, sand, grit, stones, broken glass, and
the like; a tank for removal of, for example, fat, grease, and the like; or a primary separator, such
as, for example, a clarifier tank, or a sediment tank, for gravity settling. The primary separator can
include a chemical or ballast material that is added to improve solids removal. Downstream of the
separator is a process or reactor often called an activated sludge process. The clarifier is comprised
of this process. The resultant solid-liquid mixture containing soluble organic and inorganic
contaminants and particulate materials can be output from the reactor (in the flow source 105) and
ted, directly or indirectly, via outlet 108 to the inlet pipe or channel 101 as influent into the clarifier
100. The lighter or poorly settling material is typically at the top or periphery of the blanket and is

removed by the vector 103.

Although illustrated as having a circular shape in the embodiments depicted in the figures,
the clarifier 100 can have any shape, including, for example, a rectangular shape, a cone shape, a

cylindrical shape, an elliptical shape, a spherical shape, or a semi-spherical shape.

FIG. 2 depicts an embodiment of an internal selection approach comprising an internal
selector, in which the clarifier 100 comprises an organ pipe clarifier. In this embodiment, the
clarifier 100 can include a selector 109 comprising multiple pipes, each of which can be configured
to lift sludge from near the bottom of the clarifier 100 and direct the lifted sludge in the clarifier
100 away from the bottom, according to, for example, selection vectors 201, 202, 203, and 204.

The multiple pipes can be configured to facilitate multiple internal selection vectors, such as, for

21



10

15

20

25

30

WO 2022/192921 PCT/US2022/071144

example, the internal selection vectors 201, 202, 203, 204 depicted in FIG. 2. The pipes can be
configured to supply the sludge into a return activated sludge (RAS) box (not shown).

In an embodiment, the clarifier 100 includes an underflow outlet (not shown) at which RAS
can be collected. The RAS can be collected and supplied to a RAS box (for example, chamber
900, shown in FIG. 9) or returned as a recycle stream to an input of, for example, the clarifier 100,

a reactor (not shown), or another stage of a wastewater treatment process or system (not shown).

The clarifier 100 can be configured to receive a solid-liquid mixture from, for example, the
outlet 108 from the flow source 105 (shown in FIG. 1). The peripheral pipes can each be located
away from the inlet 101. Any one or more of the pipes can be configured to collect sludge near
the bottom of the clarifier 100 and send the collected sludge to solids handling (not shown) or

waste (not shown), for example, in a waste stream.

The internal deselection approach depicted in FIG. 2 associated with the organ pipes can
include one or more vacuums or pumps. The lighter or poorly settling material is typically at the
top or periphery of the blanket and can be removed by the vector 201. The vectors 202, 203, and
204 can be configured to remove the lighter or poorly settling material downward of, or along a
periphery of the blanket. In an embodiment, the vector 201 can remove material at the top or
periphery of the blanket; the vector 202 can be configured to either remove or return sludge to the
reactor; the vector 203 can be configured to remove or return sludge to the reactor; and, the vector

204 can be configured to remove or return sludge to the reactor.

FIG. 3 depicts an embodiment of an internal deselection approach that includes an internal
selector, wherein the approach includes a clarifier 100 having a waterfall baffle 303. The clarifier
100 can be supplied, via the inlet 101, with the solid-liquid mixture 108. The internal deselection
approach can include an internal selection vector 304 at a periphery of the clarifier 100, away from
the inlet 101. The internal selection vector 304 can be mediated by the waterfall baffle 303. The
waterfall baffle 303 can be applied to direct sludge flow to a hopper (not shown) or an underflow
at which the RAS (return activated sludge) 102 can be collected. The internal selection vector 304
can be applied to direct sludge leeward of the baffle 303 to a separate sludge collector (not shown)

for solids handling or wasting.

The RAS 102 can be collected and supplied to a return activated sludge (RAS) box (not

shown) or returned as a recycle stream to an input of, for example, the clarifier 100, a reactor (not
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shown), or another stage of a wastewater treatment process or system (not shown). The lighter or
poorly settling material is typically at the top or periphery of the blanket and is removed by the
vector 304.

FIG. 4 depicts an embodiment of an internal deselection approach in which the clarifier
100 comprises a blanket. The clarifier 100 can include a deep clarifier, such as, for example,
greater than ten feet (10 ft.) in depth and that can support a blanket. Here, the internal deselection
approach can be configured such that the sludge from the top one-third, or less, and preferably the
top 25%, of the blanket can be partly used to supply deselected solids. The internal deselection
approach can include an internal selection vector 403, as depicted, that can be applied to the blanket

to supply the deselected solids.

The clarifier 100 can be supplied, via the inlet 101, with the solid-liquid mixture 108. The
RAS 102 can be collected from an underflow outlet or hopper of the clarifier 100. The RAS 102
can be collected and supplied to the RAS box (for example, chamber 900, shown in FIG. 9) or
returned as a recycle stream to an input of, for example, the clarifier 100, a reactor (for example,
in the flow source 105, shown in FIG. 1), or another stage of a wastewater treatment process or

system (not shown).

In various embodiments, the clarifier 100 can include a sequencing batch reactor or an
upflow reactor with an integrated clarification or decanting step. The lighter or poorer settling
material is typically at the top of the blanket of the reactor or clarifier and is removed by the vector

403.

FIG. 5 depicts an embodiment of a multi-deselection approach comprising the clarifier 100
with an internal deselection approach, including an internal selector, and a density-based (DB)
deselector 550 with an external deselection approach. The clarifier 100 can include a waste outlet
107 coupled to an input of the DB deselector 550. The clarifier 100 can be supplied, via the inlet
101, with the solid-liquid mixture 108. The clarifier 100 can include an output 120. In an
embodiment, the clarifier 100 includes an internal deselection approach that can include an internal
selection vector 503 using and aforementioned internal deselection approaches. The internal
deselection approach can be included in a periphery of the clarifier 100, away from the inlet 101.
The lighter and poorer settling material is typically at the top or periphery of the blanket and is

removed by the relevant vectors to the DB.
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In certain embodiments, the internal deselection approach (in FIG. 5) can include one or
more internal selection vectors, including, for example, internal selection vectors 103, 201-204,

304, 403, or 503 discussed above.

The DB deselector 550 can include, for example, a hydrocyclone, a centrifuge, a lamella,
a classifier, a screen, a filter, or any compact device capable of density-based particle selection.
The DB deselector 550 can include, for example, the gravimetric selector 11 described in U.S.
Patent No. 9,242 882, titled “Method and Apparatus for Wastewater Treatment Using Gravimetric
Selection,” or the gravimetric selector 260 described in U.S. Patent No. 9,670,083, titled “Method
and Apparatus for Wastewater Treatment Using External Selection,” both of which are hereby

incorporated herein by this reference in their entireties.

The DB deselector 550 can be configured to receive the solid-liquid mixture from the
clarifier 500, via the outlet 107, and carry out an external deselection approach comprising
classifying, separating or sorting solids/particles in the solid-liquid mixture based on density of the
solids/particles compared to the rest of the solids/particles in the mixture. The DB deselector 550
can be configured to separate densified solids/particles that tend to exhibit good settling

characteristics from less dense solids/particles that tend to exhibit poor settling characteristics.

