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SISTEMA DE TRATAMIENTO DE AGUAS RESIDUALES DE BAJA

CONCENTRACICN Y PROCESO

SOLICITUDES RELACIONADAS

Esta solicitud reivindica el beneficio de la
Solicitud de Patente Provisional de E.U.A. No. 61/224,011

presentada el 8 de julio de 2009, que se incorpora por ello

para referencia en su totalidad.

CAMPC DE LA INVENCION

Esta invencién se refiere a un sistema y método
para tratamiento de aguas residuales, y en particular a un
sistema y método para tratar corrientes de aguas residuales

de baja concentracién,

ANTECEDENTES DE LA INVENCION

El manejo efectivo de drenaje doméstico Yy aguas
residuales industriales es un aspecto extremadamente
importante de incrementar la calidad de vida y conservacién
del agua 1limpia. Los problemas asociados con descargar
simplemente las aguas residuales en fuentes de agua tales
como rios, lagos y océanos, la practica estandar hasta hace
aproximadamente medic siglo, son evidentes 1los residuos
biocldgicos y quimicos gue crean peligros a todas las formas
de vida incluyendo la propagacién de enfermedades infecciosas
y exposicién a quimicos carcinogénicos. Por lo tanto, los
procesos de tratamiento de aquas residuales han evolucionado
en sistemas que varian desde las instalaciones de tratamiento
de aguas residvales municipales ubicuas, donde se limpian las
aguas residuales sanitarias de las poblaciones domésticas,

hasta procesos de tratamiento de aguas residuales
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industriales especializados, donde se deben tratar los
contaminantes especificos en las aguas residuales de varias
aplicaciones industriales.

Las instalacicnes de tratamiento de aguas
residuales tipicamente usan multiples etapas de tratamiento
que incluyen tratamiento preliminar, tratamiento secundario y
tratamiento terciaric. La oxidacién bioldgica es una etapa de
tratamiento secundario bien conocida usada para remover la
mayoria de los contaminantes de aguas residuales. Cominmente,
el efluente de oxidacién bioldégica y/o otros procesos de
tratamiento secundario todavia contienen niveles de
contaminantes que requieren tratamiento adicional tal como
tratamiento terciario para su remocién.

Los compuestos organicos e inorgénicos
bioldbgicamente refractarios vy bioldégicamente inhibidores
estan presentes en ciertas corrientes de aguas residuales
industriales y sanitarias que se tratan. Se han hecho varios
intentos para atender el tratamiento de estos compuestos
biolégicamente refractarios y biolégicamente inhibidores.
Ciertos tipos de tratamientos conocidos incluyen el usc de
carbdén  activado pulverizado para adsorber y remover
posteriormente los compuestos corganicos biolégicamente
refractarios y biolégicamente inhibidores.

Una porcién de ciertos procescs de tratamiento de
aguas residuales gque es de <costo intensivo operacional
implica la remocién de concentraciones relativamente bajas de
contaminantes de aguas residuales que se han tratado por
aireacién u otros procesos secundarios. Mientras que varios
sistemas se han empleado para tratamiento terciario, tal como
adsorcién 3r‘filtros, existe una necesidad para tratamiento

terciario mas eficiente y de bajo costo sin las limitaciones
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y desventajas asociadas con procesos convencionales.

BREVE DESCRIPCION DE LA INVENCION

De acuerdo con una o mads modalidades, la invencién
se refiere a un sistema y método para tratar aguas
residuales.

De acuerdo con una o mas modalidades, la invencién
se refiere a un método para tratar aguas residuales que
incluye:

mezclar aguas residuales, y en ciertas modalidades
agua residual de baja concentracidén, con material adsorbente
en una zona de mezclado por un tiempo suficiente para la
adsorcidén de contaminantes del agua residual sobre el
material adsorbente:

separar y remover la porcién principal del agua
residual de la mezcla de agua residual y material adsorbente;

pasar el material adsorbente que tiene los
contaminantes adsorbidos por este y una porcidédn menor del
agua residual al reactor de regeneracidén bioldgico;

mantener el material adsorbente y el agua residual
en suspensién en el reactor de regeneracién bioldgico por un
periodo de tiempo que es suficiente para permitir que los
microorganismos en el reactor de regeneracidn biolégico
actuen biocldgicamente en al menos una porcién de los
contaminantes adscrbidos;

descargar el efluente de agua bicldgicamente
tratada del reactor de regeneracidén bioldgico; y

reciclar el material adsorbente regenerado a la
zona de mezclado.

De acuerdo con una o mas modalidades, la invencién

se refiere a un sistema para el tratamiento de aguas

(0
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residuales, y en ciertas mcdalidades, agua residual de baja
concentracidn. El sistema incluye una zona de mezclado que
tiene una entrada de agua residﬁal,_una entrada de material
adsorbente y una salida de descarga; El sistema incluye
ademas una zona de sedimentacién de material adsorbente y
separaciéon liquida que tiene una entrada de mezcla espesa en
comunicacidén con la salida de descarga de la zona de
mezclado, una entrada de égua tratada, y una salida de
material adsorbente contaminadé. El sistema también incluye
un sistema de reactor de-regeneracién bioldégico de material
adsorbente que tiene un reactor de regeneracién biolégico que
incluye una entrada de maéerial adsorbente contaminado en
comunicacién con la salidé de material adsorbente contaminado
de la zona de sedimentacién'de material adsorbente y
separacidén liquida, una salida de agua biolégicamente
tratada, y una salida de material adsorbente regenerado en
comunicacién con la entrada de material adsorbente de la zona
de mezclado.

De acuerdo con una-o mas modalidades, la invencién
se refiere a un sistema para éi tratamiento de agua residual,
y en ciertas modalidades, agua residual de baja
concentracién. El sistema.comprende un sistema de adsorcidn
de alto flujo y un sistema de rector de regeneracidn
biolégico de material adsorbente de bajo flujo. El sistema de
adsorcidén de alto flujo incluye‘una entrada para recibir agua
residual, una fuente de material adsorbente para poner en
contacto el agua residual y los contaminantes adsorbidos del
agua residual, una salida de ligquido para descargar una
porcibén mayor del agua residual recibida que se ha puesto en
contacto por el material adsorbente, y una salida de material

adsorbente para descargar el material adsorbente que tiene

i\



10

15

20

25

30

contaminantes adsorbidos y una porcién menor del agua
residual recibida. El sistema de reactor de regeneracién
biolégico de material adsorbente de bajo flujo es para
mantener el material adsorbente que tiene los contaminantes
adsorbidos en suspensién por un periodo de tiempo que es
suficiente para permitir que los microorganismos digieran los
contaminantes organicos adsorbidos., El sistema de reactor de
regeneracién bioldgico de material adsorbente incluye un
reactor de regeneracidén bioldgico que tiene una entrada para
recibir material adsorbente con contaminantes adsorbidos de
la salida de material adsorbente de un sistema de adsorcién
de alto flujo, una salida de licor mezclado, y una salida de
material adsorbente en comunicacién con la fuente de material

adsorbente del sistema de adsorcién de alte flujo.

BREVE DESCRIPCION DE LAS FIGURAS

La invencidén se describird con detalle adicional
posteriormente y con referencia a los dibujos anexos todos
los cuales describen o se relacionan con el aparato, sistemas
y métodos de la presente invencién. En las figuras que no se
pretenden para dibujarse a escala, cada componente similar
que se ilustra en varias figuras se representa por un nUmero
similar. En las figuras:

La FIGURA 1 es un diagrama esquemdtico de un
sistema de reactor biclégico de membrana que usa un reactor
biolégico que contiene una o mads zonas con material
adsorbente en suspensién;

La FIGURA 2 es un diagrama esquemdtico de una
modalidad de un sistema para el tratamiento de aguas
residuales gque usa un material adscorbente en un reactor

biclégico corriente arriba de un sistema de operacidén de

\Z
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membrana usado en la presente invencién para regenerar y/o
reactivar material adsorbente;

La FIGURA 3 es wun diagrama esquemdtico de un
sistema de tratamientc de aguas residuales que incluye una
modalidad de un sistema de tratamiento de material adsorbente
de flujo alto que tiene una zona de mezcla y una zona de
decantacién de liquido y sedimentacién de material adsorbente
que se integra con reactor de regeneracién biolégico de
material adsorbente de flujo bajo que tiene un reactor de
regeneracidén bioldgico y un sistema de operacién de membrana;

La FIGURA 4 es un diagrama esquematico de un
sistema de tratamiento de aguas residuales que incluye un
sistema de tratamiento de material adscrbente de flujo alto
que tiene una zona de mezcla y otra modalidad una zona de
separacibén de liquidc vy sedimentacién de material adsorbente
que se'integra con un reactor de regeneracidén biocldgico de
mempbrana de material adsorbente de flujo bajo;

La FIGURA 5 es un diagrama esquemdtico de sistema
de tratamiento de aguas residuales gue incluye un sistema de
tratamiento de material adsorbente de flujo alto que se
integra con otra modalidad de un reactor de regeneracién
bioldgico de material adsorbente de flujo bajo;

La FIGURA & es un diagrama esqguemdtico de sistema
de tratamiento de aguas residuales que incluye una modalidad
adicional de un sistema de tratamiento de material adsorbente
de flujo alto que se integra con un reactor de regeneracidn
biolégice de material adsorbente de flujo bajo;

La FIGURA 7 es un diagrama esgquematico de un flujo
de procesoc para tratar aguas residuales de acuerdo con una
modalidad de la presente invencidédn que incluye irradiaciédn de

sélidos primarios; vy
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La FIGURA 8 es un diagrama esquemdtico de un flujo

de proceso para tratar aguas residuales de acuerdo con otra
modalidad de la presente invencién que incluye irradiacién de

sélidos primarics.

DESCRIPCION DETALLADA DE LA INVENCION

Como se usa en este documento, “compuestos
bioldgicamente refractarios” se refiere a aquellos tipos de
compuestos de demanda de oxigeno gquimico (“COD”) (orgéanicos
e/0 inorgénicos) en aguas residuales que son dificiles de
descomponer biolégicamente cuando se ponen en contacto con
microorganismos, Los “compuestos bioldégicamente refractarios”
pueden tener grados variantes de naturaleza refractaria, que
varian de aquellos gue son levemente refractarios a aquellos
qgue son altamente refractarios.

“Compuestos biocldégicamente inhibidores” se refiere
a aquellos compuestos (orgdnicos e/o inorgédnicos) en las
aguas residuales que inhiben el proceso de descomposicidn
biolégica.

“Biclégicamente inestable” se refiere a compuestos
organicos sencilles, faciles de digerir tales como residuos

humanes y de animal, residuos alimenticios, e inorgéanicos,

4
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tales como compuestos basados en amoniacc y fésforo.

"COD” o “Demanda de Oxigeno Quimico”, se refieren a
una medicién de la capacidad del desecho para consumir
oxigeno durante la reaccién quimica gque resulta en la
oxidacidén de la materia orgénica y la oxidacién de quimicos
inorgénicos tales como amcniaco y nitrito. La medicién de COD
incluye compuestos biolégicamente inestables, biolégicamente
inhibidores y biolégicamente refractarios.

"BODs” se refiere a compuestos de demanda de
oxigeno biolégicos que son bioldgicamente degradables durante
un periodo de 5 dias.

“S6lidos suspendidos en el licor mezclado o “MLSS”,
se refiere a microbios y otras sustancias, ambos disueltos y
suspendidos, presentes en las aguas residuales que se tratan;
"sblidos suspendidos voldtiles en el licor mezclado” o
"MLVSS,” se refiere a microbios activos en los MLSS; y “licor
mezclado” se refiere a la mezcla combinada de aguas
residuales, MLSS y MLVSS.

“Adsorbente” o© “materiales adsorbentes” como se
usan en este documento significan uno o més de carbdn
activado granular, incluyendo carbdn activado granular que ha
sido tratado para proporcionar afinidad a especies quimicas
predeterminadas, metales u otros compuestos descubiertos que
estan presentes en las aguas residuales que se van a tratar;
compuestos basados en hierro granulares, por ejemplo,
compuestos de Oxido de  hierro; resina sintéticas; ¥y
compuestos de aluminosilicato granulares.

“Sustancialmente libre” o) “sustancialmente
prevenido” en el contexto de describir 1la presencia de
material adsorbente en el efluente que pasa de una seccidn de

un sistema a otra, por ejemplo, de un reactor biolégico que
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contiene material adsorbente suspendido a un sistema de
cperacidén de membrana, se refiere a limitar la cantidad de
material adsorbente que pasa al sistema de operacién de
membrana a una cantidad que no afecta adversamente la
eficacia de requisito del proceso de filtracién de membrana
en este documento. Por ejemplo, en ciertas modalidades,
“sustancialmente libre” o “sustancialmente prevenido” se
refiere a retener por lo menos aproximadamente 80% en volumen
de la cantidad predeterminada de material adsorbente que se
usa en un sistema proporcionade dentro del reactor biolégico
© una o mas zonas de reaccidén biocldégica, en modalidades
adicionales, por lo menos aproximadamente 90% en volumen ¥y
todavia en modalidades adicionales por lo menos
aproximadamente 95% en volumen, y aln todavia en modalidades
adicionales al menos 99% en volumen. Sin embargo, se
apreciara por una persona de experiencia ordinaria en el
campo basado en las ensefianzas en este documento que estos
porcentajes son simplemente ilustrativos, y pueden variar
dependiendo de factores que incluyen pero no se limitan al
tipo de membrana(s) usada(s) y su resistencia a la abrasién,
la calidad del efluente reqguerido, la cantidad predeterminada
de material adsorbente que se usa en un sistema proporcionado
y otros factores.

Esta invencidn se dirige a los sistemas y métodos
de tratamiento de aguas residuales. “Agua residual” como se
usa en este documento, por ejemplo, como corrientes
influentes 101, 201, 301, 401, 501, 601 ¢ 701, define
cualguier agua que se trata tal como agua superficial, agua
subterranea y una corriente de aguas residuales de fuentes
industriaies, agriceclas Y municipales, qgue tienen

contaminantes de material biodegradable, compuestos
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inorgénicos, organicos inestables capaces de ser
descompuestos por Dbacterias, compuestos  biolégicamente
refractarios, y/o compuestos biolégicamente inhibidores, que
fluyen en este sistema de tratamiento de aguas residuales.

El agua residual de las fuentes industriales vy
municipales contiene tipicamente sélidos biolégicos, Yy
materiales inertes y orgdnicos, que incluyen compuestos
orgénicos biclégicamente inhibidores y refractarios. Ejemplos
de compuestos orgéanicos biclégicamente inhibidores Y
refractarios pueden incluir quimicos organicos sintéticos,
tales como quimicos de tratamiente de polielectrolito. Otros
compuestos organicos biolégicamente inhibidores y
refractarios incluyen bifenilos policlorados, hidrocarburecs
aromaticos policiclicos, dibenzo-p-dioxina policlorada vy
dibenzofurancs policlorados. Los compuestos de deterioro
endocrinos también son una clase de compuestos organicos
biolbégicamente inhibidores y refractarios gque pueden afectar
los sistemas hormonales en los organismos y se encuentran en
el medic ambiente. Los ejemplos de compuestos de deterioro
endocrinces incluyen: alquilfenélicos, tal como nonilfenol
usado para remover el aceite asi como también hormonas
naturales y  esteroides sintéticos encontrados en los
anticonceptivos, tal COMmO 17-b-estradiol, estrona,
testestercna, etinil-estradioel.

Otros ejemplos de aguas residuales que se tratan
incluyen: aguas residuales de alta resistencia; aguas
residuales de baja resistencia; y lixiviade de vertederos.
Las aguas también se pueden tratar para remover virus. Otros
ejemplos de contaminantes en las aguas residuales incluyen:
bifenilos policlorades (PCBs); dioxinas; furanos; compuestos

aromaticos polinucleares (PNAs); productos farmacéuticos,
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petréleo; productos petrogquimicos; subproductcs
petroquimicos; celulosa; fésforo; productos de desecho de 1la
pulpa e industria del papel, compuestos de fésforo y
derivados; y quimicos agricolas tales como aquellos derivados
de o usados para producir fertilizantes, pesticidas vy
herbicidas.

Las aguas residuales de fuentes industriales vy
municipales también pueden contener restos de compuestos
constituyentes que se originan durante el proceso de
tratamiento del agua y son subsecuentemente dificiles de
remover. Los ejemplos de restos constituyentes introducidos
durante el proceso de tratamiento del agua incluyen
nitrosaminas, tal como N-nitrosodimetilamina (NDMA) gque se
puede liberar de resinas catiénicas y aniénicas patentadas.

Como se usa en la presente, “aguas residuales de
concentracién baja” se refiere a aguas residuales que tienen
una concentracién baja de compuestos orgénicos biolégicamente
inestables (esto es, facil de digerir), que es menor que la
concentracién de alimentacién influente que soporta
tipicamente un sistema de tratamiento bioldégico en un sistema
de tratamiento secundario convencional tal como un procesacs
de aireacidn de leodo activada o un reactor biolégico de
membrana. Ademas, como Se usa en la presente, “aguas
residuales de concentracidn baja” incluyen efluentes que no
son sensibles a oxidacién biclégica en un sistema biolégico
de tratamiento tradicional como el agua residual es demasiado
bajo en fuerza o contiene compuestos que no se degradan
bioldégicamente de forma féacil. También pueden contener
compuestos completamente resistentes a bio-descomposiciédn,
compuestos bicldégicamente inhibitorios, y/o compuestos

bioldégicamente refractarios, o una combinacién de estos, que
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ya sea no se pueden bicldgicamente oxidar, © requieren mucho
mas tiempo de residencia que los que estdn tipicamente
disponibles a un sistema de oxidacién biolégico.

Ademas, como se usa en la presente, “efluente
sometido a tratamiento de aguas residuales corriente arriba”
generalmente significa efluente de uno © m&s sistemas de
tratamiento de aguas residuales convencionales o cualquiera
desarrcllado mas tarde. El1 “efluente sometide a tratamiento
de aguas residuales corriente arriba” se puede derivar de
aguas residuales que se sometié a procesos de tratamiento
preliminar y/o primario, Yy  Pprocesos de tratamiento
secundario, por ejemplo, procescs de aireacién de lodo
activado o reactores bioldégicos de membrana, y generalmente
tiene una concentracién baja de compuestos organicos
biclégicamente inestables (esto es, facil de digerir), que
podrian tipicamente no ser suficientes para soportar una
reaccidén biolégica en la mayoria de los sistemas de
tratamiento secundario convencional tal como procescs de
aireacidén de lodo activado o reactores biolégicos de
membrana. Ademas, también se contempla en ciertas modalidades
de la presente invencidén qgue “efluente sometido a tratamiento
de aguas residuales corriente arriba” es efluente que también
se ha sometido a uno o m&s tratamientos terciarios
convencionales o desarrollados mas tarde. Por ejemplo, en
ciertas instalaciones de tratamiento de aguas residuales, el
efluente de un sistema de tratamiento terciario puede
contener niveles contaminantes que exceden los niveles de
descarga asignados, y tal efluente se puede tratar por el
sistema y método de la presente invencién. En modalidades
adicionales, el “efluente sometido a tratamiento de aguas

residuales corriente arriba” se puede derivar de un sistema
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de separacién primaria en el gue sustancialmente todos los
sélidos se han removido, tal como uno o mas de
sedimentadores, clarificadores u otros dispositivos de
separacién de sélido. En todavia modalidades adicionales,
“efluente sometido a tratamiento de aguas residuales
corriente arriba” puede incluir aguas residuales que se han
sometido a un sistema de separacién primario seguido por
irradiacidn.

En general, 1las instalaciones de tratamiento de
aguas residuales usan multiples etapas de tratamiento para
limpiar el agua de modo que se puede liberar con seguridad en
cuerpos de agua tales como 1lagos, rios y corrientes.
Actualmente, muchas plantas de tratamiento de drenaje
sanitario incluyen una fase de tratamiento preliminar en la
cual es usan medios mecanicos para remover grandes objetos
{(por ejemplo, cribas de barras), y un canal de arena o
arenilla donde la arena, arenilla y piedras se asientan.
Algunos sistemas de tratamiento también incluyen una etapa
primaria donde <ciertas grasas y aceites flotan a la
superficie para la remocidén, y los sdbdlidos mas pesados se
asientan en el fondo, y son tratados subsecuentemente en un
digestor aerdbico o anaerdbico para digerir la biomasa vy
reducir los niveles de sdélidos biolégicos.

Después del tratamiento preliminar y/o primario, el
agua residual luegc se envia a una fase de tratamiento de
lodo activado biolégico secundario. El tratamiento biolégico
del agua residual se practica ampliamente. El agua residual
se trata cominmente con lecdo activado residual, en el cual
los sélidos bioldgicos son afectados por las bacterias dentro
de un tanque de tratamiento. Los procesos de lodo activado

implican el tratamiento bioldégico aerébico en un tangue de
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aireacién, seguido tipicamente por un tanque clarificador/de
asentamiento. El lodo asentadc se recicla de nueve al tanque
de aireacién a fin de mantener una concentracién de sdélidos
suspendidos en el licor mezclado adecuado para digerir los
contaminantes. Algunas alternativas disponibles para la
eliminacién de biosdélidos de exceso, por ejemplo, lodo,
incluyen perc nc se limitan a incineracién, eliminacién en un
vertedero o uso como fertilizante si no hay componentes
toxicos.

En el tanque de aireacidén, un gas gque contiene
oxigeno tal como aire u oxigeno puro se agrega al licor
mezclado. Oxigeno se usa tipicamente por las bacterias para
oxidar biclégicamente los compuestos orgdnicos que ya sea se
disuelven o se llevan en suspensién dentro de la alimentacién
de aguas residuales. La oxidacién biolégica es tipicamente el
metodo de oxidacién de costo mias bajo disponible para remover
los contaminantes orgénicos y algunos compuestos inorgénicos,
tales como compuestos de amoniaco y fésforo, del agua
residual y es el sistema de tratamiento mas ampliamente usado
para el agua residual contaminada con compuestocs organicos
biolégicamente tratables. Las aguas residuales que contienen
compuestos completamente resistentes a la biodescomposicién,
compuestaos biolégicamente inhibideres, y/o compuestos
bioldégicamente refractarios pueden no adecuadamente tratarse
por un sistema de tratamiento de aguas residuales biolégico
sencillo convencicnal. Estos compuestos sélc pueden actuar
sobre la bacteria durante un tiempo de retencidén hidrdulica
dentro del tanque de tratamiento especifico. Debido a que el
tiempc de retencién hidraulica es generalmente insuficiente
para la oxidacién bioldgica de una cantidad de los compuestos

bioldgicamente inhibidores suficiente y/o compuestos
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bioldgicamente refractarios, es posible que alguna porcidn de
estos compuestos recalcitrantes, no se puedan tratar o
destruir adecuadamente y pueden pasar a través de un proceso
de tratamiento no cambiado o sélo parcialmente tratado antes
de descargarse en ya sea un efluente o lodo residual de
exceso.

El efluente del licor mezclado del tanque de
aireacidén entra tipicamente a un tanque <clarificador/de
asentamiento donde el lodo, que incluye sélidos suspendidos
en el licor mezclado concentrado, asentado por gravedad. La
biomasa sedimentada se desperdicia, es decir, se descarga, a
la eliminacién fuera del sitio, o circulandc nuevamente al
tanque de aireacidén. Sin embarge, con base en las aguas
residuales y las necesidades econdmicas, algunos sistemas de
oxidacidén bioclégica usan un método de tratamiento diferente
para remover los s6lidos del efluente de aguas residuales. El
tanque clarificador/de asentamiento se puede reemplazar con
un sistema operativo de membrana, u otra operacién unitaria
tal como un dispositivo de disolucién/de flotacién de aire
inducido. El1 efluente 1liquido del tanque clarificador/de
asentamiento, el dispositivo de sistema operativo o de
flotacién de aire disuelto/inducideo ya sea se descarga o
proporciona tratamiento adicional antes de la descarga. Los
solidos que se remueven del dispositivo de
clarificacién/separacidén se regresan al tanque de aireacibdn
como el lodo activado de retorno a fin de retener una
concentracién adecuada de bacterias en el sistema. Alguna
porcién de este lodo activado de retornc se remueve
peridédicamente de esta linea de reciclado, conccida como lodo
activado de desecho, a fin de contreolar la concentracién de

bacterias en el licor mezclado. Este lodo activado se coloca
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luego en un una misma manera predeterminada.

Una ventaja reciente en la tecnologia de planta de
tratamiento de  aguas residuales biolégica industrial
convencional incluye la adicién de particulas de carbén
activado pulverizado al licor mezclado. En los procesos de
tratamiento biolégico que usan carbén activadoe pulverizado,
los orgénicos se pueden adsorber sobre el carbén activado y
permanecer dentro del tanque de tratamiento por un tiempo de
retencién hidrdulica que es similar al tiempo de residencia
del lodo y por lo tanto se someten tanto a los tratamientos
adsorbentes como biolégicos extendidos que dan por resultado
la remocién mejorada de ciertos compuestos biolégicamente
inhibidores o refractarics. En estos procesos, ciertos
compuestos orgénicos e inorgdnicos se adsorben fisicamente a
la superficie de las particulas de carbén activado
pulverizado. Al menos una cierta porcién de estos compuestos
se degradan entonces biocldgicamente, por ejemplo, oxidado en
un proceso aerobico, durante el tiempo extendido que se
presenta en el sistema, y el resto se adsorbe y descarga con
el carbédén activado cuando se desecha del sistema.

El carbén activado pulverizade se ha usadc en
plantas de tratamiento bioldgico convencionales debide a su
capacidad de absorber compuestos biolégicamente inhibidores vy
biclégicamente refractarios, proporcionando en consecuencia
un efluente con bajas concentraciones de estos contaminantes.
La inclusién del carbdn activado pulverizado en el licor
mezclado proporciona una variedad de beneficios
operacionales. El carbdn proporciona las ventajas de un
sistema de tratamiento biolééico con medios suspendidos que
incluyen remocidén incrementada de contaminantes y condiciones

incrementadas de tolerancia a alteradas. Adicionalmente, el
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carbdn permite que los compuestos biolégicamente inhibidores
y bicldgicamente refractarios absorban sobre la superficie
del carbdén y se expandan a la biologia durante un periodo de
tiempo significativamente mas prolongado que en un sistema de
tratamiento biolégico convencional, proporcionando en
consecuencia beneficios similares a aquellos que un sistema
de pelicula fija. El carbén también permite la evolucidén de
cepas especificas de bacterias que son mas capaces de digerir
los materiales orgdnicos biolégicamente inhibidores. El hecho
de que el carbén se recicla continuamente de nuevo al tanque
de aireacidén con el lodo activado de retorno, es decir el
tiempo de residencia del lodo, se refiere a que las bacterias
pueden funcicnar en la digestién de los compuestos organicos
bicldégicamente inhibidores adsorbidos sobre la superficie del
carbén durante un periodo de tiempo més prolongadoe que el
tiempo de detencién hidraulica del sistema de tratamiento
biclégico. Este proceso también da por resultado la
regeneracién biocldégica del carbdén y permite que el carbén
remueva significativamente més compuestos biocldgicamente
inhibidores y biolégicamente refractarios en el que podria en
un sistema de filtros de carbén de lecho empacado simple que
también requeriria reemplazo frecuento ¢ regeneracidén fisica
costosa del carbén una vez que la capacidad de adsorcidén del
carbdn se agota. El carbén en el licor mezclado también puede
adsorber ciertos compuestos y proporcionar por lo tanto un
efluente que esta 1libre de o tiene wuna concentracidn
sustancialmente reducida de compuestos inorganicos que no son
tratables por oxidacidén biolégica convencional o© de otra
manera son completamente resistentes a la bio-descomposicién.
Un ejemplo de un sistema de carbdén activado en polvo conocido

se ofrece por Siemens Water Technologies bajo la marca
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comercial “PACT®”.

Sin embargo, debido a que tanto el crecimiento
bioldégico como la absorcién de los componentes organicos e
inorganicos ocurren en el carbén activado en forma de polvo,
es requerido el desperdicio de los sdlidos de exceso. Ademas,
el carbdn activado pulverizado se carga del proceso de
tratamiento con la remocién de biosélidos y por lo tanto, se
debe reemplazar continuamente. El modo primario de remocién
contaminante en un sistema PACT® es la adsorcién, con la
funcidn secundaria de la regeneracién bioclégica de organicos
adsorbidos en el carbén activado en polvo; el carbén activado
en polvo no se mantiene en el sistema por un periodo
suficiente de tiempo para la regeneracién bioldgica para ser
el mecanismo de tratamiento primario.

Cada vez més, el agua residual sanitaria esté
siendo tratada usando tecnologia de reactor biolégico de
membrana, que ofrece calidad de efluente mejorada, un tamafio
fisico més peguefio (se pueden tratar mds aguas residuales por
area unitaria), tolerancia incrementada a alteraciones,
capacidad mejorada de procesar aguas residuales dificiles de
tratar y una variedad de otras ventajas operaciones. Por
ejemplo, las aguas residuales que contienen altos sélidos
disueltos totales pueden experimentar problemas de
asentamiento en un tanque clarificador/de asentamiento
convencional y regquiere significativamente méAs dispositivos
de separacidén de sélidos dificiles de operar tal como un
dispositive de flotacién de aire disuelto/inducidoc o algun
otro sistema de remocidén de sdlidos. Sin embargo, mientras
que los reactores biolégices de membrana eliminan los
problemas de asentamiento experimentados con los sistemas de

tanque clarificador/de asentamiento, frecuentemente presentan
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problemas de ensuciamiento de la membrana y espumacién que no
ocurre en los ‘ sistemas convencionales que usan
clarificadores. El ensuciamiento de la membrana puede ser el
resultado de 1lcs cqmpuestos polimericos extracelulares que
resultan de lé descomposicién de las formas de vida
biolégicas en los sé;idos suspendidos en el licor mezclado,
la acumulacidén de materiales organicos tales como aceites, o
por la incrustacidn causadé-por materiales inorganicos.
Ademas, a }a fecha, los reactores biolégices de

membrana no se han usado comercialmente con la adicién de

carbén activado pulverizado. Ha habido algin uso del carbén

u
2.

activado pulverizado'éd%los sistemas de tratamiento de agua
superficial que uSaﬁ,imemQranas para la filtracién. Sin
embargo, se ha repoffééo?qué estos sistemas de tratamiento de
agua superficial que; usaﬁ membranas y carbdén activado
pulverizado tienen problemas con el carbdén que erosiona las
membranas y el carbén‘paba y/o ensucia permanentemente las
membranas.

El agua res}dual industrial que se debe tratar
antes de la descarga 0'£éutilizacién incluye frecuentemente
aguas residuales aceitoéég? gue pueden contener hidrocarburos
emulsionados. Las aguas}residuales aceitosas pueden prevenir
de una variedad de industrias gque incluyen industrias de
acerc y aluminio, indﬁétrias de procesamiento quimico,
industrias autometrices, industrias cde lavanderia e
industrias de produccién de aceite crudo y de refinacidn de
petrdlesc. Como se plantea antericrmente, una cierta cantidad
de aceites no¢ emulsicnados y otros hidrocarburos se pueden
remover en procesos de tratamientce primarios, donde los
aceites flotantes se reﬁteven de la parte superior. Sin

embargo, los procesos de aguas residuales secundarios
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biolégicos se emplean generalmente para remover 1los aceites
sobrantes del agua residual, tipicamente los aceites
disueltos y emulsionados, aungque algun aceite libre puede
existir. Los hidrocarburos tipicos gue permanecen después del
tratamiento primario pueden incluir lubricantes, fluidos de
corte, alquitranes, grasa, aceites crudos, aceites de diesel,
gasclina, querosenac, combustible para aviones y los
similares. EBEstos hidrocarburos se deben remover tipicamente
antes de la descarga del agua en el medio ambiente o la
reutilizacién del agua en el proceso industrial. Ademas de
las regulacicnes gubernamentales y las preocupaciones
ecoldgicas, 1la remocidén eficiente de los hidrocarburocs
sobrantes también tiene beneficios, ya que el agua residual
adecuadamente tratada se puede usar en muchos procesos
industriales si eliminar costos de tratamiento de aguas sin
procesar y reducir las ©preocupaciones reguladoras de
descarga.

Otros tipos de aguas residuales que se deben tratar
incluyen agua de proceso contaminada de otros procesos
industriales tales COomo manufactura de productos
farmacéuticos, diversos articulos, productos agricolas (por
ejemplo, fertilizantes, pesticidas, herbicidas), ¥y
procesamiento papel, asi como también agua residual médica.

El desarrcllo comercial de los reactores bioclégicos
de membrana en el tratamiento de agua residual
aceitosa/industrial ha sido muy lentc de desarrollar,
principalmente debido a problemas de mantenimiento asociados
con el ensuciamliento de aceite y quimicos de las membranas.
La prueba del agua residual industrial/aceitosa tratada en un
reactor bioldégico de membrana que tiene carbdén activado

pulverizado agregado al licor mezclado indicé 1las mismas
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ventajas de tratamiento como se observa en los sistemas de
tratamiento de agua residual bioclégico convencional que
incluye carbdén activado pulverizado. También se observd que
las ventajas de usar un reactor biolégico de membrana también
se pueden lograr. Una comparacién simulténea de los reactores
bioldgicos de membrana con y sin la adicién de carbén
activado pulverizado demostrdé que el reactor biolégico de
membrana con carbén activado pulverizado proporcionéd ventajas
de tratamiento comparadas a los reactores biolégicos de
membrana sin carbdn activado. Adicionalmente, el reactor
bioldgico de membrana sin la adicién de carbén fue muy
dificil de operar debido a los organicos disueltos y los
compuestos poliméricos extracelulares que ensucian 1las
membranas. Sin embargo, la prueba demostrd adicionalmente que
mientras que la adicién del carbdén activado pulverizado
proporcionéd un sistema de tratamiento de aguas residuales
bioldgico muy viable, el carbdén tuvo el efecto nocivo de una
cantidad significativa de abrasién y ensuciamiento no
reversible de las membranas. Esta abrasién y ensuciamiento no
reversible fueron suficientemente significativos para dar por
resultado este sistema que es muy costosc de operar, debido a
la expectacién de vida significativamente disminuida de las
membranas y la frecuencia de limpieza de las membranas.

La  oxidacidén biclégica tradicional de  aguas
residuales es cominmente una etapa de tratamiento secundario
usado para remover la mayoria de los contaminantes de aguas
residuales, como es tipicamente el método de oxidacién menos
costoso disponible para tratar los compuestos orgdnicos en el
agua residual. Ademas, en un grado inferior, un sistema
bioclébégico puede también remover algunos compuestos

inorganicos, como algunos de los contaminantes inorgénicos
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que pueden ya sea oxidarse (por ejemplo, amoniaco, fosfatos),
adherirse a la biomasa, © se pueden adsorber por la biomasa.
51 se adsorbe por la biomasa se descarga ultimamente ccn el
lodo activado de desecho.

A pesar de los avances y desarrollos en procesos de
oxidacién biolégica y otros tratamientos secundarios, muchos
sistemas de tratamiento secundario no son capaces de tratar
adecuadamente la alimentacién de aguas residuales por solo
oxidacidén bioldégica. El efluente de aguas residuales que se
ha sometido a tratamiento secundarioc algunas veces no tiene
niveles suficientemente bajos de contaminantes orgénicos e/o
inorganicos, para permitir descarga o© reutilizacién en
cumplimiento con limites reguladores. En consecuencia, las
etapas de tratamiento terciario frecuentemente se reguieren.

Las etapas de tratamiento terciarioc convencional
incluyen frecuentemente paso de efluente que se ha sometido a
tratamiente secundario a través de una o mas columnas
adsorbentes, que incluyen material adsorbente tal como carbén
activado, cominmente conocido como “depuradox”. QOtros
procesos de tratamiento terciario puede incluir paso del
efluente de tratamiento secundario a través de uno o mas
filtros, coalescentes, oxidacién de UV, oxidacién gquimica,
otro sistema de tratamiento terciario, © una combinacién de
estos sistemas. Sin embargo, estos sistemas de tratamiento
terciario frecuentemente son grandes y/o <costosos para
operar. Una razdn clave para el tamafic problemdtico y gastos
de sistemas de tratamiento terciario convencionales es que el
efluente de tratamiento secundario completo gue tiene una
concentracidén relativamente baja de contaminantes, o una
porcién sustancial del mismo, se someten a estos

tratamientos.
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Los sistemas y métodos de la presente invencién
quitan las desventajas de sistemas de tratamiento terciario
existentes, y en ciertas modalidades proporciona un sistema
que se puede usar como un sistema de tratamiento secundario o
terciario, particularmente cuando las aguas residuales a
tratarse son aguas residuales de concentracién baja.

La presente invencién se dirige a un proceso vy
sistema de tratamiento de aguas residuales mejorado para
tratar wuna corriente de aguas residuales que tiene una
velocidad de flujo similar a la velocidad de flujo influente,
esto es, flujo alto, en un sistema de tratamiento biolégico
que tiene un flujo bajo. Esto se alcanza al adsorber los
contaminantes en la corriente de flujo alto sobre material
adsorbente y luego regenerar bioldgicamente y/o reactivar el
material adsorbente en un sistema de reactor de regeneracién
biolégico de membrana de medio suspendido. Este sistema es
particularmente util para el procesamiento de aguas
residuales de concentracién baja que no es particularmente
adecuado para tratamiento de aguas residuales biolédgicas
convencional debido al nivel bajo de compuestos
bicldégicamente inestables.

En ciertas modalidades, el proceso y sistema de
tratamiento de aguas residuales para aguas residuales de
concentracion de contaminante baja es dtil como un sistema de
tratamiento terciario, en el cual una porcidén sustancial de
efluente que se ha sometido a tratamiento secundario y/u otro
tratamiento corriente arriba se expone a un tratamiento de
material adsorbente de flujo alto, y una porcidén menor que
tiene un  nivel relativamente mayocr de contaminantes
adsorbidos en el material adsorbente se somete a un sistema

de tratamientc de regeneracidén biocldégico adsorbente de flujo
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bajo para regenerar el material adsorbente.

El sistema y método para tratamientc de aguas
residuales de la presente invencién comprende un sistema de
tratamiento que incluye un sistema de tratamiento de material
adsorbente de flujo alto integrade con un reactor de
regeneracién bioldgico de material adsorbente de flujo bajo.
En general, sistema de tratamiento de material adsorbente de
flujo alto incluye una o mis operaciones de unidad para
mezclar aguas residuales de concentracién baja, u otra agqua
residual qgue contiene compuestos completamente resistentes a
la bio-descomposicién, compuestos biclégicamente inhibidores,
y/o compuestos biolégicamente refractarios, o una combinacién
de estos, con material adsorbente y gque decanta efluente
liquido que tiene una concentracidn reducida de
contaminantes.

El material adsorbente que tiene contaminantes de
las aguas residuales de concentracién baja adsorbidas en su
superficie y/o en la superficie de paredes de poro se pasa a
un reactor de regeneracidén bioldégico de material adsorbente
de flujo Dbajo en el cual micro-organismos degradan
contaminantes organicos y ciertos inorgédnicos y proporcicnan
un material adsorbente con concentraciones mis bajas de estos
compuestos de tal manera gque pueden volverse a usar como
adsorbente fresco. En ciertas modalidades en las cuales el
reactor bicldégicc es un reactor bioldgico aerdbico que tiene
una fuente de oxigeno para soportar micro-organismos
aerdbicos, la reaccidn bioldgica incluye oxidacién bioclédgica,
en donde los contaminantes organicos en las aguas residuales
se metabolizan generalmente en didéxido de carbén y agua. E1
exceso de biomasa se remueve del material adscorbente, y el

material adsorbente regenerado se recicla para el sistema de
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tratamiento de material adscrbente de flujo alto.
Alternativamente, el reactor biolégico de material adsorbente
de flujo bajo podria ser wun sistema de reactor de
regeneracidn biolégico anaerobico, por ejemplo, en
modalidades en las cuales los compuestos a adsorberse en el
material adsorbente se degradan mas facilmente en un reactor
anaerdbico.

De acuerdc con una o mas modalidades, la presente
invencién emplea un sistema que incluye un sistema de reactor
bioldgico de membrana de medioc suspendido, tal como un
reactor de aireacién de carbén activado granular, seguido por
un sistema de operacién de membrana, en el cual el material
adsorbente se previene sustancialmente de entrar al sistema
de operacién de membrana, com¢ se describe en Publicacién PCT
Namero WO/09085252, que se incorpora como referencia en su
totalidad.

En una modalidad preferida, la presente invencién
proporciona un proceso de tratamiento terciario que incluye
las etapas de: mezclar material adsorbente con aguas
residuales de concentracién baja; sedimentar el material
adsorbente; decantar o de otra manera remover el agua
contactada por el material adsorbente; tratar el material
adsorbente que tiene contaminantes adsorbidos en un reactor
de regeneracidén biolédgico; tratar licor de mezcla del reactor
biolégico, que incluye sélidos suspendidos de licor mezclado
y sdlidos suspendidos de licor volatil mezclado, que esté
sustancialmente libre del material adsorbente, en un sistema
de operacién de membrana; que remueve el exceso de biomasa
del material adsorbente; y reciclar el material adsorbente a
la etapa de mezclarle «con las aguas residuales de

concentracidén baja en un sistema de tratamiento de material
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adsorbente de flujo alto. Ventajosamente, el sobrenadante
decantado incluye una porcién sustancial de aguas residuales
de concentracién baja. En consecuencia, el reactor de
regeneracién biolégico y el sistema de operacién de membrana
se emplean para tratar solamente una porcién pequeiita del
volumen del efluente de aquas residuales de concentracién
baja total previamente sometido a tratamiento corriente
arriba en procesos del arte previo. Un tratamiento de costo
efectivo se proporciona de este modo para aguas residuales de
concentracidn baja, especialmente como se compara con
sistemas de tratamiento terciario convencional tal como
columnas de adsorcidén de carbdén activado granular tipicamente
utilizadas para aguas residuales refinadas descargadas de una
zona de tratamiento secundario. Estos sistemas regeneran
tipicamente el material adsorbente con procesos de
regeneracién de energia intensa tales como regeneracién por
aire caliente o regeneracidén por vapor.

El sistema de tratamiento de aguas residuales de
concentracidn baja de la presente invencién incluye material
adsorbente que en ciertas mocdalidades preferidas es carbén
activado granular, en unc o mias recipientes colocados para
adsorber compuestos orgénicos en concentraciones bajas. Los
orgadnicos adsorbidos se exponen posteriormente a micro-
organismo bioldgicos en un reactor biolégico de material
adsorbente de flujo bajo durante un periodo de tiempo que es
muchoe mas prolongado que el tiempoc de residencia hidraulico
tipico en filtros de carbén activados granulares. El sistema
Yy proceso de tratamiento de aguas residuales de concentracién
baja de la presente invencidén concentra estos compuestos
organiccs del efluente que se ha sometido a tratamiento de

aguas residuales corriente arriba. En consecuencia, cuando se
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emplea como un sistema de tratamiento terciario, el sistema y
proceso de tratamiento de aguas residuales de concentracién
baja de la presente invencién permite que los contaminantes
organicos se expongan a bacterias durante un periodo més
prolongado de tiempo que normalmente alcanzaria con base en
el flujo de los tratamiento de aguas residuales corriente
arriba en sistemas de tratamiento secundario convencicnales.
Asi, el tiempc para reaccién biolégica, por ejemplo,
oxidacién biolégica en modalidades en las cuales los micro-
Qrganismos son bacterias aerdbicas, se incrementa
sustancialmente. El usoc de regeneracién biolégica en vez de
los sistemas de energia intensa empleade tipicamente para
regenerar carbdn activado granular en filtros de refinado, es
un sistema de regeneracién efectivo de mucho més costo.

De acuerdo con una ¢ mas modalidades, el sistema de
tratamiento de aguas residuales de concentracién baja de la
presente invencidén incluye material adsorbente que en ciertas
modalidades preferidas es carbén activado granular, en uno o
mas recipientes configurados para adsorber compuestos
organicos en concentraciones bajas. El sistema y proceso de
tratamiento de aguas residuales de concentracién baja de la
presente invencién concentra estos compuestos organicos del
efluente que se ha sometido a tratamiento de aguas residuales
corriente arriba. En consecuencia, cuando se emplean como un
sistema de tratamiento terciario, el sistema y proceso de
tratamiento de aguas residuales de concentracién baja de 1la
presente invencidén permite a organicos para exponerse a
bacterias durante un pericdo de tiempo mas prolongado gque
normalmente se alcanzaria con base en el flujo de los
tratamientos de aguas residuales corriente arriba en sistemas

de tratamientc terciario convencionales, por ejemplo,
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sistemas de pulidec de carbén. Asi, el tiempo de reaccidn
bioldgica, por ejemplo, oxidacién biolégica en modalidades en
las cuales los micro-organismos son bacterias aerdbicas, es
sustancialmente més 1largo que lo que se lograria en un
reactor bioldgico que trata el flujo influente de entrada.
Ademas, de acuerde con una © mas modalidades, el
sistema y proceso de tratamiento de agquas residuales de
concentracidén baja de la presente invencién usa material
adsorbente tal como carbén activado granular para adsorber
los contaminantes de las aguas residuales de concentracidén
baja, por ejemplo, una corriente de agquas residuales de
cencentracidn baja de flujo completo de un sistema de
tratamiento secundario, y transfiere el material adsorbente
que tiene los contaminantes adsorbidos en un sistema de
reactor biolégico de membrana relativamente pequefia que tiene
una configuracién similar al sistema de reactor biolégico de
membrana descrito en solicitud PCT co-pendiente y de
propiedad comin nuamero PCT/US10/38644, que se incorpora en la
presente comoc referencia, y en Publicacidén PCT Namero
WO/09085252, que también se incorpora como referencia en la
presente. Los compuestos orgdnicos gque se adscorben en el
material adsorbente se tratan biolégicamente en un sistema de
reactor biolégico de membrana de medio suspendido, y en
consecuencia evita la necesidad para tratar el flujo de aguas
residuales completo y carga organica del sistema de
tratamiento de aguas residuales <corriente arriba. En
modalidades en las cuales el sistema de reactor bioclégico de
membrana media suspendidc es un sistema aerdbico, la biomasa
se suministra con el oxigeno de requisito para oxidacidédn
bioldégica al usar aire u oxigeno de un difusor de aire y/u

otra fuente. En modalidades en 1las cuales el sistema de
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reactor biolégico de membrana medio suspendido es un reactor
bicldgico anaerébico, el sistema se opera bajo condiciones de
requisito para degradar anaerdbicamente los compuestos. Un
sistema de reactor biolégico de membrana relativamente
pequefia puede asi tratar los compuestos orgénicos que se
presentan en concentraciones bajas en la corriente de flujo
alto de efluente sometido a tratamiento de aguas residuales
corriente arriba.

