APPARATUS AND METHOD FOR ANAEROBI C TREATMENT OF WASTEWATER 5Fi el d of the

I nvention The present invention relates to an apparatus and nethod for
treatment of wastewater. More particularly, the present invention relates
to an apparatus and nethod for anaerobic treatnment of wastewater. Still
nore particularly, this 10 invention relates to a segnented upfl ow reactor

used in the anagPFAARATUSSANDMETHOBRFOR\ANAERGBIKIRENTIMENT! he | nvention
151t is known that biological treatnent of wastewater consists of breaking

down organic inpurities in wast ORMWASTEWHIER t he action of suspended or
fixed carrier material to which mcroorganismculture is attached, to
reduce the bi ochem cal oxygen demand (BOD) content in wastewater. 20 A w de
vari ety of m croorganisns and environnental conditions can be utilised for

treat pentg, 5T .fypes of wastewater. In order to nmaximze the
efficggncl;'gic‘)ifg{tﬁgqblsg'b%%ﬁ(cal treatment of wastewater, proper m crobes nust

be chosen to interact with the pollutants to be treated and a suitable

envi ron tal condition., nust be provided to enhance the mcrobial activity
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pol I uthantSyentdn relates to a segmented upflow reactor used in the anaerobic treatment of

wastewater.
Background of the Invention

15 It is known that biological treatment of wastewater consists of breaking down
organic impurities in wastewater through the action of suspended or fixed carrier
material to which microorganism culture is attached, to reduce the biochemical

oxygen demand (BOD) content in wastewater.

20 A wide variety of microorganisms and environmental conditions can be utilised for
treatment of different types of wastewater. In order to maximize the efficiency of
the biological treatment of wastewater, proper microbes must be chosen to interact
with the pollutants to be treated and a suitable environmental condition must be
provided to enhance the microbial activity as well as to increase the microorganism

25  population within the reactor.

Biological treatment of wastewater may be carried out in aerobic, anoxic or
anaerobic environments. The choice of environment has a profound effect on both
the ecology of the microbial community and the treatment of the pollutants.

30
Anaerobic processes have been used for several decades to treat wastewater. To
anaerobically treat wastewater, the wastewater must first be exposed to

microorganisms. The microorganisms convert organic matter in the wastewater



Anaer obi ¢ processes have been used for several decades to treat wastewater.
To anaerobically treat wastewater, the wastewater nust first be exposed to
m croorgani sms. The m croorgani snms convert organic matter in the wastewater
into biogas, such as, nethane and carbon dioxide. This conversion is done

I n the absence of oxygen Nuner ous systens have been devel oped for the
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wast ewat er . syst ens |nc ude upflow batch reactor systems, upflow
cont i nuowbsehemof @ggeor s, upfl ow anaerobi ¢ sl udge bl anket digestion (UASB),
etc. The advantages of upflow operation are well known. However, it also is
known t hat upfl ow operation may involve certain drawbacks when it is
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costly to maintain.
15  Summary of the Invention

The above and other problems are solved and an advance in the art is made by
providing an apparatus and method for anaerobic treatment of wastewater in
accordance with this invention. It is a first advantage of an apparatus and method
20 in accordance with this invention that a segmented upflow reactor is provided. It is
a second advantage of an apparatus and method in accordance with this invention
that the segmented upflow reactor comprises a plurality of carrier skids. It is a third
advantage of an apparatus and method in accordance with this invention that a
method for anaerobic treatment of wastewater using a segmented upflow reactor is

25  provided.

In accordance with some embodiments of this invention, the upflow anaerobic
reactor comprises an enclosed vessel having a top and a bottom, an influent liquid
conduit located proximate the bottom of the vessel for feeding wastewater into the
30 vessel, an effluent liquid conduit located proximate the top of the vessel thereby
establishing a flow direction through the vessel from the influent conduit to the
effluent conduit for discharging the treated water, wherein the vessel comprises a
plurality of compartments arranged one on top of another, each of the plurality of

compartments includes a plurality of carriers to which microorganisms are attached



I n accordance with sone enbodi nents of this invention, the upflow anaerobic
reactor conprises an encl osed vessel having a top and a bottom an influent
liquid conduit |ocated proxinmate the bottom of the vessel for feeding
wastewater into the 30 vessel, an effluent liquid conduit |ocated proxinmate
the top of the vessel thereby establishing a flow direction through the
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plurality of corn
one mtermedlate compartment is provided and the at least one intermediate

compartment comprises plurality of carriers arranged in a fixed state.

20
In accordance with some of embodiments of this invention, the upflow anaerobic
reactor further comprises a separating means that separates first one of the
plurality of compartments from an adjacent second one of the plurality of
compartments.

25
In accordance with some of embodiments of this invention, each of the plurality of
compartments comprises a carrier skid having a housing made of a mesh material
having side walls, a closed bottom, a removably attached top, and a carrier zone
defined within the housing for receiving the plurality of carriers.