The DB deselector 550 can be configured to output the densified solids/particles at a
recycle stream output 505 as an underflow, which can then be fed back to the clarifier 100, a reactor
(not shown) or another stage of a wastewater treatment process for further processing, including,
for example, bioreaction or digestion. The DB deselector 550 can be configured to output the
remainder of the received solid-liquid mixture at its waste stream output 504, which can contain
smaller particles and colloids that have the potential to cause membrane bioreactor (MBR)

membrane fouling, cause turbidity in effluent, or induce membrane air diffuser fouling.

The RAS 102 can be collected from an underflow outlet or hopper of the clarifier 100. The
RAS 102 can be collected and supplied to a RAS box (for example, chamber 900, shown in FIG.
9) or returned as a recycle stream to an input of, for example, the clarifier 100, a reactor (not

shown), or another stage of the wastewater treatment process or system (not shown).

In an embodiment, the internal deselection approach depicted in FIG. 5 removes the lighter
or poorer settling material that is typically at the top or periphery of the blanket and is removed

via a pump (not shown) by the vector 503 and then exposed to further deselection and wasted via
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504. In an embodiment, the lighter or poorer settling material can be removed via the pump (not

shown) or a vacuum (not shown) by the vector 503 and wasted via the outlet 120.

FIG. 6 depicts an embodiment of a multi-deselection approach comprising the clarifier 100
with an internal deselection approach, including an internal selector, and a particle size-
compressibility (PSC) deselector 650 with an external deselection approach, according to the
principles of the disclosure. The clarifier 100 can include the inlet 101 and the internal deselector
outlet 107, which can be coupled to an input of the PSC deselector 650. The clarifier 100 can be
supplied, via the inlet 101, with the solid-liquid mixture 108 and output, via outlet 107, a processed
solid-liquid mixture to the PSC deselector 650. The internal deselection approach can include an
internal selection vector 603. The internal deselection approach can be included in a periphery of

the clarifier 100, away from the inlet 101.

In certain embodiments, the internal deselection approach (in FIG. 6) can include one or
more internal deselection vectors, including, for example, internal selection vectors 103, 201-204,

304, 403, 503, or 603 discussed above.

The PSC deselector 650 can include, for example, a screen, a filter, a membrane or a device
capable of separating particles based on size or compressibility or resistance to shear of the
particles compared to the rest of the particles in the solid-liquid mixture received from the outlet
607. The PSC deselector 650 can include a mesh or a non-mesh structure, and can be a drum,
stationary, band or vibrating device, as will be understood by those skilled in the art. The PSC
deselector 650 can include the gravimetric selector 260 or membrane apparatus 10 described in
U.S. Patent No. 9,670,083, which has been incorporated herein by reference in its entirety. The
PSC deselector 650 can include an optional screen wash, such as the screen wash 5 described in

U.S. Patent No. 9,670,083, to further assist in a screening process.

The PSC deselector 650 can be configured to receive the solid-liquid mixture from the
clarifier 100, via the outlet 107, and separate recyclable solids from the rest of the received solid-
liquid mixture based on size and compressibility of the solids/particles in the mixture. The typical
ranges of size for selection can range from as low as 10 microns to as high as 1000 microns.
However, the preferred range is between 200-500 microns. Any value between 10 and 1000
microns are herewith disclosed as possible. The portion of the solid-liquid mixture that passes

through the PSC deselector 650, for example, waste constituents, can be output as a waste stream
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to at a waste outlet 604 as a deselected portion; and, the solids/particles that are retained by the
PSC selected 650 can be output to a return outlet 605, which can be returned, for example, to a
bioreactor (not shown) or another stage of a wastewater treatment process for further processing,

including, for example, bioreaction or digestion to a bioreactor (not shown).

The RAS 102 can be collected from an underflow outlet or hopper of the clarifier 100. The
RAS 102 can be collected and supplied to a RAS box (for example, chamber 900, shown in FIG.
9) or returned as a recycle stream to an input of, for example, the clarifier 100, a reactor (not

shown), or another stage of the wastewater treatment process or system (not shown).

The internal deselection approach depicted in FIG. 6 can include a pump (not shown) or a
vacuum (not shown) that removes the lighter or less settleable material that is typically at the top

or periphery of the blanket and is removed by the vector 603.

FIG. 7 depicts an embodiment of a wastewater treatment system 10 comprising a multi-
deselection approach, according to the principles of the disclosure. The system 10 includes the
clarifier 100 with an internal deselection approach, a reactor 750 and the DB deselector 550 with
the external deselection approach. The system 10 can be configured to receive an influent 701 at
an input of the reactor 750. The influent 701 can contain a solid-liquid mixture containing soluble
organic and inorganic contaminants and particulate materials. The influent 701 can be received
from an external source (not shown), such as, for example, the flow source 105 (shown in FIG. 1).
For instance, the input of the reactor 750 can be coupled, directly or indirectly, to the outlet 108 of

the flow source 105.
In an embodiment, the flow source 105 (shown in FIG. 1) includes the reactor 750.

The reactor 750 can include a bioreactor, a membrane bioreactor (MBR), a moving bed
bioreactor (MBBR), a fixed-bed reactor, an electro-biochemical reactor (EBR), a hollow fiber
bioreactor, a membrane biofilm reactor, a batch reactor, a fed batch reactor, a continuous reactor,
a continuous stirred-tank reactor, a plug flow reactor or a device or system that can support a
biologically active environment. The reactor 750 can be configured to carry out a treatment
process, such as, for example, a suspended growth activated sludge process, a granular process, an
integrated fixed-film activated sludge process, a biological nutrient removal process, an aerobic

digestion process, or an anaerobic digestion process.
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The reactor 750 can be configured for surface wasting of the biologically active mixture at
an output 707 of the reactor 750, which can be supplied to an input of the DB deselector 550. In
an embodiment, the clarifier 100 can be configured for surface wasting (of the blanket) of the
mixture at output 7007 of the clarifier 100. The DB deselector 550 can, via an external deselection
approach comprising density-based separation, separate densified solids/particles from the surface
wasted mixture and output the densified solids/particles at the recycle stream output 505, which
can then be returned to the reactor 750, the clarifier 100, or another stage of a wastewater treatment
process for further processing, including, for example, bioreaction or digestion. The DB deselector
550 can output the remainder of the surface wasted solid-liquid mixture, which has been double
deselected, at the waste stream output S04, which can contain smaller particles and colloids that
have the potential to cause MBR membrane fouling (if membrane system is in lieu of a clarifier),

cause turbidity in effluent, or induce membrane air diffuser fouling.

The clarifier 100 can apply an internal deselection approach, which can include, for
example, one or more of the internal selection vectors 103, 201-204, 304, 403, 503, or 603

discussed above.

The clarifier 100 can be configured to receive a solid-liquid mixture from an output of the
reactor 750, apply the internal deselection approach and separate the solid-liquid mixture
according to the internal deselection approach to output the RAS 102 and the clarifier output 120.
In various embodiments, this clarifier output 120 can be included in any aforementioned clarifier
in previous figures not showing such output. A portion of the RAS 102 can be combined with the
surface waste 707 if, for example, 707 is insufficient in quantity or too thin in concentration. A
ratio of between 10% RAS (702) and 90% surface waste (707) to 90% RAS (102) and 10% surface
waste (707) is possible. 100% surface waste (707) is also possible.

In an embodiment, the RAS 102 is collected from the underflow outlet or hopper of the
clarifier 100. The RAS 102 can be collected and supplied to a RAS box (for example, chamber
900, shown in FIG. 9) or returned as a recycle stream to an input of, for example, the reactor 750,
clarifier 100, the DB deselector 550, or another stage of the wastewater treatment process or system

(not shown).