Ademas, mientrés ciertas modalidades de la presente
invencidén se describen.como procesos y sistemas terciarios
para tratar efluente a partir de uno o mas procesos de
tratamiento de aguas residuales corriente arriba, que incluye
procescs primarios y/o secundarios, se apreciard por una
persona experta en 1la téénica que los sistemas y métodos de
la presente invencidn se pueden emplear para tratar efluente
de aguas residuales difeétamente de ciertos procesos gue
tienen concentraciones bajéé_dé crganices, por ejemplo, que
no soportarian efectiﬁamente la bioclogia en un reactor
bioldgico convencional.

Las FIGs. 1 yf; son representaciones de sistemas de
reactor bioldgico de memb%gna de medioc suspendido adecuados
para la integracidén con el -sistema de la presente invencién
para tratar aguas residuales de concentracién baja, y en
particular, para regeneracidén y/o reactivacién de material
adsorbente que tiene contaminantes adsorbidos al respecto en
una etapa de adsorcién de flujo alto. Estos sistemas,
descritos en solicitud PBCT ndémero PCT/US10/38644 y en
Publicacién PCT Numero W0/09085252, proporcionan para el uso
de material adsorbente tal como carbdédn activado granular en
un sistema de reactor bioiégico corriente arriba de un

sistema de operacién de membrana. En particular, los sistemas
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incluyen un subsistema de separacidn que evita
sustancialmente material adsorbente de pasar al sistema de
operacién de membrana y de este modo abrasién, contaminacién
o de otra manera perjudicar las membranas en la presente.

Con referencia ahora a la FIGURA 1, se representa
esquematicamente un sistema de tratamiento de aguas
residuales 100 gue incluye un sistema de reactor biolégico
102 corriente arriba de un sistema de operacién de membrana
104. En ciertas modalidades, el sistema de reaccién biolégico
102 incluye un solo recipiente de reactor biolégico. En
modalidades adicionales, el sistema de reactor biolégico 102
incluye una pluralidad de recipientes de reactor biolégico,
un recipiente de reactor biolégico dividido en secciones
separadas, 0 wuna pluralidad de recipientes de reactor
bioldgico algunos o todos de los cuales se pueden dividir en
secciones separadas. Los recipientes de reactor individual o
las secciones segregadas se refieren en este documento
generalmente como una zona de reaccién biolégica. Durante las
operaciones de tratamiento de aguas residuales usar los
sistemas de reactor biclégico de membrana de medio
suspendido, el material adsorbente junto con los
microorganismos se mantiene en suspensién en todas las zonas
de reaccidén biocldgica o un subconjunto del numero total de
zonas de reaccién biolégica. E1 sistema de operacidn de
membranas 104 se mantiene sustancialmente libre de material
adsorbente que usa unc ¢ mas de los subsistemas de separacidn
descritos en este documentc. Una corriente de aguas
residuales de flujo entrante 106 =se introduce desde un
sistema de tratamiente ©primario, un sistema de criba
preliminar, o© como un flujo directo de aguas residuales

previamente no tratadas. En modalidades adicicnales, la
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corriente de aguas residuales de flujo entrante 106 puede ser
agua residual previamente tratada, por ejemplo, un efluente
de uno o més reactores biolégicos corriente arriba, que
incluyen pero no se limitan a, zreactores biolégicos
aerobicos, reactores bioldégicos andéxicos, reactores de flujo
continuc, reactores de lote de secuenciacién, o cualquier
variedad de otros tipos de sistema de tratamiento biclégico
capaces de degradar bioldgicamente el compuesto orgadnico y en
ciertas modalidades algunos compuestos inorgénicos.

Los reactores bioldgicos y/o ciertas zonas del
reactor bioldégico pueden ser varios tipos de reactores
bioldogicos, que incluyen pero no se limitan a reactores
biocldgicos aerébicos, reactores bioldégicos anbxicos,
reactores bioldgicos anaerdbicos, reactores de flujo
continuo, reactores de lote de secuenciacién, filtros de
escurrido, © cualquier variedad de otros tipos de sistemas de
tratamiento biolégico capaces de degradar biolégicamente el
compuesto organico Yy en clertas modalidades algunos
compuestos inorganicos.

Ademas los reactores bioldgicos y/o ciertas zonas
de reactor biolégico usadas en la presente pueden ser de
cualquier tamafic o forma adecuados para suspender el material
adsorbente en conjuncidén con el sistema de suspensidén. Por
ejemplo, el recipiente puede tener un 4&drea de seccidn
transversal de cualquier forma, tal como circular, eliptica,
cuadrada, rectangular o cualquier forma irregular. En algunas
modalidades el recipiente puede construirse o modificarse a
fin de promover la suspensién adecuada del material
adsorbente.

La FIGURA 2 representa esquematicamente el flujo de

proceso de un sistema de tratamiento de aguas residuales 200
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para producir un efluente tratado que tiene concentraciones
reducidas de compuestos organicas e inorganicoes
bioldégicamente inestables, bioclégicamente refractarios, y/o
bicldgicamente inhibidores que son totalmente resistentes a
la descomposicién  biolédgica. El sistema 200 incluye
generalmente un reactor biolégico 202 y un sistema de
operacidén de membrana 204. El reactor biolégico 202 incluye
una entrada 206 para recibir agua residual y una salida 208
para descargar el efluente que se ha tratado biolégicamente,
que incluye sélidos suspendidcs volatiles en el licor
mezclado y/o licor mezclado, al sistema de operacién de
membrana 204.

El reactor bioldgico 202 incluye una masa
distribuida de material adsorbente 234 que tiene poros 236 y
una cantidad efectiva de uno o mads microorganismos 238, que
ambos se adhieren al material adsorbente y que flotan libren
y se separan del material adsorbente en el licor mezclado,
para actuar sobre compuestos bioldgicamente inestables vy
ciertos compuestos biolégicamente refractarios y/o
bioldégicamente inhibidores en el licor mezclado. Los sitios
de adsorcidén del material adsorbente, que incluyen la
superficie exterior de los granulos o particulas absorbentes,
y la superficies de pared de los poros 236, sirven
inicialmente como sitios de absorcién para los compuestos
bioclégicamente inestables, biclégicamente refractarios,
bicldgicamente inhibidores y/u orgdnicos e inorganicecs que
son totalmente resistentes a la descomposicidén biolédgica.
Ademés, los microorganismos 238 se pueden adsorber en los
sitios de adsorcién en el material adsorbente. Esto permite
que los niveles de digestidén mas altos de ciertos compuestos

biolégicamente refractarios y/o biocldégicamente inhibidores
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requerir tiempos de retencién hidraulica proporcionalmente
mas prolongados y tiempos de retencién de lodo. Debido al
hecho de que ciertos compuestos biolégicamente refractarios
y/o bioldégicamente inhibidores se retengan por periodos
prolongados de tiempo sobre el material adsorbente, 1los
guales se aislan o se retienen en los reactores biolégicos.
Generalmente, los compuestos bioclégicamente
inestables y ciertos compuestos inorganicos se digerirén
relativamente de manera rédpida y predominantemente por 1los
micro-organismos que no se adhieren al material adsorbente,
es decir, los microorganismos que flotan libres en el licor
mezclado. Ciertos componentes incluyen organicos e
inorganicos gque son compuestos totalmente resistentes a la
descomposicidén biolégica y muy bioldgicamente refractarios vy
biolégicamente inhibidores permanecerédn adsorbidos en el
material adsorbente o pueden adsorberse y/o absorberse por el
material bioldgico que flota libre en el(los} reactor(es).
Finalmente, estos compuestos no digeribles se concentraran en
el material adsorbente al punto donde la remocidén, o desecho,
y el reemplazo del material adsorbente se requeririd para
mantener 1la calidad del efluente en un nivel aceptable.
Conforme el material adsorbente permanece en los sistemas de
reactor bioldgico de membrana de medio suspendido, los micro-
organismos creceran y se mantendrdn generalmente en el
material adsorbente, por un tiempo suficiente para
descomponer por lo menos una porcidn de ciertos compuestos
biolégicamente refractarios y/o bioldégicamente inhibidores en
el agua residual de flujo entrante particular, gque ha sido
concentrada sobre el material adsorbente. ABungque no se desee
ser limitade por la teoria, se cree que los micro-organismos

pueden evolucionar eventualmente en cepas maduras con una
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climatizacién especifica necesaria para descomponer al menos
una porcién de ciertos compuestos Utiles de tratar en el agua
residual de flujo entrante particular. Sobre el tiempo
adicional, por ejemplo, ﬁarios dias a varias semanas, durante
las cuales el material adsorbente que tiene ciertos
compuestos biolégicamente refractarios, y/o biolégicamente
inhibidores se mantenga en el sistema, los micro-organismos
que tienen un alto grado de especificidad se vuelven
segundas, terceras, y.ggnéfaciones mads altas, incrementando
en consecuencia su eficacia a biodegradar por lo menos una
porcién de ciertos ‘_ae los compuestos biclégicamente
refractarios y/o biol@gicémente inhibidores especificos que
estdn presentes eﬁ eir agua residual de flujo entrante
particular conforme el Siéﬁéma se aclimata.

Varias aguas ‘residuales de flujo entrante pueden
ser deficientes en cierfos nutrientes benéficos para 1la
biologia que ocurre en lelg reactor bioldgico 202. Ademéas,
ciertas aguas residuale?, de flujo entrante pueden tener
niveles de pH que son excesivamente &cidos ¢ calUsticas. Por
consiguiente, como ser&-evidente para una persona que tiene
experiencia ordinaria.ep el campo, el fésforo, nitrédgeno, y
materiales de ajuste de pH, complementarios al carbono
sencillo o qguimicos sé”_pueden agregar para mantener 1las
relaciones de nutrientes éptimas y niveles de pH para la vida
biolégica y actividad asociada, gque incluyen oxidacién
biocldégica en el reactor 202.

El efluente del reactor bioldgico 202 se introduce
por la via de un subsistema de separacién 222 a una entrada
210 del sistema de operacién de membrana 204. Este licor
mezclado transferido, que se ha tratadoc en el reactor

bioldgico 202, estd sustancialmente libre de material

4\



10

15

20

25

30

35

adsorbente. En el sistema de operacién de membrana 204, el
agua residual pasa a través de una o m&s membranas de micro
filtracién o wultrafiltracién, eliminando o minimizando en
consecuencia la necesidad de clarificacién y/o filtracién
texciaria. El material permeado de membrana, es decir, el
liquide que pasa a través de las membranas 240, se descarga
del sistema de operacién de membrana 204, por la via de una
salida 212. El material retenido de membrana, es decir, los
s6lidos del efluente del reactor bioldégico 202, que incluye
lodo activado, se regresa al reactor biolégico 202 por la via
de una linea de lodo activado de retorno 214.

El material adsorbente agotado del reactor
biolégico 202, por ejemplo, carbén activado granular que ya
no es efectivo en adsorber contaminantes tales como ciertos
compuestos que resisten completamente la biodescomposicién,
compuestos biolégicamente refractarics v compuestos
biolégicamente inhibidores, se pueden remover por la via de
un orificic de descarga de residuos de licor mezclado 216 del
reactor bioldégico 202. Una salida de residuos 218 también se
puede conectar a la linea de lodo de desecho activado de
retorno 214 para desviar algo de todo el lodo activado de
retorno para la eliminacidén, por ejemplo, para controlar la
concentracién del 1licor mezclado y/o cultivo. E1 lodo se
descarga del aparato con el lodo activado residual cuando se
incrementa al punto donde la concentracién de sdélidos en el
licor mezclado es tan alta que interrumpe la operacién del
sistema del reactor biolégico de membrana particular. Ademas,
el orificio de descarga residual del licor mezclado 216 se
puede usar para remover una percién del material adsorbente,
removiendo en cconsecuencia alguna porcidén de los compuestos

biolégicamente refractarios, compuestos biolégicamente

4L



10

15

20

25

30

36

inhibidores, y/o compuestos orgénicos e inorganicos gque son
totalmente resistentes a la descomposicién biolégica, antes
que de la linea de lodo activado de retorno con el lodo
activado residual, que da por resultado una concentracién mas
baja de estos compuestos biolégicamente refractarios,
compuestos biolégicamente inhibidores, y/o compuestos
organicos e inorgdnicos gue son totalmente resistentes a la
descomposicién biolégica en la descarga y una biomasa més
estable en el reactor biolégico de membrana. Se puede
entonces agregar una cantidad equivalente de material
adsorbente reciente o] regenerado  para reemplazar el
adsorbente asi removido.

Se puede proporcicnar un sistema de cribas vy/o
separacién preliminar 220 corriente arriba de la entrada 206
del reactor biolégico 202. Este sistema de cribas vy/o
separacidén preliminar puede incluir un sistema de flotacién
de aire disuelto, una criba gruesa o una combinacién de estos
y/u otros dispositivos de tratamiento preliminares para
separar la materia suspendida del tipo conocido en el campo.
Opcicnalmente, el sistema de cribas y/o separacién preliminar
220 se puede eliminar, u otros tipos de dispositivo de
tratamiento preliminares se pueden incluir, dependiendo del
agua residual particular que se trata.

A fin de evitar gue por lo menos una mayoria del
material adsorbente 234 entre al sistema de operacién de
membrana 204 y cause abrasidén y/o ensuciamiento indeseable de
las membranas 240, se proporciona el subsistema de separacién
222. Como se muestra, en la FIGURA 2, el subsistema de
separacidén 222 estd localizado préxime a Jla salida del
reactor bioldégico 202. Sin embargo, en ciertas modalidades,

el subsistema de separacidn 222 se puede posicionar en un
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recipiente separado corriente abajo del reactor biolégico
202. En cualgquier caso, el subsistema de separacién 222
incluye el aparato y/o estructuras adecuados para evitar el
contacto entre por 1lo menos una mayoria del material
adsorbente 234 y las membranas 240 en el sistema de operacién
de membrana 204. El1 subsistema de separacién 222 puede
contener uno © mads de un aparato de cribas, una zona de
asentamiento y/u otrc aparato de separacién adecuado.

Tipos adecuados de cribas ¢ aparatos de cribas para
el uso en ciertas modalidades del sistema de reactor
biolégico de membrana de medio suspendido incluyen cribas
alambre de cufia, placas con aberturas de metal o plastico, o
telas tejidas, en configuraciones cilindricas o planas vy
arregladas en varios 4angulos gque incluyen verticalmente
orientadas, horizontalmente orientadas, o en cualguier angulo
entre las mismas. En modalidades adicionales, se puede
emplear un aparato de cribas activo tal como una criba de
tambor giratorio, una criba de vibracién u otro aparato de
cribas mévil. En general, para los sistemas en los cuales el
subsistema de separacidn 222 es un aparato de cribas, el
tamanio de malla es mds pequefioc que el limite de fondo del
tamafioc de granulo o ©particula efectivo del material
adsorbente que estd siendo usado.

Otros tipos de subsistemas de separacidén también se
pueden usar en el subsistema de separacidn, como alternativas
a, en combinacidén con, un aparato de cribas. Por ejemplo,
como se describe ademas posteriormente, se puede proporcionar
una zona de asentamiento, en la cual el material adsorbente
se asienta por gravedad.

En modalidades alternativas, en conjuncidén con las

modalidades previamente descritas, los subsistemas de
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separacién pueden incihir un  sistema de centrifuga (por
ejemplo, hidrociclén, centrifuga, o 1los similares), una
camara de arenilla aireadéi un sistema de flotacién (tal como
flotacidén de gas indﬁcidé 0 gas disuelto), u otro aparato
conocido.

Opcionalmente,xﬁ en combinacién con el subsistema
de separacidén 222 préximo‘a'la salida del reactor bioldgico
202, se puede proporcionapjﬁn subsistema de separacidén entre
el reactor biolégico 262  y el sistema de operacién de
membrana 204 (no mostradoj. . Este subsistema de separacidn
alternative o adicional puede ser el mismo como © diferente
como el subsistema de §eparacién 222, en tipo y/o dimensidn.
Por ejemplo, en cié?fas modalidades, una zona de
asentamiento, un clérifiéééqg, ﬁn separador de hidrociclén,
una centrifuga, o una  §ombinacién de estos se pueden
proporcionar como una'oﬁggécién unitaria distinta entre el
reactor biolégico 202 ;Hei'éi;tema de operacidén de membrana
204.

Observar que el “subsistema de separacién 222 es
altamente efectivo para e&itar el pasc del material
adsorbente y su dimehsién;bEiginal al sistema de operacidén de
membrana. En ciertas modak%éédés preferidas, el subsistema de
separacién 222 evita queE:SUQfancialmente todo el material
adsorbente 234 pase al siétema-de operaciédn de membrana 204.
Sin embargo, durante la opéracién del sistema 200, wvarios
casos de desgaste del material adsorbente, gque incluye
colisiones de intergréanulos, separacidn, «circulacién, o
colisiones de granulos dentro del equipo estacionario o
mévil, pueden causar gque ée creen particulas gque scn muy

pequeflas para ser retenidas. efectivamente con el subsistema

de separacién 222. A fin de minimizar el dafic a las membranas

4-9



..1 .

10

15

20

25

30

39

y la pérdida del material adsorbente el desperdiciar, ciertas
modalidades incluyen un subsistema de separacién 222 que es
capaz de evitar el .paso de sustancialmente de todo el
material adsorbente 234 dentro de aproximadamente 70 a
aproximadamente 80 por. ciento de su dimensién original. El
porcentaje de reduccién aceptable en la dimensién original se
puede determinar por luna persona gque tiene experiencia
ordinaria en el campo, por ejemplo, con base en una
evaluacion econémica.‘§i la reduccién en la dimensién da por
resultado un incrementbéen las particulas que pasan a través
del sistema de cribgs,; iés membranas experimentaran una
abrasién incrementadaj?-De esta manera, se puede usar un
andlisis de beneficio de costos para determinar lo gque es un

porcentaje de reducciéﬁ?aceptable del material adsorbente con

base en el costo de lakgbrasién y el reemplazo eventual de

i ~
¥ .

las membranas como es Cbmpargdo a los costos asociados con el
material adsorbente que‘-miﬁimiza la descomposicidén, y los
costos de manejo y operécipnales asociados con un subsistema
de separacidn capaz de é;itar el paso de particulas mucho mas
pequefias gque los grénﬁiés 0 particulas del material
adsorkbente originales. Ademés, en ciertas modalidades, algun
grado de colisiones de. inter-granulos, o <colisiones de
granulos dentro del equipb‘estacionario o mévil, es deseable
para dquitar la biomasa de exceso de las superficies
exteriores del material adsorbente.

El efluente de licor mezclado cribado o© separado
del reactor bioldgico 202 se puede bombear o hacer fluir por
gravedad (dependiendo del disefic del sistema particular) en
el sistema de operacién de membrana 204. En un sistema que

usa un subsistema de separacién externc (no mostrado), el

aparato se configura preferiblemente de tal manera que el
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material adsorbente separado del licor mezclado que pasa a
través de un subsistemé de cribas finas © separador externo
cae por gravedad de regreso en el reactor biclégico 202.

El material ?adsarbente tal como carbdén activado
granular, por ejemplo, humedecido adecuadamente para formar
una suspensién de material adsorbente, se puede agregar al
agua residual en varios puntos en el sistema 200, por
ejemplo, de una fuente 229 de material adsorbente. Como se
muestra en la FIGURA 2, el material adsorbente se puede
introducir en una o mi&s ubicaciones 230a, 230b, 230c y/o
230d. Por ejemplo, el mg%erial adscrbente se puede agregar a
la corriente de alimenfécién corriente abajo del sistema de
cribas preliminar 220 (por ejemplo, ubicacién 230a).
Opcionalmente, © en combinacién, el material adsorbente se
puede agregar directamenﬁé' al reactor bioldégico 202 (es
decir, ubicacién 230b). En.Ciertas modalidades, el material
adsorbente se puede introdhdir por la via de la linea de lodo
activado de retorno 214 (por gjemplo, ubicacidn 230c¢). En
modalidades adicionales, fpuede ser deseable agregar el
material adsorbente corriééfe érriba en sistema de cribas
preliminar 220 (por ejemblo, ubicacién 230d), donde el
sistema de cribas préliminar 220 esta disefiado
especificamente para esta aplicacién al incluir la criba que
permite que el material adsorbente pase a través y dentro del
reactor biolégice 202. El licor mezclado pasa a través del
subsistema de separacién 222 y el material adsorbente se
evita sustancialmente que pase én el sistema de operacidn de
membrana 204 con los sélidos. suspendidos en el 1licor
mezclado.

Ya que el material - adsorbente permanece en el

sistema y se expone a los constituyentes de aguas residuales
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que incluyen compuestos biolégicamente refractarios,
bioldgicamente  inhibidores y/o compuestos organicos e
inorgdnicos que son totalmente resistentes a la
descomposicién biolégica, algo o todo del material adsorbente
sera inefectivo para tratar los constituyentes, es decir, la
capacidad de adsorcién disminuye. Esto dard por resultado una
concentracién mas alta de estos constituyentes gque entran al
sistema de operacién de membrana 204, donde pasan a través de
las membranas, y se descargan con el efluente de membrana
212. Ademas, el material adsorbente puede llegar hacer
inefectivo debido al recubrimiento con bacterias,
polisacaridos y/o sustancias poliméricas extracelulares. Esta
capa de recubrimiento puede alcanzar niveles donde bloquea
los sitios de poro y evita en consecuencia el acceso para los
compuestos bioclégicamente refractarios, bioldgicamente
inhibidores y/u orgdnicos e inorganicos que son totalmente
resistentes a la descomposicién  biolégica, y evita
consecuentemente la adsorcidén e inhibe la biodegradacién. En
ciertas modalidades de sistemas de reactor biolégico de
membrana de medic suspendido, este recubrimiento se puede
remover mediante una accidén de esfuerzo cortante producida
por unc ¢ mas mecanismos en el sistema, tal como colisiones
entre los granulos de material adsorbente suspendidos en el
licor mezclade o© fuerzas cortantes asociadas <con la
suspensién y/o movimiento del material adsorbente.

Cuando el material adsorbente ha perdido todo o una
porcién de su eficacia para reducir la concentracién de
efluente de los compuestos Dbioldgicamente refractarios,
biolégicamente inhibidores y/u orgénicos e inorgénicos dque
son totalmente resistentes a la descomposicién bioldgica, se

puede desperdiciar una porcién del material adsorbente (por
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la wvia del orificio de desperdicic 216, por ejemplo, al
descargar wuna porcién del 1licor mezclado gque contiene
material adsorbente dispersadeo en el mismo.

Se puede introducir el material adsorbente reciente
0 regenerado adicional en el sistema, como se describe
anteriormente, por medio del aparato de introduccién de
material adsorbente 229 y/o0 en una o mas ubicaciones de
adicidén adecuadas. Las concentraciones de compuesto COD de
aguas residuales de entrada y de aguas residuales de efluente
y/o concentraciones de compuestos inorganicos, se puede
supervisar para determinar cuando el material adsorbente y su
masa acompanante en el sistema han experimentado efectividad
reducida. Una grafica entre la diferencia entre el COD de
entrada y efluente dividido por 1la concentracién de COD de
entrada mostrard la pérdida gradual de la eficacia del
material adsorbente en el licor mezclado. El1 mismo tipo de
grafica se puede usar para supervisar la capacidad de
remocién inorgénica o la remocién de una especie organica
especifica en el sistema. La cantidad de COD removido de la
corriente de alimentacidédn puede proporcionar una indicacién
de la cantidad relativa de compuestos organicos
biolégicamente refractarios y/o biolégicamente inhibidores
que estan siendo removidos de la alimentacién de aguas
residuales. Conforme los operadores del sistema desarrollan
experiencia con el tratamiento de un agua residual
particular, serdn capaces de determinar cuando esta relaciédn
indica un punto en el cual existe una necesidad de remover
una porcién del material adsorbente en el reactor bioclégico y
reemplazarlo con material adsorbente reciente. La eficiencia
requerida del sistema se recuperarda de esta manera para los

compuestos que son bioldgicamente refractarios,
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biolégicamente inhibidores, y/¢ para resistir completamente
la bio-descomposicién, por ejemplo, para producir un efluente
que esta en complicidad con los requerimientos reguladores.
El  muestreo y el andlisis del efluente ©para las
concentraciones de compuestos organicos e inorgéanicos
especificos también se pueden usar para determinar cuando la
eficacia del material adsorbente y su biomasa acompafiante en
el licor mezclado se han reducido y se debe iniciar el
reemplazo parcial.

El operador de un sistema de reactor biclégico de
membrana de medio suspendido 200 puede comenzar a reemplazar
algo del material adsorbente cuando las concentraciones de
efluente de los compuestos organicos e inorgdnicos
especificos comiencen a acercarse a las concentraciones de
descargas permitidas de la instalacién para estos compuestos.
Las concentraciones de descargas permitidas se limitan
tipicamente por el permisoc de la instalacién, por ejemplo,
como se determina por el programa de permiso y El Sistema de
Eliminacidén de Descarga de Contaminantes Nacional (NPDES) que
es regulado por La Agencia de Proteccidén Ambiental de los
Estados Unidos, u otro cuerpo regulador similar en un estado
©¢ nacidén particular. Ya que los operadores obtienen
experiencia al operar este sistema c¢on su agua residual
particular, serdn capaces de anticipar cuando comenzara el
reemplazo del material adsorbente. Cuando el operador
determina que 1la eficacia del material adsorbente y su
bicmasa acompafiante estd aproximandose a una incapacidad de
lograr la concentracién de efluente requerida de 1los
contaminantes, el desperdicio normal de la biomasa de exceso
que se realiza al desperdiciar el lodo activado del retorno

de la linea 218 puede cesar y la biomasa de exceso y el
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material adsorbente acompafiante se desperdicia del reactor
bioldégico 202 por la via del orificio de desperdicio 216. La
cantidad del material desperdiciado se determina por lo que
es requerido para mantener los sélidos suspendidos en licor
mezclado dentro del intervalo de operacién optimo para el
sistema del reactor biolégico de membrana particular. Después
del reemplazc de una porcidén del material adsorbente, el
efluente se supervisa por el operador para determinar si 1la
eficiencia de remocién del contaminante requerido ha sido
restaurada. El reemplazo adicional se puede hacer como sea
necesario con base en la experiencia de operacién.

En algunas modalidades, el sistema y/o el aparato
individual del sistema pueden incluir un controlador para
supervisar y ajustar el sistema como sea deseado. Un
controlador puede dirigir cualquiera de los pardmetros dentro
del sistema dependiendo de 1las condiciones de operacién
deseadas, las cuales, por ejemplo, ser basadas en las
regulaciones gubernamentales con respecto a las corrientes de
efluente. E1 controlador puede ajustar o regqular las
vdlvulas, alimentadores o bombas asociados con cada flujo
potencial con base en una o mis sefiales generadas por los
sensores o crondmetros posicionados dentro del sistema o
aparato individual. El contrclador también puede ajustar o
regular las wvalvulas, alimentadores ¢ bombas asociados con
cada flujo potencial con base en una ¢ mas sefiales generadas
por sensores o© crondmetros, que indican una tendencia
especifica, por ejemplo una tendencia hacia arriba o hacia
abajo en una caracteristica o propiedad del sistema durante
un periode de tiempo predeterminado. Por ejemplo, un sensor
en una corriente de efluente puede generar una sefial que

indica gque la concentracién de contaminantes tales como
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compuestos biclégicamente refractarios, compuestos
biolégicamente inhibidores, y/c compuestos completamente
resistentes a la bio-descomposicidén ha alcanzado un valor o
tendencia predeterminada, o indica que el nivel COD, ha
logrado un valor o tendencia predeterminada accionando en
consecuencia el controlador para realizar algan acto
corriente arriba de, corriente debajo de, o en el sensor.
Este acto puede incluir cualquiera de uno o mas para remover
el material adscrbente del reactor biolégico, agregar nuevo
material adsorbente o regenerado al reactor biolégico,
agregar un tipo diferente de material adsorbente, ajustar el
flujo de las aguas residuales en la entrada de alimentacién o
la entrada a otro aparato dentro del sistema, pre-direccional
el flujo de la entrada de alimentacién o la entrada a otro
aparato dentro del sistema a un tanque de almacenamiento,
ajustar el flujo de aire dentro del reactor biolégico,
ajustar el tiempo de resistencia dentro del reactor bicldgico
u otro aparato, y ajustar la temperatura y/o pH dentro del
reactor bioldgico u otro aparato se pueden usar uno © mAas
Sensores en © Con unc © mas aparatos o corrientes del sistema
gue proporciona una indicacién o caracteristica del estado o
condicidn de cualquiera © mas procesos gue se realizan en el
Sistema.

El sistema y controlador de una © mds modalidades
del sistema de reactor biolégico de membrana de medio
suspendido proporcionan una unidad versatil gque tiene
miltiples modos de operacién, que puede responder a miltiples
entradas para incrementar 1la eficiencia del sistema de
tratamientos de aguas residuales. El controlador se puede
incrementar usando uno © més sistemas de computadora gue

pueden ser, por ejemple, una computadora de propésito
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general. Alternativamente, el sistema de computadora puede
incluir hardware especialmente programado, de propésito
especial, por ejemplc, un circuito aplicado de aplicaciédn
especifica {ASIC) 0 controladores propuestos para los
sistemas de tratamiento de aguas.

El sistema de computadora puede incluir uno o mas
procesadores conectados tipicamente a uno o mas dispositivos
de memoria, los cuales pueden comprender, por ejemplo,
cualguiera o mas de una memcria de unidad de disco duro, un
dispositivo de memoria flash, un dispositivo de memoria RAM,
u otro dispositivo para almacenar datos. La memoria se usa
tipicamente para almacenar programas y datos durante la
operacién del sistema. Por ejemplo, la memoria se puede usar
para almacenar datos histéricos gque se relacionan con los
parametros durante un periodo de tiempo, asi como también
datos de operacidén. Software, que incluye cdédigo de
programacién que implementa mecdalidades de la invencién, se
puede almacenar en un medio de grabacidén no volatil legible
y/o grabable por computadora, y luego copiado tipicamente en
la memoria en donde luego se puede ejecutar por uno o mas
procesadores. Este cdédigo de programacidén se puede escribir
en cualquiera de una pluralidad de lenguajes de programacién
© combinaciones de los mismos.

Los componentes del sistema de computadoras se
pueden acoplar por uno o mas mecanismos de interconexidén, que
pueden incluir una © mé&s barras colectoras, por ejemplo,
entre los componentes que se integran dentro de un mismo
dispositivo, y/o una red, por ejemplo entre componentes que
residen en los dispositivos discretos  separados. El
mecanismos de interconexién habilita tipicamente las

comunicaciones, por ejemplo, datos, instrucciones, hacer
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intercambiados entre los componentes del sistema.

El sistema de computadora también puede incluir uno
© mas dispositivos de entrada, por eijemplo, un teclado,
ratdén, puntero de bola, micréfono, pantalla tactil, y otros
dispositivos de interfaz de hombre-maquina asi como también
unc o mas dispositivos de salida, por ejemplo, un dispositivo
de impresidén, pantalla de visualizacién o bocina. Ademas, el
sistema de computadora puede contener una o mas interfaces
gue pueden conectar el sistema de computadora a una red de
comunicacidén, ademds o como una alternativa a la red que se
puede formar mediante uno o mas de los componentes del
Sistema.

De acuerdo con una o mas modalidades del sistema de
reactor bioldgico de membrana de medio suspendido, en uno o
mas dispositivos de entrada pueden incluir sensores para
medir cualquiera de uno mds de los parametros del sistema y/o
componentes del mismo. Alternativamente, unoc o mas de los
sensores, bombas, u otros componentes del sistema, gque
incluyen vélvulas dosificadoras o alimentadores volumétricos,
se pueden conectar a una red de comunicacién gque se acopla
operativamente al sistema de computadora. Cualquiera de uno o
mads de lo anterior se pueden acoplar a otro sistema de
computadora o componente para comunicarse con el sistema de
computadora sobre una © més redes de comunicacidén. Esta
configuracion permite que cualquier sensor o dispositivo
generador de sefial se localice a una distancia significativa
del sistema de computadora y/o permita que cualguier sensor
se localice en una distancia significativa de cualquier
subsistema y/o el controlador, mientras que aun proporcicna
datos entre los mismes. Estos mecanismos de comunicacidén se

pueden afectar al usar cualquier técnica adecuada que incluye
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pero  no se limita a aquellos que usan protocoelos
inalambricos.

Aunque el sistema de computadeora se describe a
manera de ejemplo como un tipo de sistema de computadora en
el cual varios aspectos del sistema de reactor biclégico de
membrana media suspendido y la presente invencién se pueden
practicar, se debe apreciar que la invencién no se limita
para ser implementada en el software, o en el sistema de
computadora como se muestra ejemplarmente. De hecho, antes de
gue se implemente en, por ejemplo, un sistema de computadora
de propbdsito general, el controlador, o componente o sus
secciones de los mismos, se puede implementar
alternativamente con como un sistema especializado o como un
controlador 1légico programable especializado (PLC) o un
sistema de control distribuido. Adem&s, se debe apreciar que
unc O mas caracteristicas o aspectos del sistema de reactor
biclégico de membrana media suspendido y la presente
invencién se pueden implementar en el software, hardware o
firmware, o cualquier combinacién de los mismos. Por ejemplo,
uno o mas segmentos de un algoritmo ejecutable por un
controlador se pueden realizar en computadoras separadas, las
cuales a su vez, pueden estar en comunicacién a través de una
© mas redes.

En algunas mocdalidades, uno © mAs sensores se
pueden incluir en ubicaciones por todo el sistema 200, 1las
cuales estan en comunicacién con un operador manual o© un
sistema de control automatizado para implementar una
modificacién de proceso adecuada que en un sistema de reactor
bioldégico de membrana controlado 16gico programable. En una
modalidad, el sistema 200 incluye un controlador 205 que

puede ser cualquier sistema de computadora programado o©
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dedicado apropiado, PLC, ¢ sistema de control distribuido. La
concentracién de ciertos compuestcs organicos y/o inorganicos
se puede medir en el efluente del sistema de operacién de
membrana 212 o el efluente de la salida 208 del reactor
biolégico 202, como se indica por las conexiones de linea
ponteada entre el controlador 205 y tanto la linea efluente
212 y la linea efluente intermedia entre la salida 208 y la
entrada 210. En otra modalidad, la concentracién de los
compuestos organicos volatiles u otra propiedad o]
caracteristica del sistema se mide en una o més de las
entradas 201, 206 o 210. Los sensores conocidos por aquellas
personas de experiencia ordinaria en el campo del aparatc de
control de proceso pueden incluir aquellos basados en 1la
fluorescencia inducida por 1léser o cualquier otro sensor
adecuado para la supervisién en tiempo real in situ de la
concentracidén de los compuestos orgdnicos e inorganicos en el
efluente u otra propiedad o caracteristica del sistema. Los
sensores que se usan incluyen los sensores sumergibles para
el uso en la medicién de aceite en agua que usa fluorescencia
UV para deteccién, tal como senscres enviroFlu-HC disponibles
de TriO3 Optical Sensor (Oldenburg, Alemania). Los sensores
pueden comprender lentes que se recubren ¢ de otra manera se
tratan para evitar o limitar la cantidad de ensuciamiento o
pelicula que ocurre sobre los lentes. Cuando uno o© més
senscres en el sistema generan una sefilal que la concentracién
de uno o mas compuestos orgdnicos y/o inorgadnicos se excede
una concentracidn predeterminada, el sistema de control puede
implementar una accién de respuesta tal como una accidén de
retroalimentacidén adecuada o accidén de alimentacién hacia
delante, incluyendo pero no limitado a remover el material

adsorbente por medio del puerto de descarga de residuo 216
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(como se indica por las conexiones de linea ponteada entre el
controlador 205 y el puerto de descarga de residuo 216);
agregar material adsorbente nuevo o regenerado poi medic del
aparato de introduccidén de material adsocrbente 229 o en una
de las otras locaciones {como se indica por las conexiones de
linea ponteada entre el controlador 205 y el aparato de
introduccién de material adsorbente 229); agregar un tipo
diferente de material adsorbente; o modificar el tiempo de
retencién  hidréaulica; o modificar las caracteristicas
bioldgicas tal como alimentacién de carbén simple para
microorganismos o agregar fdésforo, nitrédgeno y/o quimicos de
ajuste de pH; y/u otras modificaciones como se describe
anteriormente o que serdn evidentes para aquellas personas de
experiencia ordinaria en el campo.

Notar gue aunque el controlader 205 y el aparato de
introduccidén de material adsorbente 229 se muestran sélo con
respecto a la FIG. 2, se pretende que estas caracteristicas y
las diversas capacidades de retroalimentacién y alimentacidn
por adelantado pueden incorporarse en cualquiera de los
sistemas descritos en el documento actual. Ademéas, el
controlador 205 puede conectarse electrdédnicamente a otros
componentes tales como una bomba de alimentacién de agua
residual y el sistema de suspensién 232.

Después de que el 1licor mezcladec se aérea y se
trata por el material adsorbente en el reactor bioclégico 202,
el licor mezclado procesado pasa a través del subsistema e
separacidén 222, y se transfiere al sistema de operacién de
membrana 204 sustancialmente libre de material adsorbente. El
subsistema de separacidn 222 se evita que el material
adsorbente pase en el sistema de operacidn de membrana 204,

Al mantener el material adsorbente en el reactor biocldgico
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202, o de otra manera corriente arriba del sistema de
operacién de membrana 204, el sistema de reactor biclégice de
membrana de medio suspendido minimiza o elimina la
probabilidad de ensuciamiento y/o abrasién de las membranas
del tanque del sistema de operacién de membrana por el
material adsorbente.

El sistema de operacién de membrana 204 contiene
membranas de filtracién 240 para filtrar la biomasa vy
cualguier otro de los sdélidos en el licor mezclade en el
tanque de sistema de operacién de membrana 204 del efluente
del bioreactor 212. Estas membranas 240, que pueden estar en
la forma de membranas de fibras huecas u otras
configuraciones adecuadas, como se sabe por aquellas personas
de experiencia ordinaria en el campo, son tipicamente muy
costosas y es altamente deseable protegerlas del dafio al fin
de maximizar su vida Gtil. En el sistema de reactor biolégico
de membrana de medio suspendido 200, la vida de las membranas
en el tanque del sistema de operacién se prolonga, puesto gque
el subsistema de separacién 222 reduce sustancialmente o
elimina la entrada del material adsorbente tal como carbén
activado granular, vy/o cualquiera de otros grénulos vy
particulas solidas, en el sistema de operacidén de membrana
204,

La salida 212 transporta el efluente filtrado del
tanque del sistema de operacién de membrana 204. La linea de
lodo activado de retorno 214 se transporta una corriente de
lodo activado de retorno desde el tanque de operacidédn del
sistema de membrana 204 hasta el reactor biolégico 202 para
el uso adicional en el procesamiento de la corriente de
alimentacién de aguas residuales. El1 lode de exceso se

desperdicia del sistema usande la linea de desperdicio 218
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como en un sistema de reactor biolégico de membrana
convencional.

El sistema suspensién 232, usa uno o mas de
suspensién a chorro, mezclado mecanico, aeracién de burbujas
gruesas, sistemas de suspensién de elevacién de gas tal como
tubos de corriente de aire y canales de corriente de aire, y
otros tipos de sistemas de suspensién mecadnica o de aire para
mantener el material adsorbente 234 en suspensién mientras
que minimiza el desgaste del material adsorbente 234.

En clertas modalidades, después de un periodo de
tiempo inicial en el cual el material adsorbente 234 esta
dentro del reactor biolégico 202 y puede ocurrir algun
rompimiento de grénulos, por ejemplo, algunas de las
superficies rugosas y/o sobresalientes del material
adsorbente 234 se rompen y se vuelven polvos, matexriales
finos, agujas u otros materiales en particulas mas pequefios,
el material adsorbente 234 mantenido en suspensién por el
sistema de suspensién a chorro 232 se estabiliza, y ante lo
cual ocurre poco o nada de rompimiento o degradacién
adicicnal en el tamafio.

La concentracién del material adsorbente en el
licor mezclado se determina generalmente con base en los
parametros del sistema especificos y las aguas residuales
para tratar 1la combinacién particular de los compuestos
organicos o inorganicos bioldgicamente refractariocs vy/o
biclégicamente inhibidores para cumplir los requerimientos de
descarga de una instalacién. La prueba a indicado que la
operacién de un reactor bioldégico de membrana c¢on una
concentracién de sélidos suspendidos en el licor mezclado
industrial tipico {en un intervalo normal para la

configuracién del reactor biolégico de membrana particular
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empleado) y una concentracién de material adsorbente, tal
como carboén activade granular, de aproximadamente 20% (de 1la
concentracidén de sélidos suspendidos en el licor mezclado
total) fue adecuada para remover los compuestos organicos
bioldgicamente refractarios y/o bioclégicamente inhibidores
presentes en la alimentacién de aguas residuales sin crear
problemas de ensuciamiento sobre el sistema de cribas usado.
Se pueden agregar concentraciones mé&s altas del material
adsorbente para proporcionar un margen adicional de seguridad
contra las alteraciones del proceso que podrian causar
concentraciones de efluentes méds altas que las normales de
compuestos biocldégicamente refractarios, compuestos
biclégicamente inhibidores, y/o compuestos organicos e
inorganicos totalmente resistentes a la descomposicién
bicldégica. Observar que este material adsorbente adicional
dard por resultado requerimientos de cribado y/o asentamiento
incrementado. La concentracién més baja de material
adsorbente que se puede usar y aun logra la calidad de
efluente requerida se puede determinar empiricamente, con
base en un margen deseado de seguridad contra las
alteraciones de proceso que se basan en la experiencia o de
otra manera consideran apropiados para el sistema y proceso
particular.

Los sistemas de reactor bioldgico de membrana de
medio suspendido que usa material adsorbente corriente arriba
de un tanque de operacidén de membrana para adsorber
materiales organicos e inorgénicos (biolégicamente
refractarios, biocldgicamente inhibidores o de otra manera)
asi como también para proporcionar un reactor biolégico de
membrana con medios suspendidos son aplicables para una

variedad de diferentes configuraciones. Ademas, también se
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pueden usar varios dispositivos de separacién para mantener
el material adsorbente en el reactor biolégico. Se apreciara
por una persona de experiencia ordinaria en el campo que
diferentes sistemas tendrdn diferentes beneficios econémicos
con base en las caracteristicas individuales de las aguas
residuales y la regidén donde la instalacién se va a instalar.

Los factores gue se <controlan para producir
condiciones de tratamiento optimas que incluyen el tipo de
material adsorbente, gque incluye su tamafo, forma, dureza,
gravedad especifica, velocidad de asentamiento, flujo de aire
requerido u otras necesidades de suspensién para la
suspensidén de granulos en el licor mezclado, es decir, para
mantener el carbén activado granular come un medio
suspendido, el espaciamiento de criba de barra o el tamafio de
crificio y la configuracién del agujero, la concentracién del
material adsorbente en el licor mezclado, la concentracién de
los sélidos suspendidos volatiles en el licor mezclado, la
concentracién total de sélidos suspendidos en el 1licor
mezclado, la relacidén de la velocidad de flujo del lodo
activado de retorno dividido por la velocidad de flujo de
licor mezclado que entra al tangque del sistema de operacién
de membrana, el tiempo de retencidén hidrdulica y el tiempo de
retencidén del lode. Esta optimizacidédn proporcicna adsorcién
de alguna porcién de los compuestos biolégicamente
refractarios, facilidad para degradad los compuestos de
demanda de oxigeno biolédégices {BODs) , compuestos
bioldgicamente inhibidores, compuestos organicos o]
inorganicos totalmente resistentes a la descomposicién
biolégica, y sustancias poliméricas extracelular por el
material adsorbente tal como <carbén activade granular

suspendidc en el licor mezclado.
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Otro beneficio del sistema de reactor biolégico de
membrana media suspendido es que los sitios se proporcionan a
los cuales los microorganismos en los sélidos suspendidos en
el licor mezclade pueden adherirse. Este aspecto del proceso

prcduce una corriente de sélidos suspendidos volatiles en el

licor mezclado que es mis estable y resistente en su

respuesta a las condiciones de alteracién y permite la
biodegradacién mejorada de los compuestos organicos presentes
en las aguas residuales como es comparado a un reactor
bioldgico de membrana mejorado con carbén activado no
granular operado con tiempo de retencién hidréulicas
similares y tiempos de retencién de lodo. Una fuente de
microorganismos dentro de los espacios de poro, o sobre la
superficie, del material adsorbente sirve como una fuente de
bacterias de semillas en el evento de una alteracién del
proceso de corriente arriba que resulta en la pérdida de
alguno de los microorganismos viables que flotan libre en el
licor mezclado. En el evento de un chogque quimico térmico o
toxico para el sistema, el cual toma en los sistemas
convencionales, germinaria ciertas bacterias, algunos de los
microorganismcs dentro de los espacios de poro o sobre la
superficie pueden sobrevivir, de esta manera solo una
fraccién del tiempo de recuperacién es necesarioc como es
comparado para los sistemas convenciones en el material
adsorbente. Por ejemplo, en el sistema donde las bacterias
son mesofilicas, el material adsorbente puede permitir que
algunas bacterias dentro de los sitios del poro sobrevivan en
el evento del chogue térmico debido a la temperatura
incrementada. Del mismo modo, en los sistemas en donde las
bacterias son termofilicas, el material adsorbente permite

que algunas bacterias dentro de los sitios del poro
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sobrevivan en el eventc del chogue térmico debidoe a 1la
temperatura disminuida. En ambas de estas circunstancias, el
tiempo requerido para que los cultivos se vuelvan a aclimatar
se puede reducir grandemente. Ademas, en el evento de un
choque del sistema que termina todoe o una porcién de la
poblacidén de microorganismos, la presencia del material
adsorbente permite la operacién continuada, en la cual
contaminantes 1inestables, refractarios e inhibidores se
pueden adsorber mientras que se ajusta a la poblacién de
microorganismos.