30
In accordance with some of embodiments of this invention, the upflow anaerobic
reactor further comprises a mixing zone defined in the vessel proximate the bottom
of the vessel, and a gas collection zone defined in the vessel for collecting biogas

produced in the vessel. In accordance with some of these embodiments, the



25 In accordance with sonme of enbodinents of this invention, each of the
plurality of conpartnents conprises a carrier skid having a housing made of
a mesh material having side walls, a closed bottom a renovably attached
top, and a carrier zone defined within the housing for receiving the
plurality of carriers. 30 In accordance with sonme of enbodi ments of this
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15 reactor and collecting treated water discharged from the reactor.

In accordance with some of the embodiments of this invention, the method further
comprises re-circulating the at least a portion of the mixed liquor discharged from
the effluent liquid conduit at intervals or continuously by means of a programmable

20 logic controller.

Brief Description of the Drawings

25 The above and other advantages and features of this invention are described in

the following detailed description and are shown in the following drawings:

FIG. 1 is a sectional view showing an embodiment of an upflow wastewater
treatment reactor of the present invention;

30
FIG. 2(a) is a perspective view of an embodiment of a carrier skid to be used in

conjunction with the reactor of the present invention;

FIG. 2(b) is a perspective view of another embodiment of a carrier skid to be used

35 in conjunction with the reactor of the present invention;

4



the effluent liquid conduit at intervals or continuously by nmeans of a
programmabl e 20l ogi ¢ controller. Brief Description of the Drawi ngs 25 The
above and ot her advantages and features of this invention are described in
the follow ng detail ed description and are shown in the follow ng draw ngs:
FIG 1 is a sectional view show ng an enbodi nent of an upfl ow wast ewat er
treatnent reactor of the present invention; 30 FIG 2(a) is a perspective
vi ew of an enbodi nent of a carrier skid to be used in conjunction with the
react or dflIG IBeispr esetional viewnef @ sompartment Gf i tgacias in qecersigoce Wt an ew of

Feactor AMoRuEnt oflnepfeSent flnfitntpddtaiiald Bl br reBUYAG nidh 444 " 1 e
conpar t negHrriers driaagedacficed stategccor dance with an enbodi nent of the present

i nvention containing a plurality of relatively snmall size carriers arranged
in fiXed state; 5 FIG 4 is a sectional view of anot her conpartment of the

reactor imGRQGeEARBEShIMVIdN eNarfiRgrtioiirtniénttof thedFeaB It tin hEdRAARE With
containing a plurality of mediumsize carriers arranged in fixed state; 10

FIG 5 i < eghodimanl of, theyparsepbinvaiion cforddinivgr @ rRiplityr ot mediwacsige in
accordanc&r&&gr%ggmﬁiﬁggté)f the present invention containing a

plurality of large size carriers arranged in fixed state. Description of
t he Invention ~

10  FIG. 5 is a sectional view of yet another compartment of the reactor in accordance
with an embodiment of the present invention containing a plurality of large size

carriers arranged in fixed state.

Description of the Invention
15
The present invention relates to an apparatus and method for anaerobic treatment
of wastewater in which poliutants such as organic matter contained in the
wastewater can be effectively removed in a system. For the purposes of
illustrating the invention, there is shown in the drawings a form which is presently
20 preferred. It is being understood however that this invention is not limited to the

precise arrangements shown.

"Wastewater," as used herein, defines a stream of waste from a residential,
commercial, or industrial source having pollutants. The pollutants may be, but are
25 not limited to biodegradable material, inorganic compounds, and/or organic
compounds capable of being decomposed by bacteria or other microorganisms.
As used herein, a "wastewater treatment system" is a system, typically a biological
treatment system, having a biomass population of one or more types of
microorganisms used to digest biodegradable material or other material. Notably,
30 the biomass requires an environment that provides the proper conditions for
growth. The wastewater treatment apparatus and method as herein described

may be used for treating low to high strength wastewater.



15 The present invention relates to an apparatus and nethod for anaerobic
treatnent of wastewater in which pollutants such as organic matter
contained in the wastewater can be effectively renoved in a system For the
purposes of illustrating the invention, there is shown in the drawi ngs a
formwhich is presently 20 preferred. It is being understood however that

this i nveﬁéfeﬂmgs%oup &ol {HE tREwihgs! REnBUCRAEAR BF ' ABIBFERRIE iAlGWON are
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20
The reactor in accordance with this invention also comprises a recirculation line 20
for re-circulating at least a portion of the wastewater back to the vessel 10. The
reactor further comprises a recirculation pump 22 located at the bottom 14 of the
vessel for maintaining an upflow velocity of more than 0.2 m/hr of the wastewater
25 through the reactor. In a preferred embodiment of this invention, the reactor is
made from non-corrosive materials, such as, stainless steel. However, one skilled
in the art will recognize that the vessel may also be made from other suitable

materials without departing from this invention.