As discussed above, the embodiment of the wastewater treatment system 10 comprises the

multi-deselection approach of the internal deselection approach applied in the reactor 750 and the
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external deselection approach applied in the DB deselector 550. As depicted in FIG. 7, the multi-
deselection approach includes the external deselection approach in the DB deselector 550 arranged
in series with, and after, the internal deselection approach in the reactor 750. Other multi-
deselection approaches are contemplated by this disclosure, including, for example, combinations
of, but not limited to, peripheral approaches, other density separation approaches, size separation
approaches, shear-based separation approaches or compression-based separation or combination

approaches.

In an embodiment of the wastewater treatment system 10, the recycle stream 505 and RAS
102 can be supplied in return lines to two different locations in the reactor 750, such as with the
return line from 505 preceding the RAS 102 to thus send specific organisms contained in the line
505 relative to the RAS 102 to specific donors or acceptors. For example, the larger and/or denser
materials in line 505 and/or RAS line 702 can be sent to a feast zone (not shown) in the reactor
750, while the smaller or less dense fraction in line 505 and/or RAS line 102 can be sent directly
to an anoxic tank (not shown) in an anaerobic-anoxic-aerobic (A20) process approach. The vice

versa is also possible, as needed.

FIG. 8 depicts an embodiment of a wastewater treatment system 20 comprising a multi-
deselection approach, according to the principles of the disclosure. The wastewater treatment
system 20 can include the clarifier 100, reactor 750 and DB deselector 550, as depicted. The
reactor 750 can include an internal lamella 2. In an embodiment, the reactor 750 can include a
decanter. The multi-deselection approach, in the system 20, includes an internal deselection
approach in the reactor 750 followed by the clarifier 100 with outlet 120 and RAS 102, followed
by an external deselection approach in the DB deselector 550 with an underflow 505 returned to

the reactor 750 and the deselected overflow 504 output, for example, as a waste stream.

In an embodiment, the system 20 can include an external lamella or decanter in place of,
or in addition to the lamella (or decanter) 2. An underflow of the lamella or the non-decanted
material 804 containing larger or denser material is retained, or returned in a mixed liquor recycle
806, while the lamella or decanter contained stream is sent, via the outlet 703, to the clarifier 100
for settling, additional return, and wasting either from a common hopper or using peripheral or

blanket surface removal approaches, discussed above. The external deselection approach can
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include density-based selection in the case of the DB deselector 550. This approach also enhances

densification for improved settling or thickening properties.

In certain embodiments, the PSC deselector 650 (shown in FIG. 6) can be included in
addition to, or in place of, the DB deselector 550. In such embodiments, the external deselection
approach can include density, size, shear or compression, or any combination thereof in separating
process-promoting material comprising densified or larger solids/particles or granules from non-
process-promoting material comprising less dense or smaller or less compressible solids or
particles. Process-promotion material can include, for example, growth activated granules or
material that can promote or facilitate growth of one or more classes of microorganisms that can
facilitate bioreaction, biodigestion or biological selection in the reactor 750. These processes can
be characterized by biomass with a higher density and particle size than, for example, flocculent

biomass.

In certain embodiments, the system 20 can include an external lamella, a high-rate clarifier
with optional multiple withdrawals, weir, or decanter. The system 20 can include a surface waste
device in lieu of the internal lamella 2. The effluent from such a device can be directly wasted

and/or sent to the clarifier 100 for return or wasting.

In an embodiment of the wastewater treatment system 20, the recycle stream 505 and the
RAS 102 can be supplied in return lines to two different locations in the reactor 750. For example,
the larger and/or denser materials in line 505 and/or RAS line 102 can be sent to a feast selector
zone (not shown) in the reactor 750, while the smaller or less dense fraction in line 505 and/or
RAS line 102 can be sent directly to an anoxic tank (not shown) in an anaerobic-anoxic-aerobic
(A20) process approach. The vice versa is also possible, as needed. This approach helps improve
either resource allocation or resource production for and by the microorganism in the sludge as
previously discussed. This approach also enhances densification for improved settling or

thickening properties.

In an embodiment, the wastewater treatment system 20 can include an internal selection
approach comprising the bioreactor 750 using an internal lamella 2 or an external lamella (not
shown) as part of the reactor, or between the reactor 750 and a clarifier (not shown), followed by
the clarifier 100, with the outlet 120 and RAS 102, followed by external selection DB 550 (for

example, using hydrocyclone-based density separation) with the underflow 505 returned to the
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bioreactor 750. The internal recycle 806 in the reactor 750 can return the heavier settled fraction
upstream of the RAS 102. In this approach, an external lamella or decanter is also possible.

The underflow of the lamella 2 can include the non-decanted material 806 containing larger
or denser material, which can be retained, or returned in a mixed liquor recycle, while the lamella
or decanter contained stream is sent, via 703, to the clarifier 100 for settling, additional return, and
wasting either from a common hopper or using aforementioned peripheral or blanket surface
removal approaches.

The external separation, for example, DB deselector (550), can be density, size, shear or
compression or combination aforementioned approaches. In an embodiment, the principle of
deselection can be used to develop multiple niches of particles exposed to different SRTs, electron
donors or acceptors. The three return streams 505, 806 and 102 can comprise ratios of different
organism groups and can be then exposed to different donors or acceptors or carbon sources or
quantities within the reactor. This approach also enhances densification for improved settling or
thickening properties.

FIG. 9 depicts an embodiment of a chamber 900 constructed according to the principles of
the disclosure. The chamber 900 can include, for example, a box chamber, a tank chamber or a
wet well chamber. The chamber 900 can be divided into at least 2 compartments 901 and 902,
each of which can be configured to collect waste activated sludge (WAS) and return activated
sludge (RAS), respectively. A waste activated sludge stream (WAS stream) can be received at an
input 903 and output at an outlet (or output) 904 of the compartment 901. A return activated sludge
stream (RAS stream) can be received at an input 905 and output at an outlet (or output) 906 of the
compartment 902. An interchange, 907 and 908, can be created between the two compartments,
901 and 902, which can manage variables in the WAS and RAS such as, for example, solids
concentration, flow, or the mass that leaves the chamber 900 in the form of WAS or RAS. The
interchange, 907 and 908, can adjust the variable in a manner that can maintain the SRTs of

different fractions.

The chamber 900 can include, for example, one or more sensors (not shown) or probes (not
shown). Inanembodiment, the chamber 900 can include a sensor device (not shown) comprising,
for example, a TSS (total suspended solids) probe, a viscosity probe, a density or size measurement

sensor (for example, using acoustics).
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In an embodiment, the chamber 900 can include an overflow weir (not shown). The RAS

and WAS can be separated by the overflow weir if needed to decant the contents.

In certain embodiments, the chamber 900 can be included in a multi-deselection approach
such as, for example, depicted in FIGS. 7 or 8. The chamber 900 can be placed in between the
internal deselection approach comprising, for example, the clarifier 100 and/or reactor 750 (shown
in FIGS. 7 and 8) and the external deselection approach comprising, for example, the DB

deselector 550 (shown in FIGS. 7 and 8) and/or the PSC deselector 650 (shown in FIG. 6).

In an embodiment, the chamber 900 can be placed downstream of the external deselection
approach (for example, DB deselector 550 and/or PSC deselector 650), such as, for example, to
help manage or tune, not only the splits, but also the variables of concentration, flow and mass

themselves, as well as the fractions associated with the different SRTs for these variables.