Los diversos beneficios han mostrado que resultan
en una aclimatacidén mas rapida del 1licor mezclado a la
alimentacién de aguas residuales, reducen el ensuciamientoc de
las membranas, una tolerancia mejorada a las variaciones en
las concentraciones de alimentacién y la velocidad de fluijo,
producen un lodo que puede eliminar el agua mas rapidamente
con una naturaleza menos aceitosa que es mds facil de
manejar, y un efluente que tiene una concentracién mas baja
de impurezas orgdnicas e inorgdnicas que se pueden obtener de
un aparato de reactor bioldgico de membrana convencional.

El uso de un material adsorbente tal como carbén
activado granular en lugar del carbén activado pulverizado
permite la eliminacidén del ensuciamiento y/o abrasién de la
membrana que se han identificado como un problema en las
pruebas de los reactores biocldégicos de membrana con carbdn
activado pulverizado.

Aunque el uso de carbkdédn activado granular en lugar
del carbén activade pulverizado nc usa carbén como
eficientemente sobre una base en peso, el sistema de reactor
bioldégico de membrana media suspendido y un subsistema de

separacién evita sustancialmente que el carbdén activado
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granular entre al sistema de operacién de membrana
minimizando o eliminando en consecuencia la probabilidad de
abrasién y ensuciamiento de las membranas. El impacto de la
eficiencia de adsorcién reducida como resultado de usar
carbén activade granular en lugar de carbdén activado
pulverizado sin embargo, no impacta significativamente la
eficacia del aparato del reactor bioldégico de membrana
mejorado con carbén activado total.

La prueba ha indicado que el mecanismo principal de
remocion de ciertcs compuestos orgénicos biolégicamente
inhibidores y/¢ biolégicamente refractarios se relaciona con
un incremento en el tiempo de residencia que los compuestos
bioldégicamente refractarios y biolégicamente inhibidores se
exponen a los microorganismos en el aparato mejorade con
carbdn activadeo pulverizado. Los microorganismos en los
sélidos suspendidos volatiles en el licor mezclado adsorbidos
sobre el material adscrbente tal como carbén activado
granular tienen un periodo mas prolongado de tiempo para
digerir ciertos compuestos biolégicamente refractarios vy
biclégicamente inhibidores. El tiempo de residencia
incrementado para la biodegradacién ha sido mostrado gque es
un factor principal en reducir la concentracién de ciertos
compuestos bicldgicamente refractarios y bioclégicamente
inhibidores en el efluente del reactor bioclégico de membrana,
y la eficiencia de adsorcién més alta del carbén activado
pulverizado no es requerida para lograr los resultados
deseados.

El carbén activado granular en un reactor bioldgico
de membrana asistido con carbén desempefia también ¢ mejor que
un reactor bioldgico de membrana mejorado con carbén activado

pulverizado al aumentar la remocidn de compuestos
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biecldégicamente refractarios, compuestos bioclégicamente
inhibidores, compuestos que son totalmente resistentes a la
descomposicién biclégica, Y compuestos poliméricos
extracelulares al permitir la regeneracién sustancial del
carbdén activado granular. También, debido a que su tamafio mas
grande, se puede filtrar efectivamente o de otra manera
separar del licor mezclado que entra al(los) tangque(s) del
sistema de operacién de membrana. La abrasién que ocurre al
usar el carbén activado pulverizado se puede eliminar o
reducir significativamente al emplear carbédn activado
granular en el sistema de reactor biolégico de membrana media
suspendido.

Aungque el uso de las particulas de carbdén activado
pulverizado en un reactor biolégico de membrana ha demostrado
algunas de las mismas ventajas descritas anteriormente para
el sistema de carbén activado granular, la abrasién de la
membrana observada de las particulas del carbén activado
pulverizado en el(los) tanque(s) del sistema de operacién de
mempbrana s inaceptable puesto gue la vida util de 1la
membrana se puede reducir a un nivel inaceptable, por
ejemplo, significativamente menor que una expectativa de vida
de la membrana tipica. Puesto que el costo de la membrana
representa una porcidén significativa del costo total del
sistema del reactor bioldgico de membrana, una extensién de
su vida Gtil es un factor importante en el costo de operacidn
del sistema de operacidédn de membrana.

Las FIGs. 3-6 describen ciertas modalidades de los
sistemas de tratamiento de aguas residuales de la presente
invencidén. Como se nota arriba, los sistemas de tratamiento
de aqguas residuales de la presente invencién pueden emplear

un sgistema de reactor bioldgico de membrana de medio
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suspendido descrito con referencia a las FIGs. 1 y 2 y
también se describe en solicitud PCT numero PCT/US10/38644 y
Publicacidén NiGmero WO/09085252. Aunque se describen en
conjunto ciertas modalidades preferidas con el tratamiento de
agua residual de baja concentracidn, por ejemplo, derivada de
un efluente sometido a tratamiento de agua residual corriente
arriba, se apreciard por alguien de experiencia ordinaria en
la técnica, teniendo el beneficic de 1la presente descripcién,
que el sistema de tratamiento de agua residual de la presente
invencién puede emplearse ventajosamente para tratar agua
residual que tiene algin nivel de compuestos bioclégicamente
inestables asi como compuestos completamente resistentes a la
bio-descompesicién, compuestos bioldgicamente inhibidores,
y/o compuestos biolégicamente refractarios, o una combinacién
de estos.

Con referencia a la FIG. 3, un sistema de
tratamiento 354 se muestra esquematicamente para tratar el
efluente 351 de una © mids etapas de tratamiento de aguas
residuales corriente arriba, colectivamente identificadas
como sistema de tratamiento de aquas residuales 350. El
sistema de tratamiento de aguas residuales 350 trata
tipicamente un influente 301 y descarga el exceso de lodo de
desecho activade 352 y un liquido que trata el efluente 351
que es referido en la presente como “agua residual de baja
concentracidn” o “efluente sometido a tratamiento de agua
residual corriente arriba”, como se conoce convencionalmente.
Aunque la descripcidn gue sigue se refiere al efluente 351
como se deriva de una o mas etapas de tratamiento de aguas
residuales corriente arriba, por ejemplo, primaria y/o
secundaria, se entendera por alguien de experiencia ordinaria

en la técnica gue los sistemas y métodeos de la presente
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invencién también son efectivos para tratar agua residual de
baja concentracién de otras fuentes, tal como directamente de
un proceso que tiene niveles bajos de sdélidos suspendidos vy
relativamente niveles bajos de orgénicos disueltos. Ademés,
el sistema de tratamiento de agua residual de la presente
invencidén puede emplearse ventajosamente para tratar agua
residual que tiene algin nivel de compuestos biolégicamente
inestables asi como compuestos completamente resistentes a la
bioc-descomposicidén, compuestos biolégicamente inhibidores,
y/o compuestos biolégicamente refractarios, o una combinacién
de estos. En estas modalidades, la corriente 351 puede ser un
influente directo, o scmeterse a un procesamiento corriente
arriba minimo, tal como un sistema de separacién primario en
el cual se han removido sustancialmente todos los sélidos.

Como se discute arriba, el tratamiento terciario de
efluente de wuna zona de tratamiento secundaria cominmente
incluye pasar el efluente secundario completo a través de una
© mas columnas de carbono activadas granulares u otro sistema
terciario para tratamiento adicional, por ejemplo, pulir con
objeto de alcanzar los estdndares de calidad de agqua
requeridocs. En contraste, el sistema de tratamiento 354 de
la presente invencién, el cual puede usarse como un sistema
de tratamiento terciaric, emplea una combinacién de un
sistema de material adsorbente de flujo alto 3592 para
adsorber una cantidad sustancial de contaminantes, vy un
sistema adicional 399 para tratar biclégicamente
contaminantes adsorbidos, es decir, contaminantes adscrbidos
en el material adsorbente, por regeneracidn y/o reactivacidn
bioldégica.

En términos generales, el sistema de tratamiento

354 de 1la presente invencidon comprende un sistema de
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tratamiento de material adsorbente de flujo alto 359 y un
sistema de reactor de regeneracién biocldégico de material
adsorbente de flujo bajo 399. El sistema de tratamiento de
material adsorbente de flujo alto 359 incluye una zona de
mezclado 360 para recibir material adsorbente fresco y/0
reciclado por ejemplo, de una fuente 393 de material
adsorbente. La zona de mezclade 360 estd en comunicaciédn
fluida con una fuente de agua residual de baja concentracién
351 tal como el efluente sometido a tratamiento de agua
residual corriente arriba u otra agua residual de baja
concentracién. La zona de mezclado 360 intimamente mezcla el
material adsorbente y agua residual, y pasa la mezcla de agua
residual de baja concentracién y material adsorbente 361 a un
deposito de material adsorbente y zona de separacién del
liquido 370. Una proporcién principal del volumen/flujo del
liquido general se decanta o de otra manera descarga del
depdsito de material adsorbente y zona de separacién del
liquido 370 como el efluente 371, el cual puede opcionalmente
someterse a tratamiento terciario adicional 390. E1l material
adsorbente se remueve del depdsito de material adsorbente vy
zona de separacién del liquido 370 como una descarga del
efluente de material adsorbente 372 el cual se pasa al
sistema de reactor de regeneracidén biclégico de material
adsorbente de flujo bajo 399, que incluye un reactor de
regeneracién bioldégico 302, un sistema operativo de la
membrana 304, una zona de corte de material adsorbente 386 y
una zona de separacidén de material adsorbente/biomasa 387.
En sistemas aerébicos, el reactor de regeneracién bioldgico
302 incluye ademas una fuente de oxigeno, y los micro-
organismos bioldgicamente oxidan los orgéanicos y ciertos

incrganicos adsorbidos en el material adsorbente en el
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reactor de regeneraciédn biolégico 302, y licor mezclado
incluyendo sélidos suspendidos volatiles de licor mezclado se
pasa a travées de un aparato de separacién de solidos
adsorbente 322 y se descarga como salida de efluente de licor
mezclado de reactor de regeneracién biolégico 308 a un
aparatc de separacién de s6lidos para remover biomasa vy
cualquiera de otros sélidos en el licor mezclado. Por
ejemplo, en ciertas modalidades de la presente invencién, el
aparato de separacién de sbélidos incluye sistema de
separacién de membrana 304, en el cual el efluente de reactor
de regeneracidn bioldgico 308 se pasa a una entrada 310 del
sistema de operacién de membrana 304 para remover biomasa y
cualquiera de otros sélides en el licor mezclado. El
efluente tratado con la membrana 312 se descarga como
permeado, y lodo de desecho activado 314, como retenido, se
regresa al reactor de regeneracibén biolégico 302, Una
porcidn del lodo de desecho activado puede descargarse del
sistema por medio de una linea de desechos 318. El material
adsorbente del reactor de regeneracién biolégico 302 se pasa
a la zona de corte de material adsorbente 386, en el cual la
biomasa en exceso se corta de los grénules o particulas de
material adsorbente. La biomasa se separa del material
adsorbente en la zona de separacidn del material
adsorbente/biomasa 387. El material adsorbente separado que
se ha regenerado por medio del reactor de regeneracidn
biolégico 302 y postericrmente cortar y separar en zonas 386
y 387 se recicla por medioc de la linea de reciclado 389 a 1la
zona de mezclado 360, y la biomasa se regresa por medio del
388 al reactor de regeneracidén biolédgico 302. El material
adsorbente gastado puede removerse del reactor de

regeneracién bioldgico 302, por medio de 1la linea 316, o de
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la zona de separacién de material adsorbente/biomasa 387 por
medio de la linea 392.

En ciertas modalidades, las funciones del material
adsorbente zona de corte 386 y una zona de separacidén de
material adsorbente/biomasa 387 pueden integrarse en una
operacién de unidad sencilla. Los ejemplos de aparatos que
pueden realizar el corte y la separacién de biomasa incluyen
filtros de contralavado continuos y/o filtro de cascara de
nuez. En modalidades adicionales, alguna o toda la
funcionalidad de la zona de corte del material adsorbente 386
Y una zona de separacién de biomasa/material adsorbente 387
puede lograrse en el reactor de regeneracién biolégico 302,
por ejemplo si el reactor de regeneracién biolégico 302 es
equipado apropiadamente <con turbulencia suficiente para
promover el corte necesario. En estas modalidade3s, la
biomasa puede mantenerse en el reactor de regeneracién
bioldégice 302, y el material adsorbente regenerado, cortado y
separadc puede pasarse directamente a la zona de mezclado
360.

Ademas, el material adsorbente puede introducirse
en varias ubicaciones en el sistema. Por ejemplo, una fuente
393 puede usarse para introducir material adsorbente fresco o
regenerado por medio de la linea 389, por ejemplo, mezclado
con material adsorbente reciclado que se regresa a la zona de
mezclado 360. Otras ubicaciones apropiadas pueden usarse
para introducir material adsorbente, por ejemplo, como se
discute con referencia a la FIG. 2, directamente en la zona
de mezclado 360, o directamente en zcona de separacidén del
liquido 370.

En ciertas modalidades, la corriente de efluente

del material adsorbente 372 carece de nutrientes suficientes
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para soportar la biologia dentro del reactor de regeneracién
bicldgico 302. En consecuencia, una porcién del agua
residual sin tratar del influente 301 puede introducirse en
el reactor de regeneracién biolégico 302, por ejemplo por
medio de la corriente de circunvalacién 303. Esta corriente
303 puede ser intermitente, o continua, dependiendo del tipo
de agua residual, sus constituyentes, Yy 81 o no 1la
composicién del agua residual cambia con el tiempo. Agregar
esta agua residual sin tratar o alguna otra fuente de carbono
sencilla puede aumentar el desarrollo de bacterias gque se
requiere para la degradacién éptima de organicos refractarios
que se remueven de la corrieﬁte de agua residual de baja
concentracién 351 por el material adsorbente. El agua
residual sin tratar proporciona inicialmente bacterias que se
aclimatan al agua residual sin tratar los constituyentes, vy
estas bacterias luego proporcionan un punto de partida para
bacterias que puede degradar biolégicamente los organicos
refractarios. La bacteria inicial puede evolucionar con el
tiempo en especies que pueden digerir los organicos
refractarios. Al tener una corriente de agua residual sin
tratar alimentando 1los organismos en el reactor de
regeneracién bioldgico 302 resultard en una poblacién
bacteriana que es capaz de digerir compuestos organicos mas
complejos dgue la bacteria que podria presentarse en un
sistema de tratamiento de aguas residuales sanitario, que es
generalmente el punto de partida mds comin para bacteria en
un sistema de tratamiento de aguas residuales.
Alternativamente, © en combinacién, los cultivos de semillas
pueden agregarse al reactor de regeneracién biolégico 302.
Pericdicamente, el cultivo de semilla adicional del mismo o

un tipo diferente pueden agregarse, por ejemplo, si la
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poblacién de bacteria reduce debido a un evento corriente
arriba o chogque térmico, o si cambian los contaminantes del
agua residual.

Las aguas residuales de baja concentracién de
entrada pueden ser deficientes en ciertos nutrientes
beneéficos para que se presente la biolégica en el reactor de
regeneracidén biolégico 302. Ademéds, ciertas aguas residuales
entrantes tienen niveles de pH gue son excesivamente &acidos o
cdusticos, En consecuencia, como serd evidente para una
persona que tiene experiencia ordinaria en el campo, que el
fésforo, nitrégeno, y quimicos de ajuste de pH se pueden
agregar para mantener las relaciones de nutriente éptimas vy
niveles de pH para la vida bioclégica de actividad asociada,
que incluye oxidacién biolégica, en el reactor de
regeneracién bioldégico 302. Adicionalmente, en cilertas
modalidades, una corriente de compuestos de carbono sencillo
pueden usarse para incrementar la velocidad de biodegradacién
de los contaminantes adsorbidos.

En particular, el agua residual de baja
concentracién se introduce a la zona de mezclado 360, que se
suministra con material adsorbente, tal como carbén activado
granular. El material adsorbente puede incluir material
adsorbente fresco y/o material adsorbente reciclado de dentro
del sistema, es decir, de la zona de separacién de material
adsorbente/bicmasa 387. El agua residuwual de baja
concentracién y el material adsorbente se mezclan intimamente
en la zona de mezclado 360, y al menos una porcidén de los
organicos e/o inorganicos disueltos que se presentaron en el
efluente 351 se adsorben en el material adsorbente, es decir,
en la superficie exterior, en las superficies de pared de

oro, © ambos.
P
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Una corriente mezclada 361 de la zona de mezclado
360, que incluye el material adsorbente gque ha adsorbido al
menos una porcidn de los organicos y/o inorgénicos del
efluente 351, se pasa entonces al depédsite de material
adsorbente y zona de separacién del liquido 370, por ejemplo,
en la forma de una mezcla espesa. Si los organicos e/o
inorgénicos se mantienen en la porcién liquida de la mezcla
361, la adsorcidén puede continuar en el depdsito de material
adsorbente y zcna de separacién del liquido 370, dependiendo
de la wvelocidad de flujo, velocidad de sedimentacién,
capacidad de adsorcién del material de adsorcién, y otros
factores., Preferiblemente, una cantidad sustancial de
contaminantes se remueven de manera que la porcién de liquido
restante, decantado o de otra manera removido como una
corriente efluente de material adsorbente de alteo flujo 371,
al menos cubre los niveles mandados por los cuerpos
reguladceres relevantes, y puede reciclarse o descargarse en
una manera ambilentalmente amigable. Si es necesario, la
corriente 371 puede pasarse a una zona de tratamiento
terciaria 390 para refinado final, y el efluente refinado 391
se descarga. Ventajosamente, los organicos y/o inorganicos
removidos de la corriente 371 (es decir, como se compara con
el efluente 351 del sistema de tratamiento de aguas
residuales 350) se adsorben en el material adsorbente, y la
corriente 371 representa una porcién principal del volumen
liquido de la corriente de agua residual de baja
concentracién inicial presentada al sistema 354, por ejemplo,
corriente 351. En ciertas modalidades, el flujo de corriente
371 es al menos 90% del flujo de corriente 351; en otras
modalidades, el flujo de corriente 371 es al menos 95% del

flujo de corriente 351; en modalidades adicionales, el flujo
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de corriente 371 es al menos 99% del flujo de corriente 351;:
en modalidades adicionales, el flujo de corriente 371 es al
menos 99.9% del flujo de corriente 351; y todavia en
modalidades adicionales, el flujo de corriente 371 es al
menos 99.99% del flujo de corriente 351. La proporcién de
corriente 371 con relacién a la corriente 351 puede depender
de varios factores, incluyendo el nivel de contaminacién
inicial, el grado de mezclado en la zona de mezclado 360, el
volumen, configuracién y tiempo de residencia dentro del
depbésitc de material adsorbente y =zona de separacién del
ligquido 370, la capacidad de adsorcién del material
adsorbente, y/u otros factores.

En una modalidad, el depdsito de material
adsorbente y zona de separacién del liquido 370 incluye un
recipiente configurado con una porcién de fondo cénica
inversa o frusto-cénica 385. En consecuencia, el material
adsorbente se remueve por sedimentacidn por gravedad a través
de un puerto de descarga en el fondo del recipiente, junto
con una porcidén menor de agua de la corriente influente 351.
Ademas, en modalidades en las cuales los organicos e/o
inorgdnicos no se adsorben suficientemente en la zona de
mezclado 360, el depdésito de material adsorbente y zona de
separacidn del liquido 370 pueden dimensionarse
apropiadamente para proporcionar tiempo de contacto adicional
entre el agua residual asi tratada el efluente y el material
adsorbente. En ciertas modalidades del depdsito de material
adsorbente y zona de separacién del liquido 370, esto puede
lograrse con un recipiente gue proporciona un tiempo de
residencia de agua residual de baja concentracién de més de
alrededor de 5 minutos, y en ciertas modalidades tiene un

tiempo de residencia de mas de alrededor de 15 minutos. Por
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supuesto, alguien de experiencia ordinaria en la técnica, que
tiene el beneficio de las ensefianzas en la presente, se
apreciara que el tiempo requerido para separar el adsorbente
del efluente dependerd de una variedad de factores, que
incluye peroc no se limita a la densidad del material
adsorbente, la densidad del agua residual, y la geometria del
tanque.

El depbsite de material adsorbente y zona de
separacidon del liquido 370 puede preferiblemente incluir un
subsistema de separacién para prevenir gque el material
adsorbente salga del depésito de material adsorbente y zona
de decantacién del liquido con el alto flujo del 1liquido
efluente 371. En ciertas modalidades, el subsistema de
separacidén puede comprender una zona inactiva 384, por
ejemplo, formada por deflectores 381 y 382. Esto permite una
cantidad sustancial del material adsorbente presente en el
depbsito de material adsorbente y zona de separacién del
liquido 370 a dirigirse hacia la porcién de fondo cénica
inversa o frusto-cdénica 385. En modalidades adicionales, el
subsistema de separacidén puede comprender un aparato de
seleccidén 383 préximo a la salida del depésite de material
adsorbente y zZona de separacién del ligquido 370. E1 aparatoe
de seleccién 383 puede ser un tamiz estacionario, un tamiz
mévil, un tamiz de alambre grueso, un tamiz de tambos
rotatorio, u otro tipo de tamiz apropiado. En modalidades
adicionales, el subsistema de separacién puede comprender
tanto la zona inactiva 384 y el aparato de seleccidn 383.
Todavia en modalidades adicionales, el subsistema de
separacidédn puede incluir una zona inactiva y una barrera
localizada en la salida del efluente liquido 371 del depdsito

de material adsorbente y zona de separacidédn del ligquido 370.
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Notar que el subsistema de separacién usado en el depésito de
material adsorbente y zona de decantacién del liquido 370
puede ser el mismo o diferente que el subsistema de
separacién usado en el reactor de regeneracién biolégico 302.
Al incluir uno o m&s de un sistema de seleccién, una zona de
sedimentacién, ¢ una combinacién de los mismos. Ademas, si se
requieren los sélidos adicionales removidos del efluente 371,
puede incluirse un dispositivo de clarificacién, filtro, u
otra separacidén en comunicacién fluida corriente abajo del
efluente 371 fuera del depésito de material adsorbente y zona
de separacién del liquido 370.

Por ejemplo, el subsistema de separacidén dentro del
depbsito de material adsorbente y =zona de separacién del
liquido 370 puede eliminarse en modalidades en las cuales el
material adsorbente tiene una gravedad especifica
relativamente alta (por ejemplo, mayor que alrededor de 1.10
en agua a 20°C, en ciertas modalidades mayor que alrededor de
1.40 en agua a 20°C, y en modalidades adicionales que tiene
una gravedad especifica de hasta alrededor de 2.65 en agua a
20°C), por ello las altas velocidades de sedimentacién, en
combinacidén con dimensiones y configuraciones apropiadas del
material adscrbente sedimentado y la zona de decantacién del
liguido 370, incluyendo la geometria de la porcién de fondo
385 y la posicién de la salida del efluente 371. En estas
modalidades, un clarificador, filtro, u otro dispositivo de
separacién puede proporciocnarse corriente abajo del depdsito
de material adsorbente y zona de separacidén del liquido 370.
Alternativamente, un clarificader, filtro, u otro dispositivo
de separacidén también puede eliminarse en modalidades en las
cuales el efluente 371 se somete a un aparato de refinado

final 390. En ciertas modalidades, si el aparato de refinado
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final 390 es una columna de adsorcién de carbén activado
granular de lecholifijo, cualgquier exceso de material
adsorbente del depésito de material adsorbente y zona de
decantacién del liquidb 370 que puede pasar con el efluente
371 no impactard el efluente final ya que se atraparda en el
aparato de refinado_39b.

El material adsorbente se pasa desde el depésito de
material adsorbente y zona de separacién del liquido 370 a un
reactor de regeneracién biolégico en el cual los micro-
organismos degradan biolégicamente organicos y ciertos
inorganicos adsorbidos ehlel material adsorbente.

En ciertas modalidades, el reactor de regeneracién
biolégico 302 es un s}étema aerdbico, en el cual los micro-
organismos son aerébi&bs‘ y el reactor de regeneracién
biolégico 302 es un 'taﬁque de aireacidn, incluyendo wuna
fuente de oxigeno (np ?mostrado), por ejemplo, unc © mas
difusores, aparato de éuspensién a chorro, o sistemas de
suspensidédn de impulso a gé$, como se describe en solicitud
PCT numero PCT/USlO/386£4; y la degradacién bioclégica incluye
oxidacidén biolédgica. )Lé.,biologia dentro el reactor de
regeneracidn biolégico"Sé‘ discute en mayor detalle en
solicitud PCT numero EET/USiO/38644, y en Publicacidén PCT
Nimero WO/09085252. |

En modalidades adicionales, el reactor de
regeneracion biolégico 3062 es un sistema anaerébico, en el
cual los micro-organismos son anaerdébicos.

El licor mezclado, incluyendo sélidos suspendidos
volatiles en liquido mezclado, se descarga, a través de un
subsistema de separacién 322 en o corriente abajo del reactor
bicldégico 302, y se pasa desde una salida 308 del reactor

biolégico 302 al sistema que opera la membrana 304 a través
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de una entrada 310. El sistema que opera la membrana 304
contiene una o m&s membranas 340. El efluente tratado con 1la
membrana 312 se descarga como permeado, y el lodo de desecho
activado 314 como retenido se regresa al reactor de
regeneracién bioldégicc 302. Opcionalmente, el lodo de
desecho activado puede descargarse desde la linea de lodo de
desecho activado de retorno 314 por medio de una linea de
desechos 318. Ademads, una linea de desecho de material
adsorbente opcional 316 (como se indica por wuna linea de
guiones) puede remover el material adsorbente gastado que ha
perdide su eficacia, o usarse para remover periédicamente
material adsorbente, como se describe en conjunto con la FIG.
2 y en la Publicacién PCT Numero WO/09085252 y en la
solicitud PCT numerc PCT/US10/38644. Preferiblemente, el
material adsorbente gastado removido se vuelve a colocar con
cantidades equivalentes de material adsorbente fresco o
regenerado. En mocdalidades opcionales adicionales, todo o una
porcidén del efluente tratado en la membrana 312 puede pasarse
por medio de la linea opcional 313 (como se indica por una
linea de guiones) a una zona de tratamientc terciaria 390
para refinado final.

El material adsorbente, tal como carbén activado
granular, y cualquier liquide entrante en la corriente 372
que pasa en el reactor de regeneracién bioldégico 302 se trata
de manera similar comoc los sistemas de reactor biolégico de
membrana descritos en la solicitud PCT numero PCT/US10/38644
y en la Publicacién PCT Numero WO/09085252. Sin embargo, el
flujo de corriente 372 es relativamente bajo. Por ejemplo,
el flujo de corriente 372 puede ser de menos de alrededor de
10%, 5%, 1%, 0.1% o ain menos de alrededor de 0.001% del

flujo de corriente 351. En ciertas modalidades, el flujo es
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el flujo minimo que puede pasarse a través del sistema que
opera la membrana 304 sin impactar la actividad de los micro-
organismos en el reactor de regeneracién biolégico 302.
Alternativamente, este sistema puede operarse como un reactor
de lote en secuencia, en el cual el efluente se descarga
cuando el agua residual se ha tratado adecuadamente. Ademas,
en ciertas modalidades, el reactor de regeneracién biolégico
302 puede ser un tanque de aireacién que incorpora una
combinacién de suspensién de chorro o suspensién de impulso a
gas, una zona inactiva y un tamiz de alambre grueso como se
describe en la solicitud PCT numero PCT/US10/38644. El
sistema que opera la membrana 304 en el sistema de
tratamiento de aguas residuales de concentracién baja 354 de
la presente invencién opera en una manera similar como los
reactores bioldgicos de membrana descritos en la solicitud
PCT numero PCT/US10/38644 y en la Publicacién PCT Nuamero
W0/09085252, sin embargo, que operan a una velocidad de flujo
muy baja. Ya que se construye bicmasa en este sistema, puede
desecharse en una manera similar a los sistemas de reactor
bioldgico de membrana convencionales, por ejemplo, a través
de una linea de lodo de desecho activado de retorno 318. Una
linea de desecho de material adsorbente 316 también se
proporciona. Por ejemplo, el material adsorbente puede
perder su capacidad de adsorciédn en condiciones donde el
efluente sometide a tratamiento de agqua residual corriente
arriba contiene 1inorgédnicos o compuestos bioldgicamente
inhibidores que no se oxidan aun con el tiempo de residencia
sustancialmente incrementado usando el sistema de tratamiento
de aguas residuales de concentracién baja de la presente
invencidn. El material adsorbente puede reemplazarse en el

sistema, por ejemplo, usandc una o mas de las ubicaciones de
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entrada de material adsorbente descritas en la Publicacién
PCT Namero WO/09085252, o en otra ubicacién apropiada, o
fuente 393.

En una base intermitente ¢ continua, una corriente
lateral que incluye material adsorbente, y opcionalmente
licor mezclado para proporcionar un portader liquido para el
material adsorbente que facilita la transferencia (por
ejemplo, en la forma de una mezcla espesa), se remueve del
reactor de regeneracién bioldgico 302 y se pasa a la zona de
corte 386, En la zona de corte 386, la biomasa en exceso se
corta de las superficies exteriores del material adsorbente,
de tal manera que la capacidad de adsorcién del material
adsorbente en 1la zona de mezclado 360 y/o el depésito de
material adsorbente y zona de separacién del liquido 370 se
maximiza. La zona de corte 386 puede incluir uno o mé&s de una
bomba, wuna boquilla de chorro, una céamara de arenilla
aireada, un mezclador mecdnico, dispositivos centrifugos
tales como hidrociclén o centrifugo, u otros aparatos que
facilitan la colisién para efectuar el corte y en ciertas
modalidades promueven la separacién de biomasa del material
adsorbente. La turbulencia, colisiones inter-grénulo, vy
colisiones con otros objetos sélidos (estaciocnarios o en
movimiento) de la zona de corte y en ciertas modalidades, 1la
tuberia entre la zona de corte y el reactor de regeneracién
bioldégico 302, puede resultar en el corte de la biomasa en
exceso de la superficie exterior del material adsorbente y
volverse sdlidos suspendidos de licor mezclado de flotacién
libre incluyendo sélidos suspendidos volatiles de licor
mezclado.

Ademas, 1la accién de la circulacidén del fluido,

incluyendo superficies de contacto de liquido y/o gas de alta



10

15

20

25

30

74

velocidad del material adsorbente que tienen biomasa en
exceso contribuyen al corte deseado.

En ciertas modalidades, la =zona de corte del
material adsorbente 386 puede comprender un sistema de
regeneracidén continua, por ejemplo, que tiene la
configuracién de un filtro de cascara de nuez u otra
operacidén de unidad similar, por ejemplo, sin el medio de
cascara de nuez, por ejemplo, del tipo que esté
comercialmente disponible de Siemens Water Technologies. Por
ejemplo, va que el material adsorbente se pasa a través de un
sistema de regeneracién continua tal como un filtro de
contracorriente continua o un filtro de cascara de nuez, las
colisiones inter-grédnulo y colisiones con otros objetos
sblidos y/o superficies en wun sistema de regeneracién
continua causa el corte de 1la biomasa en exceso de los
granulos de material adsorbente.

La mezcla espesa que incluye material adsorbente
cortado, biomasa libre cortada del material adsorbente, y
cualquier licor mezclado se pasa a una zona de separacidén de
material adsorbente/biomasa 387 para separar la biomasa de
sélidos suspendidos de licor mezclado separada cortada del
material adsorbente del material adsorbente més denso. La
zona de separacidén de material adsorbente/biomasa 387 puede
incluir uno o mds de un separador de hidrociclén, un
centrifugo, una corriente lateral del sistema de regeneracién
continua, u otrec dispositivo apropiado para separar material
adsorbente de la biomasa.

Notar que en ciertas modalidades en las cuales el
reactor de regeneracién bioldégico 302 incluye boquillas de
chorro u otro aparato que efectla el corte con el reactor de

regeneracién bioldgico 302 como se describe en solicitud BCT
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nimero PCT/US10/38644, la zona de corte 386 puede eliminarse
o desviarse, por ello una corriente lateral del reactor de
regeneracién biolégico 302 se pasa directamente a la zona de
adsorcién/separacién de biomasa 387.

El material adsorbente separado de la zona de
separacién de material adsorbente/biomasa 387 se pasa a la
zona de mezclado 360 por medio de la linea 389. EL material
adsorbente se regresa a la zona de mezclado 360 que contiene
una ceoncentracidén reducida de micro-organismos, y de esta
manera los organices en el agua residual de Dbaja
concentracidn pueden adsorberse y exponerse a la biologia
deseada en la zona de mezclado 360 y en el depdésito de
material adsorbente y zona de separacién del 1liquido 370,
antes de pasar al reactor de regeneracidén biolégico 302.

La biomasa cortada, que puede incluir liquido
mezclado que tiene sélidos suspendidos de licor mezclado y
s6lidos suspendidos volatiles de licor mezclado, de la zona
de separacién de material adsorbente/biocmasa 387, se pasa al
reactor de regeneracidn bioldégico 302 por medio de la linea
388.

En modalidades alternativas, el licor mezclado de
la zona de separacién de material adsorbente/biomasa 387
puede transferirse corriente abajo desde el subsistema de
separacidén 322 del reactor de regeneracidén bioldégico 302, por
ejemplo, combinado con el efluente 308, o pasado directamente
en el sistema que opera la membrana. De forma notable, los
requerimientos de separacién del subsistema de separacidén 322
pueden reducirse o evitarse en esta modalidad alternativa, ya
que el licor mezclado puede transferirse sin la necesidad de
separacidon adicional. En ciertas modalidades, una fuente de

licor mezclado para el sistema que opera la membrana 304 (o
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tanque de clarificacidén/sedimentacién 395 descrito en
conexidn con la FIG. 3} puede ser el efluente liquido de la
zona de separacidén de material adsorbente/biomasa 387.

En ciertas modalidades preferidas, con objeto de
facilitar 1la sedimentacién del material adsorbente en el
depésito de material adsorbente y zona de separacién del
liquido 370, se emplea carbdén activado granular que tiene
niveles de gravedad especifica relativamente altos. Por
ejemplo, puede usarse carbén activado granular que tiene una
gravedad especifica mayor a 1.10. En modalidades
adicionales, puede usarse carbdén activado granular gque tiene
una gravedad especifica mayor a 1.40. Ya que la velocidad de
flujo de la mezcla que contiene carbén activado granular es
relativamente baja, y el reactor de regeneracién biolégico
302 y sistema que opera la membrana 304 son relativamente
pequefios, 1los requerimientos de energia mas altos para
mantener el material adsorbente m&s denso en suspensién por
un periodo de tiempo suficiente para causar el nivel deseado
de biologia dentro del reactor de regeneracién biolégico 302
no son un factor importante en los requerimientos de energia
generales para operar el sistema.

Ciertos influentes de agua residual de Dbaja
concentracién pueden incluir compuestos inorgédnicos gque no
son capaces de degradarse por los microorganismos. Los
niveles de estos inorgdnicos deberéan tipicamente reducirse
hasta dentro de los requerimientos regulatorios mandados. El
material adsorbente puede modificarse con un proceso de
tratamiento y/o especies por ello proporcionando una afinidad
a ciertas especies quimicas y/o0 metales en el agua residual,
por ejemplo, al impregnar compuestos apropiados, como se

describe ademas en la solicitud PCT nlmero PCT/US10/38644,
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Ya que los micro-organismos en el sistema de tratamiento de
aguas residuales de concentracién baja de la presente
invencién no remueven estos compuestos inorganicos tan
efectivamente como puede remcver los compuestos orgéanicos,
los sistemas que usan material adsorbente para adsorber
contaminantes inorganicos generalmente requieren el reemplazo
mas frecuente de material adsorbente en comparacién con
sistemas que tratan sélo compuestocs organicos. El material
adsorbente gastado se remueve del sistema conforme se acerca
el limite de adsorcidén para cada compuesto a removerse del
agua residual de baja concentracién. Por ejemplo, el
muestreo y anélisis o vigilancia en linea puede realizarse
periddicamente o continuanente para determinar la
concentracién organica o inorgéanica del sistema de
tratamiento de aguas residuales de concentracién baja de la
presente invencidn, conforme la capacidad de adsorcién de
carbdén activado granular para varios compuestos se relaciona
inversamente a las concentraciones de desecho en el efluente
371.

En una modalidad adicional en la cual el sistema de
tratamiento terciario 390 se emplea e incluye un sistema de
filtracidén de material adsorbente convencional, el material
adsorbente contaminado del sistema 390 puede regenerarse y/o
reactivarse usando el sistema de reactor de regeneracién
bioldgico de material adsorbente 399, como se indica por la
linea 394 entre el sistema de tratamiento terciario 390 vy el
reactor de regeneracidén bioldégico 302. Ciertos sistemas de
filtro adsorbentes de carbén activadoe granular existentes
usan adscrcidén en etapas, en la cual el carbén activado
granular fresco se agrega en el filtro final corriente abajo,

y el carbén activado granular parcialmente cargado se usa en
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los filtros corriente arriba. En modalidades de la presente
invencién en las cuales el material adsorbente contaminado
del sistema 3%0 se regenera y/o reactiva usando el sistema de
reactor de regeneracidn biolégico de material adsorbente 399,
el carbdédn activado granular parcialmente cargado se
transfiere al reactor de regeneracién bioldégico 302 para
regeneraciétn y uso de nuevo como todo o una porcién del
material adsorbente en la zona de mezclado 360. Aunque la
linea 394 se muestra como material adsorbente parcialmente
transferido directamente al reactor de regeneracién biolégico
302, alguien de experiencia ordinaria en la técnica, que
tiene el beneficio de las ensefianzas en la presente,
apreciara que este material adsorbente parcialmente cargado
puede introducirse en la zona de corte del material
adsorbente 386, la zona de separacién de material
adsorbente/biomasa 387, la fuente 393 de material adsorbente,
la zona de mezclado 360, o la zona de separacién del liquido
370.

En algunas modalidades, uno o més sensores pueden
incluirse en ubicaciones a lo largo del sistema 350,
incluyendo dentro del sistema de tratamiento de material
adsorbente de flujo alte 359 y el sistema de reactor de
regeneracién bioldégice de material adsorbente de flujo bajo
399. Estos sensores pueden emplearse ccn un sistema operado
y controladoe manualmente © un sistema de control automdtico
para implementar una modificacién de proceso adecuado en un
sistema de tratamiento de aguas residuales controlado légico
programable. En una modalidad, el sistema 350 (o el sistema
de tratamiento de material adsorbente de flujo alto 359 y el
sistema de reactor de regeneracién biolégico de material

adsorbente de flujo bajo 399) incluye un controlador 305 el
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cual puede ser cualquier sistema de computadora dedicado o
programado adecuado, PLC, o sistema de control distribuido.
La concentracién de <ciertos compuestos orgénicos e/o
inorganicos puede vigilarse y medirse por un sensor o
sensores en comunicacién fluida con el efluente 312 o el
efluente de 1la salida 308 del reactor de regeneracién
bioldégicoe 302, como se indica por conexiones de linea de
punto a punto entre el controlador 305 y tanto la linea
efluente 312 como la linea efluente del intermediario entre
la salida 308 y la entrada 310. En otra modalidad, la
concentracidén de compuestos organicos voldtiles u otra
propiedad o caracteristica del sistema se mide en una o mas
de las entradas 301, 351, ¢ 310. FEn modalidades adicionales,
la concentracién de <ciertos compuestos organicos e/o
inorganicos puede vigilarse y medirse por un sensor o
sensores en comunicacidén fluida con el efluente 371 del
material adsorbente sedimentado y la zona de separacién de
liquido 370, como se indica por conexiones de linea de puntos
entre el controlador 305 y la linea de efluente 371. Los
sensores conocidos para aquellos de experiencia ordinaria en
la técnica del aparatc de control de proceso pueden incluir
aquellos con base en fluorescencia inducida por léaser o
cualgquier otro sensor adecuado para monitoreo en tiempo real
in situ de 1la concentracién de compuestos orgdnicos o
incrgénicos en el efluente u otra propiedad o caracteristica
del sistema. Los sensores que se usan 1incluyen sensores
sumergibles para uso en la medicién de agua en aceite la cual
usa fluorescencia UV para detecciédn, tales como sensores
enviroFlu-HC disponibles de TriOS Optical Sensors (Oldenburg,
Alemania) . Los sensores comprenden lentes que se recubren o

de otra manera tratan para prevenir o limitar la cantidad de



10

15

20

25

30

80

contaminante o pelicula que se presenta en los lentes.
Cuando uno o mas sensores en el sistema generan una sefial gque
la concentracién de uno o m&s compuestos organicos e/o
inorganicos excede una concentracién predeterminada, el
sistema de control puede implementar una accién responsiva
tal como una accidén de retroalimentacién adecuada o accién de
regulacidén, incluyendo pero nc limitado para remover material
adsorbente por medioc del puerto de descarga de los desechos
316 {(como se indica por conexién de linea de punto entre el
controlador 305 y la valvula asociada con el puerto de
descarga de desechos 316); removiendo el lodo de desecho
activado de vuelta por medio de una linea de desechos 318
(como se indica por las conexiones de la linea punteada entre
el controlador 305 y la véalvula asociada con el puerto de
descarga de desechos 318); agregando material adsorbente
nuevo © regenerado por medic de la fuente del material
adsorbente 383 o en una de las otras ubicaciones (como se
indica por las conexiones de linea punteada entre el
controlador 305 y la vélvula asociada con la fuente de
material adsorbente 393); agregando un tipo diferente de
material adsorbente; modificando el tiempo de retencidn
hidraulico; mecdificando las caracteristicas bioldgicas tales
como alimentacidn de carbono sencillo para micro-organismos o
agregando fésforo, nitrégeno y/c quimicos que ajustan el pH;
y/u otras modificaciones comoc se describen arriba o que seran
aparentes para aquellos de experiencia ordinaria en la
técnica.

En mecdalidades adicionales, 1la condicién de 1la
mezcla espesa gque contiene material adsorbente puede
caracterizarse por uno ¢ mas sensores (indicados en la FIG. 3

con un circulo sombreado), tales como sensores dépticos y/o
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sensores de fluorescencia UV. Por ejemplo, unoc o© mas
sensores pueden asociarse con la corriente efluente de
material adsorbente 372, como se indica por las conexiones de
linea guidn-punto entre el controlador 305 y la corriente
372, para medir la concentracién de uno o mas compuestos en
la corriente y/o para determinar la calidad del material
adsorbente en la mezcla espesa. Ademas, unc © mMA&S sSensores
pueden asociarse con la corriente efluente de material
adsorbente del reactor de regeneracién biolégico, como se
indica por las conexiones de la linea guién-punto entre el
controlador 305 y la linea entre el reactor de regeneracién
biolégico y la zona de corte de material adsorbente 386, y/o
uno o mids sensores pueden asociarse con la linea de reciclado
de material adsorbente 389, como se indica por las conexiones
de la linea guidén-punto entre el controlador 305 y la linea
de reciclado 389. En el caso gue se determine, con base en
la informacién de uno o mds de estos sensores y/u otros
sensores o fuente de informacién, tal material adsorbente
tiene una capacidad adsortiva reducida, accidn de
retroalimentacidén o reqgulacién apropiada puede accionarse.
Con referencia ahora a la FIGURA 4, un sistema de
tratamiento de aguas residuales de concentracidén baja 454
similar al sistema 354 mostrado en la FIG. 3 se ilustra
esquematicamente. En el sistema 454, un depdsito de material
adsorbente y zona de separacién de liquido 470 se
proporciona, el cual puede ser una o© mas centrifugas,
hidrociclones, clarificadores, filtros de wvarios tipos, u
otros dispositivos de separacidén adecuados. El depésito de
material adsorbente y zona de separacidén de liguido 470
separa el liquido de la corriente mezclada 461, que contiene

agua residual de baja concentracién y material adsorbente de
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la zona de mezclado 460.

En ciertas. modalidades del sistema 454, las
velocidades de flujo ' dentrc del sistema de material
adsorbente de flujo alto 459 se controlan para proporcicnar
tiempo de residencia suficiente para permitir el nivel de
requisito de 1los contaﬁinantes de la corriente 451 para
adsorber scobre el maﬁerial adsorbente tal como carbdn
activado granular, y descargar una corriente 471 que cumple
los niveles de calidad de mandato para la descarga del
efluente, o en niveles_de contaminacidén suficientemente bajos
para tratarse convenienféﬁente en un sistema de tratamiento
terciario complementafip-490. Otros aspectos del sistema de
tratamiento de aguas regiduales de concentracién baja 454 son
sustancialmente los ﬁigmbs como agquellos descritos con
respecto al sistema;_354,: y los nomeros de referencia
similares se wusan -en 1a‘.FIG. 4 para representar los
componentes similares 5 éﬁuivalentes.

Con referencia ‘ahora a la FIG. 5, un sistema de
tratamiento de aguas resiﬂuales de concentracién baja 554 se
ilustra esqueméticamenté{éimilar al sistema 454 mostrado en
la FIG. 4, en donde uﬁ;sistema de reactor de regeneracién
biolégico de material adsorbente de flujo bajo 539 incluye un
sistema de reactor bibiégico diferente a un sistema de
operacién de membrana; En particular, el sistema de
regeneracién de reactorgde régeneracién bioldgico de material
adsorbente de flujo bajo 593 incluye un reactor de
regeneracién bioldgico 502, una zona de corte de material
adsorbente 586, zona de separacidén de biomasa/material
adsorbente 587, y un aparato clarificador/de sedimentacién
595 como un aparato de séparacién de sélidos. El aparato

clarificador/de sedimentacidén 595 puede ser ya sea un aparato
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clarificador, un aparato de sedimentacién, o un aparato que
realiza tanto clarificacién como sedimentacién. El sistema
opera en una manera similar al sistema 354, pero sin el
sistema operativo de la membrana 304. M&s bien, para remover
la biomasa y cualquiera de otros sélidos en el licor
mezclado, un aparato clarificador/de sedimentacién 595 se
usa. En particular, el aparato clarificador/de sedimentacién
595 permite que el lodo de desecho activado se sedimente, 1
este se regrese al reactor bioclégico 502 por medio de un
regreso de la linea de lodo de desecho activado 514. El
liqguido clarificado se pasa como el efluente 512. El tanque
clarificador/de sedimentacién 595 puede sustituirse en
cualquiera de los sistemas descritos con referencia a las
FIGs. 3, 4 y/o 6. Otros aspectos del sistema de tratamiento
de aguas residuales de concentracién baja 554 son
sustancialmente los mismos como aquellos descritos en
conexidén con un sistema 354, y los nUmeros de referencia
similares se usan en la FIG. S5 para representar componentes
similares o equivalentes.