FIG. 10 depicts an embodiment of a double deselection approach in a wastewater treatment
system 30, constructed according to the principles of the disclosure. Similar to the embodiment
depicted in FIG. 8, the system 30 comprises the clarifier 100, the reactor 750 (including lamella
clarifier 2) and the DB deselector 550. In an alternative embodiment, the system 30 can include

the PSC deselector 650 in place of, or in addition to, the DB deselector 550.

As depicted, the double deselection approach can be applied to a biomass material as the
material travels and passes through multiple consecutive physical deselectors, which in this
embodiment is three physical deselectors. The selection efficiency of the first selector (for
example, the lamella clarifier 2) can be about 70% of the heavier granular fraction and about 50%
of the lighter flocculent fraction which get retained and recycled to the reactor 750 as RAS R1
(802). From the other portion, a side-stream gets separated and is sent to a second selector (for
example, the DB deselector 550) with a selection efficiency of about 80% for granules and about
25% for flocs returning in the RAS R2 (505) to the reactor 750 and the residual portion is wasted
(for example, WAS output 504).

The main-stream continues from the first selector (for example, lamella clarifier 2) to a
third selector (for example, the clarifier 100), for which an ideally complete solids-retention can
be assumed with the underflow RAS R3 (102) recycled to the reactor 750. An additional
assumption can be applied, that the average retention of solids in the system amounts to 10 days,

which means that 10% of the total mass gets wasted every day. The fractions of granules and flocs
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in this waste-mass can be calculated by applying the assumed selection efficiencies of the
consecutive selectors as shown in the calculations below. The retention time for the granular
fraction can be calculated from the ratio of the total granular mass by the daily wasted mass of
granules resulting in 45 days compared to only 7 days for the flocculant fraction. Obviously, the
flocs need to grow faster to compensate for the higher waste-rate. This approach also enhances

densification for improved settling or thickening properties.

In order to evaluate the impact of the lamella-clarifier 2, the selection-efficiency of the
lamella can be set to zero while the other selectors are kept unchanged. A repetition of the
calculation assuming the same average SRT and the same sludge composition in the reactor leads
to a substantially lower SRT for the granules of 28 days compared to 8 days for flocs. In one
embodiment, R2 is sent to a different location from R1 and R3 allowing for different approaches
for resource allocation and resource production. In general, the heavier material is preferentially
sent ahead of the lighter material, thus in the case of the embodiment(s) depicted in FIG. 10, R2
(the heaviest material selected in the underflow) is sent ahead of R1 (the next heaviest material
from the lamella), which is sent ahead of R3 from the RAS- all of them being returned to the
reactor 750, where the streams are exposed to different electron donors or acceptors, along the
length of the reactor, or alternatively produce different donors or acceptors along such length. In
this approach, many permutations or combinations of SRTs, electron donor and acceptor can be
used to provide a matrix of niches for targeting the growth of different organisms. This is one
approach for a multi-selection matrix that can be afforded from such multiple physical deselection
concepts. This approach also enhances densification for improved settling or thickening

properties. This is only one embodiment of many other possible embodiments,

Definitions of Symbols in FIG. 10:

M... Mass of solids in reactor

loM... Mass of solids with low retention time (e.g. 2/3)
hiM... Mass of solids with high retention time (e.g. 1/3)
Mwas... Mass of solids wasted per day

loMwas...  Mass of solids with low SRT wasted per day
hiMwas... ~ Mass of solids with high SRT wasted per day
avSRT... average sludge retention time (e.g. 10 d)

1oSRT. .. low sludge retention time
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hiSRT... high sludge retention time

SElg... Selection efficiency lamella for granules (e.g. 70%)
SELf... Selection efficiency lamella for flocs (e.g. 50%)
SE2.g... Selection efficiency cyclone for granules (e.g. 80%)
SE2f... Selection efficiency cyclone for flocs (e.g. 25%)
SE3.g... Selection efficiency clarifier for granules (e.g. 100%)
SE3f. .. Selection efficiency clarifier for flocs (e.g. 100%)
Calculations

SRT of sludge fraction at double selection:

M=loM+hiM=2/3+1/3=1

loMwas/ Mwas = 1oM*(1-SE1,£)*(1-SE2,f)/(1loM*(1-SE1,£)*(1-SE2,f)+hiM*(1-SE1g)*(1-
SE2,g))

loMwas/ Mwas = 2/3*(1-0.5)*(1-0.25)/(2/3*(1-0.5)*(1-0.25)+1/3*(1-0.70)*(1-0.80)) = 92,6%
hiMwas/ Mwas = hiM*(1-SE1,g)*(1-SE2,g)/(loM*(1-SE1,)*(1-SE2,f)+hiM*(1-SE1g)*(1-
SE2,g))

hiMwas/ Mwas = 1/3*(1-0.70)*(1-0.80)/(2/3*(1-0.5)*(1-0.25)+1/3*(1-0.70)*(1-0.80)) = 7,4%
1oSRT = oM / (M/avSRT*loMwas/Mwas) = 2/3 / (1/10 * 0.926) = 7.2 d

hiSRT = hiM / (M/avSRT*hiMwas/Mwas) = 1/3 / (1/10 * 0.074)=45.0d

SRT of sludge fraction at double selection:

M=loM+hiM=2/3+1/3=1

loMwas/ Mwas = loM*(1-SE1,£)*(1-SE2,£)/(1oM*(1-SE1,£)*(1-SE2,£)thiM*(1-SE1g)*(1-
SE2,g))

loMwas/ Mwas = 2/3*(1-0)*(1-0.25)/(2/3*(1-0)*(1-0.25)+1/3*(1-0)*(1-0.80)) = 88.2%
hiMwas/ Mwas = hiM*(1-SE1,g)*(1-SE2,g)/(IoM*(1-SE1,)*(1-SE2,f)*hiM*(1-SE1g)*(1-
SE2,g))

hiMwas/ Mwas = 1/3*(1-0)*(1-0.80)/(2/3*(1-0)*(1-0.25)+1/3*(1-0)*(1-0.80)) = 11,8%
1oSRT =1oM / (M/avSRT*loMwas/Mwas) = 2/3 / (1/10 * 0.882)=7.6 d

hiSRT = hiM / (M/avSRT*hiMwas/Mwas) = 1/3 /(1/10 * 0.118) =282 d

FIG. 11 depicts an embodiment of a wastewater treatment system 40 that includes a series

of cascade flows from the influent 701 that are step wise fed to the reactor 750, thus retarding
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either the underflow 505 or the RAS 102, or both, that are returned to the reactor 750. The RAS
102 is the output of the clarifier 100, which has the influent 703 and effluent 120. The number of
additional cascades beyond the influent at the front of the reactor 750 could vary from 1 to 6 but
is more typically between 1 and 3. These cascade streams could preferentially contain any other
flows, such as, for example, a digester liquor stream, fermentate, or external carbon, to provide
tailored electron donor or tailored conditions for electron acceptor with the reactor to promote
specific diffusion conditions for substrates (donors, acceptors and carbon source). In this manner,
niches for resource allocation and production are developed along the reactor being differentially
provided the recycle stream (in an embodiment, the stream in line 505 is fed ahead of the stream
in RAS line 102) and the cascading influent streams. This approach can also enhance densification
for improved settling or thickening properties.

FIG. 12 depicts an embodiment of a wastewater treatment system 50, including the influent
701 that is fed to the reactor 750, with the output 703 fed to the clarifier 100, with the output
effluent 120. The RAS 102 flow can be returned to the reactor 750 at the same or differential
location from the return of the underflow 505, which comprise the return stream from the DB
deselector 550. The DB deselector 550 can be configured to receives its influent from the clarifier
100, such as, for example, from the RAS line 102.

In the embodiment depicted in FIG. 12, the reactor 750 can include an energy source 1204,
which can include, for example, an electromagnetic energy source (for example, light source) or a
chemolitho source (for example, source of any inorganic chemical, such as, for example, sulfur,
iron, or limestone, etc.). The energy source 1204 can be arranged to provide either energy, electron
donor or acceptor or inorganic carbon in the reactor 750. A C-1 organic or inorganic carbon, such
as methane (for example, from a membrane biofilm), bicarbonate, can also be provided.

In an embodiment, the underflow of material in the reactor 750 containing larger or denser
material can be retained, or returned in a mixed liquor recycle 806.

In various embodiments, the energy source 1204 can be located or applied at any point in
the reactor 750 to take advantage of the multiple return streams, cascade streams or internal
conditions present within the reactor 750. Thus, the layered approach, as discussed above, provides
additional selection or deselection while providing possible synergies with other deselection or
selection approaches to provide niches for growing organisms to provide treatment in an efficient,

resourceful and resilient manner. This approach also enhances densification for improved settling
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or thickening properties. The process intensification can be considerable, while minimizing the
energy consumption and providing additional treatment value.

FIG. 13 depicts an embodiment of a wastewater treatment system 60 comprising a
bioreactor 1300 and the DB deselector 550. The bioreactor 1300 can include the bioreactor 750
and a membrane bioreactor 1000. Any approach in the preceding FIGS. 1-12 can be performed
with the membrane bioreactor 1000 instead of the clarifier 100.

In the embodiment depicted in FIG. 13, the treatment process can include the influent
stream 701, effluent stream 120, and recycle streams 806 and 1302. The recycle stream 1302 can
include a RAS (return activated sludge) stream output from the membrane bioreactor 100. The
process can contain a surface waste approach 1304, that can supply surface waste material from
the bioreactor 750 to an input of the DB deselector 550, thus performing double deselection, with
the DB deselector 550 outputting the waste stream 504 and the underflow return stream 505. The
return streams 800, 1302 can be differentially employed at same or multiple locations within the
reactor 750 to optimize resource allocation or resource production, SRT uncoupling, or to at a
minimum enhance overall densification for reducing fouling or increasing flux through the
membrane from at least 120% to greater than 200% of a reference flux of approximately between
10-200 LMH. Other fluxes are also possible, especially for dynamic polymeric membranes or
filters. The membrane bioreactor can be either polymeric or ceramic.

FIG. 14 depicts an embodiment of a wastewater treatment system 70, in which the
bioreactor 750 is configured as a sequencing batch reactor. In this embodiment, the bioreactor 750
includes a decanter 1400 to perform clarification. Here, the influent flow is received at 701 and a
decant flow is output by the decanter 1400 in the effluent 120. The surface waste can occur either
in mix mode or settle mode 1404, to extract the lighter, poor settling fraction of sludge to the
deselector DB 550. The double deselected overflow is wasted and the heavier underflow stream
505 is returned to the reactor 750, possibly even upstream of where the influent 701 enters the
reactor 750. This approach provides SRT uncoupling, improved resource allocation or production
and improved densification for improving settling or thickening from the double or multiple
deselection.

FIG. 15 depicts an embodiment of a wastewater treatment system 80 comprising a near
constant water level upflow reactor. In the embodiment, the reactor 750 can include the decanter

1000 and an integrate clarifier 1510. The system 80 can be configured to receive the influent feed
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701, which is distributed at the bottom of the reactor 750. The effluent 120 is either decanted in
the decanter 1000 or clarified in the integrated clarifier 1510, such as, for example, at the top of
the reactor 750. The feed displaces the effluent 120 during the fill/discharge cycle. The decanter
1000 can be submerged during the react phase. The process is operated at a near constant water
level in a timed sequence with multiple cycles. The solids are output at 1504 from or below the
top of the blanket to the DB deselector 550. The double deselected waste stream 504 can be output
from the DB deselector 550, and the underflow 505 can be returned to the reactor 750.

FIG. 16 depicts an embodiment of a wastewater treatment system 90 comprising a modified
sequencing batch (MSB) reactor 1600. The MSB reactor 1600 can include a bioreactor 1650 and
sequenced alternating clarifiers 1610. The MSB reactor 1600 can include a flow splitter box 706.
The system 90 can be configured to receive the influent feed 701 and direct the feed to the flow
splitter box 706. The flow splitter box 706 can include one or more air locks (not shown), as
needed, to stop or control flow. The flow splitter box 706 can be arranged to cascade the flow to
any part of the reactor 1650 or clarifier 1610 in a step manner.

In an embodiment, wet weather flows can directly be discharged from the flow splitter box
706 to the clarifier 1610.

In various embodiments, a step or cascade flow can enter an anaerobic or anoxic zone in
the bioreactor 1650 prior to entering an aerobic, alternating aeration, or simultaneous
nitrification/denitrification zone.

Treated liquor, as well as flow, in the MSB reactor 1600 can enter either of the alternating
clarifiers 1610 via 1603, where the treated liquor (and/or flow) can be clarified and discharged in
the effluent 120 from either clarifier 1610. The incoming flow in the influent 701 displaces the
effluent 120.

In an embodiment, the clarifiers 1610 are constant water level reactors that are cycled to
react or settle. Waste can be removed from either of the clarifiers 1610 and supplied via line 1601
to the DB deselector 550. The overflow can thus be double deselected and wasted at 504, and the
underflow 505 can be sent to the flow splitter box 706. The waste in line 1601 can be removed:
1) from the surface of the reactor 1650 or clarifier 1610 when mixed; 2) from the top of the settle
blanket (during settle mode); or 3) from the periphery of the clarifier 1610 in settle mode (away
from the reactor, near the effluent). The underflow from DB deselector 550 can be returned to any

location or time sequence in the MSB reactor 1600. This compact configuration has a cascade

36



10

15

20

25

30

WO 2022/192921 PCT/US2022/071144

approach combined with multiple recycle streams to improve flow management, improved
densification, and developing niches for improved resource (donor or acceptor) utilization or
production. A membrane aerated biofilm reactor, or any other biofilm reactor could be included
in the reactor 1650. Other reactions, with chemiolitho or photo sources, can also be included as
needed, in which case the energy source 1204 (shown in FIG. 12) can be included.

In an embodiment, the wastewater treatment system can include an apparatus comprising:
a reactor or a clarifier containing and processing activated sludge with a distinct on integrated
clarification step in space or time, deselecting particles based on density, size, shear or
compression; and, a first internal deselector that removes smaller or less dense particles from the
reactor or clarifier followed by a second external deselector that further removes smaller or less
dense particles.

The apparatus can contain particles with a range of solids residence times, for retaining fast
and slow growing organisms, grown under aerobic, anoxic or anaerobic conditions, with different
treatment functions such as for maximizing yield, nitrification, denitrification, deammonification,
phosphorus removal, or micropollutant removal, wherein: the smaller particles exposed to double
deselection, having lower solids residence times and lower internal mass transfer resistance for
substrates, and thereby retaining only organisms with rapid growth rates of approximately greater
than 2 days; and the large particles exposed to single or no deselection having higher solids
residence times and higher internal mass transfer resistance for substrates, and thereby allowing
for retaining organisms with slow growth rates of approximately less than 1 day.