Con referencia ahora a la FIG. 6, un sistema de
tratamiento de aguas residuales de concentracidén baja 654 se
ilustra esguematicamente que es similar al sistema 354
mostrade en la FIG. 3, en la cual un sistema de material
adsorbente de flujo alto 6539 es una operacidén de unidad de
mezclado/sedimentacién integrada. Por ejemplo, en ciertas
modalidades, el sistema de material adsorbente de flujo alto
659 puede incluir un filtro de retrolavado continuo © un
sistema de filtracion de regeneracidédn continuc similar a un
filtro de céscara de nuez regenerado continuo (sin el medio
de cascara de nuez), por ejemplo, del tipo que estéa

comercialmente disponible de Siemens Water Technologies. E1L
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material adsorbente se remueve como el efluente 672, y el
efluente 671 es agua residual que ha tenido contaminantes
adsorbidos del mismo. En ciertas modalidades, el sistema
regenerado continuo también puede realizar funciones de
extraccidén, en combinacién con, © como una alternativa para,
una zona de corte de material adsorbente 686, y =zona de
separacién de biomasa/material adsorbente 687. Se nota que
en tales modalidades, una =zona de separacién de material
adsorbente/biomasa se proporciona corriente abajo del sistema
de material adsorbente de flujo alto de retrolavado continuo
659, En una modalidad adicional, el sistema de material
adsorbente de flujo alto 659 incluye un aparato de filtracién
de material adsorbente tal como un filtro de carbono
terciario convencional, en el cual agua tratada se descarga
como la corriente 671, y el material adsorbente cargado
parcialmente 672, en lugar de tratarse con aire caliente
convencional © regeneracién de vapor, por ejemplo, se
regenera usandc el sistema 699 para contaminantes adsorbidos
tratados bioldgicamente, los cuales operan en una manera
similar a aquel descrito con respecto a la FIG. 3, y el
material adsorbente regenerado 688 se introduce en el filtro
de carbono terciario incluidc en el sistema de material
adsorbente de flujo alto 659. Otros aspectos del sistema de
tratamientoc de agua residual de baja concentracidén 654 son
sustancialmente los mismos como aquellos descritos en
conexién con el sistema 354, y los nlUmeros de referencia
similares se usan en la FIG. €& para representar componentes
similares o equivalentes.
En modalidades adicionales de la presente
invencién, la fuente de agua residual tratada por el sistema

de tratamiento de material adsorbente de alto flujo integrado
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con un reactor de regeneracién bioldégico de material
adsorbente de bajo flujo de acuerdo con la presente invencién
puede ser de un sistema que trata sbélidos primarios
incluyendo una porcién de los compuestos BODs por
irradiacién. En particular, y con referencia a la FIG. 7, un
sistema 700 se muestra para tratar una corriente de agua
residual afluente 701 que contiene sélidos organicos
suspendidos, sblidos orgénicos disueltos, y opcionalmente,
otros contaminantes tales como inorgénicos. La corriente de
agua residual afluente 701 se introduce en un sistema de
separacidn primario 753, tal como una zona de sedimentacién
que permite gue los sb6lidos biolégicos se sedimenten, un
clarificador, un centrifugo, filtre, tamiz, prensa de banda,
separadores de vértice, dispositivos de flotacién, u otros
sistemas de eliminacién de sdélidos. En el sistema de
separacién primario 753, los sdélidos y una porcién de la
facilidad para degradar materiales de compuestos gue demandan
oxigeno biolégico (BODs) se separan de la corriente de agua
residual.

Un sistema de tratamiento primario tipico es
usualmente capaz de reducir la concentracidén BODs por
alrededor de 40% hasta alrededor de 50%, y reducir la
concentraciones de los sdlidos suspendidos totales por
alrededor de 60% hasta alrededor de 70%. Los sdélidos
removidos en esta etapa son usualmente los sélidos mas
grandes suspendidos biodegradables mds lentamente y el
efluente es tipicamente una mezcla de los compuestos mas
volatiles, mas féaciles de tratar actuales presentes en el
agua residual sanitaria. Las operaciones de unidad adicional
también pueden usarse para proporcionar una eficiencia de

eliminacidén maycr de los contaminantes no disueltos en el
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agua residual cruda. Por ejemplo, unc o mas dispositivos
centrifugos, dispositivos de sedimentacién, o dispositiveos de
flotacidon (por ejemplo, aire disuelto, flotacién de aire
inducido) pueden usarse. En modalidades adicionales, las
operaciones de unidad adicional pueden incluir la adicién de
compuestos quimicos apropiados para tratar de remover al
menos una porcién de los sbdlidos menos denscs presentes en el
agua residual cruda.

En ciertas modalidades, una fase de agua, que
tipicamente incluye contaminantes disueltos y una porcién
minoritaria de sélidos suspendidos, puede descargarse como un
efluente de agua residual que contiene algun nivel de
compuestos biolédgicamente inestables o un efluente de agua
residual de baja concentracién 751, y luego tratarse
corriente abajo por un sistema de tratamiento de aguas
residuales 754, gque opera, por ejemplo, en una manera similar
a uno o mas de los sistemas 354, 454, 554 é 654 descritos
previamente. Un efluente 712 se descarga que es generalmente
adecuado para reciclarse comc agua de proceso, irrigacién, o
descarga amigable del medio ambiente. Los sdélidos biolégicos
no tratados se separaron del sistema de tratamiento primario
753 como una corriente efluente sélida 774, tipicamente
contienen liquidos arrastrados, y se pasan, por ejemplo,
usandc una bomba de desechos residuales o bomba de cavidad
progresiva {no se muestra) adecuada para el manejo de
liquidos cargados sélidos y mezclas espesas para una zona de
homogenizacidén 775, en la cual los sdlidos se homogenizan por
un aparato mecanico adecuado tal como uno © mas molinillos
y/o trituradores. La zona de homogenizacidén 775 asegura que

no compacta los trozos de los sdélidos que se introducen en la
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zona de irradiacién/desinfeccién de corriente abajo 777, por
ello asegura un nivel maximo de desinfeccién.

Los sélidos homogenizados no tratados 776,
generalmente en una forma de mezcla espesa, se bombean a una
zona de irradiacién/desinfeccién 777, en la cual los sdlidos
se desinfectan usando raycs beta, rayos gamma, rayos x o
radiacién de haz de electrén, por ejemplo, para lograr los
requisitos de desinfeccidn bio-sélidos Clase A o B de la
Agente de Proteccién Ambiental de los Estados Unidos, o
requisitos de desinfeccién de de lodo de mandato de otras
jurisdicciones. Los sélidos desinfectados 778 pueden de esta
manera desecharse de una manera amigable del ambiente.

La FIGURA 8 muestra otra modalidad de un sistema de
tratamiento de aguas residuales que incluye irradiacién de
sélidos primarios que se mezclan con un material inerte para
permitir su uso de nuevo como un sustituto del suelo o para
otros usos. En particular, un sistema 800 es similar al
sistema 700, con la operacién adicicnal de una =zona de
mezclado 763, en la cual los sélidos desinfectados 778 se
mezclan con un material rellenador inerte 762, tal como
arena, arcilla, y/u otro material rellenador adecuado, para
prcducir un producto 764, el cual puede ser Util como tierra,
abongo, 0 fertilizador. E1l sistema 800 incluyendo
proporcionar el producto 764 es deseable particularmente para
tratar agua residual que tiene sbélidos que no tienen
compuestos organicos o inorganicos téxicos.

Opcionalmente, una zona de deshidratacién puede
proporcionarse en el sistema 700 6 800. Sin embargo, en el
sistema 800, el exceso de agua puede absorberse por arena u
otro material inerte mezclado con los sélidos primarios

desinfectadoes.
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En ciertas modalidades, el agua residual afluente
701 incluye una concentracién alta de metales, otros
inorganices, u organices téxicos. En consecuencias, aun
cuando se desinfectan a niveles adecuados, una mezcla de los
bio-sélidos desinfectados y material rellenador no es
susceptible como la tierra, abono o producto fertilizador.
Sin embargo, el costo capital sustancial, los beneficios de
energia y tamafio pueden conseguirse, aln en modalidades en
las cuales los materiales desinfectados se desechan en
vertederos de residuos, por ejemplo, después de secarse y/o
mezclarse con un material inerte adecuado.

En ciertas modalidades de la presente invencién, un
sistema se configura como un sistema portatil, por ejemplo,
montaje sobre plataforma, cuerpo de camién, trailer, o los
similares. La portabilidad permite al sistema de tratamiento
terciario manufacturarse y suministrarse comoc un sistema de
llave de mano. Un sistema portatil o montaje sobre
plataforma también facilitard la provisién del sistema
terciario en una base como sea necesario, por ejemplo, en
situaciones en las cuales otros sistemas de tratamiento
terciarios estéan en servicio, bajo reparacién o se estan
construyendo. Ademas, ciertas instalaciones que son guimicos
de procesamiento durante un periodo corto de tiempo y crear
una corriente de agua residual dificil de tratar
particularmente puede beneficiarse de un sistema de montaje
sobre plataforma o portdtil de acuerdo con la presente
invencién. Las conexiones de tuberia pueden proporcionarse
gque se adaptan para unirse con las ccnexiones y puertos
estédndares en plantas de tratamiento de agua residual
existentes para instalacidén facil y rdpida del sistema de la

invencidn.
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El sistema y método de la presente invencién evita
los problemas de la técnica previa relacionados para tratar
agua residual de baja concentracién al pasar agua residual
que ya se ha sometido a tratamiento secundario, por ejemplo,
el efluente de una corriente secundaria, a través de una zona
de mezclado de material adsorbente, en donde el material
adsorbente y el efluente secundario se mezclan intimamente.
Se nota que el efluente secﬁndario, en el punto para pasar a
la zona de mezclado de material adsorbente, ha tenido
sustancialmente todes los sélidos y de esta manera la mayoria
de los componentes BOD; altos removidos. De esta manera, el
efluente secundarioc no es susceptible a oxidacidn bioldgica
de un sistema biolégico de tratamientc tradicional ya que el
agua residual es demasiado bajo en fuerza, contiene
compuestos refractorios biolégicamente, contiene compuestos
inhibidores biolégicamente, contiene compuestos inorgénicos,
© una combinacidén de estos, los cuales ninguno pueden
oxidarse bioldgicamente, o requieren un tiempo de residencia
mucho mds largo que estd disponible tipicamente a oxidacién
biolégica. Tipicamente una corriente terciaria intensiva de
maés energia tales como filtros de adsorcién de carbén
activado granular u otro sistema de tratamiento terciario se
usa para limpiar esta corriente gue ya no es tratable por una
oxidacién biolégica normal.

El sistema de tratamiento de aguas residuales de
concentracidédn baja de la presente invencién permite que los
contaminantes se concentren en el carbono y proporciona el
tratamiento de agua residual de resistencia baja ¢ una agua
residual con dificultad bioclégicamente para tratar los
compuestos, incluyendo compuestos refractorios bioldgicamente

y/o bio-inhibidores. Ademé&s, los compuestos inorganicos
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presentes en el agua residual de baja concentracién pueden
adsorberse.

El sistema de tratamiento de aguas residuales de
concentracién baja de la presente invencién es una
alternativa de costo inferior para los métodos que
actualmente se usan ya gque utiliza oxidacién biolégica -
tipicamente la tecnclogia de eliminacién de costo mas bajo
disponible para tratar agua residual. Las columnas de
adsorcién de carbén activado son tipicamente muy caras para
opera y requerir un proceso intensivo de mucha energia para
regenerar el carbono, tipicamente con base en la incineracién
para regenerar el carbén activado granular. La
implementacién del sistema de tratamiento terciario de la
presente invencidén como un reemplazo o un complemento para
una columna de carbono activada puede producir los ahorros de
energia considerables. Como un resultado, los créditos de
carbono para la reduccidén de diéxido de carbono asociados con
el consumo de energia disminuida pueden ganarse.

Los requisitos de capacidad volumétrica para las
varias operaciones dentro del sistema de tratamiento de aguas
residuales de concentracién baja de la presente invenciédn
puede ser significativamente menores que un reactor biocldgico
de membrana convencional usado para tratar el mismo volumen
de agua residual y es significativamente menor gue un sistema
de tratamiento de aguas residuales convencional sin utilizar
mempranas.

El wusc del sistema de tratamiento de aguas
residuales de concentracién baja de la presente invenciédn
permite el tratamiento de un agua residual de Dbaja
resistencia relativamente, esencialmente sclo los

contaminantes disueltos y una cantidad pegquefia de sélidos
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arrastrados en el agua residual, y todavia resulta en un
efluente que tiene concenfraciones muy bajas de compuestos
dificiles de tratar (compuestos refractarios) u organicos
sencillos que se presentaron originalmente en el agua
residual. Se nota que ciertas modalidades preferidas se
describen en conjunto coh el tratamiento de agua residual de
baja concentracién, Yy se .refieren como “sistemas de
tratamiento de agua reéidual de baja concentracidén”. No
obstante, como se apreciara por alguien de experiencia
ordinaria en la técnica, teniendo el beneficio de la presente
descripcidn, el sistema de tratamiento de agua residual de la
presente invencién puede emplearse ventajosamente para tratar
el agua residual que tiene algun nivel de compuestos
biolbégicamente inestables asi como compuestos completamente
resistentes a la bib—descomposicién, compuestos
bioclégicamente inhibidores,. y/o0 compuestos biocldgicamente
refractarios, © una combinacién de estos. Por ejemplo, los
compuestos biolégicamente  inestables disueltos pueden
adsorberse en un material adsorbente junto con compuestos
completamente resistentes é lé.bio-descomposicién, compuestoes
bicldgicamente inhibidores,:.Y/o compuestos bioldgicamente
refractarios, o una combinacién de estos, y pasar al sistema
de reactor de regeneracién biclégico de material adsorbente
descrito en la presente. Los compuestos biolégicamente
inestables pueden servir como alimento solos o en combinacién
con una fuente nutriente secundaria para soportar los micro-
organismos.

Los materiales adsorbentes UGtiles para la presente
invencién incluyen varios tipos de carbones, tal como carbén

activado. En particular, los carbones activados granulares

.8on muy efectivos, puesto que el intervalo de tamafio y



10

15

20

25

30

92

densidades de los grédnulos se puede seleccionar para permitir
su retencidén en una porcidén predeterminada del sistema vy
evitar sustancialmente en consecuencia que ensucien y/o
desgasten las membranas.

En los sistemas en los cuales el carbén activado
granular no se somete a fuerzas de esfuerzo cortante
significativas y/o a la co0lisién del intergranulo, el carbén
activado granular se puede producir de madera, coco, bagazo,
aserrin, turba, desperdicic de planta de celulosa, u otros
materiales basados en celulosa. Un ejemplo adecuado es
MeadWestvaco Nuchar™ WV B gue tiene tamafios de malla
nominales de 14 x 35 (con base en la Serie de Cribas Estandar
de E. U. A.).

En mocdalidades adicionales, particularmente
aquellas en las cuales la accién de esfuerzo cortante se
proporciona por la turbulencia y/o colisiones inter-granulos
en una bomba y/o boquilla de chorro, el uso del(los)
material{es) adsorbente(s) que tiene valores de dureza més
altos son deseables. Por ejemplo, los carbones activados
granulados derivados de bitumen ¢ materiales basados en
carbén mineral son efectivos. En una modalidad particular, el
carbén activado granular se deriva de lignito.

Tambien se pueden proporcionar materiales de
carbono gque se modifican con un procesc de tratamiento y/o
especies que propcrcione en consecuencia una afinidad para
ciertas especies quimicas y/o metales en el agua residual.
Por ejemple, en las aguas residuales que tienen un nivel
relativamente alto de mercurio, por lo menos una porciédn del
material adsorbente incluye preferiblemente carbdén activado
granular impregnado con yoduro de potasio o azufre. Otros

tratamientos y/o especies impregnadas se pueden proporcionar
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para fijar como objetivo metales especificos, otros
compuestos inorganicos y/o compuestos orgénicos.

Ademéas, el material adsorbente puede sSer un
material diferente al carbén activado. Por ejemplo, los
compuestos basados en hierro o resinas sintéticas se pueden
usar como los materiales adsorbentes, soleos o en combinacién
con otros materiales adsorbentes, por ejemplo, en combinacién
con  carbdn  activado granular. Ademé&s, los materiales
adsorbentes tratados diferentes al carbén activado que fija
come objetivo ciertos metales, se pueden usar otros
compuestos inorganicos o compuestos orgénicos. Por ejemplo,
en las aguas residuales que tienen niveles relativamente
altos de hierro y/o manganeso, por lo menos una porcién del
material adsorbente puede comprender un medio de filtracién
de didxido de manganeso granular. En las aguas residuales que
tienen arsénico granular. En las aguas residuales gue tienen
arsénice, por lo menos una porcién del material adsorbente
puede comprender compuestos de 6xido de hierro granulares. En
las aguas residuales que incluyen plomec o metales pesados,
por lo menos una porcién del material adsorbente puede
incluir compuestos de aluminosilicato granulares.

En una modalidad, el material adsorbente se puede
seleccionar con base en un intervalo de gravedad especifico
deseado. A fin de mantener el material adsorbente en
suspensién dentro de los intervalos de consumc/costo de
energia aceptables, son deseables los intervalos de gravedad
especificar relativamente cercancs a aquellos del agua
residual. Por otra parte, en modalidades en las cuales la
separacién se basa en por lo menos en parte en sedimentacién
rapida del material, son mAs adecuadas gravedades especificas

mas altas. En general, la gravedad especifica es
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preferiblemente mayor que aproximadamente 1.05 en el agua
20°C. En ciertas modalidades, la gravedad especifica es mayor
que aproximadamente 1.10 en el agua a 20°C. Un limite
superior adecuado para la gravedad especifica es, en ciertas
modalidades, aproximadamente 2.65 en el agua a 20°C.

Por lo tanto, se selecciona el material adsorbente
que tiene un intervalo de gravedad especifica que proporciona
suficiente suspensién y por lo tanto suficiente contacto con
el agua residual y sus contaminantes. Adem&s, en ciertas
modalidades, el intervalo de gravedad especifica proporciona
suficiente caracteristicas de asentamiento para la remocidén
subsecuente del material adsorbente del agua residual. En
modalidades adicionales, la seleccidn de la gravedad
especifica del material adsorbente se basa en la minimizacidén
de la energia requerida para mantener el material adsorbente
en suspensiodn.

Adicionalmente, el material adsorbente deseado, tal
como carbén activade granular, tiene un nivel de dureza que
minimiza la creacidén de particulas finas y otros materiales
particulados debido a las colisiones intergrdnulos y otros
efectos de proceso.

El tamano de material adsorbente que el subsistema
de separacion se disefia para retener y evitar en consecuencia
su paso en el sistema de operacién de membrana se optimiza
para minimizar la cantidad de material adscrbente y las
particulas finas gque entran al sistema de operacién de
membrana. Por lo tanto, en modalidades en las cuales el
aparato de separacidén de sdélidos es un sistema que opera la
membrana, la abrasidén y ensuciamientc causado por los
granulos de carbdén u otros materiales granulares que impactan

sobre las membranas se miniza, mientras que aun proporciona
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las ventajas operacionales asociadas con el uso de los
materiales adsorbente que incluye carbén activado.

Los tamafnos de granulos adecuados para el material
adsorbente se seleccionan para completar los métodos de
cribas/separacién seleccionados, y las necesidades del agua
residual particular que se trata. En ciertas modalidades
preferidas, se selecciona el limite de fondo del tamafio de
granulo efectivo del material adsorbente de tal manera que se
puede separar facilmente del flujo del licor mezclado que
entra al tanque(s) del sistema de operacién de membrana en el
cual las membranas estdn localizadas. En general, el tamafo
de granulo efectivo del material a adsorbente tiene un limite
de fondo de aproximadamente 0.3 milimetros, donde mayor que
aproximadamente 99.5% en peso del material adsorbente estéa
arriba del 1limite de fondo; que tiene preferiblemente un
limite inferior de aproximadamente 0.3 milimetros a un limite
superior de aproximadamente 2.4 milimetros (que corresponde a
un tamafio de malla 50 a un tamafio de malla 8, con base en la
Serie de Cribas Estandar de los E. U. A.), donde mayor gque
99.5% en peso del material adsorbente estd dentro del limite
superior e inferior; y en ciertas modalidades preferidas a
aproximadamente 0.3 milimetros a aproximadamente 1.4
milimetros (que corresponde a un tamafic de malla de 50 a un
tamafic de malla 14, con base en la Serie de Mallas Esténdar
de los Estados Unidos) donde mayor que aproximadamente 99.5%
en peso del material adsorbente estd dentro del limite
inferior y supericr. Se ha demostrado que un carbdén activado
granular con wun tamafio de granule efectivo minimo de
aproximadamente 0.5 milimetros a aproximadamente 0.6
milimetros puede ser facilmente y eficientemente cribado del

licor mezclado con un sistema de separacidén adecuado, y estos
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tamarios efectivos, en el carbédn activado granular de
densidades adecuadas, también se puede mantener
econdmicamente en suspensién.

El uso de material adsorbente para adsorber los
compuestos completamente resistentes a la bio-descomposicién,
los compuestos biolégicamente inhibidores, vy/o compuestos
biolégicamente refractarios o un combinacién de estos,
permite que el proceso se maneje a una velocidad de flujo
mucho mayor del agua residual que los sistemas
convencionales, ya gque los organismos que descomponen
biclégicamente los compuestos organicos no se limitaria por
el tiempo de residencia hidrdulico de los sistemas
convencionales. Los compuestos bioldgicamente inhibidores y/o
ciertos compuestos biolégicamente refractarios se mantienen
en el material adsorbente por un periodo de tiempo extendido,
y de esta manera los micro-organismos tienen muchos tiempos
para romper el tiempo de residencia hidréulica. Estoc permite
gue una unidad significativamente mAs pequefla para tratar la
corriente de agua residual que lo gue se requeriria sin la
adicidén de material adsorbente.

El wusc del sistema de tratamiento de aguas
residuales de concentracién baja de la presente invencidn en
vez de un sistema convencional o un sistema convencional con
la adicién de carbén activado en polvo elimina los problemas
asociados con sedimentacidén de sélidos que ocurriria en una
sistema convencional de velocidad de flujo alta que no usa
una membrana para la separacidn de s6lidos del efluente.

El sistema de tratamiento de aguas residuales de
concentracién baja de la presente invencidén puede modificarse
para tratar contaminantes especificos que pueden presentarse

en cualquier agua residual particular al usar un material
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adsorbente que se ha tratado especialmente para adsorber
selectivamente el contaminante particular de interés. Por
ejemplo, el «carbén activado granular u otro material
adsorbente que se ha tratado especialmente para adsorber
metales puede usarse para aguas residuales que tienen altas
concentraciones de metales. Los metales disueltos pueden
adsorberse preferiblemente en el carbén activado granular
tratado y luego removerse del efluente. Un reemplazo
periédico del material adsorbente permite que los metales se
remuevan del sistema y mantener un nivel deseado de capacidad
de adsorcidn.

La invencién proporciona una alternativa a bajo
costo para instalaciones permanentes de columnas de adsorcién
de carbén activado de costo alto o cualquiera de un nimero de
otros sistemas de tratamiento terciarios que son caros para
operar. Ademas, la presente invencidén proporciona un
simplificador, huella ma&s pequefia, sistema de tratamiento de
aguas residuales de costo de operacidén inferior que puede
ajustarse y operarse en un periodo de tiempo muy corto y si
es necesario, puede configurarse como un sistema/aparato
portatil. Puede desarrcllarse durante periodos de condiciones
alterados o durante eventos cuando una planta de tratamiento
de agua residual se requiere para tratar desechos que no son
capaces normalmente de tratar.

El sistema y método de la presente invencién evita
el tratamiento de la corriente efluente completa en un
sistema de tratamiento terciario caro. Adsorber los
contaminantes del agua residual de baja concentracién y
tratarlos en un sistema de tratamiento de material adsorbente
de flujo alto integrados con un reactor biolégico de material

adsorbente de flujo bajo.

(04



10

15

98

Los sistemas terciarios desarrollados previamente
pretenden tratar el efluente de plantas de tratamiento de
agua residual existentes que tienen bajas concentraciones de
contaminantes con un sistema de adsorcién de carbén activado
caro o algun otro sistema de tratamientoc terciaric caro. En
todo de estos, la corriente de agua residual completa se
trata con el método de tratamiento terciario. E1 sistema y
método de la presente invencién remueve los contaminantes de
la corriente de agua residual completa por adsorcién, y luego
trata el material adsorbente en un sistema de regeneracién

bioldgica de flujo bajo que es relativamente barato de

operar.

El método y sistema de la presente invenciédn se han

descrito anteriormente y en dos dibujos anexos; sin embargo,

las modificaciones serdn evidentes para aquellas personas de
experiencia ordinaria en el campo y el alcance de proteccién

para la invencién se debe definir por las reivindicaciones

gue siguen.
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REIVINDICACIONES

Habiéndose descrito 1la invencién como antecede, se

reclama como propiedad lo contenido en las siguientes

reivindicaciones

1. Un método para tratar el agua residual
caracterizado porque comprende:

mezclar agua residual con el material adsorbente en
una zona de mezclado por un tiempo suficiente para la
adsorcién de contaminantes del agua residual sobre el
material adscrbente;

separar y remover una porcidn principal del agua
residual de la mezcla de agua residual y material adsorbente;

pasar el material adsorbente que tiene
contaminantes adsorbidos en el mismo y una porcién menor del
agua residual a un reactor de regeneracidén biolédgico;

mantener el material adsorbente y el agua residual
en suspensidn en el reactor de regeneracién biolégice durante
un periodo de tiempo que es suficiente para permitir los
microorganismos en el reactor de regeneracién bioldgico para
actuar biolégicamente en al menos una porcidén de los
contaminantes adsorbidos;

descartar el efluente de agua tratado
biclégicamente del reactor de regeneracidn bioldgico; y

reciclar el material adsorbente regeneradc a la
zona de mezclado.

2. El método de conformidad con la reivindicacidn
l, caracterizadc porque el agua residual comprende agua
residual de baja concentracidén que es un efluente sometido a
un proceso de tratamiento de agua residual corriente arriba.

3. El1 método de conformidad con la reivindicacién
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1, caracterizado porque el agua residual es un agua residual
de baja concentracién que tiene una concentracién de
contaminantes que es tan baja que se requiere una
alimentacién de concentracién influente para soportar la
actividad bioldgica en‘un reactor biolégico convencional,

4, E1 métodé,ae'conformidad con la reivindicacién
1, caracterizado ademésﬁporque comprende remover los sdélidos
del efluente de agua del reactor de regeneracién biolégico.

5. El mét@do de conformidad con la reivindicacién
4, caracterizado porqﬁgjlos sbélidos se remueven usando un
sistema operativo de mqhbrana.

6. El métoég‘de conformidad con la reivindicacién
4, caracterizado porQﬁéilos s6lidos se remueven usando un
clarificador y/o un sédimentador.

7. El método de conformidad con la reivindicacién
1, caracterizado porque comprende ademds cortar cualquier
biomasa acumulada delg@aterial adscrbente antes de reciclarse
a la zona de mezclad@ij;

8. El métqdo'dé conformidad con la reivindicacién
7, caracterizado éor&ﬁe.cpmprende ademas separar la biomasa

del material adsorbéntéfantes de reciclar el material

adsorbente a la zona ‘de mezclado.
: Nl
&

9. Un sistema para tratamiento de agua residual,
caracterizado porque coﬁprehde:

una zona de mezclado que incluye:

una entrada'aé agua residual,

una entrada_ge material adsorbente y

una salida de descarga;

la zona de separacidn de liquido y sedimentacién de
material adsorbente incluye una entrada de mezcla espesa en

comunicacién con la salida de descarga de la zona de

¥
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mezclado,

una salida de agua tratada, y

una salida de material adsorbente contaminado;

un sistema de reactor de regeneracién biolégico de
material adsorbente que incluye

un reactor de regeneracién bioldgico que incluye
una entrada de material adsorbente contaminado en
comunicacién con la salida de material adsorbente contaminado
de la zona de separacién de liquido y sedimentacién de
material adsorbente,

una salida de agua bioldgicamente tratada, vy

una salida de material adsorbente regenerado en
comunicacién con la entrada de material adsorbente de la zona
de mezclado,

10. El sistema de conformidad con 1la
reivindicacién 9, caracterizado porque comprende adem&s un
aparato de separacién de sélidos en comunicacién con la
salida de agua tratada bioldgicamente.

11. El sistema de conformidad con la
reivindicacidn 10, caracterizado porgue el aparato de
separacién de sélidos es un sistema operativo de la membrana.

12. El1 sistema de conformidad con la reivindicacién
10, caracterizado porque el aparato de separacién de sélidos
€s un sedimentador y/o clarificador.

13. El sistema de conformidad con la
reivindicacién 9, caracterizado porgue comprende ademas un
zona de corte incluyendo una entrada en comunicacién con la
salida de material adsorbente regenerado y una salida en
comunicacidén con la entrada del material adsorbente de la

zona de mezclado.
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14, El sistema de conformidad con la
reivindicacidén 13, caracterizado porque comprende adem&s una
zona de material adsorbente/separacién de biomasa incluyendo
una entrada en comunicacién con la salida de la zona de corte
y una salida en comunicacién con la entrada del material
adsorbente de la zona de mezclado.

15. El sistema de conformidad con la
reivindicacién 9, caracterizado porque comprende ademas un
aparato para cortar y separar la biomasa del material
adsorbente incluyendo una entrada en comunicacién con la
salida del material adsorbente regenerado y una salida en
comunicacién con la entrada del material adsorbente de 1la
zona de mezclado.

16. El sistema de conformidad con la reivindicacién
9, caracterizado porque el reactor de regeneracién biolégico
se construye y configura para cortar y separar la biomasa del
material adsorbente.

17. El sistema de conformidad con la reivindicacién
9, caracterizado porque comprende ademds un sistema de
tratamientc de agua residual corriente arriba que descarga un
agua residual de baja concentracién, y en donde la entrada
de agua residual de la zona de mezclado es una entrada de
agua residual de baja concentracioén.

18. Un sistema de tratamiento de aguas residuales
caracterizado porque comprende:

un sistema de adsorcidn de flujo alto que incluye

una entrada para recibir agua residual,

una fuente de material adsorbente para poner en
contacto el agua residual vy adsorber los contaminantes del
agua residual,

una salida de liquido para descargar una porcién
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principal del agua residual recibida que se ha puesto en
contacto por el material adsorbente, y

una salida de material adsorbente para descargar el
material adsorbente gue tiene contaminantes adsorbidos y una
porcidén menor del agua residual recibida; y

un sistema de reactor de regeneracidén biolédgico de
material adsorbido de flujec bajo para mantener el material
adsorbente que tiene contaminantes adsorbidos en suspensién
durante un periodo de tiempo que es suficiente para permitir
los microorganismos para digerir los contaminantes organicos
adsorbidos, el sistema de reactor de regeneracién biolégico
de material adsorbente de flujo bajo incluye

un reactor de regeneracién bioldgico que tiene

una entrada para recibir el material adsorbente con
contaminantes adsorbidos de la salida del material adsorbente
del sistema de adsorcién de flujo alto,

una salida de licor mezclado, y

una salida de material adsorbente en comunicacidn
con la fuente de material adsorbente del sistema de adsorcién
de alto flujo.

19. El sistema de conformidad con la reivindicacién
18, caracterizade porque el sistema de reactor de
regeneracién biocldgico de material adsorbente de bajo flujo
comprende ademas:

un aparato de corte para ccrtar la biomasa
acumulada en exceso del material adsorbente, el aparato de
corte se posiciona dentro del reactor de regeneracidn
bicldgice y/o separado del reactor biolégico y conecta a la
salida del material adsorbente para recibir el material
adsorbente del reactor de regeneracidén bioldgico;

una zona de separacidén de material

Lo
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adsorbente/biomasa para separar la biomasa libre de una
mezcla de material adsorbente y biomasa libre;

un conducto de material adsorbente para pasar el
material adsorbente separado de la zona de separacidén de
bicmasa/material adsorbente al sistema de adsorcién de flujo
alto; y

un conducto de biomasa para pasar la biomasa
separada de la zona de separacién de biomasa/material
adsorbente al reactor de regeneracién bioclégico o una
corriente abajo de la localizacién del reactor de
regeneracidn bicldgico.

20. El sistema de conformidad con la reivindicacién
18, caracterizado porque el sistema de reactor de
regeneracién bioldgico de material adsorbente de flujo bajo
comprende ademés:

un aparato combinado para cortar y separar la
biomasa acumulada del material adsorbente gque se posiciona
dentro del reactor de regeneracidén biolégico y/o separado del
reactor de regeneracidén biolégico y conectado a la salida del
material adsorbente para recibir material adsorbente del
reactor de regeneracién bioclégico, vy que tiene una salida
para descargar el material adsorbente separado y una salida
para descargar la biomasa libre;

un conducto de material adsorbente en comunicacidn
con la salida del material adsorbente del aparatoc combinado
para regresar el material adsorbente al sistema de adsorcidn
de flujo alto; vy

un conducteo de biomasa en comunicacidn con la
salida de biomasa del aparato combinado para pasar la biomasa
separada al reactor de regeneracién biclégico o una corriente

debajo de la localizacién del reactor de regeneracién
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biolégico.

21. El sistema de conformidad con la reivindicacién
18, caracterizado porque el sistema de reactor de
regeneracion bioldégico de materia adsorbente de flujo bajo
comprende ademds un sistema operativo de la membrana en
comunicacidn fluida con la salida del licor mezclado del
reactor de regeneracién biolédgico.

22. El sistema de conformidad con la reivindicacién
18, caracterizado porque el sistema de reactor de
regeneracién bicldégico de materia adsorbente de flujo bajo
comprende ademas un clarificader y/o un sedimentador en
comunicacidén fluida con la salida del licor mezclado del
reactor de regeneracidn bioldgico.

23. El sistema de conformidad con la reivindicacién
18, caracterizado porque el sistema de adsorcién de flujo
alto incluye una zona de mezclado y una zona de
sedimentacién.

24. El sistema de conformidad con la
reivindicacidén 18, caracterizado porque el sistema de
adsorcidén de flujo alto incluye un aparato de filtracién de
material adsorbente.

25. El sistema de conformidad con la
reivindicacidén 18, caracterizado porgue el sistema de
adsorcidén de flujo alto incluye un filtro de retrolavado
continuo.

26. El sistema de conformidad con la
reivindicacidén 18, caracterizado porgque el sistema de
adsorcidn de flujo alto incluye un sistema de filtracién de
regeneracién continua o un filtro de cascara de nuez de
regeneracién continua.

27. El sistema de conformidad con la
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reivindicacién 18, caracterizado porgue comprende ademds un
sistema de tratamiento de agua residual corriente arriba que
descarga un agua residual de baja concentracién, y en donde
la entrada del aqua residual de la zona mezclada es una
entrada de agua residual de baja concentracién.

28. El sistema de conformidad con la reivindicacién
18, caracterizado porque comprende ademas

un sensor construido y configurado para medir un
parametro del sistema; y

un controlador en comunicacidén electrénica con el
sensor programado para instruir desenmpefio de un acto con base
en el parametro medido del sistema.

29. El sistema de tratamiento de agua residual de
conformidad con la reivindicacién 28, caracterizado porque el
paradmetro de medicidén es la concentracién de uno o mas
compuestos predeterminados.

30. El sistema de tratamiento de agua residual de
conformidad con la reivindicacién 28, caracterizado porque el
acto comprende remover al menos una porcidén del material
adsorbente del reactor de regeneracidén bioclégico.

31. El sistema de tratamiento de agua residual de
conformidad con la reivindicacién 28, caracterizado porque el
acto comprende agregar material adsorbente al reactor de

regeneracién bioldgico.
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RESUMEN DE LA INVENCION

Se proporciona un sistema de tratamiento de aguas
residuales de concentracién baja que incluye un sistema de
tratamiento de material adsorbente de flujo alto integrado
con un reactor bioldgico de material adsorbente de flujo
bajo. El sistema de tratamiento de material adsorbente de
flujo alto incluye una o mads cperaciones de unidad para
mezclar el agua residual de baja concentracién con el
material adsorbente que esti fresco, reciclado, © una
combinacién de ambos, y para decantar un efluente liquido que
tiene un nivel reducido de contaminantes. El material
adsorbente con contaminantes adsorbidos se regenera en un
reactor biolégico de material adsorbente de flujo bajo en el
cual se presenta una reaccién biclégica, tal comc oxidacién
biolégica, en donde los contaminantes orgénicos en el agua
residual se metabolizan generalmente en diéxido de carbono y
agua. El exceso de biomasa se remueve del material
adsorbente, y el material adsorbente asi regenerado se
recicla al sistema de tratamiento de material adsorbente de

flujo alto.
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Conner et al. (192)
AFS: 210,980 PCT

LOW CONCENTRATION WASTEWATER TREATMENT SYSTEM AND PROCESS

RELATED APPLICATIONS

[01]  This application claims the benefit of U.S. Provisional Patent Application No.
61/224,011 filed on July 8, 2009, which is hereby incorporated by reference in its entirety.
BACKGROUND OF THE INVENTION

Field of the Invention

[02]  This invention relates to a system and method for wastewater treatment, and in
particular to a system and method for treating low concentration wastewater streams.
Description of Related Art

[03]  Effective handling of domestic sewage and industrial wastewater is an extremely
important aspect of increasing the quality of life and conservation of clean water. The
problems associated with simply discharging wastewater in water sources such as rivers,
lakes and oceans, the standard practice up until about a half century ago, are apparent -
the biological and chemical wastes create hazards to all life forms including the spread of
infectious diseases and exposure to carcinogenic chemicals. Therefore, wastewater
treatment processes have evolved into systems ranging from the ubiquitous municipal
wastewater treatment facilities, where sanitary wastewater from domestic popu-lations is
cleaned, to specialized industrial wastewater treatment processes, where specific
pollutants in wastewater from various industrial applications must be addressed.

[04] Wastewater treatment facilities typically use multiple treatment stages including
preliminary treatment, secondary treatment and tertiary treatment. Biological oxidation is
a well known secondary treatment step used to remove the majority of the wastewater
contaminants. Commonly, effluent from biological oxidation and/or other secondary
treatment processes still contains levels of contaminants that requires further treatment
such as tertiary treatment for their removal.

[05] Biologically refractory and biologically inhibitory organic and inorganic
compounds are present in certain industrial and sanitary wastewater streams to be treated.

Various attempts have been made to address treatment of such biologically refractory and



biologically inhibitory compounds. Certain types of known treatment include use of
powdered activated carbon to adsorb and subsequently remove biologically refractory
and biologically inhibitory organic compounds.

[06] One portion of certain wastewater treatment processes that is operationally cost-
intensive involves the removal of relatively low concentrations of contaminants from
wastewater that has been treated by aeration or other secondary processes. While various
systems have been employed for tertiary treatment, such as adsorption and filters, a need
exists for more efficient and lower cost tertiary treatment without the limitations and

disadvantages associated with conventional processes.

SUMMARY OF THE INVENTION
[07]  In accordance with one or more embodiments, the invention relates to a system
and method of treating wastewater.
[08] In accordance with one or more embodiments, the invention relates to a method
for treating wastewater including:

mixing wastewater, and in certain embodiments, low concentration wastewater,
with adsorbent material in a mixing zone for a time sufficient for adsorption of
contaminants from the wastewater onto the adsorbent material;

separating and removing a major portion of the wastewater from the mixture of
wastewater and adsorbent material;

passing the adsorbent material having contaminants adsorbed thereon and a minor
portion of the wastewater to a biological regeneration reactor;

retaining the adsorbent material and wastewater in suspension in the biological
regeneration reactor for a period of time that is sufficient to allow microorganisms in the
biological regeneration reactor to biologically act on at least a portion of the adsorbed
contaminants;

discharging .biologically treated water effluent from the biological regeneration
reactor; and

recycling regenerated adsorbent material to the mixing zone.
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[09] In accordance with one or more embodiments, the invention relates to a system
for treatment of wastewater, and in certain embodiments, low concentration wastewater.
The system includes a mixing zone having a wastewater i:nlet, an adsorbent material inlet
and a discharge outlet. The system further includes an adsorbent material settling and
liquid separation zone having a shurry inlet in communication with the discharge outlet of
the mixing zone, a treated water outlet, and a contaminated adsorbent material outlet.
The system also includes an adsorbent material biological regeneration reactor system
having a biological regeneration reactor including a contaminated adsorbent material inlet
in communication with the contaminated adsorbent material outlet of the adsorbent
material settling and liquid separation zone, a biologically treated water outlet, and a
regenerated adsorbent material outlet in communication with the adsorbent material inlet
of the mixing zone.

[10]  In accordance with one or more embodiments, the invention relates to a system
for treatment of wastewater, and in certain embodiments, low concentration wastewater.
The system comprises a high flux adsorption system and a low flux adsorbent material
biological regeneration reactor system. The high flux adsorption system includes an inlet
for receiving wastewater, a source of adsorbent material for contacting the wastewater
and adsorbing contaminants from the wastewater, a liquid outlet for discharging a major
portion of the received wastewater that has been contacted by the adsorbent material, and
an adsorbent material outlet for discharging adsorbent material having adsorbed
contaminants and a minor portion of the received wastewater. The low flux adsorbent
material biological regeneration reactor system is for maintaining the adsorbent material
having adsorbed contaminants in suspension for a period of time that is sufficient to
allow microorganisms to digest adsorbed organic contaminants. The adsorbent material
biological regeneration reactor system includes a biological regeneration reactor having
an inlet for receiving adsorbent material with adsorbed contaminants from the adsorbent
material outlet of the high flux adsorption system, a mixed liquor outlet, and an adsorbent
material outlet in communication with the source of adsorbent material of the high flux

adsorption system.
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BRIEF DESCRIPTION OF THE DRAWINGS

[11]  The invention will be described in further detail below and with reference to the
attached drawings all of which describe or relate to apparatus, systems and methods of
the present invention. In the figures, which are not intended to be drawn to scale, each
similar component that is illustrated in various figures is represented by a like numeral. In
the figures:

[12] FIG. 1 is a schematic diagram of a membrane biological reactor system using a
biological reactor which contains one or more zones with adsorbent material in
suspension;

{13] FIG. 2 is a schematic diagram of an embodiment of a system for treatment of
wastewater using adsorbent material in a biological reactor upstream of a membrane
operating system used in the present invention to regenerate and/or reactivate adsorbent
material;

(14] FIG. 3 is a schematic diagram of a wastewater treatment system including an
embodiment of a high flux adsorbent material treatment system having a mixing zone and
an adsorbent material settling and liquid decanting zone that is integrated with a low flux
adsorbent material biological regeneration reactor having a biological regeneration
reactor and a membrane operating system;

[15]  FIG. 4 is a schematic diagram of a wastewater treatment system including a high
flux adsorbent material treatment system having a mixing zone and another embodiment
of an adsorbent material settling and liquid separation zone that is integrated with a low
flux adsorbent material membrane biological regeneration reactor;

[16] FIG. 5 is a schematic diagram of a wastewater treatment system including a high
flux adsorbent material treatment system that is integrated with another embodiment of a
low flux adsorbent material biological regeneration reactor;

[17] FIG. 6 is a schematic diagram of a wastewater treatment system including a
further embodiment of a high flux adsorbent material treatment system that is integrated

with a low flux adsorbent material biological regeneration reactor;
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[18]  FIG. 7 is a schematic diagram of a process flow for treating wastewater according
to one embodiment of the present invention including irradiation of primary solids; and
119]  FIG. 8 is a schematic diagram of a process flow for treating wastewater according

to another embodiment of the present invention including irradiation of primary solids.

DETAILED DESCRIPTION OF THE INVENTION

[20]  As used herein, “biologically refractory compounds™ refer to those types of
chemical oxygen demand (“COD”) compounds (organic and/or inorganic) in wastewater
that are difficult to biclogically break down when contacted with micro-organisms. The
“biologically refractory compounds” can have varying degrees of refractory nature,
ranging from those that are mildly refractory to those that are highly refractory.

[21]  “Biologically inhibitory compounds™ refer to those compounds (organic and/or
inorganic) in wastewater that inhibit the biological decomposition process.

[22] “Biologically labile” means easy-to-digest, simple organics such as human and
animal waste, food waste, and inorganics, such as ammonia and phosphorous-based
compounds,

23] “COD” or “Chemical Oxygen Demand,” refers to a measure of the capacity of
the waste to consume oxygen during a chemical reaction that results in the oxidation of
organic matter and the oxidation of inorganic chemicals such as ammonia and nitrite.
COD measurement includes biologically labile, biologically inhibitory and biologically
refractory compounds.

[24] “BODs” refers to biological oxygen demand compounds that are biologically
degradable over a period of S days.

[251 “Mixed liquor suspended solids,” or “MLSS,” means microbes and other
substances, both dissolved and suspended, present in wastewater being treated; “mixed
liquor volatile suspended solids,” or “MLVSS,” means the active microbes in the MLSS;
and “mixed liquor” means the combined mixture of wastewater, MLSS and MLVSS.

[26] “Adsorbent” or “adsorbent materials” as used herein means one or more of

granular activated carbon, including granular activated carbon that has been treated to



provide affinity to predetermined chemical species, metals or other compounds found to
be present in the wastewater that is to be treated; granular iron-based compounds, e.g.,
iron oxide composites; synthetic resins; and granular alumino-silicate composites.

[27)  “Substantially free” or “substantially prevented” in the context of describing the
presence of adsorbent material in effluent passing from one section of a system to another,
e.g., from a biological reactor containing suspended adsorbent material to a membrane
operating system, refers to limiting the amount of adsorbent material passing to the
membrane operating system to an amount that does not adversely effect the requisite
efficacy of the membrane filtration process therein. For instance, in certain embodiments,
“substantially free” or “substantially prevented” refers to retaining at least about 80% by
volume of the predetermined amount of adsorbent material to be used in a given system
within the biological reactor or one or more biological reaction zones, in further
embodiments, at least about 90% by volume and in still further embodiments at least
about 95% by volume, and in yet still further embodiments at least about 99% by volume.
However, it will be appreciated by one of ordinary skill in the art based upon the
teachings herein that these percentages are merely illustrative, and can vary depending on
factors including but not limited to the type of membrane(s) used and their resistance to
abrasion, the requisite effluent quality, the predetermined amount of adsorbent material to
be used in a given system, and other factors.

[28] This invention is directed to wastewater treatment systems and methods.
“Wastewater” as used herein, for instance, as influent streams 101, 201, 301, 401, 501,
601 or 701, defines any water to be treated such as surface water, ground water, and a
stream of wastewater from industrial, agricultural and municipal sources, having
pollutants of biodegradable material, inorganic, labile organic compounds capable of
being decomposed by bacteria, biologically refractory compounds, and/or biologically
inhibitory compounds, flowing into the wastewater treatment system.

[29] Wastewater from industrial and municipal sources typically contains biological

solids, and inert material and organics, including biologically inhibitory and refractory

organics. Examples of biologically inhibitory and refractory organics may include
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synthetic organic chemicals, such as polyelectrolyte treatment chemicals. Other
biologically inhibitory and refractory organics include polychlorinated biphenyls,
polycyclic aromatic hydrocarbons, polychlorinated dibenzo-p-dioxin, and polychlorinated
dibenzofurans. Endocrine disrupting compounds are also a class of biologically
inhibitory and refractory organics which can affect hormone systems in organisms and
are found in the environment. Examples of endocrine disrupting compounds include:
alkylphenolics, such as nonylphenol used for removing oil as well as natural hormones
and synthetic steroids found in contraceptives, such as 17-b-estradiol, estrone,
testosterone, ethynyl estradiol.

[30]  Other examples of wastewaters to be treated include: high strength wastewater;
low strength wastewater; and leachate from landfills. Waters may also be treated to
remove viruses. Other examples of pollutants in wastewater include: flame retardants,
solvents, stabilizers, polychlorinated biphenyls (PCBs); dioxins; furans; polynuclear
aromatic compounds (PNAs); pharmaceuticals, petroleum; petrochemical products;
petrochemical byproducts; cellulose; waste products from the pulp and paper industry,
phosphorous; phosphorous compounds and derivatives; and agricultural chemicals such
as those derived from or used to produce fertilizers, pesticides, and herbicides.

[31] Wastewater from industrial and municipal sources may also contain trace
constituent compounds that originate during the water treatment process and are
subsequently difficult to remove. Examples of trace constituents introduced during the
water treatment process include nitrosamines, such as N-nitrosodimethylamine (NDMA)
which may be released from proprietary cationic and anionic resins.

[32]  As used herein, “low concentration wastewater” refers to wastewater having a low
concentration of biologically labile (i.e., easy-to-digest) organic compounds, which is
lower than the influent feed concentration that typically supports a biological treatment
system in a conventional secondary treatment system such as an activated sludge aeration
processes or a membrane biological reactor. In addition, as used herein, “low
concentration wastewater” includes influents that are not amenable to biological

oxidation in a traditional treatment biological system as the wastewater is too low in
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strength or contains compounds that are not egsily biologically degraded. They can also
contain compounds entirely resistant. to I:;io-decomposition, biologically inhibitory
compounds, and/or biologically refractory compounds, or a combination of these, which
either cannot be oxidized biologically, ‘or require much longer residence times than that
which is typically available to a biological oxidation system.

133] In addition, as used herein, “effluent subjected to upstream wastewater treatment”
generally means effluent from one or ;no;e conventional or any later-developed
wastewater treatment systems. The “effluent subjected to upstream wastewater
treatment” can be derived from wastewater that was subjected to preliminary and/or
primary treatment processes, and secpndary treatment processes, €.g., activated sludge
aeration processes or membran_e.‘_‘ Igiélqgi_cal reactors, and generally has a low
concentration of biologically labile (1e, eésy-to-digest) organic compounds, which
would not typically be sufficient to s:'q;port a biological reaction in most conventional
secondary treatment systems such asrj,i.actiVa‘ted sludge aeration processes or membrane
biological reactors. In addition, it is also contemplated in certain embodiments of the
present invention that “effluent subjected to upstream wastewater treatment” is effluent
that has also been subjected to one gf more conventional or later-developed tertiary
treatments. For instance, in certain wastewater treatment facilities, effluent from a
tertiary treatment system can contain canlt:axninants levels that exceed the mandated
discharge levels, and such effluent can be treated by the system and method of the present
invention. In further embodiments, the “effluent subjected to upstream wastewater
treatment” can be derived from a pﬁmary separation system in which substantially all
solids have been removed, such as one or more of settlers, clarifiers or other solid
separation devices. In still further embodiments, “effluent subjected to upstream
wastewater treatment” can include wastewater that has been subjected to a primary
separation system followed by irradiation.

|34] In general, wastewater treafment' facilities use multiple treatment stages to clean
water so that it may be safely released into bodies of water such as lakes, rivers, and

streams. Presently, many sanitary sewage treatment plants include a preliminary
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treatment phase in which mechanical means are used to remove large objects (e.g., bar
screens), and a sand or grit channel where sand, grit and stones settle. Some treatment
systems also include a primary stage where certain fats, greases and oils float to the
surface for skimming, and heavier solids settle to the bottom, and are subsequently
treated in an aerobic or anaerobic digester to digest biomass and reduce the levels of
biological solids.

I135] After preliminary and/or primary treatment, the wastewater is then sent to a
secondary biological activated sludge treatment phase. Biological treatment of
wastewater is widely practiced. Wastewater is commonly treated with waste activated
sludge, in which biological solids are acted upon by bacteria within a treatment tank.
Activated sludge processes involve aerobic biological treatment in an aeration tank,
typically followed by a clarifier/settling tank. Settled sludge is recycled back to the
aeration tank in order to maintain an adequate mixed liquor suspended solids
concentration to digest the contaminants. Some alternatives available for disposal of
excess bio-solids, e.g., sludge, include but are not limited to incineration, disposal in a
landfill, or use as fertilizer if there are no toxic components.

[36] In the aeration tank, an oxygen-containing gas such as air or pure oxygen is added
to the mixed liquor. Oxygen is typically used by the bacteria to biologically oxidize the
organic compounds that are either dissolved or carried in suspension within the
wastewater feed. Biological oxidation is typically the lowest cost oxidation method
available to remove organic pollutants and some inorganic compounds, such as ammonia
and phosphorous compounds, from wastewater and is the most widely used treatment
system for wastewater contaminated with biologically treatable organic compounds.
Wastewaters that contain compounds entirely resistant to bio-decomposition, biologically
inhibitory compounds, and/or biologically refractory compounds may not be adequately
treated by a conventional simple biological wastewater treatment system. These
compounds can only be acted upon by the bacteria during a hydraulic retention time
within the specific treatment tank. Because the hydraulic retention time is generally

insufficient for biological oxidation of a sufficient quantity of the biologicaily inhibitory
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compounds and/or biologica]ly:: refractory compounds, it is likely that some portion of
these recalcitrant compounds ‘rr‘léy not be adequately treated or destroyed and can pass
through a treatment process unchanged or only partially treated prior to discharge in
either an effluent or excess residual sludge.

[37] The mixed liquor effluent from the aeration tank typically enters a
clarifier/settling tank where sludge, including concentrated mixed liquor suspended solids,
settles by gravity. Settled biomass is wasted, i.e., discharged, to off-site disposal, or
circulated back to the aeration tank. However, based on the wastewater and economic
needs, some biological oxidation_ié"){,__gtems use a different treatment method to remove the
solids from the wastewater efﬂu?nt._ The clarifier/settling tank can be replaced with a
membrane operating system, or af;;ther unit operation such as a dissolved/induced air
flotation device. The liquid eﬂ]u:e‘.‘r_l"g:from the clarifier/settling tank, operating system or
dissolved/induced air flotation dev1cels either discharged or given further treatment prior
to discharge. The solids that are__‘;%r.noved from the clarification/separation device are
returned to the aeration tank as rétui‘n activated sludge in order to retain an adequate
concentration of bacteria in the sys:tem Some portion of this return activated sludge is
periodically removed from this reqyclé line, known as waste activated sludge, in order to
control the concentration of bacteri;} 1n ‘tlhe mixed liquor. This waste activated sludge is
then disposed of in a predetennin'ed'.rrf;ﬁor.

[38] One recent advance in conventional industrial biological wastewater treatment
plant technology includes the addition qf__'powdered activated carbon particles to the
mixed liquor. In biological treatment processes utilizing powdered activated carbon, the
organics can be adsorbed onto the activated carbon and remain within the treatment tank
for a hydraulic retention time that is simiiaf to the sludge residence time and therefore
undergo both adsorptive and extended biological treatment that result in enhanced
removal of certain biologically inhibitofy or refractory compounds. In these processes,
certain organic and inorganic compounds are physically adsorbed to the surface of the

powdered activated carbon particles. At least a portion certain of these compounds are

then biologically degraded, e.g., oxidized in an aerobic process, during the extended time
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that it is present in the system, and the remainder is adsorbed and discharged with the
activated carbon when it is wasted from the system.

[39] Powdered activated carbon has been used in conventional biological treatment
plants because of its ability to adsorb biologically inhibitory and biologically refractory
compounds, thereby providing an effluent with lower concentrations of these pollutants.
Inclusion of powdered activated carbon in the mixed liquor provides a number of
operational benefits. The carbon provides the advantages of a suspended media
biological treatment system which include increased pollutant removal and increased
tolerance to upset conditions. Additionally, the carbon allows the biologically inhibitory
and biologically refractory compounds to adsorb onto the surface of the carbon and to be
exposed to the biology for a significantly longer period of time than in a conventional
biological treatment system, thereby providing benefits similar to that of a fixed film
system. The carbon also allows for the evolution of specific strains of bacteria that are
more capable of digesting the biologically inhibitory organic materials. The fact that the
carbon is continuously recycled back to the aeration tank with the return activated sludge,
i.e., the sludge residence time, means that the bacteria can work on digesting the

biologically inhibitory organic compounds adsorbed onto the surface of the carbon for a

period of time longer than the hydraulic detention time of the biological treatment system.

This process also results in biological regeneration of the carbon and allows the carbon to
remove significantly more biologically inhibitory and biologically refractory compounds
than it could in a simple packed bed carbon filter system which would also require
frequent replacement or costly physical regeneration of the carbon once the adsorption
capacity of the carbon is exhausted. The carbon in the mixed liquor can also adsorb
certain compounds and therefore provide an effluent that is free of or has a substantially
reduced concentration of compounds that are not treatable by conventional biological
oxidation or otherwise entirely resistant to bio-decomposition. One example of a known
powder activated carbon system is offered by Siemens Water Technologies under the

trademark “PACT®.”
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[40] However, because both biclogical growth and adsorption of organic and inorganic
compounds occurs on the activated carbon in powder form, wasting of excess solids is
required. In addition, the powdered activated carbon is discharged from the treatment
process with the removal of biosolids and must, therefore, be continually replaced. The
primary mode of contaminant removal in a PACT® system is adsorption, with a
secondary function of biological regeneration of organics adsorbed on the powdered
activated carbon; the powdered activated carbon is not retained in the system for a
sufficient period of time for biological regeneration to be the primary treatment
mechanism.

[41]  Increasingly, sanitary wastewater is being treated using membrane biological
reactor technology, which offers improved effluent quality, a smaller physical footprint
(more wastewater can be treated per unit area), increased tolerance to upsets, improved
ability to process hard-to-treat wastewaters and a variety of other operational advantages.
For example, wastewaters containing high total dissolved solids can experience settling
problems in a conventional clarifier/settling tank and requires significantly more difficult-
to-operate solids separation devices such as a dissolved/induced air flotation device or
some other solids removal system. However, while membrane biological reactors
eliminate the settling problems experienced with clarifier/settling tank systems, they
often present problems of membrane fouling and foaming that do not occur in
conventional systems using clarifiers. Membrane fouling may be the result of extra-
cellular polymeric compounds that result from the break-down of the biological life
forms in the mixed liquor suspended solids, accumulation of organic materials such as
oils, or by scaling caused by inorganic materials.

[42] In addition, to date, membrane biological reactors have not been utilized
commercially with powdered activated carbon addition. There has been some use of
powdered activated carbon in surface water treatment systems that utilize membranes for
filtration. However, it has been reported that these surface water treatment systems using
membranes and powdered activated carbon have problems with the carbon abrading the

membranes and the carbon permanently plugging and/or fouling the membranes.
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[43] Industrial wastewater that must be treated prior to discharge or reuse often include
oily wastewaters, which can contain emulsified hydrocarbons. Oily wastewaters can
come from a variety of industries including steel and aluminum industries, chemical
processing industries, automotive industries, laundry industries, and crude oil production
and petroleum refining industries. As discussed above, a certain amount of non-
emulsified oils and other hydrocarbons may be removed in primary treatment processes,
where floating oils are skimmed from the top. However, biological secondary
wastewater processes are generally employed to remove the remaining oils from
wastewater, typically the dissolved and emulsified oils, though some free oil may exist.
Typical hydrocarbons remaining after primary treatment can include lubricants, cutting
fluids, tars, grease, crude oils, diesel oils, gasoline, kerosene, jet fuel, and the like. These
hydrocarbons typically must be removed prior to discharge of the water into the
environment or reuse of the water in the industrial process. In addition to governmental
regulations and ecological concerns, efficient removal of the remaining hydrocarbons
also has’ benefits, as adequately treated wastewater may be used in many industrial
processes and eliminate raw water treatment costs and reduce regulatory discharge
concerns.

{44]  Other types of wastewater that must be treated includes contaminated process
water from other industrial processes such as manufacturing of pharmaceuticals, various
goods, agricultural products (e.g., fertilizers, pesticides, herbicides), and paper processing,
as well as medical wastewater.

[45] Commercial deployment of membrane biological reactors in the treatment of
oily/industrial wastewater has been very slow to develop, mainly due to maintenance
problems associated with oil and chemical fouling of the membranes. Testing of
industrial/oily wastewater treated in a membrane biological reactor having powdered
activated carbon added to the mixed liquor indicated the same treatment advantages as
observed in conventional biological wastewater treatment systems including powdered
activated carbon. It was also noted that the advantages of using a membrane biological

reactor can also achieved. A side-by-side comparison of membrane biological reactors
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with and without the addition of powdered activated carbon demonstrated that the
membrane biological reactor with powdered activated carbon provided treatment
advantages as compared to the membrane biological reactors without activated carbon.
Additionally, the membrane biological reactor without the carbon addition was VETY
difficult to operate because of dissolved organics and extra cellular polymeric compounds
fouling the membranes. However, testing further demonstrated that while the addition of
powdered activated carbon provided a very viable biological wastewater treatment
system, the carbon had the deleterious effect of a significant amount of abrasion to and
non-reversible fouling of the membranes. This abrasion and non-reversible fouling was
significant enough to result in this system being very costly to operate, because of the
significantly decreased life expectancy of the membranes and membrane cleaning
frequency.

[46] Traditional biological oxidation of wastewater is commonly a secondary
treatment step used to remove the majority of the wastewater contaminants, as it is
typically the least costly oxidation method available to treat the organic compounds in the
wastewater. In addition, to a lesser extent, a biological system can also remove some
inorganic compounds, as some of the inorganic contaminants that can either be oxidized

(e.g., ammonia, phosphates), adhere to the biomass, or can be absorbed by the biomass.

If it is absorbed by the biomass it is ultimately discharged with the waste activated sludge.

[47] Notwithstanding the advances and deveiopments in biological oxidation processes
and other secondary treatments, many secondary treatment systems are not capable of
adequately treating the wastewater feed by biological oxidation alone. Wastewater
effluent that has been subjected to secondary treatment sometimes does not have
sufficiently low levels of organic and/or inorganic contaminants to allow discharge or
reuse in compliance with regulatory limits. Accordingly, tertiary treatment steps are
often required.

[48] Conventional tertiary treatment steps often include passage of effluent that has
been subject to secondary treatment through one or more adsorbent columns, including

adsorbent material such as activated carbon, commonly known as “polishing.” Other
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tertiary treatment processes can include passing the secondary treatment effluent through
one or more filters, coalescers, UV oxidation, chemical oxidation, other tertiary treatment
system, or a combination of these systems. However, these tertiary treatment systems are
often large and/or expensive to operate. A key reason for the problematic size and
expense of conventional tertiary treatment systerns is that the entire secondary treatment
effluent having a relatively low concentration of contaminants, or a substantial portion
thereof, are subject to these treatments.

[49] The systems and methods of the present invention obviate the drawbacks of
existing tertiary treatment systems, and in certain embodiments provide a system that can
be used as a secondary or tertiary treatment system, particularly when the wastewater to
be treated is a low concentration wastewater.

[S0]  The present invention is directed to an improved wastewater treatment process
and system for treating a wastewater stream that has a flow rate similar to the influent
flow rate, i.e., high flux, in a biological treatment system that has a low flux. This is
achieved by adsorbing the contaminants in the high flux stream onto adsorbent material
and then biologically regenerating and/or reactivating the adsorbent material in a
suspended media membrane biological regeneration reactor system. This system is
particularly useful for the processing of low concentration wastewater that is not
particularly suitable for conventional biological wastewater treatment because of the low
level of biologically labile compounds.

[51}] In certain embodiments, the wastewater treatment process and system for low
contaminant concentration wastewater is useful as a tertiary treatment system, in which a
substantial portion of effluent that has been subjected to secondary treatment and/or other
upstream treatment is exposed to a high flux adsorbent material treatment, and a minor
portion having a relatively higher level of contaminants adsorbed on the adsorbent
material is subjected to a low flux adsorbent biological regeneration treatment system to
regenerate the adsorbent material.

[52] The system and method for treatment of wastewater of the present invention

comprehends a treatment system which includes a high flux adsorbent material treatment
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system integrated with a low flux adsorbent material biological regeneration reactor. In
general, the high flux adsorbent material treatment system includes one or more unit
operations for mixing low concentration wastewater, or other wastewater containing
compounds entirely resistant to bio-decomposition, biologically inhibitory compounds,
and/or biologically refractory compounds, or a combination of these, with adsorbent
material and decanting liquid effluent having a reduced concentration of contaminants.
{53] The adsorbent material having contaminants from the low concentration
wastewater adsorbed on its surface and/or on the surface of pore walls is passed to a low
flux adsorbent material biological regeneration reactor in which biological micro-
organisms degrade organic and certain inorganic contaminants and provide an adsorbent
material with lower concentrations of these compounds such that it can be reused as a
fresh adsorbent. In certain embodiments in which the biological reactor is an aerobic
biological reactor having a source of oxygen to support aerobic micro-organisms, the
biological reaction includes biological oxidation, wherein organic contaminants in the
wastewater are metabolized generally into carbon dioxide and water. Excess biomass is
removed from the adsorbent material, and the regenerated adsorbent material is recycled
to the high flux adsorbent material treatment system. Alternatively, the low flux
adsorbent material biological reactor could be an anaerobic biological regeneration
reactor system, for instance, in embodiments in which the compounds to be adsorbed
onto the adsorbent material are more easily degraded in an anaerobic reactor.

[54] In accordance with one or more embodiments, the present invention employs a
system including a suspended media membrane biological reactor system, such as a
granular activated carbon aeration reactor, followed by a membrane operating system, in
which adsorbent material is substantially prevented from entering the membrane
operating system, as described in PCT Publication Number W0/09085252, which is
incorporated by reference herein.

[55] In one preferred embodiment, the present invention provides a tertiary treatment
process including the steps of: mixing adsorbent material with low concentration

wastewater; settling the adsorbent material; decanting or otherwise removing the water
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contacted by the adsorbent material, fif'eaiting' the adsorbent material having adsorbed
contaminants in a biological regenei‘gtion"reactor; treating mixed liquor from the
biological reactor, including mixed liquo'r\ suspended solids and mixed volatile liquor
suspended solids, that is substantially free of adsorbent material, in a membrane operating
system; removing excess biomass from the adsorbent material; and recycling the
adsorbent material to the step of mixihg it with the low concentration wastewater in a

high flux adsorbent material treatment system. Advantageously, the decanted supernatant

~ Includes a substantial portion of low concen_tfation wastewater. Accordingly, the

biqlogical regeneration reactor and the mer);lbrane operating system are employed to treat
only a small portion of the volume of .the..total low concentration wastewater effluent
previously subjected to upstream treatment in prior art processes. A cost-effective
treatment is thereby provided for low concentration wastewater, especially as compared
to conventional tertiary treatment systems such as granular activated carbon adsorption
columns typically utilized for polishhj’g- wastewater discharged from a secondary
treatment zone. These systems typically-:rggenérate the adsorbent material with energy
intensive regeneration processes such as h‘.dtff"ai;regcneration or steam regeneration.

[56] The low concentration wastewater treatment system of the present invention
includes adsorbent material which in certain preferred embodiments is granular activated
carbon, in ome or more vessels arrangéd to adsorb organic compounds in low

F

concentrations. The adsorbed organics :ja_;e subsequently exposed to biological micro-
organisms in a low flux adsorbent material biological reactor for a period of time that is
much longer than the typical hydraulic residéﬁcc time in granular activated carbon filters.

The low concentration wastewater treatment system and process of the present invention

concentrates these organic compounds from the effluent that has been subjected to

“upstream wastewater treatment. Accordingly; when employed as a tertiary treatment

system, the low concentration wastewater treatment system and process of the present

invention allows organic contaminants to be exposed to bacteria for a longer period of

-time than could normally be achieved based on the flux of the upstream wastewater

‘treatments in conventional secondary treatment systems. Thus, the time for biclogical
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reaction, for instance, biological oxidation in embodiments in which the micro-organisms
are aerobic bacteria, is substantially increased. The use of biological regeneration rather
than the energy intensive systems typically employed to regenerated granular activated
carbon in polishing filters, is a much more cost effective regeneration system.

[57] In accordance with one or more embodiments, the low concentration wastewater
treatment system of the present invention includes adsorbent material which in certain
preferred embodiments is granular activated carbon, in one or more vessels arranged to
adsorb organic compounds in low concentrations. The low concentration wastewater
treatment system and process of the present invention concentrates these organic
compounds from the effluent that has been subjected to upstream wastewater treatment.
Accordingly, when employed as a tertiary treatment system, the low concentration
wastewater treatment system and process of the present invention allows organics to be
exposed to bacteria for a longer period of time than could normally be achieved based on
the flux of the upstream wastewater treatments in conventional tertiary treatment systems,
e.g., carbon polishing systems. Thus, the time for biological reaction, for instance,
biclogical oxidation in embodiments in which the micro-organisms are aerobic bacteria,
is substantially longer than could be achieved in a biological reactor treating the entire
influent flow..

[S8] In addition, in accordance with one or more embodiments, the low concentration
wastewater treatment system and process of the present invention uses adsorbent material
such as granular activated carbon to adsorb the contaminants from the low concentration
wastewater, e.g., a full flow low concentration wastewater stream from a secondary
treatment system, and transfers the adsorbent material having the adsorbed contaminants
into a relatively small membrane biological reactor system having an arrangement similar
to the membrane biological reactor system described in co-pending and commonly-
owned PCT application number PCT/US10/38644, which is incorporated herein by
reference, and in PCT Publication Number W(Q/09085252, which is also incorporated by
reference herein. The organic compounds that are adsorbed on the adsorbent material are

biologically treated in a suspended media membrane biological reactor system, and

18

ES



accordingly obviates the need to treat the entire wastewater flow and organic load from
the upstream wastewater treatment system. In embodiments in which the suspended
media membrane biological reactor system is an acrobic system, the biomass is supplied
with the requisite oxygen for biological oxidation by using air or oxygen from an air
diffuser and/or other source. In embodiments in which the suspended media membrane
biological reactor system is an anaerobic biological reactor, the system is operated under
requisite conditions to anaerobically degrade the compounds. A relatively small
membrane biological reactor system can thus treat the organic compounds that are
present in low concentrations in the high flux stream of effluent subjected to upstream
wastewater treatment.

[59] In addition, while certain embodiments of the present invention are described as
tertiary systems and processes for treating effluent from one or more upstream
wastewater treatment processes, including primary and/or secondary processes, it will be
appreciated by a person of ordinary skill in the art that the systems and methods of the
present invention can be employed to treat wastewater effluent directly from certain
processes having low concentrations of organics, for instance, which would not
effectively support the biology in a conventional biological reactor.

[60] FIGs. 1 and 2 are representations of suspended media membrane biological
reactor systems suitable for integration with the system of the present invention for
treating low concentration wastewater, and in particular, for regenerating and/or
reactivating adsorbent material having contaminants adsorbed thereon in a high flux
adsorption step. These systems, described in PCT application number PCT/US10/38644
and in PCT Publication Number WO/09085252, provide for use of adsorbent material
such as granular activated carbon in a biological reactor system upstream of a membrane
operating system. In particular, the systems include a separation subsystem that
substantially prevents adsorbent material from passing to the membrane operating system
and thereby abrading, fouling or otherwise damaging the membranes therein.

[61] Referring now to FIG. 1, a wastewater treatment system 100 is schematically

depicted including a biological reactor system 102 upstream of a membrane operating
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system 104. In certain embodiments, biological reactor system 102 includes a single
biological reactor vessel. In additional embodiments, biological reactor system 102
includes a plurality of biological reactor vessels, one biological reactor vessel divided
into separate sections, or a plurality of biological reactor vessels some or all of which can
be divided into separate sections. The individual reactor vessels or segregated sections
are referred to herein generally as a biological reaction zone. During wastewater
treatment operations using the suspended media membrane biological reactor systems,
adsorbent material along with micro-organisms are maintained in suspension in all of the
biological reaction zones or a subset of the total number of biological reaction zones.
The membrane operating system 104 is maintained substantially free of adsorbent
material using one or more of the separation subsystems described herein. An influent
wastewater stream 106 is introduced from a primary treatment system, a preliminary
screening system, or as a direct flow of previously untreated wastewater. In further
embodiments, the influent wastewater stream 106 can be previously treated wastewater,
e.g., an effluent from one or more upstream biological reactors, including, but not limited
to, aerobic biological reactors, anoxic biological reactors, continuous flow reactors,
sequencing batch reactors, or any number of other types of biological treatment systems
capable of biologically degrading organic and in certain embodiments some inorganic
compounds.

[62] The biological reactor(s) and/or certain biological reactor zones can be various
types of biological reactors, including but not limited to aerobic biological reactors,
anoxic biological reactors, anaerobic biological reactors, continuous flow reactors,
sequencing batch reactors, trickling filters, or any number of other types of biological
treatment systems capable of biclogically degrading organic and in certain embodiments
some inorganic compounds.

[63] In addition, the biological reactor(s) and/or certain biological reactor zones used
herein can be of any size or shape suitable to suspend adsorbent material in conjunction
with the suspension system. For example, the vessel may have a cross sectional area of

any shape, such as circular, elliptical, square, rectangle, or any irregular shape. In some
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embodiments, the vessel can be constructed or modified in order to promote suitable
suspension of the adsorbent material.

[64] FIG. 2 schematically depicts the process flow of a wastewater treatment system
200 for producing a treated effluent having reduced concentrations of biologically labile,
biologically refractory, biologically inhibitory and/or organic and inorganic compounds
that are entirely resistant to biological decomposition. System 200 generally includes a
biological reactor 202 and a membrane operating system 204. Biological reactor 202
includes an inlet 206 for receiving wastewater and an outlet 208 for discharging effluent
that has been biologically treated, including mixed liquor volatile suspended solids and/or
mixed liquor, to the membrane operating system 204.

[65]  The biological reactor 202 includes a distributed mass of adsorbent material 234
having pores 236, and an effective amount of one or more micro-organisms 238, that are
both adhered to the adsorbent material and free-floating and separate from the adsorbent
material in the mixed liquor, for acting on biologically labile and certain biologically
refractory and/or biologically inhibitory compounds in the mixed liquor. The adsorbent
material adsorption sites, including the outer surface of the adsorbent granules or
particles, and the wall surfaces of pores 236, initially serve as adsorption sites for the
biologically labile, biologically refractory, biologically inhibitory and/or organic and
inorganic compounds that are entirely resistant to biological decomposition. In addition,
micro-organisms 238 can be adsorbed on the adsorption sites of the adsorbent material.
This allows for higher digestion levels of certain biologically refractory and/or
biologically inhibitory compounds without requiring proportionally longer hydraulic
retention times and sludge retention times, due to the fact those certain biologically
refractory and/or biologically inhibitory compounds are retained for extended periods of
time on the adsorbent material, which are isolated or retained in the biological reactors.
|66] Generally, biologically labile compounds and certain inorganics will be digested
relatively quickly and predominantly by the micro-organisms that are not adhered to the
adsorbent material, i.e., the free-floating micro-organisms in the mixed liquor. Certain

components including organics and inorganics that are entirely resistant to biological
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decomposition and very refractory biologically refractory and biologically inhibitory
compounds will remain adsorbed on the adsorbent material or can be adsorbed and/or
absorbed by free-floating biological material in the reactor(s). Ultimately, these non-
digestible compounds will concentrate on the adsorbent to the point where the removal,
or wasting, and replacement of the adsorbent will be required to maintain the quality of
cffluent at an acceptable level. As the adsorbent material remains in the suspended media
membrane biological reactor systems, micro-organisms grow and are generally retained
on the adsorbent material long enough to break down at least a portion of certain
biologically refractory and/or biologically inhibitory compounds in the particular influent
wastewater, which have been concentrated on the adsorbent material. While not wishing
to be bound by theory, it is believed that micro-organisms can eventually evolve into
mature strains with specific acclimation necessary to break down at least a portion of
certain hard-to-treat compounds in the particular influent wastewater. Over additional
time, e.g., several days to several weeks, during which adsorbent material having certain
biologically refractory and/or biologically inhibitory compounds is maintained in the
system, the micro-organisms having a high degree of specificity become second, third,
and higher generations, thereby increasing their efficacy to biodegrade at least a portion
of certain of the specific biologically refractory and/or biologically inhibitory compounds
that are present in the particular influent wastewater as the system becomes acclimated.
[67] Various influent wastewaters can be deficient in certain nutrients beneficial to the
biology that occurs in the biological reactor 202. Further, certain influent wastewaters
can have pH levels that are excessively acidic or caustic. Accordingly, as will be
apparent to a person having ordinary skill in the art, phosphorus, nitrogen, and pH
adjustment materials, supplemental simple carbon or chemicals can be added to maintain
optimal nutrient ratios and pH levels for the biological life and associated activity,
including biological oxidation, in the reactor 202.

[68] Effluent from the bioclogical reactor 202 is introduced via a separation subsystem
222 to an inlet 210 of the membrane operating system 204. This transferred mixed liquor,

having been treated in biological reactor 202, is substantially free of adsorbent material.
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In the membrane operating system 204, the wastewater passes through one or more
microfiltration or ultra-filtration membranes, thereby eliminating or minimizing the need
for clarification and/or tertiary filtration. Membrane permeate, i.e., liquid that passes
through the membranes 240, is discharged from the membrane operating system 204 via
an outlet 212. Membrane retentate, i.e., solids from the biological reactor 202 effluent,
including activated sludge, is returned to the biological reactor 202 via a return activated
studge line 214,

[69]  Spent adsorbent material from the biological reactor 202, e.g., granular activated
carbon that is no longer effective in adsorbing contaminants such as certain compounds
entirely resistant to bio-decomposition, biologically refractory compounds and
biologically inhibitory compounds, can be removed via a mixed liquor waste discharge
port 216 of the biological reactor 202. A waste outlet 218 can also be connected to the
return activated sludge line 214 to divert some or all the return activated sludge for
disposal, for instance, to control the concentration of the mixed liquor and/or culture.
Sludge is discharged from the apparatus with the waste activated sludge when it increases
to the point where the mixed liquor solids concentration is so high that it disrupts the
operation of the particular membrane biological reactor system. In addition, the mixed
liquor waste discharge port 216 can be used to remove a portion of the adsorbent material,
thereby removing some portion of the biologically refractory compounds, biclogically
inhibitory compounds, and/or organic and inorganic compounds that are entirely resistant
to biological decomposition, rather than from the return activated sludge line with the
waste activated sludge, resulting in a lower concentration of these biologically refractory
compounds, biologically inhibitory compounds, and/or organic and inorganic compounds
that are entirely resistant to biological decomposition in the discharge and a more stable
biomass in the membrane biological reactor. An equivalent quantity of fresh or
regenerated adsorbent material can then be added to replace the adsorbent thus removed.
[70] A preliminary screening and/or separation system 220 can be provided upstream
of the inlet 206 of the biological reactor 202. This preliminary screening and/or

separation system can include a dissolved air floatation system, a coarse screen or a
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combination of these and/or other preliminary treatment devices for separating suspended
matter of the type known in the art. Optionally, the preliminary screening and/or
separation system 220 can be eliminated, or other types of preliminary treatment devices
can be included, depending on the particular wastewater being treated.

[71]  In order to prevent at least a majority of the adsorbent material 234 from entering
the membrane operating system 204 and causing undesirable abrasion and/or fouling of
the membranes 240, separation subsystem 222 is provided. As shown, in FIG. 2, the
separation subsystem 222 is located proximate the outlet of the biological reactor 202.
However, in certain embodiments, the separation subsystem 222 can be positioned in a
separate vessel downstream of the biological reactor 202. In either case, the separation
subsystem 222 includes suitable apparatus and/or structures for preventing contact
between at least a majority of the adsorbent 234 and the membranes 240 in the membrane
operating system 204. Separation subsystem 222 can comprise one or more of a
screening apparatus, a settling zone, and/or other suitable separation apparatus.

[72]  Suitable types of screens or screening apparatus for use in certain embodiments of
the suspended media membrane biological reactor system include wedge wire screens,
metal or plastic apertured plates, or woven fabrics, in cylindrical or flat configurations
and arranged at various angles including vertically oriented, horizontally oriented, or at
any angle therebetween. In further embodiments, an active screening apparatus can be
employed such as a rotating drum screen, vibrating screen or other moving screening
apparatus. In general, for systems in which the separation subsystem 222 is a screening
apparatus, the mesh size is smaller than the bottom limit of the effective granule or
particle size of the adsorbent material that is being used.

[73] Other types of separation subsystems can also be used in the separation subsystem,
as alternatives to, or in combination with, a screening apparatus. For instance, as further
described below, a settling zone can be provided, in which adsorbent material settles by
gravity,

[74] In alternative embodiments, or in conjunction with previously described

embodiments, separation subsystems can include a centrifugal system (e.g., hydrocyclone,

24

) A9



centrifuge, or the like), an aerated grit chamber, a floatation system (such as induced gas
flotation or dissolved gas), or other known apparatus.

[75})  Optionally, or in combination with the separation subsystem 222 proximate the
outlet of biological reactor 202, a separation subsystem can be provided between
biological reactor 202 and the membrane operating system 204 (not shown). This
alternative or an additional separation subsystem can be the same as or different as
separation subsystem 222, in type and/or dimension. For instance, in certain
embodiments, a settling zone, a clarifier, a hydrocyclone separator, a centrifuge, or a
combination of these can be provided as a distinct unit operation between biological
reactor 202 and membrane operating system 204,

[76]  Note that the separation subsystem 222 is highly effective for preventing passage
of adsorbent material in its original dimension to the membrane operating system. In
certain preferred embodiments, the separation subsystem 222 prevents substantially all of
the adsorbent material 234 from passage to the membrane operating system 204.
However, during operation of the system 200, various causes of attrition of the adsorbent
material, including inter-granule collisions, shearing, circulation, or collisions of granules
within stationary or moving equipment, can cause particles to be created that are too
small to be effectively retained with the separation subsystem 222. In order to minimize
the detriment to the membranes and loss of adsorbent material to wasting, certain
embodiments include a separation subsystem 222 that is capable of preventing passage of
substantially all of the adsorbent material 234 within about 70 to about 80 percent of its
original dimension. The acceptable percentage reduction in the original dimension can
be determined by a person having ordinary skill in the art, for instance, based on an
economic evaluation. If the reduction in the dimension results in an increase in the
particles passing through the screening system, the membranes will experience increased
abrasion. Thus, a cost-benefit analysis can be used to determine what is an acceptable
percentage reduction of adsorbent material based on the cost of abrasion and eventual
replacement of the membranes as compared to the costs associated with adsorbent

material that minmimizes breakage, and handling and operational costs associated with a
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separation subsystem capable of preventing passage of particles much smaller than the
original adsorbent material granules or particles. In addition, in certain embodiments,
some degree of inter-granule collisions, or collisions of granules within stati(.mary or
moving equipment, is desirable to strip excess biomass from the outer surfaces of the
adsorbent material.

[77]  Screened or separated mixed liquor effluent from the biological reactor 202 can
be pumped or flow by gravity (depending on the design of the particular system) into the
membrane operating system 204, In a system using an external separation subsystem
(not shown), the apparatus is preferably configured such that adsorbent material separated
from the mixed liquor passing through an external fine screen or separator subsystem
falis by gravity back into the biological reactor 202.

[78]  Adsorbent material such as granular activated carbon, e.g., suitably pre-wetted to
form a slurry of adsorbent material, can be added to the wastewater at various points in
the system 200, e.g., from a source 229 of adsorbent material. As shown in FIG. 2,
adsorbent material can be introduced at one or more locations 230a, 230b, 230c and/or
230d. For instance, adsorbent material can be added to the feedstream downstream of the

preliminary screening system 220 (e.g., location 230a). Optionally, or in combination,

adsorbent material can be added directly to the biological reactor 202 (i.e., location 230b).

In certain embodiments, adsorbent material can be introduced via the return activated
sludge line 214 (e.g., location 230c). In additional embodiments, it can be desirabie to
add the adsorbent material upstream of the preliminary screening system 220 (e.g.,
location 230d), where the preliminary screening system 220 is designed specifically for
this application by including screening that aliows the adsorbent material to pass through
and into the biological reactor 202. Mixed liquor passes through the separation
subsystem 222 and the adsorbent material is substantially prevented from passing into the
membrane operating system 204 with the mixed liquor suspended solids.

791 As the adsorbent material remains in the system and is exposed to wastewater
constituents including biologically refractory, biologically inhibitory compounds and/or

organic and inorganic compounds that are entirely resistant to biological decomposition,
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some or all of the adsorbent materigifwljll. béi'c;dme ineffective for treating the constituents,
i.e., the adsorption capacity decreas;s. -_”l_“hisl will result in a higher concentration of these
constituents entering the membrane operating system 204, where they pass through the
membranes, and are discharged witlr"rhe mernbrane effluent 212. In addition, adsorbent
material can become ineffective due to r:oating with bacteria, polysaccharides and/or
extracellular polymeric substances Thls iayer of coating can reach levels where it blocks
the pore sites and thereby prevents access for biologically refractory, biologically
inhibitory and/or organic and inorgar_’iic': compounds that are entirely resistant to biological
decomposition, and consequently p_re;:ems adsorption and inhibits biodegradation. In
certain embodiments of suspended ,‘rgédia membrane biological reactor systems, thils
coating can be removed by a sheaﬁnjg éstion produced by one or more mechanisms in the
system, such as collisions between q&sorbent material granules suspended in the mixed

L
pr

liquor or shearing forces associated with suspension and/or movement of the adsorbent
material.

[80] When adsorbent material has il(_iét all or a portion of its efficacy for reducing the
effluent concentration of blologlcally refractory, biologically inhibitory and/or organic
and inorganic compounds that are entlrely resistant to biological decomposition, a portion
of the adsorbent material can be wasted via waste port 216, e.g., by discharging a portion
of the mixed liquor containing adsorbent material dispersed therein.

[81] Additional fresh or regeneratecj adsorbent material can be introduced into the
system, as described above, via adsdrb(;rrt material introduction apparatus 229 and/or at
one or more suitable addition locations. The inlet wastewater and the effluent wastewater
COD compound concentrations and/or inorganic compound concentrations, can be
monitored to determine when the ad‘sorl.Jlent material and its accompanying biomass in the
system have experienced reduced effer:tiveness. A plot of the difference between the
inlet and effluent COD divided by the inlet COD concentration will show gradual loss of
the efficacy of the adsorbent material in-the mixed liquor. The same type of plot can be

used to monitor the inorganic removal capacity or the removal of a specific organic

species in the system. The amount of COD removed from the feed stream can provide
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an indication of the relative amount of biologically refractory and/or biologically
inhibitory organic compounds that are being removed from the wastewater feed. As the
operators of the system develop experience with treating a particular wastewater, they
will be able to determine when this ratio indicates a point at which there is a need to
remove a portion of the adsorbent material in the biological reactor and replace it with
fresh adsorbent material. The system’s required efficiency will thus be regained for the
compounds that are biologically refractory, biologically inhibitory and/or entirely
resistant to bio-decomposition, for instance, to produce an effluent that is in compliance
with regulatory requirements. Sampling and analysis of the effluent for concentrations of
specific organic and inorganic compounds can also be used to determine when efficacy of
the adsorbent material and its accompanying biomass in the mixed liquor has been
reduced and partial replacement should be initiated.

[82] The operator of a suspended media membrane biclogical reactor system 200 can
begin replacing some of the adsorbent material when the effluent concentrations of
specific organic or inorganic compounds start to approach the facility’s permitted
discharge concentrations for these compounds. The allowed discharge concentrations are
typically limited by the facility’s permit, for instance, as determined by the National
Pollutant Discharge Elimination System (NPDES) permit program that is regulated by
the United States Environmental Protection Agency, or other similar regulating body in a
particular state or nation. As operators gain experience in operating this system with
their particular wastewater, they will be able to anticipate when to commence
replacement of adsorbent material. When the operator determines that the efficacy of the
adsorbent material and its accompanying biomass is approaching an inability to achieve
the requisite effluent concentration of pollutants, the normal wasting of excess biomass
that is performed by wasting return activated sludge from line 218 can cease and the
excess biomass and the accompanying adsorbent material is wasted from the biological
reactor 202 via waste port 216. The amount of material wasted is determined by what is
required to maintain the mixed liquor suspended solids within the optimum operating

range for the particular membrane biological reactor system. After replacement of a

28

|44



portion of the adsorbent material, the effluent is monitored by the operator to determine
whether the requisite contaminant removal efficiency has been restored. Additional
replacement can be made as needed based on operating experience.

[83] In some embodiments, the system and/or individual apparatus of the system can
include a controller to monitor and adjust the system as desired. A controller can direct
any of the parameters within the system depending upon the desired operating conditions,
which may, for example, be based on governmental regulations regarding effluent
streams. The controlier can adjust or regulate valves, feeders or pumps associated with
each potential flow based upon one or more signals generated by sensors or timers
positioned within the system or individual apparatus. The controller can also adjust or
regulate valves, feeders or pumps associated with each potential flow based upon one or
more signals generated by sensors or timers, which indicate a specific trend, for example
an upward or downward trend in a characteristic or property of the system over a
predetermined period of time. For example, a sensor in an effluent stream can generate a
signal indicating that the concentration of pollutants such as biologically refractory
compounds, biclogically inhibitory compounds, and or compounds entirely resistant to
bio-decomposition has reached a predetermined value or trend, or indicating that the
COD level has reached a predetermined value or trend thereby triggering the controller to
perform some act upsiream from, downstream from, or at the sensor. This act can
include any one or more of removing adsorbent material from the biological reactor,
adding new or regenerated adsorbent material to the biological reactor, adding a different
type of adsorbent material, adjusting flow of the wastewater at the feed inlet or inlet to
another apparatus within the system, redirecting flow of the feed inlet or inlet to another
apparatus within the system to a storage tank, adjusting air flow within the biological
reactor, adjusting residence time within the biological reactor or other apparatus, and
adjusting temperature and/or pH within the biclogical reactor or other apparatus. One or
more sensors can be utilized in or with the one or more apparatus or streams of the
system to provide an indication or characteristic of the state or condition of any one or

more processes being performed in the system.
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[84] The system and controller of one or more embodiments of the suspended media
membrane biological reactor system provide a versatile unit having multiple modes of
operation, which can respond to multiple inputs to increase the efficiency of the
wastewater treatment system. The controller can be implemented using one or more
computer systems which can be, for example, a general-purpose computer. Alternatively,
the computer system can include specially-programmed, special-purpose hardware, for
example, an application-specific integrated circuit (ASIC) or controllers intended for
water treatment systems.

[85] The computer system can include one or more processors typically connected to
one or more memory devices, which can comprise, for example, any one or more of a
disk drive memory, a flash memory device, a RAM memory device, or other device for
storing data. The memory is typically used for storing programs and data during
operation of the system. For example, the memory can be used for storing historical data
relating to the parameters over a period of time, as well as operating data. Software,
including programming code that implements embodiments of the invention, can be
stored on a computer readable and/or writeable nonvolatile recording medium, and then
typically copied into memory wherein it can then be executed by one or more processors.
Such programming code can be written in any of a plurality of programming languages or
combinations thereof.

[86] Components of the computer system can be coupled by one or more
interconnection mechanisms, which can include one or more busses, e.g., between
components that are integrated within a same device, and/or a network, e.g., between
components that reside on separate discrete devices. The interconnection mechanism
typically enables communications, e.g., data, instructions, to be exchanged between
components of the system.

[87] The computer system can also include one or more input devices, for example, a
keyboard, mouse, trackball, microphone, touch screen, and other man-machine interface
devices as well as one or more output devices, for example, a printing device, display

screen, or speaker. In addition, the computer system can contain one or more interfaces
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that can connect the computer system to a communication network, in addition or as an
alternative to the network that can be formed by one or more of the components of the
system.