The apparatus can contain particles with good settling properties supporting higher and
more active solids inventories, wherein the solids inventories are greater than 2500 mg/L at a range
of solids residence times ranging from less than 2 day to greater than 10 days thereby supporting
more active inventories of both fast and slow growing organisms.

The apparatus can contain particles with good settling properties with sludge volume index
less than 80 mL/g.

In an embodiment, the internal clarification deselection step in the apparatus can be
performed: using any pump that supplies positive or negative pressure including using vacuum
and air lift; or, at the surface of the reactor or clarification blanket; or, at the periphery of the
clarifier; or, by applying negative or positive pressure on sludge collected within slotted or

perforated manifolds, plates or pipes that are placed preferably near the periphery; or, using a baffle
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that directs and separates out sludge intended for deselection; or using a density separation device
such as a lamella, classifier, centrifuge or hydrocyclone, or size separation device such as a screen
or filter.

In an embodiment, the internal deselection step can be performed at the clarification
underflow, with an internal mixing or recirculation of heavier particles collected with an internal
or external lamella or decanter associated with the reactor.

In an embodiment, the reactor can comprise an activated sludge reactor, a reactor and
clarifier, a sequencing batch reactor, a modified sequencing batch reactor, an integrated fixed film
activated sludge reactor, an upflow reactor with integrated clarifier or decanter, or a membrane
bioreactor.

In an embodiment, the apparatus can include a chamber that is configured to control and
separate the WAS and RAS fractions between the internal selector(s) and/or external deselector(s)
or after the internal selector(s) and/or external deselector(s). The apparatus can include two or
more RAS streams from internal selector and external deselector, which can be sent to two or
more, respective, locations in the reactor.

In an embodiment, a method for treating wastewater comprises deselecting, in a reactor
containing and processing activated sludge with a distinct on integrated clarification step in space
or time, particles based on density, size, shear or compression, including (i) a first internal
deselector that removes smaller or less dense particles from a reactor or clarifier followed by (ii)
a second external deselector that further removes smaller or less dense particles.

The method can include containing and processing activated sludge, including containing
particles with a range of solids residence times, for retaining fast and slow growing organisms,
grown under aerobic, anoxic or anaerobic conditions, with different treatment functions such as
for maximizing yield, nitrification, denitrification, deammonification, phosphorus removal, or
micropollutant removal, wherein: (a) the smaller particles exposed to double deselection, having
lower solids residence times and lower internal mass transfer resistance for substrates, and thereby
retaining only organisms with rapid growth rates of approximately greater than 2 days; and (b) the
large particles exposed to single or no deselection having higher solids residence times and higher
internal mass transfer resistance for substrates, and thereby allowing for retaining organisms with

slow growth rates of approximately less than 1 day.
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The method can include containing and processing activated sludge, including containing
particles with good settling properties supporting higher and more active solids inventories,
wherein: (a) the solids inventories are greater than 2500 mg/L; and (b) at a range of solids residence
times ranging from less than 2 day to greater than 10 days thereby supporting more active
inventories of both fast and slow growing organisms.

The method can be configured to contain particles with good settling properties with sludge
volume index less than 80 mL/g.

The method can include performing the internal clarification deselection step using any
pump that supplies positive or negative pressure including using vacuum and air lift,

The method can include performing the internal clarification deselection step at: (a) the
surface of the reactor or clarification blanket; or the periphery of the clarifier.

The method can include performing the internal deselection step at the clarification
associated with an internal recirculation associated with an internal or external lamella associated
with the reactor.

The method can include performing the internal clarification deselection step by applying
negative or positive pressure on sludge collected within slotted or perforated manifolds, plates or
pipes that are placed preferably near the periphery or using a baffle that directs and separates out
sludge intended for deselection.

The method can include performing the external deselection step using a density separation
device such as a lamella, classifier, centrifuge or hydrocyclone or size separation device such as a
screen or filter.

In various embodiments of the method, the reactor can include an activated sludge reactor,
a reactor and clarifier, a sequencing batch reactor, a modified sequencing batch reactor, an
integrated fixed film activated sludge reactor, an upflow reactor with integrated clarifier or
decanter, or a membrane bioreactor.

In an embodiment of the method, a chamber can be included that controls and separates
the WAS and RAS fractions between the selectors or after the selectors. The method can include
separating two or more RAS streams from internal and external selection, where available, and
supplying the RAS streams to respective different locations in the reactor, including to at least one

feast zone or anaerobic selector stage.
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In an embodiment, an apparatus for clarification of activated sludge comprises: (a) a
clarifier containing two separate sludge withdrawals for return activated sludge; and (b) an internal
deselector for waste activated sludge for separating lighter or less dense particles that occur at the
surface of a blanket or away from the clarifier influent at the periphery, wherein the deselection
for waste activated sludge occurs using negative or positive pressure using a vacuum, lift or pump
mechanism that is applied either directly to the sludge or using collectors that are perforated or
slotted pipes, plates or manifolds, or using baffles that direct or separate the two sludge
withdrawals or rake arms that assist in collecting at least one of the two sludge withdrawals.

In an embodiment, a method for clarification of activated sludge comprises a clarifier
containing two separate sludge withdrawals for return activated sludge and an internal deselector
for waste activated sludge for separating lighter or less dense particles that occur at the surface of
a blanket or away from the clarifier influent at the periphery. The method comprises deselecting
for waste activated sludge using negative or positive pressure using a vacuum, lift or pump
mechanism that is applied either directly to the sludge or using collectors that are perforated or
slotted pipes, plates or manifolds, or using baffles that direct or separate the two sludge
withdrawals or rake arms that assist in collecting at least one of the two sludge withdrawals.

In an embodiment, the wastewater treatment method comprises: supplying activated sludge
to a reactor or clarifier, wherein the reactor contains and processes the activated sludge with a
distinct on integrated clarification step in space or time, and deselects particles based on density,
size, shear or compression; removing smaller or less dense particles from the reactor or clarifier
by a first internal deselector; and further removing smaller or less dense particles by a second
external deselector. The method can include containing and processing particles with a range of
solids residence times, for retaining fast and slow growing organisms, grown under aerobic, anoxic
or anaerobic conditions, with different treatment functions such as for maximizing yield,
nitrification, denitrification, deammonification, phosphorus removal, or micropollutant removal,
wherein: (a) the smaller particles exposed to double deselection, having lower solids residence
times and lower internal mass transfer resistance for substrates, and thereby retaining only
organisms with rapid growth rates of approximately greater than 2 days; and (b) the large particles
exposed to single or no deselection having higher solids residence times and higher internal mass
transfer resistance for substrates, and thereby allowing for retaining organisms with slow growth

rates of approximately less than 1 day. The method can include containing and processing particles
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with good settling properties supporting higher and more active solids inventories, wherein: (a)
the solids inventories are greater than 2500 mg/L; and (b) at a range of solids residence times
ranging from less than 2 day to greater than 10 days thereby supporting more active inventories of
both fast and slow growing organisms. The method can comprise: containing and processing
particles with good settling properties with sludge volume index less than 80 mL/g; or performing
the internal clarification deselection step using any pump that supplies positive or negative
pressure including using vacuum and air lift; performing; or performing the internal clarification
deselection step at the surface of the reactor or clarification blanket, or the periphery of the
clarifier; or performing the internal clarification deselection step by applying negative or positive
pressure on sludge collected within slotted or perforated manifolds, plates or pipes that are placed
preferably near the periphery or using a baffle that directs and separates out sludge intended for
deselection. The method can include performing the internal deselection step: at the clarification
associated with an internal recirculation associated with an internal or external lamella associated
with the reactor; or using a density separation device such as a lamella, classifier, centrifuge or
hydrocyclone or size separation device such as a screen or filter. The method can include a reactor
comprising, for example, an activated sludge reactor, a reactor and clarifier, a sequencing batch
reactor, a modified sequencing batch reactor, an integrated fixed film activated sludge reactor, an
upflow reactor with integrated clarifier or decanter, or a membrane bioreactor. The method can
include a chamber that controls and separates the WAS and RAS fractions between the selectors
or after the selectors. The method can include two RAS streams from internal and external
selection that are sent to two different locations in the reactor, including to at least one feast zone
or anaerobic selector stage.