[88] According to one or more embodiments of the suspended media membrane
biological reactor system, the one or more input devices can include sensors for
measuring any one or more parameters of system and/or components thereof.
Alternatively, one or more of the sensors, pumps, or other components of the system,
including metering valves or volumetric feeders, can be connected to a communication
network that is operatively coupled to the computer system. Any one or more of the
above can be coupled to another computer system or component to communicate with the
computer system over one or more communication networks. Such a configuration
permits any sensor or signal-generating device to be located at a significant distance from
the computer system and/or allow any sensor to be located at a significant distance from
any subsystem and/or the controller, while still providing data therebetween. Such
communication mechanisms can be affected by utilizing any suitable technique including
but not limited to those utilizing wireless protocols.

[89]  Although the computer system is described by way of example as one type of
computer system upon which various aspects of the suspended media membrane
biological reactor system and the present invention can be practiced, it should be
appreciated that the invention is not limited to being implemented in software, or on the
computer system as exemplarily shown. Indeed, rather than implemented on, for
example, a general purpose computer system, the controller, or components or
subsections thereof, can alternatively be implemented as a dedicated system or as a
dedicated programmable logic controller (PLC) or in a distributed control system.
Further, it should be appreciated that one or more features or aspects of the suspended
media membrane biological reactor system and the present invention can be implemented
in software, hardware or firmware, or any combination thereof. For example, one or
more segments of an algorithm executable by a controller can be performed in separate

computers, which in turn, can be in communication through one or more networks.
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[90] In some embodiments, one or more sensors can be included at locations
throughout the system 200, which are in communication with a manual operator or an
automated control system to implement a suitable process modification in a
programmable logic controlled membrane biclogical reactor system. In one embodiment,
system 200 includes a controller 205 which can be any suitable programmed or dedicated
computer system, PLC, or distributed control system. The concentration of certain
organic and/or inorganic compounds can be measured at the membrane operating system
effluent 212 or the effluent from outlet 208 of the biological reactor 202, as indicated by
dotted line connections between the controller 205 and both the effluent line 212 and the
intermediate effluent line between outlet 208 and inlet 210. In another embodiment, the
concentration of volatile organic compounds or other property or characteristic of the
system can be measured at one or more of inlets 201, 206, or 210. Sensors known to
those of ordinary skill in the art of process control apparatus can include those based on
laser-induced fluorescence or any other sensor suitable for in situ real time monitoring of
the concentration of organic or inorganic compounds in the effluent or other property or
characteristic of the system. Sensors that can be used include submersible sensors for use
in oil-in-water measurement which use UV fluorescence for detection, such as enviroFlu-
HC sensors available from TriOS Optical Sensors (Oldenburg, Germany). The sensors
may comprise lenses which are coated or otherwise treated to prevent or limit the amount
of fouling or film that occurs on the lenses. When one or more sensors in the system
generate a signal that the concentration of one or more organic and/or inorganic
compounds exceeds a predetermined concentration, the control system can implement a
responsive action such as a suitable feedback action or feedforward action, including but
not limited to removing adsorbent material via waste discharge port 216 (as indicated by
dotted line connections between the controller 205 and the waste discharge port 216);
adding new or regenerated adsorbent material via adsorbent material introduction
apparatus 229 or at one of the other locations (as indicated by dotted line connections
between the controller 205 and the adsorbent material introduction apparatus 229);

adding a different type of adsorbent material; modifying the hydraulic retention time;
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modifying the biological characteristics such as simple carbon food for micro-organisms
or adding phosphorus, nitrogen and/or pH adjustment chemicals; and/or other
modifications as described above or that will be apparent to those of ordinary skill in the
art.

[91} Note that while the controller 205 and the adsorbent material introduction
apparatus 229 are shown only with respect to FIG. 2, it is intended that these features and
the various feedback and feedforward capabilities can be incorporated in any of the
systems described herein. In addition, the controller 205 can be electronically connected
to other components such as a wastewater feed pump and the suspension system 232.

[92] After the mixed liquor is aerated and treated by the adsorbent material in the
biological reactor 202, the processed mixed liquor passes through separation subsystem
222, and is transferred to the membrane operating system 204 substantially free of
adsorbent material. The separation subsystem 222 prevents adsorbent material from
passing into the membrane operating system 204. By maintaining the adsorbent material
in the biological reactor 202, or otherwise upstream of the membrane operating system
204, the suspended media membrane biological reactor system minimizes or eliminates
the likelihood of fouling and/or abrasion of the membrane operating system tank
membranes by the adsorbent material.

[93] The membrane operating system 204 contains filtering membranes 240 to filter
the biomass and any other solids in the mixed liquor in the membrane operating system
tank 204 from the effluent from the bioreactor 212. These membranes 240, which can be
in the form of hollow fiber membranes or other suitable configurations, as is known to
those of ordinary skill in the art, are typically very expensive and it is highly desirable to
protect them from damage in order to maximize their useful life. In the suspended media
membrane biological reactor system 200, the life of the membranes in the operating
system tank are extended, since the separation subsystemn 222 substantially reduces or
eliminates entry of the adsorbent material such as granular activated carbon, and/or any

other solid granules and particles, into the membrane operating system 204.
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[94]  OQutlet 212 transports filtered effluent from the membrane operating system tank
204. Return activated sludge line 214 transports a return activated sludge stream from
the membrane operating system tank 204 to the biclogical reactor 202 for further use in
processing of the wastewater feedstream. Excess sludge is wasted from the system using
waste line 218 as in a conventional membrane biological reactor system.

[95]  The suspension system 232 utilizes one or more of jet suspension, mechanical
mixing, coarse bubble aeration, gas lift suspension systems such as draft tube(s) and draft
trough(s), and other types of mechanical or air suspension systems to maintain the
adsorbent material 234 in suspension while minimizing attrition of the adsorbent material
234,

[96] In certain embodiments, after an initial period of time in which the adsorbent
material 234 is within the biological reactor 202 and some granule breakage occurs, e.g.,
some of the rough and/or protruding surfaces of the adsorbent material 234 break off and
becomes powder, fines, needles or other smaller particulates, the adsorbent material 234
maintained in suspension by the suspension system 232 stabilizes, whereby little or no
further breakage or degradation in size occurs.

[97] The concentration of adsorbent material in the mixed liquor is generally
determined based upon the specific system parameters and wastewater to treat the
particular combination of biologically refractory and/or biologically inhibitory organic or
inorganic compounds to meet a facility’s discharge requirements. Testing has indicated
that operating a membrane biological reactor with a typical industrial mixed liquor
suspended solids concentration (in a normal range for the particular membrane biological
reactor configuration employed) and an adsorbent material concentration, such as
granular activated carbon, of about 20% (of the total mixed liquor suspended solids
concentration) was adequate to remove the biologically refractory and/or biologically
inhibitory organic compounds present in the wastewater feed without creating fouling
problems on the screening system used. Higher concentrations of adsorbent material can
be added to provide an additional margin of safety against process upsets that could cause

higher than normal effluent concentrations of biologically refractory compounds,
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biologically inhibitory compounds, and/or organic or inorganic compounds entirely
resistant to biological decomposition. Note that this additional adsorbent material will
result in increased screening and/or settling requirements. The lowest concentration of
adsorbent material that can be utilized and still achieve the required effluent quality can
be empirically determined, based upon a desired margin of safety against process upsets
that is based on experience or otherwise deemed appropriate for the particular system and
process.

[98) The suspended media membrane biological reactor systems using adsorbent
material upstream of a membrane operating system tank to adsorb organic and inorganic
materials (biologically refractory, biologically inhibitory or otherwise) as well as to
provide for a suspended media membrane biological reactor is applicable for a variety of
different configurations. In addition, various separation devices may also be used to
maintain the adsorbent material in the biological reactor. It will be appreciated by one of
ordinary skill in the art that different systems will have different economic benefits based
on the individual characteristics of the wastewater and the region where the facility is to
be installed.

[99]  The factors that are controlled to produce optimal treatment conditions include the
type of adsorbent material, including its size, shape, hardness, specific gravity, settling
rate, requisite air flow or other suspension needs for granule suspension in the mixed
liquor, i.e., to maintain the granular activated carbon as a suspended media, the screen bar
spacing or opening size and hole configuration, the concentration of adsorbent material in
the mixed liquor, the concentration of the mixed liquor volatile suspended solids, the total
concentration of mixed liquor suspended solids, the ratio of the return activated sludge
flow rate divided by the flow rate of the mixed liquor entering the membrane operating
system tank, the hydraulic retention time and the sludge retention time. This
optimization provides adsorption of some portion of the biologically refractory
compounds, easy to degrade biological oxygen demand compounds (BODs), biologically

inhibitory compounds, organic or inorganic compounds entirely resistant to biological
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decomposition, and extra-cellular polymeric substances by the adsorbent material such as
granular activated carbon suspended in the mixed liquor.

[160] Another benefit of the suspended media membrane biological reactor system is
that sites are provided to which the micro-organisms in the mixed liquor suspended solids
can adhere. This aspect of the process produces a mixed liquor volatile suspended solids
stream that is more stable and resilient in its response to upset conditions and allows
enhanced biodegradation of the organics present in the wastewater as compared to a non-
granular activated carbon enhanced membrane biological reactor operated with similar
hydraulic retention times and sludge retention times. A source of micro-organisms inside
the pore spaces, or on the surface, of the adsorbent material serves as a source of seed
bacteria in the event of an upstream process upset resulting in the loss of some of the
viable micro-organisms floating free in the mixed liquor. In the event of a thermal or
toxic chemical shock to the system, which would, in conventional systems, terminate
certain bacteria, some of the micro-organisms within the pore spaces or on the surface
can survive, thus only a fraction of the recovery time is necessary as compared to
conventional systems without adsorbent. For instance, in systems where the bacteria is
mesophilic, the adsorbent can allow some bacteria within the pore sites to survive in the
event of thermal shock due to increased temperature. Likewise, in systems where the
bacteria is thermophilic, the adsorbent allows some bacteria within the pore sites to
survive in the event of thermal shock due to decreased temperature. In both of these
circumstances, the time required for the cultures to re-acclimate can be greatly reduced.
In addition, in the event of a system shock that terminates all or a portion of the micro-
organism population, the presence of adsorbent material allows for continued operation,
in which labile, refractory, and inhibitory contaminants can be adsorbed while the micro-
organism population is adjusted.

[101] The various benefits have been shown to result in a more rapid acclimation of the
mixed liquor to the wastewater feed, reduce fouling of the membranes, an improved
tolerance to variations in feed concentrations and flow rate, produce a sludge that can be

dewatered more quickly with a less oily nature that is easier to handle, and an effluent
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having a lower concentration of organic and inorganic impurities than can be obtained
from a conventional membrane biological reactor apparatus.

[102] The use of an adsorbent such as granular activated carbon in place of powdered
activated carbon allows the elimination of the membrane fouling and/or abrasion that
have been identified as a problem in powdered activated carbon membrane biological
reactors testing.

{103} Ailthough the use of granular activated carbon in place of powdered activated
carbon does not use carbon as efficiently on a weight basis, the suspended media
membrane biological reactor system and a separation subsystem substantially prevents
the granular activated carbon from entering the membrane operating system thereby
minimizing or eliminating the likelihood of abrasion and fouling of the membranes. The
impact of the reduced adsorption efficiency as a result of using granular activated carbon
in place of powdered activated carbon does not, however, significantly impact the
efficacy of the overall activated carbon-enhanced membrane biological reactor apparatus.
{104] Testing has indicated that the principal mechanism of removal of certain
biologically inhibitory organics and/or biologically refractory compounds is related to an
increase in the residence time that the biologically refractory and biologically inhibitory
compounds are exposed to the micro-organisms in the powdered activated carbon
enhanced apparatus. Micro-organisms in the mixed liquor volatile suspended solids
adsorbed on the adsorbent material such as granular activated carbon have a longer
period of time to digest these certain biologically refractory and biologically inhibitory
compounds. Increased residence time for biodegradation has been shown to be a major
factor in reducing the concentration of certain biologically refractory and biologically
inhibitory compounds in the membrane biological reactor effluent, and the higher
adsorption efficiency of the powdered activated carbon is not required to achieve the
desired results.

[105] Granular activated carbon in a carbon-assisted membrane biological reactor
performs as well or better than a powdered activated carbon enhanced membrane

biological reactor in enhancihg the removal of biologically refractory compounds,
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biologically inhibitory compounds, compounds that are entirely resistant to biological
decomposition, and extra-cellular polymeric compounds by allowing for substantial
regeneration of the granular activated carbon. Also, because of its larger size, it can be
effectively filtered or otherwise separated from the mixed liquor that enters the
membrane operating system tank(s). The abrasion that occurs when using the powdered
activated carbon can be eliminated or significantly reduced by employing granular
activated carbon in the suspended medial membrane biological reactor systern.

[106] While the use of the powdered activated carbon particles in a membrane
biological reactor has demonstrated some of the same advantages described above for the
granular activated carbon system, the observed membrane abrasion from the powdered
activated carbon particles in the membrane operating system tank(s) is unacceptable since
the membrane’s useful life can be reduced to an unacceptable level, e.g., significantly
less than a typical life expectancy of a membrane. Since the cost of the membranes
represents a significant portion of the total cost of a membrane biological reactor system,
an extension of their useful life is an important factor in the operating cost of the
membrane operating system.

f107] FIGs. 3-6 depict certain embodiments of the wastewater treatment system of the
present invention. As noted above, the wastewater treatment system of the present
invention can employ a suspended media membrane biological reactor system described
with reference to FIGs. 1 and 2 and also described in PCT application number
PCT/US10/38644 and Publication Number WO0/09085252. While certain preferred
embodiments are described in conjunction with treatment of low concentration
wastewater, €.g., derived from effluent subjected to upstream wastewater treatment, it
will be appreciated by one having ordinary skill in the art, having the benefit of the
present disclosure, that the wastewater treatment system of the present invention can
advantageously be employed to treat wastewater having some level of biologically labile
compounds as well as compounds entirely resistant to bio-decomposition, biologically
inhibitory compounds, and/or biologically refractory compounds, or a combination of

these.
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[108] Referring to FIG. 3, a treafiﬁé : t sgrstem 354 is schematically shown for treating
effluent 351 from one or more _‘pp_stréarn wastewater treatment stages, collectively
identified as wastewater treatment S)./stem 350. Wastewater treatment system 350
typically treats an influent 301 and discharges excess activated sludge 352 and a liquid
treated effluent 351 that is referred to herein as “low concentration wastewater” or
“effluent subjected to upstream Wastewéter treatment”, as is conventionally known.
While the description which follow_s refers to effluent 351 as being derived from one or
more upstream wastewater treatng_ht'_stages, e.g., primary and/or secondary, it will be
understood by one of ordinary skill ‘_i‘n‘_;_the art that the systems and methods of the present
Invention are alsc.) effective for treati:hg:. low concentration wastewater from other sources,
such as directly from a process having‘_l(;w levels of suspended solids and relatively low
levels of dissolved organics. In addi_tjo‘n, the wastewater treatment system of the present
invention can advantageously be énﬁ;loyed to treat wastewater having some level of
biologically labile compounds as wéil as compounds entirely resistant to bio-
decomposition, biologically inhib_i_bry‘ compounds, and/or biologically refractory
compounds, or a combination of thesz.. —ln _the.se embodiments, stream 351 can be a direct
influent, or subject to minimal upstregqi ﬁrocessing, such as a primary separation system
in which substantially all solids have beéﬁ removed.

[109] As discussed above, tertiary treatment of an effluent from a secondary treatment
zone commonly includes passing the entire secondary effluent through one or more
granuiar activated carbon columns or other tertiary system for additional treatment, e.g.,
polishing, in order to achieve the required water quality standards. In contrast, treatment
system 354 of the present invention, which can be used as a tertiary treatment system,
employs a combination of a high flux adsorbent material system 359 to adsorb a
substantial amount of contaminants, and a further system 399 for biologically treating
adsorbed contaminants, i.e., contamﬂinénts adsorbed on the adsorbent material, by
biological regeneration and/or reactivation.

[110] In general terms, the treatment system 354 of the present invention comprehends

a high flux adsorbent material treatment system 359 and a low flux adsorbent material
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biological regeneration reactor system 399. The high flux adsorbent material treatment
system 359 includes a mixing zone 360 for receiving fresh and/or recycled adsorbent
material, e.g., from a source 393 of adsorbent material. Mixing zone 360 is in fluid
communication with a source of low concentration wastewater 351 such as effluent
subjected to upstream wastewater treatment or other Jow concentration wastewater.
Mixing zone 360 intimately mixes the adsorbent material and wastewater, and passes the
mixture of low concentration wastewater and adsorbent material 361 to an adsorbent
material settling and liquid separation zone 370. A major portion of the overall liquid
volume/flux is decanted or otherwise discharged from the adsorbent material settling and
liquid separation zone 370 as effluent 371, which can optionally be subject to further
tertiary treatment 390. The adsorbent material is removed from the adsorbent material
settling and liquid separation zone 370 as an adsorbent material effluent discharge 372
which is passed to the low flux adsorbent material bjological regeneration reactor system
399, which includes a biological regeneration reactor 302, a membrane operating system
304, an adsorbent material shearing zone 386 and an adsorbent material/biomass
separation zone 387. In aerobic systems, the biological regeneration reactor 302 further
includes a source of oxygen, and micro-organisms biologically oxidize organics and
certain inorganics adsorbed on the adsorbent material in the biological regeneration
reactor 302, and mixed liquor including mixed liquor volatile suspended solids is passed
through an adsorbent solids separation apparatus 322 and discharged as biological
regeneration reactor mixed liquor effluent 308 outlet to a solids separation apparatus to
remove biomass and any other solids in the mixed liquor. For example, in certain
embodiments of the present invention, the solids separation apparatus includes membrane
operating system 304, in which the biological regeneration reactor effluent 308 is passed
to an inlet 310 of the membrane operating system 304 to remove biomass and any other
solids in the mixed liquor. Membrane-treated effluent 312 is discharged as permeate, and
activated sludge 314, as retentate, is returned to the biological regeneration reactor 302.
A portion of the activated sludge can be discharged from the system via a waste line 318.

Adsorbent material from the biological regeneration reactor 302 is passed to the
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adsorbent material shearing zone 386, in which excess biomass is sheared from the
granules or particles of adsorbent material. Biomass is separated from the adsorbent
material in the adsorbent material/biomass separation zone 387. Separated adsorbent
material that has been regenerated via biological regeneration reactor 302 and
subsequently sheared and separated in zones 386 and 387 is recycled via recycle line 389
to the mixing zone 360, and biomass is returned via 388 to the biological regeneration
reactor 302. Spent adsorbent material can be removed from the biological regeneration
reactor 302, via line 316, or from the adsorbent material/biomass separation zone 387 via
line 392.

f[111] In certain embodiments, the functions of the adsorbent material shearing zone 386
and an adsorbent material/biomass separation zone 387 can be integrated in a single unit
operation. Examples of apparatus that can perform shearing and biomass separation
include continuous backwash filters and/or walnut shell filter. In additional embodiments,
some or ali of the functionality of the adsorbent material shearing zone 386 and an
adsorbent material/biomass separation zone 387 can be accomplished in the biological
regeneration reacior 302, for instance if biological regeneration reactor 302 is suitably
equipped with sufficient turbulence to promote the necessary shearing. In these
embodiments, the biomass can remain in the biological regeneration reactor 302, and the
regenerated, sheared and separated adsorbent material can be passed directly to the
mixing zone 360.

[112] In addition, adsorbent material can be introduced at various locations in the
system. For instance, a source 393 can be used to introduce fresh or regenerated
adsorbent material via line 389, e.g., mixed with recycled adsorbent material that is
returned to mixing zone 360. Other suitable locations can be used for introducing
adsorbent material, for instance, as discussed in with reference to FIG. 2, directly into
mixing zone 360, or directly into liquid separation zone 370.

[113] In certain embodiments, the adsorbent material effluent stream 372 is lacking in
sufficient nutrients to support the biology within biological regeneration reactor 302.

Accordingly, a portion of the raw wastewater from influent 301 can be introduced into
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the biological regeneration reactor 302, for instance via a bypass stream 303. This stream
303 can be intermittent, or continuous, depending on the type of wastewater, its
constituents, and whether or not the wastewater composition changes over time. Adding
this raw wastewater or some other simple carbon source can enhance the development of
bacteria that is required for optimal degradation of refractory organics that are removed
from Jow concentration wastewater stream 351 by the adsorbent material. The raw
wastewater initially provides bacteria that become acclimated to the raw wastewater feed
constituents, and these bacteria then provide a starting point for bacteria that can
biologically degrade the refractory organics. The initial bacteria can evolve over time
into species that can digest the refractory organics. Having an untreated wastewater
stream feeding the organisms in biological regeneration reactor 302 will result in a
bacteria population that is capable of digesting more complex organic compounds than
the bacterial that would be present in a sanitary wastewater treatment system, which is
generally the most common starting point for bacteria in a wastewater treatment system.
Alternatively, or in combination, seed cultures can be added to the biclogical
regeneration reactor 302. Periodically, additional seed culture of the same or a different
type can be added, for instance, if the bacteria population decreases due to an upstream
event or thermal shock, or if the wastewater contaminants change.

{(114] Influent low concentration wastewaters can be deficient in certain nutrients
beneficial to the biology that occurs in the biological regeneration reactor 302. Further,
certain influent wastewaters have pH levels that are excessively acidic or caustic.
Accordingly, as will be apparent to a person having ordinary skill in the art, phosphorus,
nitrogen, and pH adjustment chemicals can be added to maintain optimal nutrient ratios
and pH levels for the biological life and associated activity, including biological
oxidation, in the biological regeneration reactor 302. Additionally, in certain
embodiments, a stream of simple carbon compounds can be added to increase the rate of
biodegradation of the adsorbed contaminants.

{115] In particular, low concentration wastewater is introduced to the mixing zone 360,

which 1s supplied with adsorbent material, such as granular activated carbon. The
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adsorbent material can include fresh adsorbent material and/or adsorbent material
recycled from within the system, i.e., from the adsorbent material/biomass separation
zone 387. The low concentration wastewater and adsorbent material is intimately mixed
in mixing zone 360, and at least a portion of the dissolved organics and/or inorganics
which were present in effluent 351 are adsorbed on the adsorbent material, i.e., on the
outer surface, on the pore wall surfaces, or both.

{116] A mixed stream 361 from the mixing zone 360, including adsorbent material that
has adsorbed at least a portion of the organics and/or inorganics from the effluent 351, is
then passed to the adsorbent material settling and liquid separation zone 370, e.g., in the
form of a slurry. If organics and/or inorganics remain in the liquid portion of the mixture
361, adsorption can continue in the adsorbent material settling and liquid separation zone
370, depending on the flow rate, settling rate, adsorptive capacity of the adsorptive
material, and other factors. Preferably, a substantial amount of contaminants are
removed so that the remaining liquid portion, decanted or otherwise removed as a high
flux adsorbent material effluent stream 371, at least meets levels mandated by the
relevant regulatory bodies, and can be recycled or discharged in an environmentally
friendly manner. If necessary, stream 371 can be passed to a tertiary treatment zone 390
for final polishing, and the polished effluent 391 discharged. Advantageously, the
organics and/or inorganics removed from stream 371 (i.., as compared to the effluent
351 from wastewater treatment system 350) are adsorbed on the adsorbent material, and
stream 371 represents a major portion of the liquid volume of the initial low
concentration wastewater stream presented to system 354, e.g., stream 351. In certain
embodiments, the flux of stream 371 is at least 90% of the flux of stream 351; in other
embodiments, the flux of stream 371 is at least 95% of the flux of stream 351; in
additional embodiments, the flux of stream 371 is at least 99% of the flux of stream 351;
in further embodiments, the flux of stream 371 is at least 99.9% of the flux of stream 351;
and in still further embodiments, the flux of stream 371 is at least 99.99% of the flux of
stream 351. The proportion of stream 371 relative to stream 351 can depend on various

factors, including the level of initial contamination, the degree of mixing in the mixing
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zone 360, the volume, configuration and residence time within the adsorbent material
settling and liquid separation zone 370, the adsorptive capacity of the adsorbent material,
and/or other factors.

[117] In one embodiment, the adsorbent material settling and liquid separation zone 370
includes a vessel configured with an inverse conical or frusto-conical bottom portion 385.
Accordingly, adsorbent material is removed by gravity settling through a discharge port
at the bottom of the vessel, along with a minor portion of water from the influent stream
351. In addition, in embodiments in which organics and/or inorganics are not sufficiently
adsorbed in the mixing zone 360, the adsorbent material settling and liquid separation
zone 370 can be suitably dimensioned to provide additional contact time between the
thus-treated wastewater effluent and the adsorbent material. In certain embodiments of
the adsorbent material settling and liquid separation zone 370, this can be accomplished
with a vessel providing a low concentration wastewater residence time of greater than
about 5 minutes, and in certain embodiments having a residence time of greater than
about 15 minutes. Of course, one of ordinary skill in the art, having the benefit of the
teachings herein, will appreciate that the time required to separate the adsorbent from the
effluent will depend on a variety of factors, including but not limited to the density of the
adsorbent material, the density of the wastewater, and the geometry of the tank.

{118] The adsorbent material settling and liquid separation zone 370 can preferably
include a separation subsystem for preventing adsorbent material from exiting the
adsorbent material settling and liquid decanting zone with the high flow of liquid effluent
371. In certain embodiments, the separation subsystem can comprise a quiescent zone
384, e.g., formed by baffles 381 and 382. This permits a substantial amount of the
adsorbent material present in the adsorbent material settling and liquid separation zone
370 to be directed towards the inverse conical or frusto-conical bottom portion 385. In
additional embodiments, the separation subsystem can comprise a screening apparatus
383 proximate the outlet of the adsorbent material settling and liquid separation zone 370.
The screening apparatus 383 can be a stationary screen, a moving screen, a wedge wire

screen, a rotary drum screen, or other suitable screen type. In further embodiments, the
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separation subsystem can comp;ise both the quiescent zone 384 and the screening
apparatus 383. In still further émbodiments, the separation subsystem can include a
quiescent zone and a weir located at the liquid effluent 371 outlet of the adsorbent
material settling and liquid separation zone 370. Note that the separation subsystem used
in the adsorbent material settling and liquid decanting zone 370 can be the same or
different than the separation subﬁsy.stem used in biological regeneration reactor 302
including one or more of a screehiﬁg system, a settling zone, or a combination thereof. In
addition, if further solids removal -from the effluent 371 is required, a clarifier, filter, or
other separation device can be included in fluid communication downstream of the
effluent 371 outlet of the adsorbent rriéterial settling and liquid separation zone 370.

{119] For instance, the separation ';subsystem within the adsorbent material settling and
liquid separation zone 370 can bie,:e‘l-iminated in embodiments in which the adsorbent
material has a relatively high Speciﬁ'“‘_ gravity (e.g., greater than about 1.10 in water at
20°C, in certain embodiments great-gif;;l;én about 1.40 in water at 20°C, and in additional
| embodiments having a specific gra:\"ri‘t} of up to about 2.65 in water at 20°C), whereby
high settling rates, in combination‘*".'_v;r_i"fh suitable dimensions and configurations of the
adsorbent material settling and liquid?ﬁiécanting zone 370, including the geometry of the
bottomn portion 385 and the position of ;fhé,efﬂuent 371 outlet. In these embodiments, a
clarifier, filter, or other separation d\c_sﬁ..'(ice can be provided downstream of the adsorbent
material settling and liquid sep!aratipp; zone 370. Alternatively, a clarifier, filter, or other
separation device can also be eliminated iﬁ embodiments in which the effluent 371 is
subjected to a final polishing app%lfééus, 390. In certain embodiments, if the final
polishing apparatus 390 is a fixed bc_éa érmﬁlar activated carbon adsorption column, any
excess adsorbent material from the adsorbent material settling and liquid decanting zone
370 that may pass with effluent 371 {(yill not impact the final effluent as it will be trapped
in the polishing apparatus 390.

[120] Adsorbent material passes from the adsorbent material settling and liquid

separation zone 370 to a biological regeneration reactor in which micro-organisms

biologically degrade organics and certain inorganics adsorbed on the adsorbent material.
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121} In certain embodiments, t}ég;biologica] regeneration reactor 302 is an aerobic
system, in which the micro-organi_éms a:é z;érobic and the biological regeneration reactor
302 is an aeration tank, including a source of oxygen (not shown), for instance, one or
more diffusers, jet suspension apparatus, or gas lift suspension systems, as described in
PCT application number PCT/US.II 0/38644, and the biological degradation includes
biological oxidation. The biology within thé biological regeneration reactor is discussed
in greater detail in PCT application number PCT/US10/38644, and in PCT Publication
Number W0O/09085252.

122} In additional embodiments, the biological regeneration reactor 302 is an anaerobic
system, in which the micro-organisms aée anaerabic.

[123] Mixed liquor, including mixed liquor volatile suspended solids, is discharged,
through a separation subsystem 322 i}n _o"'_r..c_lownst:ream of the biological rector 302, and
passed from an outlet 308 of the biol(;g'iﬁal=rector 302 to the membrane operating system
304 through an inlet 310. The méinb_ra;le operating system 304 contains one or more
membranes 340. Membrane-treated:'zﬁlﬁ;éht_ :312 is discharged as permeate, and activated
sludge 314 as retentate is returned to the _biélbgica] regeneration reactor 302. Optionally,
activated sludge waste can be discha_:gé.d.;.fr.o.‘n'j the return activated sludge line 314 via a
waste line 318. In addition, an optionéll;d.sorbent material waste line 316 (as indicated
by a long-dash line) can remove spent é;dsﬁrbent material that has lost its efficacy, or be
uséd to periodically remove adsorbent materiai, as described in conjunction with FIG, 2
and in PCT Publication Number WO0/09085252 and in PCT application number
PCT/US10/38644. Preferably, removed spent adsorbent material is replenished with
equivalent amounts of fresh or regenerated adsorbent material. In additional optional
embodiments, all or a portion of membrane treated effluent 312 can be passed via
optional line 313 (as indicated by a long-dash line) to a tertiary treatment zone 390 for
final polishing.

[124] The adsorbent material, such as granular activated carbon, and any entrained
liquid in stream 372 that passes into the biologi'cal regeneration reactor 302 is treated in a

similar manner as the membrane biological reactor systems described in PCT application
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number PCT/US10/38644 and in PCT Publication Number W0/09085252. However, the
flux of stream 372 is relatively low. For instance, the flux of stream 372 can be less than
about 10%, 5%, 1%, 0.1% or even less than about 0.001% of the flux of stream 351. In
certain embodiments, the flux is the minimum flow that can be passed through the
membrane operating system 304 without impacting the activity of the micro-organisms in
the biological regeneration reactor 302. Alternatively, this system can be operated as a
sequencing batch reactor, in which the effluent is discharged when the wastewater has
been adequately treated. In addition, in certain embodiments, the biological regeneration
reactor 302 can be an aeration tank incorporating a combination of jet suspension or gas
lift suspension, a quiescent zone and a wedge wire screen as is described in PCT
application number PCT/US10/38644. The membrane operating system 304 in the low
concentration wastewater treatment system 354 of the present invention operates in a
similar manner as the membrane biological reactors described in PCT application number
PCT/US10/38644 and in PCT Publication Number W0O/09085252, however, operating at
a very low flow rate. As biomass builds up in this system, it can be wasted in a manner
similar to conventional membrane biological reactor systems, e.g., through a return
activated sludge waste line 318. An adsorbent material waste line 316 is also provided.
For instance, the adsorbent material can lose its adsorption capacity in conditions where
the effluent subjected to upstream wastewater treatment contains inorganics or
biologically inhibitory compounds that are not oxidized even with the substantially
increased residence time using the low concentration wastewater treatment system of the
present invention. Adsorbent material can be replaced in the system, e.g., using one or
more of the adsorbent material input locations described in PCT Publication Number
WO/09085252, or in another suitable location, or source 393.

[125] On a continuous or intermittent basis, a side stream including adsorbent material,
and optionally mixed liquor to provide a liquid carrier for the adsorbent material that
facilitates transfer (e.g., in the form of a slurry), is removed from the biological
regeneration reactor 302 and passed to shearing zone 386. In the shearing zone 386,

excess biomass is sheared from the outer surfaces of the adsorbent material, such that the
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adsorption capacity of the adsorbent material in mixing zone 360 and/or the adsorbent
material settling and liquid separation zone 370 is maximized. The shearing zone 386
can include one or more of a pump, a jet nozzle, an aerated grit chamber, a mechanical
mixet, centrifugal devices such as a hydrocyclone or centrifuge, or other apparatus that
facilitates collision to effectuate shearing and in certain embodiments promote separation
of biomass from adsorbent material. The turbulence, inter-granule collisions, and
collisions with other solid objects (stationary or moving) of the shearing zone and in
certain embodiments, piping between the shearing zone and the biological regeneration
reactor 302, can result in shearing of excess biomass from the outer surface of the
adsorbent material and become free floating mixed liquor suspended solids including
mixed liquor volatile suspended solids.

[126] In addition, the action of the fluid circulation, including high velocity liquid
and/or gas contacting surfaces of the adsorbent material having excess biomass
contributes to the desired shearing.

(127} In certain embodiments, the adsorbent material shearing zone 386 can comprise
continuous regenerating system, for instance, having the configuration of a walnut shell
filter or other similar unit operation, e.g., without the walnut shell media, for instance, of
the type that is commercially available from Siemens Water Technologies. For instance,
as the adsorbent material is passed through the continuous regenerating system such as a
continuous backwash filter or a walnut shell filter, inter-granule collisions and collisions
with other solid objects and/or surfaces in the continuous regenerating system causes
shearing of excess biomass from the granules of adsorbent material.

[128} The slurry including sheared adsorbent material, free biomass sheared from the
adsorbent material, and any mixed liquor is passed to an adsorbent material/biomass
separation zone 387 to separate mixed liquor suspended solids biomass sheared from the
adsorbent material from the more dense adsorbent material. The adsorbent
material/biomass separation zone 387 can include one or more of a hydrocyclone
separator, a centrifuge, a side stream off of the continuous regenerating system, or other

device suitable to separate adsorbent material from the biomass.
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[129] Note that in certain embodiments in which the biological regeneration reactor 302
includes jet nozzles or other apparatus that effectuates shearing within the biological
regeneration reactor 302 as described in PCT application number PCT/US10/38644,
shearing zone 386 can be eliminated or bypassed, whereby a side stream from the
biological regeneration reactor 302 is passed directly to the adsorption/biomass
separation zone 387.

[130] The separated adsorbent material from the adsorbent material/biomass separation
zone 387 is passed to the mixing zone 360 via a line 389. The adsorbent material
returned to the mixing zone 360 contains a reduced concentration of micro-organisms,
and thus the organics in the low concentration wastewater can be adsorbed and exposed
to the desired biology in the mixing zone 360 and in the adsorbent material settling and
liquid separation zone 370, prior to passage into the biological regeneration reactor 302.
[131] Sheared biomass, which can include mixed liquid having mixed liquor suspended
solids and mixed liquor volatile suspended solids, from the adsorbent material/biomass
separation zone 387, is passed to the biological regeneration reactor 302 via a line 388.
{132} In alternative embodiments, mixed liquor from the adsorbent material/biomass
separation zone 387 can be transferred downstream from the separation subsystem 322 of
the biological regeneration reactor 302, for instance, combined with effluent 303, or
passed directly into the membrane operating system., Notably, the separation
requirements of separation subsystem 322 can be reduced or obviated in this alternative
embodiment, as mixed liquor can be transferred without the need for further separation.
In certain embodiments, a source of mixed liquor for the membrane operating system 304
(or clarifier/settling tank 395 described in connection with FIG. 3) can be the liquid
effluent from the adsorbent material/biomass separation zone 387.

[133] In certain preferred embodiments, in order to facilitate settling of the adsorbent
material in the adsorbent material settling and liquid separation zone 370, granular
activated carbon having relatively high specific gravity levels is employed. For instance,
granular activated carbon having a specific gravity greater than 1.10 can be used. In

further embodiments, granular activated carbon having a specific gravity greater than
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1.40 can be used. Since the flow rate of the mixture containing granular activated carbon
is relatively low, and the biological regeneration reactor 302 and membrane operating
system 304 are relatively small, the higher energy requirements to maintain the denser
adsorbent material in suspension for a period of time sufficient to cause the desired level
of biology within the biological regeneration reactor 302 are not a significant factor in the
overall energy requirements of operating the system.

[134]) Certain low concentration wastewater influents can include inorganic compounds
not capable of being degraded by the microorganisms. The levels of these inorganics
must typically be reduced to within mandated regulatory requirements. The adsorbent
material can be modified with a treatment process and/or species thereby providing an
affinity to certain chemical species and/or metals in the wastewater, for instance, by
impregnating suitable compounds, as further described in PCT application number
PCT/US10/38644. As the micro-organisms in the low concentration wastewater
treatment system of the present invention cannot remove these inorganic compounds as
effectively as they can remove organic compounds, systems using adsorbent material to
adsorb inorganic contaminants generally require more frequent replacement of adsorbent
material as compared to systems treating only organic compounds. The spent adsorbent
material is removed from the system as it approaches the adsorption limit for each
compound to be removed from the low concentration wastewater, For instance, sampling
and analysis or online monitoring can be performed periodically or continuously to
determine the organic or inorganic concentration from the low concentration wastewater
treatment system of the present invention, as the adsorption capacity of granular activated
carbon for various compounds is inversely related to the waste concentrations in effluent
371.

[135} In an additional embodiment in which a tertiary treatment system 390 is employed
and includes a conventional adsorbent material filtration system, contaminated adsorbent
material from system 390 can be regenerated and/or reactivated using the adsorbent
material biological regeneration reactor system 399, as indicated by line 394 between the

tertiary treatment system 390 and the biological regeneration reactor 302. Certain
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existing granular activated carbon adsorbent filter systems use staged adsorption, in
which fresh granular activated carbon is added in the final downstream filter, and the
partially loaded granular activated carbon is used in the upstream filter(s). In
embodiments of the present invention in which contaminated adsorbent material from
system 390 is regenerated and/or reactivated using the adsorbent material biological
regeneration reactor system 399, the partially loaded granular activated carbon is
transferred to the biological regeneration reactor 302 for regeneration and reuse as all or a
portion of the adsorbent material in the mixing zone 360. Although line 394 is shown as
transferring partially loaded adsorbent material directly to the biological regeneration
reactor 302, one of ordinary skill in the art, having the benefit of the teachings herein,
will appreciate that this partially loaded adsorbent material can be introduced in the
adsorbent material shearing zone 386, the adsorbent material/biomass separation zone
387, the source 393 of adsorbent material, the mixing zone 360, or the liquid separation
zone 370.

[136] In some embodiments, one or more sensors can be included at locations
throughout the system 350, including within the high flux adsorbent material treatment
system 359 and the low flux adsorbent material biological regeneration reactor system
399. These sensors can be employed with a manually controlled and operated system or
an automated control system to implement a suitable process modification in a
programmable logic controlled wastewater treatment system. In one embodiment, System
350 (or the high flux adsorbent material treatment system 359 and the low flux adsorbent
material biological regeneration reactor system 399) includes a controller 305 which can
be any suitable programmed or dedicated computer system, PLC, or distributed control
system. The concentration of certain organic and/or inorganic compounds can be
monitored and measured by a sensor or sensors in fluid communication with effluent 312
or the effluent from outlet 308 of the biological regeneration reactor 302, as indicated by
dash-dot line connections between the controller 305 and both the effluent line 312 and
the intermediate effluent line between outlet 308 and inlet 310. 1n another embodiment,

the concentration of volatile organic compounds or other property or characteristic of the
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system can be measured at one or more of inlets 301, 351, or 310. In additional
embodiments, concentration of certain organic and/or inorganic compounds can be
monitored and measured by a sensor or sensors in fluid communication with effluent 371
of the adsorbent material settling and liquid separation zone 370, as indicated by dash-dot
line connections between the controller 305 and the effluent line 371. Sensors known to
those of ordinary skill in the art of process control apparatus can include those based on
laser-induced fluorescence or any other sensor suitable for in situ real time monitoring of
the concentration of organic or inorganic compounds in the effluent or other property or
characteristic of the system. Sensors that can be used include submersible sensors for use
in oil-in-water measurement which use UV fluorescence for detection, such as enviroFlu-
HC sensors available from TriOS Optical Sensors (Oldenburg, Germany). The sensors
can comprise lenses which are coated or otherwise treated to prevent or limit the amount
of fouling or film that occurs on the lenses. When one or more sensors in the system
generate a signal that the concentration of one or more organic and/or inorganic
compounds exceeds a predetermined concentration, the control system can implement a
responsive action such as a suitable feedback action or feedforward action, including but
not limited to removing adsorbent material via waste discharge port 316 (as indicated by
dotted line connections between the controller 305 and the valve associated with the
waste discharge port 316); removing return activated sludge via a waste line 318 (as
indicated by dotted line connections between the controller 305 and the valve associated
with the waste discharge port 318); adding new or regenerated adsorbent material via
adsorbent material source 393 or at one of the other locations (as indicated by dotted line
connections between the controller 305 and the valve associated with the adsorbent
material source 393); adding a different type of adsorbent material; modifying the
hydraulic retention time; modifying the biological characteristics such as simple carbon
food for micro-organisms or adding phosphorus, nitrogen and/or pH adjustment
chemicals; and/or other modifications as described above or that will be apparent to those

of ordinary skill in the art.
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{137] In additional embodiments, the condition of the slurry containing adsorbent
material can be characterized by one or more sensors (indicated in FIG. 3 with a shaded
circle), such as optical sensors and/or UV fluorescence sensors. For instance, one or
more sensors can be associated with the adsorbent material effluent stream 372, as
indicated by dash-dot line connections between the controller 305 and the stream 372, to
measure the concentration of one or more compounds in the stream and/or to determine
the quality of the adsorbent material in the slurry. Further, one or more sensors can be
associated with the adsorbent material effluent stream from the biological regeneration
reactor, as indicated by dash-dot line connections between the controller 305 and the line
between the biological regeneration reactor and the adsorbent material shearing zone 386,
and/or one or more sensors can be associated with the adsorbent material recycle line 389,
as indicated by dash-dot line connections between the controller 305 and the recycle line
389. In the event that it is determined, based on information from one or more of these
sensors and/or other sensors or source of information, that the adsorbent material has a
reduced adsorptive capacity, appropriate feedback or feedforward action can be actioned.
[138] Referring now to FIG. 4, a low concentration wastewater treatment system 454
similar to system 354 shown in FIG. 3 is schematically illustrated. In system 454, an
adsorbent material settling and liquid separation zone 470 is provided, which can be one
or more centrifuges, hydrocyclones, clarifiers, filters of various types, or other suitable
separation devices. The adsorbent material settling and liquid separation zone 470
separates the liquid from the mixed stream 461, containing low concentration wastewater
and adsorbent material from the mixing zone 460.

[139] In certain embodiments of the system 454, flow rates within the high flux
adsorbent material system 459 are controlled to provide sufficient residence time to allow
the requisite level of contaminants from the stream 451 to adsorb onto the adsorbent
material such as granular activated carbon, and discharge a stream 471 meeting mandated
quality levels for effluent discharge, or at levels of contamination sufficiently low to be
conveniently treated in a supplemental tertiary treatment system 490. Other aspects of

the low concentration wastewater treatment system 454 are substantially the same as
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those described with respect to system 354, and similar reference numbers are used in
FIG. 4 to represent similar or equivalent components.

[140] Referring now to FIG. S, a low concentration wastewater treatment system 554 is
schematically illustrated similar to system 454 shown in FIG. 4, wherein a low flux
adsorbent material biological regeneration reactor system 599 includes a biological
reactor system other than a membrane operating system. In particular, the low flux
adsorbent material biological regeneration reactor regeneration system 599 includes a
biological regeneration reactor 502, an adsorbent material shearing zone 586, adsorbent
material/biomass separation zone 587, and a clarifier/settling apparatus 595 as a solids
separation apparatus. The clarifier/settling apparatus 595 can be either a clarifier
apparatus, a settling apparatus, or an apparatus that performs both clarification and
settling. The system operates in a manner similar to system 354, but without the
membrane operating system 304. Rather, to remove biomass and any other solids in the
mixed liquor, a clarifier/settling apparatus 595 is used. In particular, clarifier/settling
apparatus 595 allows activated sludge to settle, and it is returned to the biological rector
502 via a return activated sludge line 514. Clarified liquid is passed as effluent 512. The
clarifier/settling tank 595 can be substituted in any of the systems described with
reference to FIGs. 3, 4 and/or 6. Other aspects of the low concentration wastewater
treatment system 554 are substantially the same as those described in connection with
system 354, and similar reference numbers are used in FIG. 5 to represent similar or
equivalent components.

[141] Referring now to FIG. 6, a low concentration wastewater treatment system 654 is
schematically illustrated that is similar to system 354 shown in FIG. 3, in which a high
flux adsorbent material system 659 is an integrated mixing/settling unit operation. For
instance, in certain embodiments, the high flux adsorbent material system 659 can
include a continuous backwash filter or a continuous regenerating filtration system

similar to a continuous regenerating walnut shell filter (without the walnut shell media),

for instance, of the type that is commercially available from Siemens Water Technologies.

Adsorbent material is removed as effluent 672, and the effluent 671 is wastewater that
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has had contaminants adsorbed therefrom. In certain embodiments, the continuous
regenerating system also can perform stripping functions, in combination with, or as an
alternative to, an adsorbent material shearing zone 686, and adsorbent matetial/biomass
separation zone 687. Note that in such embodiments, an adsorbent material/biomass
separation zone is provided downstream from the continuous backwash high flux
adsorbent material system 659. In an additional embodiment, high flux adsorbent
material system 659 includes an adsorbent material filtration apparatus such as a
conventional tertiary carbon filter, in which treated water is discharged as stream 671,
and the partially loaded adsorbent material 672, instead of being treated with
conventional hot air or steam regeneration, for instance, is regenerated using the system
- 699 for biologically treating adsorbed contaminants, which operates in a manner similar
to that described with respect to FIG. 3, and regenerated adsorbent material 688 is
introduced into the tertiary carbon filter included in the high flux adsorbent material
system 659. Other aspects of the low concentration wastewater treatment system 654 are
substantially the same as those described in connection with system 354, and similar
reference numbers are used in FIG. 6 to represent similar or equivalent components.