In an embodiment, a method for clarification of activated sludge comprises: supplying the
activated sludge to a clarifier containing two separate sludge withdrawals for return activated
sludge; and supplying waste activated sludge to an internal deselector for separating lighter or less
dense particles that occur at the surface of a blanket or away from the clarifier influent at the
periphery, wherein the deselection for waste activated sludge occurs using negative or positive
pressure using a vacuum, lift or pump mechanism that is applied either directly to the sludge or
using collectors that are perforated or slotted pipes, plates or manifolds, or using baffles that direct
or separate the two sludge withdrawals or rake arms that assist in collecting at least one of the two

sludge withdrawals.
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In an embodiment, an apparatus for clarification of activated sludge comprises: (a) a
clarifier containing two separate sludge withdrawals for return activated sludge (RAS); and (b) an
internal deselector for waste activated sludge (WAS) for separating lighter or less dense particles
that occur at the surface of a solids blanket or away from the clarifier influent at the periphery,
wherein the deselection for waste activated sludge occurs using negative or positive pressure using
a vacuum, lift or pump mechanism that is applied either directly to the sludge or using collectors
that are perforated or slotted pipes, plates or manifolds, or using baffles that direct or separate the
two sludge withdrawals or rake arms that assist in collecting at least one of the two sludge
withdrawals.

It is understood that the various disclosed embodiments are shown and described above to
illustrate different possible features of the disclosure and the varying ways in which these features
can be combined. Apart from combining the features of the above embodiments in varying ways,
other modifications are also considered to be within the scope of the disclosure. The disclosure is
not intended to be limited to the preferred embodiments described above. The disclosure
encompasses all alternate embodiments that fall literally or equivalently within the scope of these
claims.

The terms “a,” “an,” and “the,” as used in this disclosure, means “one or more,” unless

expressly specified otherwise.

The term “approach,” as used in this disclosure, means “a method or a process,” unless

expressly specified otherwise.

%«

The terms “including,” “comprising,” “having” and their variations, as used in this
disclosure, mean “including, but not limited to,” unless expressly specified otherwise.

2« 77 <c

References in the specification to “one embodiment,” “an embodiment,” “an example
embodiment,” etc., indicate that the embodiment described can include a particular feature,
structure, or characteristic, but every embodiment may not necessarily include the particular
feature, structure, or characteristic. Moreover, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature, structure, or characteristic is described in
connection with an embodiment, it is submitted that it is within the knowledge of one skilled in
the art to affect such feature, structure, or characteristic in connection with other embodiments

whether or not explicitly described.
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Values expressed in a range format can be interpreted in a flexible manner to include not
only the numerical values explicitly recited as the limits of the range, but also to include all the
individual numerical values or sub-ranges encompassed within that range as if each numerical
value and sub-range is explicitly recited. For example, a concentration range of “about 0.1% to
about 5% can be interpreted to include not only the explicitly recited concentration of about 0.1
wt. % to about 5 wt. %, but also the individual concentrations (for example, 1%, 2%, 3%, and 4%)
and the sub-ranges (for example, 0.1% to 0.5%, 1.1% to 2.2%, and 3.3% to 4.4%) within the
indicated range. The statement “about X to Y” has the same meaning as “about X to about Y,””
unless indicated otherwise. Likewise, the statement “about X, Y, or about Z” has the same

meaning as “about X, about Y, or about Z,” unless indicated otherwise.

The term “or” is used to refer to a nonexclusive “or” unless otherwise indicated. Unless
indicated otherwise, the statement “at least one of” when referring to a listed group is used to mean
one or any combination of two or more of the members of the group. For example, the statement
“at least one of A, B, and C” can have the same meaning as “A; B; C; A and B; A and C; B and C;
or A, B, and C,” or the statement “at least one of D, E, F, and G” can have the same meaning as
“D;E;F;G;DandE;DandF; Dand G; Eand F; Eand G: F and G; D, E, and F; D, E, and G; D,
F,and G; E, F, and G; or D, E, F, and G.” A comma can be used as a delimiter or digit group

separator to the left or right of a decimal mark; for example, “0.000,1”” is equivalent to “0.0001.”

The term “wastewater,” as used in this disclosure, means “water or wastewater,” unless

expressly specified otherwise.

In the methods described herein, the steps can be carried out in any order without departing
from the principles of the invention, except when a temporal or operational sequence is explicitly
recited. Furthermore, specified steps can be carried out concurrently unless explicit language
recites that they be carried out separately. For example, a recited act of doing X and a recited act
of doing Y can be conducted simultaneously within a single operation, and the resulting process
will fall within the literal scope of the process. Recitation in a claim to the effect that first a step
is performed, and then several other steps are subsequently performed, shall be taken to mean that
the first step is performed before any of the other steps, but the other steps can be performed in
any suitable sequence, unless a sequence is further recited within the other steps. For example,

claim elements that recite “Step A, Step B, Step C, Step D, and Step E” can be construed to mean
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step A is carried out first, step E is carried out last, and steps B, C, and D can be carried out in any
sequence between steps A and E (including with one or more steps being performed concurrent
with step A or Step E), and that the sequence still falls within the literal scope of the claimed

process. A given step or sub-set of steps can also be repeated.

Furthermore, specified steps can be carried out concurrently unless explicit claim language
recites that they be carried out separately. For example, a claimed step of doing X and a claimed
step of doing Y can be conducted simultaneously within a single operation, and the resulting

process will fall within the literal scope of the claimed process.

Devices that are in communication with each other need not be in continuous
communication with each other unless expressly specified otherwise. In addition, devices that are
in communication with each other may communicate directly or indirectly through one or more

intermediaries.

Although process steps, method steps, or algorithms may be described in a sequential or a
parallel order, such processes, methods and algorithms may be configured to work in alternate
orders. In other words, any sequence or order of steps that may be described in a sequential order
does not necessarily indicate a requirement that the steps be performed in that order; some steps
may be performed simultaneously. Similarly, if a sequence or order of steps is described in a
parallel (or simultaneous) order, such steps can be performed in a sequential order. The steps of
the processes, methods or algorithms described in this specification may be performed in any order

practical.

When a single device or article is described, it will be readily apparent that more than one
device or article may be used in place of a single device or article. Similarly, where more than one
device or article is described, it will be readily apparent that a single device or article may be used
in place of the more than one device or article. The functionality or the features of a device may
be alternatively embodied by one or more other devices which are not explicitly described as

having such functionality or features.

The subject matter described above is provided by way of illustration only and should not
be construed as limiting. Various modifications and changes can be made to the subject matter
described herein without following the example embodiments and applications illustrated and

described, and without departing from the true spirit and scope of the invention encompassed by
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the present disclosure, which is defined by the set of recitations in the following claims and by

structures and functions or steps which are equivalent to these recitations.
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CLAIMS

1. A wastewater treatment system, comprising:

an influent containing contaminated water;,

a reactor comprising (i) an inlet, (ii) a bioreactor, (iii) an internal deselector, and (iv) an

outlet, wherein:

(1) the inlet is configured to receive the influent and supply the contaminated water to
the bioreactor;

(i)  the bioreactor is configured to disperse the contaminated water in a solid-liquid
mixture, treat the solid-liquid mixture and form biological solids;

(i)  the internal deselector is configured to retain or retard a first portion of the
biological solids from the solid-liquid mixture and output a deselected solid-liquid
mixture comprising a second portion of the biological solids; and

(iv)  the outletis configured to receive the deselected solid-liquid mixture and output the
deselected solid-liquid mixture, including the second portion of the biological
solids, from the reactor; and

a particle deselector configured to receive the deselected solid-liquid mixture and deselect

part of the second portion of the biological solids in the deselected solid-liquid mixture to output
the deselected part of the second portion of the biological solids; and

a return line configured to supply a remaining part of the second portion of the biological

solids to the reactor,

wherein the particle deselector comprises at least one of a density-based (DB) deselector

and a particle size-compressibility (PSC) deselector.

2. The wastewater treatment system in claim 1, wherein the internal deselector is configured
to deselect the first portion of the biological solids from the solid-liquid mixture based on at least
one of pressure differential, flow velocity, flow rate, temperature differential, and electromagnetic

energy exposure.
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3. The wastewater treatment system in claim 1, wherein the particle deselector is configured
to deselect the part of the second portion of the biological solids based on at least one of solids

particle density, size, shear-resistance, or compressibility.

4. The wastewater treatment system in claim 1, the system further comprising at least one of
a decanter, a clarifier, a separator, a membrane, and a filter configured to separate solid particles

having predetermined characteristics from the solid-liquid mixture.

5. The wastewater treatment system in claim 1, wherein the biological solids include particles
having an average solids residence time (avSRT) for selecting fast and slow growing organisms
with different treatment functions, wherein:

particles in the deselected part of the second portion of the biological solids have a solids
residence time (I0SRT) that is lower than the average solids residence time (avSRT); and
particles in the deselected part of the second portion of the biological solids have a solids

residence time (hiSRT) that is higher than the average solids residence time (avSRT).

6. The wastewater treatment system in claim 1, wherein the deselected part of the second
portion of the biological solids includes particles comprising:
a sludge volume index less than 80 mL/g; or

improved membrane flux or reduced membrane fouling.

7. The wastewater treatment system in claim 1, wherein the deselector is configured to apply
a negative or a positive pressure at or near:

a reactor interface of the bioreactor;

o ®

a clarifier interface;

a surface of the reactor;

a o

a surface of a settling blanket;

a periphery of a clarifier;,

f. afeed zone in the bioreactor, wherein influent or recycles are supplied; or

g. adischarge zone in the bioreactor or a clarifier, from which an effluent or recycles

are output.
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8. The wastewater treatment system in claim 1, wherein the deselector comprises:
one or more slotted manifolds;
one or more perforated manifolds;
one or more plates;
one or more pipes; or
one or more baffles,
wherein the pipes are placed at or near a periphery of the reactor or a clarifier and the baffle

is configured to direct and separate sludge at the periphery of the reactor or the clarifier.

9. The wastewater treatment system in claim 1, wherein bioreactor comprises a feed zone that

receives the influent using a differential influent cascade approach.

10. The wastewater treatment system in claim 1, wherein:
said first portion of the biological solids and said deselected part of the second portion of
the biological solids are supplied as recycle streams from the selector and deselector, respectively,
to at least two different locations in the bioreactor; or
said first portion of the biological solids and said deselected part of the second portion of
the biological solids are deselected by the selector and deselector, respectively, to increase one or
more of microbially produced electron donor, electron acceptor or carbon, and to provide at least

20% of electron donor, electron acceptor or carbon requirements for operation of the bioreactor.

11. The wastewater treatment system in claim 1, wherein the reactor comprises:
a continuous flow reactor;
a sequencing batch reactor;
a modified sequencing batch reactor;
an integrated fixed film activated sludge reactor;
an upflow reactor with integrated clarifier;
an upflow reactor with integrated decanter; or

a membrane bioreactor.
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12. The wastewater treatment system in claim 1, wherein the internal deselection step is
performed using energy within the reactor comprising;
a visible, ultraviolet or infrared photo source;
a heat source;
a gas source; or

a pressure or mixing source.

13. A method for treating wastewater, comprising:

supplying an influent containing contaminated water to a reactor comprising a bioreactor
and an internal deselector;

treating, by the bioreactor, the contaminated water in a solid-liquid mixture to form
biological solids;

retaining or retarding, by the internal deselector, a portion of the biological solids from the
solid-liquid mixture;

outputting, from the reactor to a particle deselector, a deselected solid-liquid mixture
comprising non-retained or non-retarded biological solids;

deselecting, by the particle deselector, part of the non-retained or non-retarded biological
solids in the selected solid-liquid mixture to output a deselected part of the non-retained or non-
retarded biological solids; and

returning at least one of said retained or retarded biological solids from the internal
deselector and a remaining portion of the part of the second portion of the biological solids from

the particle deselector to the bioreactor.

14. The method in claim 13, wherein:
the internal deselector is configured to deselect the first portion of the biological solids
from the solid-liquid mixture based on at least one of pressure differential, flow velocity, flow rate,
temperature differential, and electromagnetic energy exposure; and
the particle deselector is configured to deselect the deselected part of the second portion of
the biological solids based on at least one of solids particle density, size, shear-resistance, or

compressibility.
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15. The method in claim 13, wherein the biological solids include particles having an average
solids residence time (avSRT) for selecting fast and slow growing organisms with different
treatment functions, wherein:

particles in the deselected part of the second portion of the biological solids have a solids
residence time (1oSRT) that is lower than the average solids residence time (avSRT); and
particles in the deselected part of the second portion of the biological solids have a solids

residence time (hiSRT) that is higher than the average solids residence time (avSRT).

16. The method in claim 13, wherein the deselected part of the second portion of the biological
solids includes particles comprising:
a sludge volume index less than 80 mL/g; or

improved membrane flux or reduced membrane fouling.

17. The method in claim 13, wherein the internal deselector is configured to apply a negative
or a positive pressure at or near:
a reactor interface of the bioreactor;

a
b. aclarifier interface;

¢. asurface of the reactor;
d. asurface of a settling blanket;
e. aperiphery of a clarifier;,

f. afeed zone in the bioreactor, wherein influent or recycles are supplied; or
g. adischarge zone in the bioreactor or a clarifier, from which an effluent or recycles

are output.

18. The method in claim 13, wherein the internal deselector comprises:
one or more slotted manifolds;
one or more perforated manifolds;
one or more plates;
one or more pipes; or

one or more baffles,
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wherein the pipes are placed at or near a periphery of the reactor or a clarifier and the baffle

is configured to direct and separate sludge at the periphery of the reactor or the clarifier.

19. The method in claim 13, wherein bioreactor comprises a feed zone that receives the influent

using a differential influent cascade approach.

20. The method in claim 13, wherein the reactor comprises:
a continuous flow reactor;
a sequencing batch reactor;
a modified sequencing batch reactor;
an integrated fixed film activated sludge reactor;
an upflow reactor with integrated clarifier;
an upflow reactor with integrated decanter; or

a membrane bioreactor.
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