[142] In additional embodiments of the present invention, the source of wastewater
treated by the a high flux adsorbent material treatment system integrated with a low flux
adsorbent material biological regeneration reactor according to the present invention can
be from a system that treats primary solids including a portion of the BODs compounds
by irradiation. In particular, and referring to FIG. 7, a system 700 is shown for treating
an influent wastewater stream 701 containing suspended organic solids, dissolved organic
solids, and optionally, other contaminates such as inorganics. The influent wastewater
stream 701 is introduced into a primary separation system 753, such as a settling zone
that allows biological solids to settle, a clarifier, a centrifuge, filter, screen, belt press,
vortex separators, flotation devices, or other solids removal systems. In the primary
separation system 753, solids and a portion of the easy to degrade biological oxygen

demand compounds (BODs) materials are separated from the wastewater stream.,
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[143] A typical primary treatment system is usually capable of reducing the BOD;
concentration by about 40% to about 50%, and reducing the total suspended solids
concentration by about 60% to about 70%. The solids removed in this step are usually

the larger more slowly biodegradable suspended solids and the effluent is typically a

mixture of the more volatile, easier-to-treat compounds present in the sanitary wastewater.

Additional unit operations can also be used to provide a greater removal efficiency of the
undissolved contaminants in the raw wastewater. For instance, one or more centrifuge
devices, settling devices, or floatation r;levice‘s (e.g., dissolved air, induced air flotation)
can be used. In further embodiments, additional unit operations can include addition of
appropriate chemical compounds to treat to remove at least a portion of the less dense
solids present in the raw wastewater.

[144) In certain embodiments, a, water phase, typically including dissolved
contaminants and a minority portion’ of fsuSpended solids, can be discharged as a
wastewater effluent containing some. i‘eﬁel .of ‘biologically labile compounds or a low
concentration wastewater efﬂuent‘TS!j; and then treated downstream by a wastewater
treatment system 754, which operates, f;r ’e%Mple, in a manner similar to one or more of
systems 354, 454, 554 or 654 described%pr‘év'i;)usly. An effluent 712 is discharged that is
generally suitable for recycling as process watér, irrigation, or environmentally friendly
discharge. Untreated biological solids are separated from the primary treatment system
753 as a solid effluent stream 774, typically containing entrained liquids, and are passed,
e.g., using a sewage trash pump or progressive cavity pump (not shown) suitable for
handling of solid-laden liquids and slurries to a homogenization zone 775, in which the
solids are homogenized by a suitable mechanica_l apparatus such as one or more grinders
and/or shredders. The homogenization zone 775 ensures that no compact lumps of solids
are introduced into the downstream irradiati.(:)'ni/l disinfection zone 777, thereby ensuring a
maximum level of disinfection.

[145] The untreated homogenized solids 776, generally in a slurry form, are pumped to
an irradiation / disinfection zone 777, in which ﬂie solids are disinfected using beta-ray,

gamma-ray, X-ray or electron beam radiation, for instance, to achieve United States
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Environmental Protection Agency Class A or B bio-solid disinfection requirements, or
mandated sludge disinfection requirements of other jurisdictions. The disinfected solids
778 can thus be disposed of in an environmentally friendly manner.

[146] FIG. 8 shows another embodiment of a wastewater treatment system including
itradiation of primary solids that are mixed with an inert material to allow it to be reused
as a soil substitute or for other uses. In particular, a system 800 is similar to system 700,
with the additional operation of a mixing zone 763, in which disinfected solids 778 are
mixed with an inert filler material 762, such as sand, clay, and/or another suitable filler
material, to produce a product 764, which can be useful as soil, compost, or fertilizer.
The system 800 including providing the product 764 is particularly desirable for treating
wastewater having solids not having toxic organic or inorganic compounds.

[147] Optionally, a dewateting zone can be provided in the system 700 or 800.
However, in system 800, excess water can be absorbed by sand or other inert material
mixed with the disinfected primary solids.

[148] In certain embodiments, the influent wastewater 701 includes a high
concentration of metals, other inorganics, or toxic organics. Acco;'dingly, even when
disinfected to suitable levels, a mixture of the disinfected bic-solids and filler material is
not amenable as a soil, compost or fertilizer product. However, substantial capital cost,
energy and size benefits can be attained, even in embodiments in which disinfected
materials are disposed of in landfills, for instance, after drying and/or mixing with a
suitable inert material.

[149] In certain embodiments of the present invention, a system is configured as a
portable system, e.g., mounted on a skid, truck body, trailer, or the like. Portability
allows the tertiary treatment system to be manufactured and delivered as a turnkey
system. A portable or skid-mounted system will also facilitate the provision of the
tertiary system on an as-needed basis, for instance, in situations in which other tertiary
treatment systems are in service, under repair or being constructed. Further, certain
facilities that are processing chemicals for a short period of time and create a particularly

hard-to-treat wastewater stream can benefit from a portable or skid-mounted system

57

(98



according to the present invention. Plpe ﬁtjt.if;gs can be provided that are adapted for
mating with standard fittings and ports in existing wastewater treatment plants for ease
and rapid installation of the system of the invention.

[150] The system and method of the -present invention avoids the problems of the prior
art related to treating low concentration wastewater by passing wastewater that has
already been subjected to secondary treatment, e.g., effluent from a secondary system,
through an adsorbent material mixing. zoné, wherein adsorbent material and secondary
effluent are intimately mixed. Note that the secondary effluent, at the point of passage to
the adsorbent material mixing zone, has had substantially all solids and thus the majority
of the high BODs components removed. Thus, the secondary effluent is not amenable to
biological oxidation from a traditional treatment biological system as the wastewater is
too low in strength, contains biologically refractory compounds, contains biologically
linhibitory compounds, contains inorganic compounds, or a combination of these, which
either cannot be oxidized biologically, or requires a much longer residence time than is
‘. typically available to biological oxidation. Typically a more energy intensive tertiary
system such as granular activated carbﬁon adsorption filters or another tertiary treatment
system is used to polish this stream that is no longer treatable by a normal biological
oxidation.

[151} The low concentration wastewater treatment system of the present invention
allows the contaminants to concentrate onto the carbon and provides for treatment of low
strength wastewater or a wastewater with biologically-difficult to treat compounds,
including bio-inhibitory and/or biologically refractory compounds. In addition, inorganic
compounds present in the low concenuéti:(j-néwastewater can be adsorbed.

[152] The low concentration wastewater tréatment system of the present invention is a

lower cost alternative to the methods currently being used as it utilizes biological

oxidation - typically the lowest cost removal technology available for treating wastewater.

Activated carbon adsorption columns are typically very expensive to operate and require
a very energy intensive process to regenerate carbon, typically based on incineration to

regenerate the granular activated carbon. :Deployment of the tertiary treatment system of
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the present invention as a replacement or a supplement to an activated carbon column can
produce a considerable energy savings. As a result, carbon credits for carbon dioxide
reduction associated with the decreased energy consumption can be earned.

{183] Volumetric capacity requirements for the various operations within the low
concentration wastewater treatment system of the present invention can be significantly
less than a conventional membrane biological reactor used to treat the same volume of
wastewater and is significantly smaller than a conventional sewage treatment system not
utilizing membranes.

I154] The use of the low concentration wastewater treatment system of the present
invention allows for treatment of a relatively low strength wastewater, essentially only
the dissolved contaminants and a small amount of entrained solids in the wastewater, and
still results in an effluent having very low concentrations of hard-to-treat (refractory
compounds) or simple organic compounds that were originally present in the wastewater.
It is noted that certain preferred embodiments are described in conjunction with treatment
of Jow concentration wastewater, and are referred to as “low concentration wastewater
treatment systems.” Nonetheless, as will be appreciated by one having ordinary skill in
the art, having the benefit of the present disclosure, the wastewater treatment system of
the present invention can advantageously be employed to treat wastewater having some
level of biologically labile compounds as well as compounds entirely resistant to bio-
decomposition, biologically inhibitory compounds, and/or biologically refractory
compounds, or a combination of these. For instance, dissolvent biologically labile
compounds can be adsorbed on the adsorbent material along with compounds entirely
resistant to bio-decomposition, biologically inhibitory compounds, and/or biologically
refractory compounds, or a combination of these, and passed to the adsorbent material
biological regeneration reactor system described herein. The biologically labile
compounds can serve as food alone or in combination with a secondary nutrient source to
support the micro-organisms.

[155] Useful adsorbent materials for the present invention include various types of

carbons, such as activated carbon. In particular, granular activated carbons are very
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effective, since the size range and densities of the granules can be selected to enable their
retention in a predetermined portion of the system and thereby substantially prevent them
from fouling and/or abrading the membranes.

[156] In systems in which the granular activated carbon is not subjected to significant
shearing forces and/or inter-granule collision, the granular activated carbon can be
produced from wood, coconut, bagasse, sawdust, peat, pulp-mill waste, or other
cellulose-based materials. One suitable example is MeadWestvaco Nuchar® WV B
having nominal mesh sizes of 14 x 35 (based on the U.S. Standard Sieve Series).

(157} In additional embodiments, particularly those in which shearing action is provided
by turbulence and/or inter-granule collisions in a pump and/or jet nozzle, use of adsorbent
material(s) having higher hardness values are desirable. For instance, granular activated
carbons derived from bitumen or coal-based materials are effective. In a particular
embodiment, the granular activated carbon is derived from lignite.

[158] Carbon materials can also be provided which are modified with a treatment
process and/or species thereby providing an affinity to certain chemical species and/or
metals in the wastewater. For instance, in wastewaters having a relatively high level of
mercury, at least a portion of the adsorbent material preferably includes granular
activated carbon impregnated with potassium iodide or sulfur. Other treatments and/or
impregnated species can be provided to target specific metals, other inorganic compounds
and/or organic compounds.

[159] In addition, the_adsorbent can be a material other than activated carbon. For
instance, iron-based compounds or synthetic resins can be used as the adsorbent materials,
alone or in combination with other adsorbent materials, e.g., in combination with granular
activated carbon. Further, treated adsorbent materials other than activated carbon that
target certain metals, other inorganic compounds or organic compounds can be used. For
instance, in wastewaters having relatively high levels of iron and/or manganese, at least a
portion of the adsorbent can comprise a granular manganese dioxide filtering media. In

wastewaters having arsenic, at least a portion of the adsorbent can comprise granular iron
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oxide composites. In wastewaters including lead or heavy metals, at least a portion of the
adsorbent can include granular alumino-silicate composites.

1160] In one embodiment, the adsorbent material can be selected based upon a desired
specific gravity range. In order to maintain the adsorbent material in suspension within
acceptable energy consumption/cost ranges, specific gravity ranges relatively close to
that of the wastewater are desirabie. On the other hand, in embodiments in which
separation is based at least in part on rapid settling of the material, higher specific
gravities are more suitable. In general, the specific gravity is preferably greater than
about 1.05 in water at 20°C. In certain embodiments, the specific gravity is greater than
about 1.10 in water at 20°C. A suitable upper limit for the specific gravity is, in certain
embodiments, about 2.65 in water at 20°C.

[161] Therefore, the adsorbent material having a specific gravity range is selected which
provides sufficient suspension and therefore sufficient contact with the wastewater and its
contaminants. In addition, in certain embodiments, the specific gravity range provides
sufficient settling characteristics for subsequent removal of the adsorbent material from
the wastewater. In further embodiments, selection of the specific gravity of the adsorbent
material is based on minimization of the energy required to maintain the adsorbent
material in suspension.

[162] Furthermore, the desired adsorbent material, such as granular activated carbon,
has a hardness level that minimizes creation of fines and other particulates due to inter-
granule collisions and other process effects.

[163] The size of the adsorbent material that the separation subsystem is designed to
retain and thereby prevent its passage into the membrane operating system is optimized
to minimize the amount of adsorbent material and fines entering the membrane operating
system. Therefore, in embodiments in which the solids separation apparatus is a
membrane operating system, abrasion and fouling caused by carbon granules or other
granular materials impinging on the membranes is minimized, while still providing the
operational advantages associated with the use of adsorbent materials including activated

carbon.
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[164] Suitable granule sizes for the{ adsorbent material are selected to complement the
selected screening/separation metho.ds,- and the needs of the particular wastewater being
treated. In certain preferred embodiments, the bottom limit of effective granule size of
the adsorbent material is selected so thafc it can easily be separated from the flow of mixed
liquor entering the membrane operatjng;': system tank(s) in which the membranes are
located. In general, the effective granule -size of the adsorbent material has a bottom limit
of about 0.3 millimeters, where greater than about 99.5 weight % of the adsorbent
material is above the bottom limit; prefer'_ably having a lower limit of about 0.3
millimeters to an upper limit of about2.4 mi.llirneters (corresponding to a mesh size 50 to
a mesh size 8, based on United States Standard Sieve Series), where greater than 99.5
weight % of the adsorbent material is within the lower and upper limit; and in certain
preferred embodiments about 0.3 milli_rr;ete;s to about 1.4 millimeters (corresponding to a
mesh size 50 to a mesh size 14, based on _the United States Standard Sieve Series) where
greater than about 99.5 weight % of the ""iid:s_orbcnt material is within the lower and upper
limit. It has been demonstrated thata granular activated carbon with a minimum
effective granule size of about 0.5 mllhmeters to about 0.6 millimeters can be easily and
efficiently screened from the m.ixe&..sli‘quﬁi?r.,with a suitable separation system, and such
effective sizes, in granular activatégﬁ carbon of suitable densities, also can economically
be maintained in suspension.

[165] The use of adsorbent materiélfgfqi;;;e-ldsorb the compounds entirely resistant to bio-
decomposition, biologically mh]bltory compounds, and/or biologically refractory
compounds, or a combination of these, ailows the process to handle a much higher flow
rate of wastewater than conventio'h_g;l_.: systéms, as the organisms that are biologically
decomposing the organic compo[mc'i_:s- ?wcl;.illd not be limited by the hydraulic residence
time of conventional systems. The ..‘biologically inhibitory compounds and/or certain
biologically refractory compounds remain on the adsorbent material for an extended
period of time, and thus the micro-organisms have many times the hydraulic residence

time to break them down. This allows a significantly smaller unit to treat the wastewater

stream than would be required without the addition of adsorbent material.
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[166] The use of the low concenfrz;;fibn.‘Wastewater treatment system of the present
invention rather than a conventional sy;tem or a conventional system with addition of
powdered activated carbon eliminates problems associated with settling of solids that
would occur in a high flow rate conventional system that does not use a membrane for
solids separation from the effluent.
[167] The low concentration wastewater treatment system of the present invention can
be modified to treat specific con_tamiri}mts that might be present in any particular
wastewater by using an adsorbent material that has been specially treated to selectively
adsorb the particular contaminant of concern. For example, a granular activated carbon or
other adsorbent material that has bqeﬁ specially treated to adsorb metals can be used for
wastewaters that have high conceptrations_. of metals. The dissolved metals can
preferentially adsorb onto the treated g;;aﬁular activated carbon and then be removed from
the effluent. A periodic replacement_;.q_lf the adsorbent material allows the metals to be
removed from the system and maintai:"n a desir_fed level of adsorptive capacity.
[168] The invention provides a'lox-v cost alternative to permanent installations of high
cost activated carbon adsorption colu?r;ns_ t;r any of a2 number of other tertiary treatment
systems that are expensive to operate. '-;_In a’ddition, the present invention provides a
simpler, smaller footprint, lower opeth_iﬁg c;st wastewater treatment system that can be
set up and operated in a very short per'i:{:jc_i.,'_(.)f time and if necessary, can be configured as a
portable system/apparatus. It can be de'p_loyed-for periods of upset conditions or during
i
events when a wastewater treatment plant ‘is_ required to treat wastes that it was not
normally capable of treating,
[169] The system and method of the prese_ﬁt invention avoids the treatment of the entire
effluent stream in an expensive tcrtiafy ;tfeatrnent system. It adsorbs the contaminants
from the low concentration wastewater-and treats them in a high flux adsorbent material
treatment system integrated with a low flux adsorbent material biological regeneration
reactor.

[170] Previously developed tertiary systéms attempt to treat the effluent from existing

wastewater treatment piants having low concentrations of contaminants with an
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expensive activated carbon adsorption system or some other expensive tertiary treatment
system. In all of these, the entire wastewater stream is treated with the tertiary treatment
method. The system and method of the present invention removes pollutants from the
full wastewater stream by adsorption, and then treats the adsorbent material in a low flux
biological regeneration system that is relatively inexpensive to operate.

[171] The method and system of the present invention have been described above and in
the attached drawings; however, modifications will be apparent to those of ordinary skill

in the art and the scope of protection for the invention is to be defined by the claims that

follow.
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Claims:
1. A method for treating wastewater comprising:

mixing wastewater with adsorbent material in a mixing zone for a time sufficient
for adsorption of contaminants from the wastewater onto the adsorbent material;

separating and removing a major portion of the wastewater from the mixture of
wastewater and adsorbent material;

passing the adsorbent material having contaminants adsorbed thereon and a minor
portion of the wastewater to a biological regeneration reactor;

retaining the adsorbent material and wastewater in suspension in the biological
regeneration reactor for a period of time that is sufficient to allow microorganisms in the
biological regeneration reactor to biologically act on at least a portion of the adsorbed
contaminants;

discharging biologically treated water effluent from the biological regeneration
reactor; and

recycling regenerated adsorbent material to the mixing zone.

2. The method of claim 1, wherein the wastewater comprises low concentration

wastewater that is an effluent subjected to an upstream wastewater treatment process.

3. The method of claim 1, wherein the wastewater is a low concentration wastewater
that has a concentration of contaminants that is lower than an influent feed concentration

that is required to support biological activity in a conventional biological reactor.

4. The method of claim 1, further comprising removing solids from the biological

regeneration reactor water effiuent.

5. The method of claim 4, wherein the solids are removed using a membrane

operating system.
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6. The method of claim 4, wherein the solids are removed using a clarifier and/or a

settler,

7. The method of claim 1, which further comprises shearing any accumulated

biomass from the adsorbent material prior to recycling to the mixing zone.

8. The method of claim 7, further comprising separating the biomass from the

adsorbent material prior to recycling the adsorbent material to the mixing zone,

9. A system for treatment of wastewater comprising:

a mixing zone including

a wastewater inlet,

an adsorbent material inlet and

a discharge outlet;
an adsorbent material settling and liquid separation zone including

a slurry inlet in communication with the discharge outlet of the mixing
ZOne,

a treated water outlet, and

a contaminated adsorbent material outlet;
an adsorbent material biological regeneration reactor system including

a biological regeneration reactor including a contaminated adsorbent
material inlet in communication with the contaminated adsorbent material outlet
of the adsorbent material settling and liquid separation zone,

a biologically treated water outlet, and

a regenerated adsorbent material outlet in communication with the

adsorbent material inlet of the mixing zone.
10.  The system of claim 9, further comprising a solids separation apparatus in
communication with the biologically treated water outlet.
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11. The system of claim 10, wherein the solids separation apparatus is a membrane

operating system.

12 The system of claim 10, wherein the solids separation apparatus is a clarifier

and/or a settler.

13. The system of claim 9, further comprising a shearing zone including an inlet in
communication with the regenerated adsorbent material outlet and an outlet in

communication with the adsorbent material inlet of the mixing zone.

14, The system of claim 13, further comprising an adsorbent material/biomass
separation zone including an inlet in communication with the outlet of the shearing zone

and an outlet in communication with the adsorbent material inlet of the mixing zone.

15. The system of claim 9, further comprising an apparatus for shearing and
separating biomass from adsorbent material including an inlet in communication with the
regenerated adsorbent material outlet and an outlet in communication with the adsorbent

material inlet of the mixing zone.

16.  The system of claim 9, wherein the biological regeneration reactor is constructed

and arranged for shearing and separating biomass from adsorbent material.

17.  The system of claim 9, further comprising an upstream wastewater treatment
system that discharges a low concentration wastewater, and wherein the wastewater inlet

of the mixing zone is a low concentration wastewater inlet.
18. A wastewater treatment system comprising:
a high flux adsorption system including
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an inlet for receiving wastewater,
a source of adsorbent material for contacting the wastewater and adsorbing
contaminants from the wastewater,
a liquid outlet for discharging a major portion of the received wastewater
that has been contacted by the adsorbent material, and
an adsorbent material outlet for discharging adsorbent material having
adsorbed contaminants and a minor portion of the received wastewater; and
a low flux adsorbent material biological regeneration reactor system for
maintaining the adsorbent material having adsorbed contaminants in suspension for a
period of time that is sufficient to allow microorganisms to digest adsorbed organic
contaminants, the low flux adsorbent material biological regeneration reactor system
including
a biological regeneration reactor having
an inlet for receiving adsorbent material with adsorbed
contaminants from the adsorbent material outlet of the high flux
adsorption system,
a mixed liquor outlet, and
an adsorbent material outlet in communication with the source of

adsorbent material of the high flux adsorption system.

1. The system of claim 18 in which the low flux adsorbent material biological
regeneration reactor system further comprises:

a shearing apparatus for shearing excess accumulated biomass from
adsorbent material, the shearing apparatus being positioned within the biological
regeneration reactor and/or separate from the biological regeneration reactor and
connected to the adsorbent material outlet for receiving adsorbent material from
the biological regeneration reactor;

an adsorbent material/biomass separation zone for separating free biomass

from a mixture of adsorbent material and free biomass;
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an adsorbent material conduit for passing separated adsorbent material
from the adsorbent material/biomass separation zone to the high flux adsorption
system; and

a biomass conduit for passing separated biomass from the adsorbent
material/biomass separation zone to the biological regeneration reactor or a

location downstream of the biological regeneration reactor.

20.  The system of claim 18 in which the low flux adsorbent material biological
regeneration reactor system further comprises:

a combined apparatus for shearing and separating accurnulated biomass
from adsotbent material being positioned within the biological regeneration
reactor and/or separate from the biological regeneration reactor and connected to
the adsorbent material outlet for receiving adsorbent material from the biological
regeneration reactor, and having an outlet for discharging separated adsorbent
material and an outlet for discharging free biomass;

an adsorbent material conduit in communication with the adsorbent
material outlet of the combined apparatus for returning adsorbent material to the
high flux adsorption system; and

a biomass conduit in communication with the biomass outlet of the
combined apparatus for passing separated biomass to the biological regeneration

reactor or a location downstream of the biological regeneration reactor.

21.  The system of claim 18, wherein the low flux adsorbent material biological
regeneration reactor system further comprises a membrane operating system in fluid

communication with the mixed liquor outlet of the biological regeneration reactor.

22.  The system of claim 18, wherein the low flux adsorbent material biological
regeneration reactor system further comprises a clarifier and/or a settler in fluid

communication with the mixed liquor outlet of the biological regeneration reactor.
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23. The system of claim 18, wherein the high flux adsorption system includes a

mixing zone and a settling zone.

24.  The system of claim 18, wherein the high flux adsorption system includes an

adsorbent material filtration apparatus.

25.  The system of claim 18, wherein the high flux adsorption system includes a

continuous backwash filter.

26.  The system of claim 18, wherein the high flux adsorption system includes a

continuous regenerating filtration system or a continuous regenerating walnut shell filter.

27.  The system of claim 18, further comprising an upstream wastewater treatment
system that discharges a low concentration wastewater, and wherein the wastewater inlet

of the mixing zone is a low concentration wastewater inlet.

28.  The system of claim 18, further comprising
a sensor constructed and arranged to measure a parameter of the system; and
a controller in electronic communication with the sensor programmed to instruct

performance of an act based on the measured parameter of the system.

29.  The wastewater treatment system of claim 28, wherein the measured parameter is

the concentration of one or more predetermined compounds.

30.  The wastewater treatment system of claim 28, wherein the act comprises
removing at least a portion of the adsorbent material from the biological regeneration

reactor.
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31.  The wastewater treatment system of claim 28, wherein the act comprise adding

adsorbent material to the biological regeneration reactor.
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ABSTRACT

A low concentration wastewater treatment system is provided that includes a high
flux adsorbent material treatment system integrated with a low flux adsorbent material
biological regeneration reactor. The high flux adsorbent material treatment system
includes one or more unit operations for mixing low concentration wastewater with
adsorbent material that is fresh, recycled, or a combination of both, and for decanting a
liquid effluent having a reduced level of contaminants. The adsorbent material with
adsorbed contaminants is regenerated in a low flux adsorbent material biological
regeneration reactor in which a biological reaction occurs, such as biclogical oxidation,
wherein organic contaminants in the wastewater are metabolized generally into carbon
dioxide and water. Excess biomass is removed from the adsorbent material, and the thus-
regenerated adsorbent material is recycled to the high flux adsorbent material treatment

system.
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REIVINDICACIONES

Habiéndose descrito la invencién como antecede, se
reclama como propiedad 1lo contenido en las siguientes

reivindicaciones

1. Un métode para tratar el agqgua residual
caracterizado porgue comprende:

mezclar agua residual gque comprende contaminantes
con el material adsorbente en una zona de mezclado por un
tiempo suficiente para la adsorcién de contaminantes del agua
residual sobre el material adsorbente para producir una
mezcla de material adsorbente y agua residual que tiene
contaminantes absorbidos en este;

separar y remover una porcidén principal del agua
residual de la mezcla de agua residual y material adsorbente
que tiene contaminantes absorbidos en este;

pasar el material adsorbente que tiene
contaminantes adsorbidos en el mismo y una porcién menor del
agua residual a un reactor de regeneracidén bioldégico que
contiene microorganismos;

mantener el material adsorbente que tiene
contaminantes absorbidos en este y la porcidén menor del agua
residual tratada en suspensién en el reactor de regeneracién
biolégico por un periodo de tiempo que es suficiente para
permitir los microorganismos en el reactor de regeneraciodn
biolégico para actuar biolégicamente en al menos una porcién
de los contaminantes en el material adsorbente para producir
un material adsorbente regenerado y un efluente de agua
tratado bioclégicamente;

descartar el efluente de agua tratado

biocldégicamente del reactor de regeneracidén biocldégico; y
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reciclar el material adsorbente regenerado a la
Zzona de mezclado.

2. El método de conformidad con la reivindicacién
1, caracterizado porgue el agua residual ‘comprende agua
residual de baja concentracién que es un efluente de un
proceso de tratamiento de agua residual corriente arriba.

3. El método de conformidad con la reivindicacién
1, caracterizado porque el agua residual es un agua residual
de baja concentracién gque tiene una concentracién de
contaminantes gque es tan baja gque se requiere una
alimentacién de concentracién influente para soportar 1la
actividad biocldégica en un reactor biolégico convencional.

4, E]l método de conformidad con la reivindicacién
1, caracterizado ademas porque comprende remover los sélidos
del efluente de agua tratado bioldgicamente.

5. El método de ccnformidad con la reivindicacién
4, caracterizado porque los sélidos se remueven usando un
sistema operativo de membrana.

6. El método de conformidad con la reivindicacién
4, caracterizado porque los sélidos se remueven usando al
menos uno de un clarificador y un sedimentador.

7. El método de conformidad con la reivindicacidén
1, caracterizado porgue comprende ademas cortar una biomasa
acumulada del material adsorbente regenerado antes de
reciclar el material adsorbente regeneradec a 1la zona de
mezclado.

8. El método de conformidad con la reivindicacién
7, caracterizado porque comprende ademas separar la biomasa
acumulada del material adsorbente regenerade antes de
reciclar el material adsorbente regenerado a la zona de

mezclado.
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9. Un sistema para tratamiento de agua residual,
caracterizado porgue comprende:

una zonha de mezcladc gque incluye:

una entrada de agua residual,

una entrada de material adsorbente y

una salida de descarga;

una zona de separacidén de liquido y sedimentacidn
de material adsorbente incluye una entrada de mezcla espesa
en comunicacién con la salida de descarga de la zona de
mezclado,

una salida de agua tratada, y

una salida de material adsorbente contaminado; y

un sistema de reactor de regeneracién bioldgico de
material adsorbente que incluye

un reactor de regeneracidén biolégico que incluye
una entrada de material adsorbente contaminado ern
comunicacidén con la salida de material adsorbente contaminado
de la zona de separacién de liquido y sedimentacién de
material adsorbente,

una salida de agua biolégicamente tratada, vy

una salida de material adsorbente regenerado en
comunicacidén con la entrada de material adsorbente de la zona
de mezclado.

10, El sistema de conformidad con la
reivindicacidén 9, caracterizado porque comprende ademas un
aparato de separacién de sélidos en comunicacién con la
salida de agua tratada biocldgicamente.

11. E1 sistema de conformidad con la
reivindicacién 10, caracterizado porque el aparato de

separacién de sélidos es un sistema operativo de la membrana.
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12. El sistema de conformidad con la reivindicacién
10, caracterizado porque el aparato de separacién de sélidos
es al menos uno de un sedimentador y clarificador.

13. El sistema de conformidad con la
reivindicacién 9, caracterizadc porque comprende ademis un
zona de corte incluyendo una entrada en comunicacién con la
salida de material adsorbente regenerado y una salida en
comunicacién con la entrada del material adsorbente de 1la
zona de mezclado,

14, E1 sistema de conformidad con la
reivindicacidén 13, caracterizado porque comprende ademas una
zona de material adsorbente/separacién de biomasa incluyendo
una entrada en comunicacidén con la salida de la zona de corte
y una salida en comunicacién con la entrada del material
adsorbente de la zona de mezclado.

15. E1 sistema de conformidad con la
reivindicacién 9, caracterizado porque comprende ademas un
aparato para cortar y separar la biomasa del material
adsorbente incluyendo una entrada en comunicacién con la
salida del material adsorbente regenerado y una salida en
comunicacién con la entrada del material adsorbente de 1la
zona de mezclado.

l6. El sistema de conformidad con la reivindicacidén
9, caracterizado porque el reactor de regeneracidén bioldégico
se construye y configura para cortar y separar la biomasa del
material adsorbente regenerado.

17. El sistema de conformidad con la reivindicacidn
9, caracterizado porque comprende ademids un sistema de
tratamiento de agua residual corriente arriba que descarga un
agua residual de baja concentracidén, y en donde la entrada

de agua residual de la zona de mezclade es una entrada de

204



10

15

20

25

30

agua residual de baja concentracién conectable fluidamente
con el sistema de tratamiento de agua residual corriente
arriba.

18. Un sistema de tratamiento de aguas residuales
caracterizado porque comprende:

un sistema de adsorcién de flujo alto que incluye

una entrada para recibir agua residual que
comprende contaminantes,

una fuente de material adsorbente para poner en
contacto el agua residual y adsorber los contaminantes del
agua residual para producir un material adsorbente que tiene
contaminantes adsorbidos en este y agua residual tratada,

una salida de ligquido para descargar una porcién
principal del agua residual tratada, vy

una salida de material adsorbente para descargar el
material adsorbente que tiene contaminantes adsorbidos en
este y una porcidén menor del agua residual tratada; y

un sistema de reactor de regeneracién biolégico de
material adsorbente de flujo bajo para mantener el material
adsorbente que tiene contaminantes adsorbidos en este en
suspensién por un periodo de tiempo gue es suficiente para
permitir los microorganismos para digerir los contaminantes
adsorbidos en este, el sistema de reactor de regeneracién
bioldgico de material adsorbente de flujo bajo incluye

un reactor de regeneracidn bioldgico que tiene

una entrada para recibir el material adsorbente que
tiene contaminantes adsorbides en este de la salida del
material adsorbente del sistema de adsorcidén de flujo alto,

una salida de licor mezclade, vy

una salida de material adsorbente en comunicacién

con la fuente de material adsorbente del sistema de adsorcién
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de alto flujo.

19. El sistema de conformidad con la reivindicacién
18, caracterizado porque el Sistema de reactor de
regeneracidn bioldgico de material adsorbente de bajo flujo
comprende ademés:

un aparato de corte para cortar una biomasa
acumulada del material adsorbente para producir una mezcla de
un material adsorbente cortado y una biomasa libre, el
aparato de corte se posiciona en al menos una ubicacidén
seleccionada dentro del reactor de regeneracién bioldgico y
separada del reactor de regeneracién biolégico y conectada a
la salida del material adsorbente para recibir un material
adsorbente regenerado del reactor de regeneracién biolédgico;

una zona de separacidn de material
adsorbente/biomasa para separar la biomasa libre de la mezcla
de material adsorbente cortado y biomasa libre para producir
un material adsorbente cortado separado y una biomasa libre;:

un conducto de material adsorbente para pasar el
material adsorbente cortado separado de la zona de separacién
de biomasa/material adsorbente al sistema de adsorcién de
flujo alto; y

un conducto de biomasa para pasar la biomasa libre
de la zona de separacidén de biomasa/material adsorbente en al
menos una del reactor de regeneracién bioldégico y una
ubicacién corriente abajo del reactor de regeneracién
biolégico.

20. El sistema de conformidad con la reivindicaciédn
18, caracterizado porque el sistema de reactor de
regeneracién bicldgico de material adsorbente de flujo bajo
comprende ademés;

un aparato combinado para cortar y sSeparar una
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biomasa acumulada de un material adsorbente regenerado gue se
posicicona en al menos una ubicacién seleccionada de

dentro del reactor de regeneracién biolégico y

separado del reactor de regeneracién biclégico vy
conectado a la salida del material adsorbente regenerado para
recibir material adsorbente del reactor de regeneraciédn
biocldégico, y que tiene una salida para descargar un material
adsorbente cortado separado y una salida para descargar una
biomasa libre;

un conducte de material adsorbente en comunicacién
con la salida del material adsorbente regenerado del aparato
combinado para regresar el material adsorbente regenerado al
sistema de adsorcidén de flujo alto; y

un conducto de biocmasa en comunicacién con la
salida para desechar la biomasa libre del aparatc combinado
para pasar la biomasa libre en al menos unc del reactor de
regeneracidén bioldgico y una ubicacién corriente del reactor
de regeneracién bioldgico.

21. El sistema de conformidad con la reivindicacién
18, caracterizado porque el _sistema de reactor de
regeneracién bioldégico de materia adsorbente de flujo bajo
comprende ademas un sistema operativo de la membrana en
comunicacién fluida con la salida del licor mezclado del
reactor de regeneracidén biolédgico.

22. El sistema de conformidad con la reivindicacién
18, caracterizade porque el sistema de reactor de
regeneracidén bioldgico de materia adsorbente de flujo bajo
comprende ademds al menos uno de wun clarificador y un
sedimentador en comunicacién fluida con la salida del licor
mezclado del reactor de regeneracidn biolédgico.

23. El sistema de conformidad con la reivindicacién
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18, caracterizado porque el sistema de adsorcién de flujo
alto incluye una zona de mezclado y una zona de
sedimentacién.

24, El sistema de conformidad con la
reivindicacién 18, <caracterizade porque el sistema de
adsorcién de flujo alto incluye un aparato de filtracién de
material adsorbente.

25. El sistema de conformidad con la
reivindicacién 18, caracterizado porque el sistema de
adsorcién de flujo alto incluye un filtro de retrolavado
continuo,

26. El> sistema de conformidad con la
reivindicacidén 18, caracterizado porgque el sistema de
adsorcidén de flujo alto incluye al menos uno de un sistema de
filtracidén de regeneracién continua y un filtro de cascara de
nuez de regeneracién continua.

27. E1 sistema de conformidad con la
reivindicacién 18, caracterizado porque comprende ademas un
sistema de tratamiento de agua residual corriente arriba que
descarga un agua residual de baja concentracién, y en donde
la entrada del agqua residual de la zona mezclada es una
entrada de agua residual de baja concentracidédn fluidamente
conectable con el sistema de tratamiento de agua residual
corriente arriba.

28. El sistema de conformidad con la reivindicacidn
18, caracterizado porque comprende ademas

un sensor construido y configurade para medir un
parametro del sistema de tratamiento de agua residual; y

un controlador en comunicacién electré4nica con el
sensor programado para instruir desempefic de un acto con base

en el pardmetro medido del sistema.
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29. El1 sistema de tratamiento de agua residual
conformidad con la reivindicacién 28, caracterizado porgue
parametro de medicién es la concentracién de al menos
compuesto predeterminado.

30. El sistema de tratamiento de agua residual

conformidad con la reivindicacién 28, caracterizado porgque

de

el

un

de

el

acto comprende remover al menos una porcién de al menos uno

del material adsorbente que tiene contaminantes adsorbidos
este y material adsorbente regenerado del reactor
regeneracién bioldgico.

31. El sistema de tratamiento de agua residual
conformidad con la reivindicacién 28, caracterizado porque
acto comprende agregar material adsorbente al reactor

regeneracién biolégico.

en
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209



PCT/US2010/41317
Replacement Sheet

CLAIMS

1. A method for treating wastewater comprising:

mixing wastewater comprising contaminants with adsorbent material in a mixing zone for
a time sufficient for adsorption of the contaminants from the wastewater onto the adsorbent
material to produce a mixture of treated wastewater and adsorbent material having contaminants
adsorbed thereon;

separating and removing a major portion of the treated wastewater from the mixture of
treated wastewater and adsorbent material having contaminants adsorbed thereon;

passing the adsorbent material having contaminants adsorbed thereon and a minor portion
of the treated wastewater to a biological regeneration reactor containing microorganisms;

retaining the adsorbent material having contaminants adsorbed thereon and the minor
portion of the treated wastewater in suspension in the biological regeneration reactor for a period
of time that is sufficient to allow the microorganisms in the biological regeneration reactor to
biologically act on at least a portion of the contaminants on the adsorbent material to produce a
regenerated adsorbent material and a biologically treated water effluent;

discharging the biologically treated water effluent from the biological regeneration
reactor; and

recycling the regenerated adsorbent material to the mixing zone.

2. The method of claim 1, wherein the wastewater comprises a low concentration

wastewater that is an effluent of an upstream wastewater treatment process.

3. The method of ¢laim 1, wherein the wastewater is a low concentration wastewater that
has a concentration of contaminants that is lower than an influent feed concentration that is

required to support biological activity in a conventional biological reactor.

4. The method of claim 1, further comprising removing solids from the biologically treated

water effluent.

82
2730



PCT/US2010/41317
Replacement Sheet

5. The method of claim 4, wherein the solids are removed using a membrane operating

system.

6. The method of claim 4, wherein the solids are removed using at least one of a clarifier

and a settler.

7. The method of claim 1, further comprising shearing an accumulated biomass from the
regenerated adsorbent material prior to recycling the regenerated adsorbent material to the

mixing zone.

8. The method of claim 7, further comprising separating the accumulated biomass from the
regenerated adsorbent material prior to recycling the regenerated adsorbent material to the

mixing zone.
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9. A system for treatment of wastewater comprising:
a mixing zone including
a wastewater inlet,
an adsorbent material inlet, and
a discharge outlet;
an adsorbent material settling and liquid separation zone including
a slurry inlet in communication with the discharge outlet of the mixing zone,
a treated water outlet, and
a contaminated adsorbent material outlet; and
an adsorbent material biological regeneration reactor system including
a biological regeneration reactor including a contaminated adsorbent material
inlet in communication with the contaminated adsorbent material outlet of the adsorbent
material settling and liquid separation zone,
a biologically treated water outlet, and
a regenerated adsorbent material outlet in communication with the adsorbent

material inlet of the mixing zone,

10.  The system of claim 9, further comprising a solids separation apparatus in

communication with the biologically treated water outlet.

11.  The system of claim 10, wherein the solids separation apparatus is a membrane operating

system.

12, The system of claim 10, wherein the solids separation apparatus is at least one of a

clarifier and a settler.

13.  The system of claim 9, further comprising a shearing zone including an inlet in
communication with the regenerated adsorbent material outlet and an outlet in communication

with the adsorbent material inlet of the mixing zone.
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14. The system of claim 13, further comprising an adsorbent material/biomass separation
zone including an inlet in communication with the outlet of the shearing zone and an outlet in

communication with the adsorbent material inlet of the mixing zone.

15. The system of claim 9, further comprising an apparatus for shearing and separating
biomass from adsorbent material including an inlet in communication with the regenerated
adsorbent material outlet and an outlet in communication with the adsorbent material inlet of the

mixing zone.

16.  The system of claim 9, wherein the biological regeneration reactor is constructed and

arranged for shearing and separating a biomass from a regenerated adsorbent material.

17. The system of claim 9, further comprising an upstream wastewater treatment system that
discharges a low concentration wastewater, and wherein the wastewater inlet of the mixing zone
is a low concentration wastewater inlet fluidly connectable to the upstream wastewater treatment

system.
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13. A wastewater treatment system comprising:
a high flux adsorption system including

an inlet for receiving wastewater comprising contaminants,

a source of adsorbent materia] for contacting the wastewater and adsorbing the
contaminants from the wastewater to produce an adsorbent material having contaminants
adsorbed thereon and a treated wastewater,

a liguid outlet for discharging a major portion of the treated wastewater, and

an adsorbent material outlet for discharging the adsorbent material having
contaminants adsorbed thereon and a minor portion of the treated wastewater; and
a low flux adsorbent material biological regeneration reactor system for maintaining the

adsorbent material having contaminants adsorbed thereon in suspension for a period of time that
is sufficient to allow microorganisms to digest the contaminants adsorbed thereon, the low flux
adsorbent material biological regeneration reactor system including

a biological regeneration reactor having

an inlet for receiving adsorbent material having contaminants adsorbed
thereon from the adsorbent material outlet of the high flux adsorption system,

a mixed liquor outlet, and

an adsorbent material outlet in communication with the source of

adsorbent material of the high flux adsorption system.

19.  The system of claim 18 in which the low flux adsorbent material biological regeneration
reactor system further comprises:

a shearing apparatus for shearing an accumulated biomass from adsorbent
material to produce a mixture of a sheared adsorbent material and a free biomass, the
shearing apparatus being positioned in at least one location selected from

within the biological regeneration reactor and

separate from the biological regeneration reactor and connected to the
adsorbent material outlet for receiving a regenerated adsorbent material from the
biological regeneration reactor;
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an adsorbent material/biomass separation zone for separating the free biomass
from the mixture of sheared adsorbent material and free biomass to produce a separated
sheared adsorbent material and a free biomass;

an adsorbent material conduit for passing the separated sheared adsorbent material
from the adsorbent material/biomass separation zone to the high flux adsorption system;
and

a biomass conduit for passing free biomass from the adsorbent material/biomass
separation zone to at least one of the biological regeneration reactor and a location

downstream of the biological regeneration reactor.

The system of claim 18 in which the low flux adsorbent material biological regeneration

reactor system further comprises:

a combined apparatus for shearing and separating an accumulated biomass from a
regenerated adsorbent material being positioned in at least one location selected from
within the biological regeneration reactor and
separate from the biological regeneration reactor and connected to the
regenerated adsorbent material outlet for receiving the regenerated adsorbent
material from the biological regeneration reactor, and having an outlet for
discharging a separated sheared adsorbent material and an outlet for discharging a
free biomass;
an adsorbent material conduit in communication with the regenerated adsorbent
material outlet of the combined apparatus for returning regenerated adsorbent material to
the high flux adsorption system; and
a biomass conduit in communication with the outlet for discharging the free
biomass of the combined apparatus for passing free biomass to at least one of the
biological regeneration reactor and a location downstream of the biological regeneration

reactor.
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21. The system of claim 18, wherein the low flux adsorbent material biological regeneration
reactor system further comprises a membrane operating system in fluid communication with the

mixed liquor outlet of the biological regeneration reactor.

22. The system of claim 18, wherein the low flux adsorbent material biological regeneration
reactor system further comprises at least one of a clarifier and a settler in fluid communication

with the mixed liquor outlet of the biological regeneration reactor.

23, The system of claim 18, wherein the high flux adsorption system includes a mixing zone

and a settling zone.

24.  The system of claim 18, wherein the high flux adsorption system includes an adsorbent

material filtration apparatus.

25, The system of claim 18, wherein the high flux adsorption system includes a continuous

backwash filter.

26.  The system of claim 18, wherein the high flux adsorption system includes at least one of

a continuous regenerating filtration system and a continuous regenerating walnut shell filter.

27.  The system of claim 18, further comprising an upstream wastewater treatment system
that discharges a low concentration wastewater, and wherein the wastewater inlet of the mixing
zone is a low concentration wastewater inlet fluidly connectable to the upstream wastewater

treatment system.

28.  The system of claim 18, further comprising
a sensor constructed and arranged to measure a parameter of the wastewater treatment

system; and
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a controller in electronic communication with the sensor programmed to instruct

performance of an act based on the measured parameter of the system.

29.  The wastewater treatment system of claim 28, wherein the measured parameter is the

concentration of at least one predetermined compound.
30.  The wastewater treatment system of claim 28, wherein the act comprises removing at
least a portion of at least one of the adsorbent material having contaminants adsorbed thereon

and regenerated adsorbent material from the biological regeneration reactor.

31.  The wastewater treatment system of claim 28, wherein the act comprises adding

adsorbent material to the biological regeneration reactor.
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Box No. V Reasoned statement under Rule 435is.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Swatement
Novelty (N) Claims 917, 19, 20, 25, 26, 29 YES
Claims 1-8, 18, 21-24, 27, 28, 30, 31 NO
Inventive step (IS) Cleirs NONE YES
Claims 1-31 NO
Industrial applicability (IA} Claims 1-3 YES
Claims NONE NO

2. Cimtions and explanations:
Claims 1-8, 18, 21-24, 27, 28, 30, and 31 lack novelty under PCT Article 33(2) as being anticipated by LS 2007/0208398 A1 lo Smith ot al.
(hereinalter .Smith.).

Regarding clalm 1, Smith teaches a method for treating wastewater comprising:

mixing waslewater with adsorbent material in a mixing zone for a time sulliclent for adsorption of comaminants from the wastewater onlo
the adsorbent material {para [0032], (0037]), [0038]);

separating and ramoving a major porion of the wastewater from the mixture of wastewater and adsorbent materia) {para [0032], [0D37]);
passing the adsorbent material having contaminanis adsorbed therean end a minor portion of the wasteweater 16 a biological regenaration
reactor (para [0032], [0037));

retalning the adsorbent malerial and wastewater in suspension in the biological regenaration reactor for a period of time that Is sufficient to
aflow microorganisms in the biolegical regeneration reactor to biologically act on at least a portion of the adsorbad contaminants {para
{0028}, [0032], [0037), {0038}y

discharging biclogically freated water efffusnt Irom the biological regeneration reactor (para [0033), [0Q39]); and

recycling regonerated adsorbent matetial to the mixng zone (para [0037)).

Regarding claim 2, Smith feachas wherain the wastewater comprises low concentration wastewster that is an effluent sublected to an
upstream wastewater trealment process {para {0024]-{0026], [0029]-{0031]).

Regarding claim 3, Smith teaches wherein the wastewater is a Jow concantration wastewater that has a concentration of contaminants that
is lower than an influent feed concentration that Is required to support blological activity in a conventional biological reactor (para [0024]-
{0026], (0032]).

Regarding claim 4, Smith teaches further comprising removing solids from the biological regenaration reacior water effluent (para {0033],
[0058), [0071)).

Regarding claim 8, Smith teaches wharein the solids are removed using a membrane operating system {para [0033), {0058], [0071]).
Ragarding clalm 6, Smith teaches wherein the selids are removed using a clarifler andfor a setlief (para [0033]).

Regarding claim 7, Smith leaches which further comprises shearing any accumidated biomass from the adsorbant material prior lo
recycling fo the mixing zonse (para [0072], [0073]).

Regarding claim 8, Smith teaches further eomprising separating ihe biomass from the adsorbent material prior to recyciing the adsorbent
material to the mixing zone (para [0073)).

Regarding claim 18, Smith leaches a wastewaler trealment system comprising:

a high flux adserplion sysiem including an lnlet {414) for receiving wastewatsr, a source (422) of adsorbent materlal for contacting the
wastewalar and adsorbing corlaminants from Ihe wastewater, a fiquid outlet (424) for discharging a major portion of the raceived
waslewater thal has been contacted by the adsorbent material, and an adsorbent materiat outlet (432) for discharging adsorbent material
having adsorbed contaminanis and a miner portion of the recelved wastewaler {para [00321-{0034), {00eB]{0073)): and

& low flux adsorbent material biological regeneration reactor systern (460} for maintaining the adsorbent material having adsorbed
comtarninants in suspension for a peried of time that is sufficient to allow microcrganisms to digest adsorbed organic contaminants (para
[0928], (0032], {0037), (0039}, [0071]), the low Nux adsorbent material biclogical regeneration reactor systern including

a biclogical regeneration reactor having an inlat (424) for receiving adsorbent material with adsorbed contaminants from the adsorbent
material cullet of the high flux adsorption system, a mixed liquor ocutlet (432), and an adsorben! material outlst {434) in communication with
the source of adsorbent materal of the high flux adsomtion system {para (0032), {0037, [0038), {0068]){0073)}.

Regarding claim 21, Smith teaches wherein the low flux adsorban! materia! blological regensration reactor system further comprises a
membrane operating system In fluid communication with the mixed liquor ouilet of the biological regeneration raactos (para [0033}).

[See Supplemental Box]
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Regarding claim 22, Smith teaches wherein the low flux adsorbent material biological regeneration teactor system funthar comprises &
clatilier and/or a settler in fiuid communication with the mixed liquor outlet of the biolegical reganeration reacior (para [0D33)).

Regarding claim 23, Smith teaches wherein the high flux adsorption systerﬁ includes a mixing zone and a settling zone (para [0032],
{0033)).

Regarding claim 24, Smith teaches wherein the high fiux adsorption system includes an adsorbant material flltration apparalus (para
[00553;.

Regarding claim 27, Smith teaches further comprising en upsiream wastowatar treatment system that discharges a iow concentration
wastewaler, and wherein the wastewater inlet of the mixing zone is a low concentration wastewater intat (para [0024]-[0026), [0029]-
f0032]}.

Regarding claim 28, Smith teaches further comprising a sensor construsted and arranged to measure a parameter of the system (para
[0074]}; and

a controfler in electronic communication with the sensor programmed to instruct perormance of an act based on the measured parameter
of the system {para [0074]}.

Regarding claim 30, Smith teaches wherein the act comprises removing at lsast a portion of the adsorbent material from the biological
regensration reactor (para [Q072).

Ragarding ¢leim 31, Smith teachas wherein the act comprise adding adserbent matetial to the tlological regeneration reastor (para
[0071]).

Claims 9-17, 19, 20, and 28 lack an inventive slep under PCT Article 33(3) as being obvious over Smith.

Regarding claim 8, Smith teaches a system for lrealment of wastewaler compising:

a mixing zone (420} Including a wastewater inlet (414), an adsorbent material inlel {422}, and a discharge outlat (424) (see .flirst bioreactor.
discussed at para [0032), {0069], [0071));

an adsorben! materis) biological reganaration reactor syslem including a biclogical regenaration reactor (450} including a contaminated
adsorbent material Inlet (424) in commurication with the contaminated adsorbant matarial ouliet of the adsorbant material sefiling and
liguid separation zone, a biclogically treated water outlet (432}, and a regenerated adsorbent matarlal autlst {434} In cornmunication with
the adsorbent matetial infet of the mixing zone (para [0032), [0037], [0071), [0072)).

Smith does nol specifically show an adsorbent material settiing and ilquid sepavation zone including a slurry infet in communication with
ihe discharge outle! of tha mixing zone, & reated water oullet, and a contaminated adsorbent material cutlat. However, Smith teachss
wherein the system may include an additional treatment zone for adsorbent materia) setiling and liquid separation (para [0032], [0033]. In
view of this teaching, it would have been obvious to one of ordinary skill in this ant to configitre a system as in that of Smith comprising an
adsorhent materiat setfing and liguid separation zong including a slurry inlet in communication wiii the discharge outlet of the mixing zone,
a treated water outlet, and a contaminated adsorbent material outlet, so as te provide for enhanced treatment of the wastewater.

Regarding claim 10, Smith teaches lurther comprising a solids separation apparatus in communication with the biologically trasted water
oullel {para [0033]).

Regarding claim 11, Smith teaches wherein the solids separation apparatus is a membrane opsrating system (para [0033]).
Regarding claim 12, Smilh teaches wherein the solids separation apparatus is a clarifier and/or a seltler (para [0033)).

Regarding claim 13, Smith does not specifically shows lurther comprising a shearing zone Including an intet in communication wilk the
ragenerated adsorbent material outlet and an outlet in communication with the adsorbent material inlet of the mixing zone. However,
Smith teaches wherein tha regeneration unit (450} additionally acts to shear accurmulated biomass from the adsorbent material prior to
racycling {para [0073]). In view of this teaching, i} would have baen cbvious 1o one of ordinary skifl in this art io configure a system as In
Ihat of Smith comprising a shearing zone including an inlet in communication with the ragenerated adsorben! material oullel and an outlat
in communication with the adsorbent malerial inlet of the mixing zone, so as to provide for enhanced recycling of the adsorbent matarial,

Regarding claim 14, Smith teaches further comprising an adsorbem material/biomass separation zone including an infet In communication
with the outle! of the shearing zone and an eutle! In communication with the adsorbent material Inlet of the mixing zone {para [0032),
[o0a7), [0073)).

Regarding claim 15, Smith feaches futher comprising an apparatus (see .regeneration unit. discussed at pare {Q073)) for shearing and
separating biomass from adsorben! materal including an inlet in communication with the reganerated adsorbent material outlet and an
outlet in communication with the adsorbent materal inlet of the mixing zone (para (0032], [0037), 10073]).

[See Supplemental Box]
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Regarding claim 16, Smith teaches whereln the biological regeneration reactor is canstrusted and arranged for shearing and separaling
blomass from adsorbant materied (para [0032], [0037), [0673]).

Regarding claim 17, Smith teaches further comprising an upstream wastewater lreatment system that discharges a low conceniration
wastewater, and wherein the waslewater inlst of the mixing zone is a low concentration wastewatar infe! {para {Q024]-[0026), [0029]-
[0931)).

Regarding claim 18, Smiih teaches In which the low fiux adsorbent materia) biological regeneration reactor system further comprises:

& shearing apparaius (250) for shearing excess accumulated blomass from adsorbant material, the shearing apparalus being positioned
within the biological regeneration reactor ant/or separate from the biological regeneration reactor and connecled to the adsorbent material
outlet for receiving adsorbent material from the biologlcal regeneration reacior {para [0072), [0073]);

an adsorbent material/biomass separation zona for separating free blomass from a mixtura of adserbent material and free blomass {para.
[00321); and

& hblomass condutt {(424) for passing separated biomass from the adsorbent materialfbiomase saparalion zone to the biologice!
reganaralion reactor {460) or a location downstream of the biological regenaration reactor (para [0032), j0037], [0068]-[0073)).

8Smith does not specifically show an adsorbent material conduit for passing separated adsorbent materal from the adsorbent
matetialbiomass separation zone 10 the high (lux adsorption system. However, Smith leaches wherein the sysiem may Include an
addilional ireatment zone for adsorbent materiatbiomass separation (para [0032], [0033]). In view of this teaching, it would have been
obvious 1o one of ordinary skifl in this an to configure a system as In that of Smith comprising an adsorbent material conduit for passing
separated adsorbert material from the adsorbent matenalfbiomass separation zone to the high fux adsomlion system, so as to provide for
enhanced freatment of the wastewaler.

Ragarding claim 20, Smith teaches in which the low fiux adsorbent material biological regeneration reactor system further comprises:

a combined apparatus (450) for shearing and separating accumulaled biomass frotn adsorbent material being posittoned within the
biological tegeneration reacior and/or separate Irom the biological regeneration reaclor and connected to the adsorbent material outiet for
;aceiving adsorbent material from the biological regeneration reactor, having an outlet Jor discharglng separated adsorbent material {para
0072}, [0073)),

an adsorbent material conduit (452) for raturning adsorbent material to the high flux adsorption systern (para [0072), [0073)); and

a blomass conduit in communicalien with the bio mass outlet of the combined apparatus for passing separated biomass to the biological
regenaration reactor or a location downstrearm of the biological regeneration reactor (para {00723).

Smith does not specifically show having an outlet for discharging free bismass or the absorben! material conduit in communication with the
adsorbent malerial outlet of the combined apparalus. However, Smith teaches whareln the biomass of the regeneration unit is desiroyed
wilhin the unit {para [0073]), such that no separate cutlel is needed. Further, Smith teaches additional treatment units such that an
additional conduit from the unil may be implied (para [0032]). As such, it would have been obvious to one of ordinary skill in this ar to
cenfigure a system as In Smith having an outlat for discharging free biomass o the absorbent material conduk in communicalion with the
adsorbent material outist of the combined apparatus, 50 as to provide for a more complste treatmant system,

Regarding claim 29, Smith does not spacifically shows whereln the measured paramster is the congentration of ane or more
predelermined compounds. However, Smith'tsaches wherein one or more characteristics of suspended solids or effluent may ba
measured (para [0074]). in view of Ihis teaching, it would have been obvious to one of ordinary skill in this art 1o conflgute a system as In
Srnith wherein the measured parameter is the concentration of one or more pradetermined compounds, so as 1o provide for deslred
analysis of suspended sofids or effluent. '

Claims 26 and 26 lack an inventive step under PCT Article 33(3) as belng obvious over Smith in view of US 5,972,211 A {Jones),

Regarding claim 25, Smith does not specifically shows wherein he high flux adsorption systom includes a continuous backwash filter.
However, Smith teaches wherein a fiter Is used in combination with tha biolagical reactor {para [0055]). Further, Jones teaches a walar
filtration system including a continuous backwash filer {col 4, In 43-48). In view of this teaching, it would have been obvious to one of
ordinary skiliin this an to combine a system &s in Smith with a filter as in Jones so as to provide for more efficient fitration of the
wastewater,

Regarding claim 26, Smith does not specitically show wherein the high flux adsorplion system Includes a continuous regenarating filtration
system o7 a conlinuous regensrating walnut shell filter. However, Smith teaches wherein a fiker is used in combination with the biological
reactor (para [0055]). Further, Jones teaches a wastewater lremtmen) system including a confinuous regenarating fitration systern (co! 3,
In 3-5). In view of this teaching, it would have been obvious to one of ordinary ekill in this art to combine a system as in Smiih with a fier
as in Jones so as io provide for more efficient filtration of the wastewater,

Ciaims 1-31 have industrial applicability as defined by PCT Article 33(4) because the subject malter claimed can be made or used in
industry.

Form PCT/ISA/237 (Supplemental Box) (July 2009)
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. International application No.
INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY | PCT/US10/41317

Box No. V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations suppt_ii'ting such statement

1. Statement
Novelty (N) Claims 1-31 YES
Claims NONE NO
Inventive Step (15) Claims 131 YES
Claims NONE NO
Industrial Applicability (1A) Claims 1-31 YES
Claims NONE NO

2. Citatjons and Explanations (Rule 70.7) .

Claims 1 - 8 meet the criteria set out in PCT Article 33(2)+(3), because the prior art does not teach or fairly suggest first reducing
“contaminants from a wastewater stream based on physical phenomenon (i.¢., adsorption) followed by biological reaction regencration of
thé contaminatcd adsorbent material (without simultaneously treating & major portion of the initial wastewater influent).

il Claims 9 — 17 meet the criteria set out in PCT Anticle 33(2)(3), because the prior art does not teach or fairly suggest a mixing zone (i.e.,
‘| for reducing contaminants from a wastewater stream based on physical phenofnenon such as adsorption) in communication with an
adsorbent material settling and liquid separation zone, which is in communication with an adsorbent material biological regencration
reactor system having a treated water outlet and a regenerated adsorbent material outlet in communication with the adsorbent material
inlet of the mixing zone.

Claims 18 — 31 meet the criteria set out in PCT Article 33(2)~(3), because the prior art does not t¢ach or fairly suggest the combination
of 1) a high flux adsorption system and a low flux adsorbent material biological regeneration reactor system wherein the high flux
Ead_sﬁi;rblil_qn system includes an inlet for receiving wastewater comprising contaminanis, a source of adsorbent material for contacting the
pwaslewater and adsorbing the coman_linz_mt_s from the wasteu[ate'r to produce an adsorbent material having contaminants adsorbed _
ithercon and a treated wastewater, a liquid outlet for discharging amajor portion of the treated wastewater, and an adsorbent matcrial

| foutlét for'discharging the adsorbent material having contaminants adsorbed thereon and a minor portion of the treated wastewater; and
;2710w flux adsorbent material biological regeneration reactor sysiem for maintaining the adsorbent material having contaminants
sfaqsqrbﬁg thercon in suspension for a period of time that is suﬂ'nc\ic’nﬁbf@lvlowr;_r_:icroorganisms to digest the contaminants adsorbed
ithereon;’the low flux adsorbent materia! biological regeneration reacior System including a biological regeneration reactor having an
<inlet for receiving adsorbent material having contaminants adsorbed thereon from the adsorbent material outiet of the high flux-

iadsorption system, a mixed liquor outlet, and an adsorbent material outlet in communication with the source of adsorbent material of the

B n

| high flux adsorption system.

Claims 1 - 31 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed
can be made or used in industry.

Form PCT/IPEA/409 (Box No. V) (April 2007)
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CLAIMS

L. A method for treating wastewater comprising:

mixing wastewater comprising contaminants with adsorbent material in a mixing zone
for a time sufficient for adsorption of the contammhn__té from the wastewater onto the
adsorbent material to produce a mixture of treated wastewater and adsorbent material having
contaminants adsorbed thereon;

separating and ternoving a major portion of the treated wastewater from the mixture
of treated wastewater and adsorbent material having contaminants adsorbed thereon;

passing the adsorbent material having contgmi;iants adsorbed thereon and a minor
portion of the treated wastewater to a bioiogica] rcgéner’ation reactor containing
microorganisms;

retaining the adsorbent'materi.al'having cbntgminants adsorbed thereon and the minor
portion of the treated wastewater in suspension in th; biological regeneration reactor for a
period of time that is sufficient to allow the mic"rodfganisms in the biological regeneratioﬁ
reactor to biologically act on af least a porﬁon oif tﬁe contaminants on the adsotbent material
to produce a regenerated adsorbent material emdE a ‘biolo'gically treated water effluent;

discharging the biologically treated watéf éﬁlﬁent from the biological regeneration

reactor; and

recycling the regenerated adsorbent matertal to the mixing zone.

2. The method of claim 1, wherein the wastewater cbmprises a low concentration

wastewater that is an effluent of an upstream wastewater treatment process.
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3. The method of claim 1, wherein the wastewater is a low concentration wastewater that
has a concentration of contaminants that is lower than an influent feed concentration that is

required to support biological activity in a conventional biological reactor.

4, The method of claim 1, further comprising removing solids from the biologically

treated water effluent,

5. The method of claim 4, wherein the solids are removed using a membrane operating

system.

6. The method of claim 4, wherein the solids are removed using at least one of a clarifier

and a settler.

7. The method of claim 1, further comprising shearing an accumulated biomass from the
regenerated adsorbent material prior to recycling the regenerafed adsorbent material to the

mixing zone.
8. The method of claim 7, further comprising separating the accumulated biomass from

the regenerated adsorbent material prior to recycling the regenerated adsorbent material to the

mixing zone.

83

AMENDED SHEET - IPEA/US

230



PCT/US10/41317 09-05-2011 PCT/US2010/041317 12.10.2011

10.

PCT/US2010/41317
Replacernent Sheet

A system for treatment of wastewater comprising:
a mixing zone including
a wastewater inlet,
an adsorbent material inlet, and
a discharge outlet;
an adsorbent material settling and liquid separation zone including
a slurry infet in communication with the disch_argc outlet of the mixing zone,
a treated water outiet, and
a contaminated adsorbent material outlet; and
an adsorbent material biological regeneratiﬁn reactor system including
a biological regeneration reactor including a contaminated adsorbent material
inlet in communication with the contaminated adsorbent material outlet of the
adsorbent material settling and liquid separation zone,
a biologically treated water outlet, and
a regenerated adsorbent material outlet in communication with the adsorbent

material inlet of the mixing zone.

The system of claim 9, further comprising a solids separation apparatus in

communication with the biologically treated water outlet.

L.

The system of claim 10, wherein the solids separation apparatus is a membrane

operating system.

12.

The system of claim 10, wherein the solids separation apparatus is at least one of a

clarifier and a settler.
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13.  The system of claim 9, further comprising a shearing zone including an inlet in
communication with the regenerated adsorbent material outlet and an outlet in

communication with the adsorbent material inlet of the mixing zone.

14, The system of claim 13, further comprising an adsorbent material/biomass separation
zone including an inlet in communication with the outlet of the shearing zone and an outlet in

communication with the adsorbent material inlet of the mixing zone.

15.  The system of claim 9, further comprising an apparatus for shearing and Separating
biomass from adsorbent material including an inlet in communication with the regenerated
adsorbent material outlet and an outlet in communication with the adsorbent material inlet of

the mixing zone,

16.  The system of claim 9, wherein the biological regeneration reactor is constructed and

arranged for shearing and separating a biomass from a regenerated adsorbent material.

17.  The system of claim 9, further comprising an upstream wastewater treatment system
that discharges a low concentration wastewater, and wherein the wastewater inlet of the
mixing zone is a low concentration wastewater inet fluidly connectable to the upstream

wastewater treatment system.
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18. A wastewater treatment system comprising:
a high flux adsorption system including

an inlet for receiving wastewater comprising contaminaats,

a source of adsorbent material ‘for contacting the wastewater and adsorbing the
contaminants from the wastewater 'to produce an adsorbent material baving
contaminants adsorbed thereon an& a treafed wastewater,

a liquid outlet for discharging a major portion of the treated wastewater, and

an adsorbent material outlet for discharging the adsorbent material having '

. contaminants adsorbed thereon and a minor portion of the treated wastewater; and
. a low flux adsorbent material biological regeneration reactor system for maintaining
the adsorbent material having contaminants adsorbed thereon in suspension for a period of
time that is sufficient to allow microorganisms to digest the contaminants adsorbed thereon,
the low flux adsorbent material biological regeneration reactor system including
a biological regeneration reactor having
an inlet for receiving adsorbent material havin g contaminants adsorbed
thereon from the adsorbent material outlet of the high flux adsorption system,
a mixed liquor outlet, and
. an adsorbent material outlet in communication with the soiirce of

adsorbent material of the high flux adsorption system.

19.  The system of claim 18 in which the low flux adsorbent material biological
regeneration reactor system further comprises:
a shearing apparatus for shearing an accumulated biomass from adsorbent
material to produce a mixture of a sheared adsorbent material and a free biomass, the

shearing apparatus being positioned in at least one location selected from
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within the biological regeneration reactor and
separate from the biological regeneration reactor ar;d connected to the
adsorbent material outlet for receiving a regenerated adsorbent material from
the biological regeneration reactor;
an adsorbent material/biomass separation zone for separating the free biomass
from the mixture of sheared adsorbent material and free biomass to produce a
separated sheared adsorbent material and a free biomass;
an adsorbent material conduit for passing the separated sheared adsorbent
material from the adsorbent material/biomass separation zone to the high flux
adsorption system; and
a biomass conduit for passing free biomass from the adsorbent
material/biomass separation zone to at ieast one of the biological regeneration reactor

and a location downstream of the biological regencration reactor.

20.  The system of claim 18 in which the low flux adsorbent material biological
regeneration reactor sysfem further comprises:

a combined apparatus for shearing and separating an accumulated biomass
from a regenerated adsorbent material being positioned in at least one location |
selected from

within the biological regeneration reactor and

separate from the biological regeneration reactor and connected to the
regenerated al-lsorbmt material outlet for receiving the regencrated adsorbent
material from the biological regeneration reactor, and having an outlet for
discharging a separated sheared adsorbent material and an outlet for

discharging a free biomass;
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an adsorbent material conduit in communication with the regenerated
adsorbent material outlet of the combined apparatus for returning regenerated
adsorbent material to the high flux adsorption system; and

a biomass conduit in communication with the outlet for discharging the free
biomass of the combined apparatus for passing free biomass to at least one of the
biological regeneration reactor and & location downstream of the biological

regeneration reactor.

21.  The system of claim 18, wherein the low flux adsorbent material biological
regeneration reactor system further comprises a membrane operating system in fluid

communication with the mixed liquor outlet of the biological regeneration reactor.
22, The system of claim 18, wherein the low flux adsorbent material biological
regeneration reactor system further comprises at least one of a clarifier and a settler in fluid

communication with the mixed liquor outlet of the biological regeneration reactor.

23.  The system of claim 18, wherein the high flux adsorption system includes a mixing

zone and a settling zone.

24.  The system of claim 18, wherein the high flux adsorption system includes an

adsorbent material filtration apparatus.

25.  The system of claim 18, wherein the high flux adsorption system includes a

continuous backwash filter.
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26.  The system of claim 18, wherein the high flux adsorption system includes at least one
of a continuous regenerating filtration system and a continuous regenerating walnut shell

filter.

27.  The system of claim 18, further comprising an upstream wastewater treatment system
that discharges a low concentration wastewater, and wherein the wastewater inlet of the
mixing zone is a low concentration wastewater inlet fluidly connectable to the upstream

wastewater treatment system.

28.  The system of claim 18, further comprising

a sensor constructed and arranged to measure a parameter of the wastewater treaﬁncnt
system; and

a controller in electronic communication with the sensor programmed to instruct

performance of an act based on the measured parameter of the system.

29.  The wastewater treatment system of claim 28, wherein the measured parameter is the

concentration of at least one predetermined compound.
30.  The wastewater treatment syé;tem of claim 28, wherein the act comprises removing at
least a portion of at least one of the adsorbent material having contaminants adsorbed thereon

and regenerated adsorbent material from the biological regeneration reactor.

31.  The wastewater treatment system of claim 28, wherein the act comprises adding

adsorbent material to the biological regeneration reactor.
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CLAIMS

1. (Currently Amended) A method for treating wastewater comprising:

mixing wastewater comprising contaminants with adsorbent material in a mixing zone

for a time sufficient for adsorption of the contaminants from the wastewater onto the

adsorbent material to produce a mixture of treated wastewater and adsorbent material having

contaminants adsorbed thereon:

separating and removing a major portion of the treated wastewater from the mixture

of treated wastewater and adsorbent material having contaminants adsorbed thereon;

passing the adsorbent material having contaminants adsorbed thereon and a minor
portion of the ﬁ_g@_ wastewater to a biological regeneration reactor containing
microorganisms;

retaining the adsorbent material having contaminants adsorbed thereon and the minor
portion of the treated wastewater m suspension in the biological regeneration reactor for a
period of time that is sufficient to allow the microorganisms in the biological regeneration
reactor to biologically act on at least a portion of the adserbed—coniaminants on the adsorbent

material to produce a regenerated adsorbent material and a biologically treated water effluent;

discharging the biologically treated water effluent from the biological regeneration
reactor; and

recycling the regenerated adsorbent material to the mixing zone.

2. (Currently Amended) The method of claim 1, wherein the wastewater comprises a
low concentration wastewater that is an effluent subjested-te-of an upstream wastewater

treatment process.

Page 2 of 17
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3. (Original) The method of claim 1, wherein the wastewater is a low concentration
wastewater that has a concentration of contaminants that is lower than an influent feed
concentration that is required to support biological activity in a conventional biological

reactor.

4, (Currently Amended) The method of claim 1, further comprising removing solids

from the biologically treated-regenerationreaetor water effluent.

5. - (Original) The method of claim 4, wherein the solids are removed using a membrane

operating system.

6. (Currently Amended) The method of claim 4, wherein the solids are removed using

at least one of a clarifier andforand a settler.’

7. (Currently Amended) The method of claim 1, whieh-further cemprisescomprising
shearing eny-an accumulated biomass from the regenerated adsorbent material prior to

recycling the regenerated adsorbent material to the mixing zone.

8. (Currently Amended) The method of claim 7, further comprising separating the
accumulated biomass from the regenerated adsorbent material prior to recycling the

regenerated adsorbent material to the mixing zone.

Page 3 of 17
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9.

10.

(Currently Amended) A system for treatment of wastewater comprising:
& mixing zone including | |
& wastewater inlet,
an adsorbent material inlet, and
a discharge outlet;
an adsorbent material settling and liquid separation zone including
a slurry inlet in coﬁ;munication with the discharge outlet of the mixing zone,
a treated water outlet, and
a contaminated adsorbent material outlet; and
an adsorbent material biological regeneration reactor system including
a biological regeneration reactor including a conteminated adsorbent material
inlet in communication with the contaminated adsorbent material outlet of the
adsorbent materia! settling and liquid separation zone,
a biologically treated water o—utlet, and
a regenerated adsorbent material outlet in communication with the adsorbent

material inlet of the mixing zone.

(Original) The system of claim 9, further comprising a solids separation apparatus in

communication with the biologically treated water outlet.

11.

(Original) The system of claim 10, wherein the solids separation apparatus is a

membrane operating system.

12.

(Currently Amended) The system of claim 10, wherein the solids separation

apparatus is_at least ope of a clarifier and/er-and a settler.

Page 4 of 17
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13.  (Original) The system of claim 9, further comprising 2 shearing zone including an
inlet in communication with the regenerated adsorbent material outlet and an outlet in

commumication with the adsorbent material inlet of the mixing zone.

14.  (Original) The system of claim 13, further comprising an adsorbent material/biomass
separation zone including an inlet in communication with the outlet of the shearing zone and

an outlet in communication with the adsorbent material inlet of the mixing zone.

15. (Original) The system of claim 9, further comprising an apparatus for shearing and
separating biomass from adsorbent material including an inlet in communication with the
regenerated adsorbent material outlet and an outlet in communication with the adsorbent

material inlet of the mixing zone.

16.  (Currently Amended) The system of claim 9, wherein the biological regeneration
reactor is constructed and arranged for shearing and separating a biomass from a regenerated

‘adsorbent material.

17.  (Currently Amended) The system of claim 9, further comprising an upstream
wastewater treatment system that discharges a low concentration wastewater, and wherein the

wastewater inlet of the mixing zone is a low concentration wastewater inlet fluidly

connectable to the upstream wastewater treatment system.

Page 5of 17
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18.  (Currently Amended) A wastewater treatment system comprising:
a high flux adsorption system including
an inlet for receiving wastewater comprising contaminants,
a source of adsorbent material for contacting the wastewater and adsorbing the
contaminants from the wastewater t;) produce an adsorbent material having

contaminants adsorbed thereon and a treated wastewater.

a liquid outlet for discharging a major portion of the received-treated

an adsorbent material outlet for discharging the adscrbent material having
 adsorbed-contaminants adsorbed thereon and a minor portion of the reeeived-freated

wastewater; and
a low flux adsorbent material biological regeneration reactor system for maintaining

the adsorbent material having edserbed-contaminants adsorbed thereon in suspension for a

period of time that is sufficient to allow microorganisms to digest the contaminants adsorbed

orgenie-eentaminants-thereon, the low flux adsorbent material biological regeneration reactor

system including
a biological regeneration reactor having
an inlet for receiving adsorbent material with-adsorbed-having

contaminants adsorbed thereon from the adsorbent material outlet of the high

flux adsorption system,
a mixed liquor outlet, and
an adsorbent material outlet in communication with the source of

adsorbent material of the high flux adsorption system.

Page 6 of 17
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19.  (Currently Amended) The system of claim 18 in which the low flux adsorbent
material biological regeneration reactor system further comprises:
a shearing apparatus for.shearing e*eess—@_ accumulated biomass from

adsorbent material_to produce a mixture of a sheared adsorbent material and a free

- biomass, the shearing apparatus being positioned in at least one location selected from

within the biological regeneration reactor and/or-and

separate from the biological regeneration reactor and connected to the
adsorbent material outlet for receiving a regenerated adsorbent material from
the biological regeneration reactor;
an adsorbent material/biomass separation zone for separating the free biomass

from a-the mixture of sheared adsorbent material and free biomass to produce a

separated sheared adsorbent material and a free biomass;

an adsorbent material conduit for passing the separated sheared adsorbent

material from the adsorbent material/biomass separation zone to the high flux
adsorption system; and

a biomass conduit for passing seperated-free biomass from the adsorbent
material/biomass separation zone to at least one of the biological regeneration reactor

or and a location downstream of the biological regeneration reactor.
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20.  (Currently Amended) The system of claim 18 in which the low flux adsorbent
matetial biological regeneration reactor system further comprises:

a combined apparatus for shearing and separating an accumulated biomass

from a regenerated adsorbent material being positioned in at least one location
selected from
within the biological regeneration reactor and/er-and .
se.paratc from thé biological regeneration reactor and connected to the
regenerated adsorbent material outlet for receiving the regenerated adsorbent
material from the biological regeneration reactor, and having an outlet for

discharging a separated sheared adsorbent material and an outlet for

discharging a free biomass;

an adsorbent material conduit in communication with the regenerated
adsorbent material outlet of the combined apparatus for returning rclgenerat'ed
adsorbent material to the high flux adsorption system; and |

a biomass conduit in communication with the outlet for dischargiglg the free
biomass eutlet-of the combined apparatus for passing separated-free bioma-ss to at
least one of the biological regeneration reactor er-and a location downstream of the

biological regeneration reactor.
21.  (Original) The system of claim 18, wherein the low flux adsorbent material biological
regeneration reactor system further comprises a membrane operating system in fluid

communication with the mixed liquor outlet of the biological regeneration reactor.

22.  {(Currently Amended) The system of claim 18, wherein the low flux adsorbent

material biological regeneration reactor system further comprises at least one of a clarifier
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and/er-and a settler in fluid communication with the mixed liquor outlet of the biological

regeneration reactor.

23.  (Original) The system of claim 18, wherein the high flux adsorption system includes

a mixing zone and a settling zone.

24.  (Original) The system of claim 18, wherein the high flux adsorption system includes

an adsorbent material filtration apparatus.

25.  (Original) The system of claim 18, wherein the high flux adsorption system includes

a continuous backwash filter.

26.  (Currently Amended) The system of claim 18, wherein the high flux adsorption
system includes at least one of a continuous regenerating filtration system er-and a

continuous regenerating walnut shel] filter.

27.  (Currently Amended) The system of claim 18, further comprising an upstream
wastewater treatment system that discharges a low concentration wastewater, and wherein the

wastewater inlet of the mixing zone is a low concentration wastewater inlet fluidly

connectable to the upstream wastewater treatment systemn.

28.  (Currently Amended) The system of claim 18, further comprising

a sensor constructed and arranged to measure a parameter of the wastewater treatment

system; and
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a controller in electronic communication with the sensor programmed to instruct

performance of an act based on the measured parameter of the system.

29.  (Currently Amended) The wastewater treatment system of claim 28, wherein the

measured parameter is the concentration of at least one er-mere-predetermined sempounds

compound.

30.  (Currently Amended) The wastewater treatment system of claim 28, wherein the act

comprises removing at least a portion of at least one of the adsorbent material having

contaminants adsorbed thereon and regenerated adsorbent material from the biological

regeneration reactor.

31, {Currently Amended) The wastewater treatment system of claim 28, wherein the act

comprise-comprises adding adsorbent material to the biological regeneration reactor.
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" REMARKS
'The Written Opinion of the International Searching Authority set forth the following

determinations with respect to the claims of record:

Novelty (N) - Claims: 9-17, 19, 20, 25, 26, 29 Yes
- Claims: 1-8, 18, 21-24, 27, 28, 30, 31 No
Inventive Step (IS) - Claims: None . - Yes
- Claims: 1-31 - No
Industrial - Claims: 1-31 - Yes
Applicability (IA) - Claims: None - No

An amendment to Claim 1 is presented to specify the existence of contaminants in the
influent wastewater, to state the product of the step of mixing (“a mixture of treated
wastewater and adsorbent material”), to define the wastewater as “treated wastewater) after
the mixing step, to aver the characteristics of the adsorbent material after the mixing step
t“adsorbent material having contaminants adsorbed thereon™), to specify the existence of
microorganisms in the biological regeneration reactor, to specify the product of the biological
regeneration reactor (“a regenerated adsorbent material and a biologically treated water
effluent™), and to correct minor errors related to antecedent basis. _

An amendment to Claim 18 is presented to specify the existence of contaminants in
the wastewater received by the inlet to the high flux adsorption system, to state the purpose of
the adsorbent material source (“to produce an adsorbent material having contaminants
adscrbed thereon and a treated wastewater”). Clarifying amendments are also made to claim
18.

An amendment to Claim 19 is presented to state the purpose of the shearing apparatus
(“to produce a mixture of sheared adsorbent material and a free biomass”). Clarifying
amendments are also made to claim 19.

Amendments to claims 2, 4, 6-9, 12, 17, 20, 22, and 26-31 are presented for
clarification purposes. ' |

The findings of the International Searching Authority with respect to Claims 1-31 are
respectfully traversed. In particular, it is respectfully submitted that all of the claims are
directed to subject m_atter that meets the requirements of novelty and an inventive step over
the art of record. The following remarks are offered in support of this conclusion.

The present invention as recited in amended independent Claim 1 is directed to a

method for treating wastewater. Influent wastewater comprising contaminants is mixed with
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adsorbent material in a mixing zone for a time sufficient for adsorption of the contaminants
from the wastewater onto the adsorbent materiﬁl to produce a mixture of treated wastewater
and adsorbent material héving contaminants adsorbed thereon. The method further comprises
separating and removing a major portion of the treated wastewater from the mixture of
treated wastewater and adsorbent material having contaminants adsorbed thereon. The
adsorbent material, having contaminants adsorbed thereon, is passed to a biological
regeneration reactor containing microorganisms, along with a minor portion of the
wastewater, The adsorbent material having contaminants adsorbed thereon and the minor
portion of the wastewater is retained in suspension in the biological regeneration reactor for a
period of time that is sufficient to allow the microorganisms in the biological regeneration
reactor to biologically act on at least a portion of the contaminants on the adsorbent material
to produce a regenerated adsorbent material and a biologically treated water effluent. The
minor portion of water is discharged as biologically treated water effluent from the biclogical
regeneration reactor. Regenerated adsorbent material is recycled to the mixing zone.

The invention of independent Claim 9 is directed to a system for treatment of
wastewater that includes a mixing zone, an adsorbent material settling and liquid separation
zone, and an adsorbent material biological regeneration reactor system. The mixing zone
includes a wastewater inlet, an adsorbent material inlet and a discharge outlet. . The adsorbent
material settling and liquid separation zone includes a slurry inlet in communication with the
discharge outlet of the mixing zone, a treated water outlet, and a contaminated adsorbent
material outlet. The adsorbent material biological regeneration reactor system includes a
biological regeneration reactor with a contaminated adsorbent material inlet in
communication with the contaminated adsorbent material outlet of the adsorbent material
settling and liquid separation zone. The adsorbent material biological regeneration reactor
system aiso includes a biclogically treated water outlet, and a regenerated adsorbent material
outlet in communication with the adsorbent material inlet of the mixing zone,

The invention of independent Claim 18 is directed to a wastewater treatment system
that includes a high flux adsorption system and a low flux adsorbent material biological
regeneration reactor system. The high flux adsorption system includes an inlet for receiving
wastewater comprising contaminants, a source of adsorbent material for contacting the
wastewater and adsorbing the contaminants from the wastewater to produce an adsorbent
material having contaminants adsorbed thereon and a treated wastewater, a liquid outlet for
discharging a major portion of the treated wastewater, and an adsorbent material outlet for

discharging the adsorbent material having contaminants adsorbed thereon and a minor
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portion of 'the treated wastewater. The low flux adsorbent material biological regeneration
reactor system, that maintains the adsorbent material having contaminants adsorbed thereon
in suspension for a period of time that is sufficient to allow microorganisms to digest the
contaminants adsorbed thereon, includes a biological regeneration reactor with an inlet for
receiving adsorbent nlaterial having contaminants adsorbed thereon from the adsorbent
material outlet of the high flux adsorption system, a mixed liquor outlet, and an adsorbent
material outlet in communication with the source of adsorbent material of the high flux
adsorption system,

As set forth below, the subject matter of independent process Claim 1, its dependent
Claims 2-8, independent system Claim 9, its dependent Claims 10-17, and independent
system Claim 18 and its dependent Claim 19-31, respectively, are different from the systems
and processes disclosed in U.S. Patent Publication Number 2007/0209999 to Smith et al., and
each of these claims are novel and possess significant advantages which constitute an
inventive step in the art. )

The Written Opinion asserts that Smith et al. discloses all of the features of
independent Claims 1 and 18, and that independent Claim 9 lacks inventive step over Smith
et al. However, it is respectfully submitted that the Smith et al. reference does not disclose
limitations of the system set forth in Claims 9 or 18, or the process steps of Claim 1.

Smith et al., in one embodiment, disclosés a wastewater treatment system having a
bioreactor, & biomass separator (which can bc,;;_a membrane bioreactor), an inert solids
separator, a powdered activated carbon regenef'étion unit, and a gross filter screen. In
exemplary embodiments, the powdered activated carbon regeneration unit is a wet air
oxidation regeneration system that used physical chemical treatment.

In this embodiment disclosed by Smith et al., wastewater is introduced into the first
biological treatment tank containing one or more selected bacteria, and powdered activated
carbon is initially added to the biological treatment tank. Wastewater entering the biological
treatment tank contacts the powdered activated carbon and the bacterial population which
digest biodegradable components in the wastewater to produce a mixed liquor. In contrast to
the system of the present invention, the entire wastewater stream is initially subjected to

biological treatment.
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Process Claims 1-8

It is respectfully submitted that the discussion and citations to Smith et al. in the
Written Opinion as related to the adverse finding of anticipation regarding Claim 1 misses the
mark in regard to both of the individual process steps of the present claims and their
interrelation. For each of the first three steps (i.e., mixing wastewater with. adsorbent
material, separating and removing a major portion of the wastewater from the mixture, and
passing the adsorbent material having contaminants adsorbed thereon and a minor portion of
the wastewater to a biological regeneration reactor), paragraphs [0032] and [0037] of the
Smith et al. reference were cited. These paragraphs refer to the bioreactor(s), the biological
population in the bioreactor, bioreactor conditions (i.e., aerobic or anoxic), and adsorbent
material introduction into the bioreactor.

In the process of present Claim 1, the steps of mixing and separating can occur in the
same or different unit. For instance, FIG. 6 includes a representation of a high flux adsorbent
material system 659, which can be an integrated mixing/settling unit operation. In other
embodiments, a mixing zone and an adsorbent material settling and liquid separation zone are
provided (e.g., 360 and 370 and 460 and 470 shown in FIGs. 3 and 4, respectively).

In addition, the discussion in the Written Opinion regarding the limitations of the
fourth step in Claim 1 of retaining the adsorbent material and wastewater 1n suspension in a
biological regeneration reactor also cites the same paragraphs [0032] and [0037] of Smith et
al., along with paragraphs [0028) and [0038]. As noted above, paragraphs [0032] and [0037]
refer to the bioreactor(s), the biclogical population in the bioreactor, bioreactor conditions,
and adsorbent material introduction into the bioreactor; paragraphs [0028] and [0038] also
refer to the bioreactor and the mode of é.dding adsorbent material.

In summary, Applicants assert that there is no teaching or suégmiou in Smith et al.
of any steps or arrangement- of steps that involve first reducing contaminants from a
wastewater stream based on physical phenomenon (i.e., adsorption) followed by biological
reaction regeneration of the contaminated adsorbent material (without simultaneously treating
a major portion of the initial wastewater influent). Accordingly, because the Smith et al.
reference, alone or in combination, does not support the adverse finding of lack of novelty of
Claim 1, it should be withdrawn,

Dependent Claims 2-8 containing all of the limitations of Claim 1 were also deemed

by the Examiner as lacking an inventive step over the disclosure of Smith et al. Therefore,
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for at least the same reasons set forth above with respect to Claim 1, withdrawal of the

adverse finding regarding Claims 2-8 is also requested.

stem Claims 9-17

Furthermore, the discussion and citations to Smith et al. in the Written Opinion as
related to the adverse finding of obviousness of independent Claim 9 are respectfully
traversed with respect to the claim elements and their interrelation. For each of the first three
elements (i.e., a mixing zone, an adsorbent material settling and liquid separation zone and an
adsorbent material biclogical regeneration reactor system in communication with the outlet of
the adsorbent material settling and liquid separation zone and the inlet of the mixing zone),
paragraphs [0032], [0037], [0071] and [0072] of the Smith et al. reference were cited.
Paragraphs [0032] and [0037] refer to the bioreactor(s), the biological population in the
bioreactor, bioreactor conditions (i.¢., aerobic or anoxic), and adsorbent material introduction
into the bioreactor. Paragraphs [0071] and [0072] refer to the transfer of mixed liquor and
powdered activated carbon carrying the organics to and from the membrane bioreactor.

In addition, the Written Opinion states that “Smith does not specifically show an
adsorbent material settling and liquid separation zone including a slurry inlet in
communication with the discharge outlet of the mixing zone, a treated water outlet, and a
contaminated adsorbent material outlet.” Instead, th_e Written Opinion relies on paragraphs
{0032] and [0033] of Smith et al., which discloses that “one or more separation units suitable
for a particular purpose” can be included. It is respectfully submitted that this disclosure is
not sufficient to derive the particu'lar elements and interrelations of Claim 9.

Accordingly, Applicants assert that there is ne teaching or suggestion in Smith et al.
of the elements and .arréngement of elements include the mixing zone (i.e., for reducing
contaminants from a wastewater stream based on physical phenomencn such as adsorption)
in communication with an adsorbent material settling and liquid separation zone, \r;rhich is in
communication with an adsorbent material biological regeneration reactor system having a
treated water outlet and a regenerated adsorbent material outlet in communication with the
adsorbent material inlet of the mixing zone. Therefore, because the Smith et al. reference,
alone or in combination, does not support the adverse finding of lack of inventive step of
Claim 9, it should be withdrawn.

Dependent Claims 10-17 containing all of the limitations of Claim 9 were also

deemed by the Examiner as lacking an inventive step over the disclosure of Smith et al.

Page 15 of 17

251



PCT/US2010/041317 12.10.2011

PCT/US2010/41317

Therefore, for at least the same reasons set forth above with respect to Claim 9, withdrawal of

the adverse finding regarding Claims 10-17 is also requested.

stem Claims 18-31

Additionally, the discussion and citations to Smith et al. in the Written Opinion as
related to the adverse finding of anticipation of independent Claim 18 are respectfully
traversed, particularly with respect to the claim elements and their interrelation. Paragraphs
{0032]-[0034] and [0068]-[0073] of the Smith et al, reference were cited in the Written
Opinion in the discussion of the high flux adsorption system that is part of Claim 18.
Paragraphs [0032], [0037], [0039] and [0068]-[0073] of the Smith et al. reference were cited
in the Written Opinion in the discussion of the low flux adsorbent material biological
regeneration reactor systern that is part of Claim 18.

It is respectfully submitted that the Smith et al. reference citations in the Written
Opinion, nor the Smith et al. reference as a whole, teach or suggest the claim elements.
Paragraphs [0032]-[0034] refer to the bioreactor(s), separation unit(s) downstream of the
bioreactor(s) and sludge dewatering. Paragraphs (0037) and [0039] refer to locations for
introduction of adsorbent and adsorption phenomenon. Paragraphs [0068]-[0073] refer to an
embodiment of the system described in Smith et al. shown with respect to FIG. 4.

Accordingly, Applicants assert that there is no disclosure, teaching or suggestion in
Smith et al. of the elements and arrangement of elements include a high flux adsorption
system and a low flux adsorbent material biological regeneration reactor system as recited in
Claim 18. Therefore, because the Smith et al. reference, alone or in combination, does not
support the adverse finding of lack of novelty of Claim 18, it should be withdrawn.

Dependent Claims 19-31 containing all of the limitations of Claim 18 were also
deemed by the Examiner as lacking novelty or &n inventive step. In particular, Claims 21-24,
27, 28, 30 and 31 were deemed anticipated based on Smith et al., Claims 19, 20 and 29 were
deemed to lack an inventive step based on Smith et al., Claims 25 and 26 were deemed to
lack an inventive step based on Smith et al in view of US Patent 5,972,211 to Jones. For at
least the same reasons set forth above with respect to Claim 18, withdrawal of the adverse

finding regarding Claims 19-31 is also requested.
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T S
DEMAND FOR PRELIMINARY?EXAI\A_INATION FILED
A Demand for Preliminary E)igmin&tion, together with the requisite fee for entry of
this application under Article 34, is bemg ‘s:uﬁmitted with this Response. Early examination

and issuance of a favorable International Preliminary Examination Report are respectfully

requested.
Respectfully submitted,
Agent for Applicant .
alph I. Cfispino ﬂ %/
ABELMAN, FRAYNE & SCHWAB - |
666 Third Avenue, 10™ floor R

New York, New York 10017-5621 & | |
Tel: (212) 949-9022 \
Fax: (212) 949-9190
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