30 The vessel 10 of the reactor is divided into a plurality of compartments for receiving
wastewater. Each of the plurality of compartments includes a plurality of carriers
32 to which microorganisms are attached to each of the plurality of carriers 32. In
one embodiment of the invention, the vessel 10 is divided into at least two

compartments. Preferably, the vessel is divided into at least four compartments



20 The reactor in accordance with this invention also conprises a
recirculation line 20 for re-circulating at | east a portion of the

wast ewat er back to the vessel 10. The reactor further conprises a
recirculation punp 22 located at the bottom 14 of the vessel for

mai ntai ni ng an upflow velocity of nore than 0.2 m hr of the wastewater 25
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25 smallest diameter and the carriers in the lowermost compartment 24 (located

nearest to the bottom of the reactor) has the largest diameter.

In one embodiment of the invention, the carriers 32 in the lowermost compartment
24 and the intermediate compartment or compartments 26, 28 are preferably
30 arranged in a fixed state. The carriers 32 in the uppermost compartment 30 are
preferably arranged in a fixed state, a suspended state or a combination of fixed
and suspended states. In the exemplary embodiment of the invention as shown in
FIG. 1, the carriers 32 in the first, the second and the third compartments 24, 26,

28 are arranged in a fixed state and the carriers in the fourth compartment 30 are



25 smallest dianeter and the carriers in the | owernost conpartnent 24
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size in the range of 5 to 25 mm in diameter.

It is expressly noted, for the purposes of clarity, that the above configurations and
15 relative dimensions of the carriers, are provided by way of example only. As
applies to this entire description, unless otherwise indicated, the configurations and
relative dimensions provided herein should generally be considered as exemplary

only and should not be seen to limit the invention in anyway.

20 The carriers 32 used in the invention are preferably porous particles of organic
polymer compounds. Other suitable carriers may also be used, including, but not
limited to, textile cloth, sphere carrier, cubic carrier, cylindrical carrier, and
rectangular carrier. Preferably, carriers which offer the microorganisms a large
surface area for attachment are used. The carriers 32 are preferably made from

25  polypropylene, polyurethane, high density polyethylene, polyethylene, polyamide,
ceramic. However, one skilled in the art will recognize that the carriers may also

be made from other materials as long as the carriers fulfil the indicated conditions.

In one embodiment of the invention, the vessel 10 includes separating means 34.
30 The separating means 34 partitions the vessel 10 into the respective
compartments. The number of separating means provided in the vessel 10 varies
according to the number of compartments to be partitioned within the vessel 10.
Preferably, the separating means 34 is a mesh material having a mesh size in the

range of 1 mm to 50 mm. The mesh size of each separating means provided in



15 rel ative dinensions of the carriers, are provided by way of exanple
only. As applies to this entire description, unless otherw se indicated,
the configurations and relative di nensi ons provided herein should generally
be considered as exenplary only and should not be seen to limt the
invention in anyway. 20The carriers 32 used in the invention are preferably
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mesh material having a nmesh size in the range of 1 mmto 50 mm The nesh
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the &5t wll recognize that the housing may take on other shapes w thout

depart | ngn,fer Rghéi% %8’ Wﬁ{g icgrrr]i'er %ﬁid 36 is made of a mesh material. The mesh

material preferably has a mesh size in the range of 1 mm to 50 mm. The mesh
size varies according to the size and type of carriers provided within the housing.
The side walls, the closed bottom 40 and the top 42 of the housing of the carrier
30 skid 36 may have the same mesh size or different mesh sizes. In all cases, the
mesh sizes of the side walls, the closed bottom 40 and the top 42 of the housing of
the carrier skid 36 should be small enough to retain the carriers within the carrier
skid and large enough to enable sloughed biomass to pass through. Preferably,

the housing 38 of the carrier skid 36 is made of metal; fibreglass; or plastic, such



The housing 38 of the carrier skid 36 is nade of a nmesh material. The nesh
material preferably has a nmesh size in the range of 1 nmto 50 nm The nesh
size varies according to the size and type of carriers provided within the
housi ng. The side walls, the closed bottom 40 and the top 42 of the housing
of the carrier 30 skid 36 may have the sane nesh size or different nesh
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The lug 44 may be one of a plurality of lugs attached to the housing. Preferably, at
15 least two lugs are attached to the housing. More preferably, four lugs are provided
when the housing is of a rectangular or square configuration, and each lug 44 is
disposed at each top corner of the housing 38. Further, one skilled in the art will
recognize that the lugs may be removably attached and/or placed along other

areas of the housing without departing from this invention.

20
The carrier skid 36 has a mixing zone 48 formed at the lower section of the
housing 38 and below the carrier zone 21. The mixing zone 48 is formed by a
mixing means disposed in the housing 38 for mixing the wastewater in the housing
38 when needed.

25

In one embodiment of the invention, the mixing means is a pipe 52 as shown in
FIG. 2(a). The pipe 52 is removably attached to the housing 38, with one end of
the pipe being perforated and positioned within the mixing zone 48. Preferably,
the one end of the perforated pipe is shaped as a loop such that the pipe 52 has
30 more perforated surfaces within the mixing zone 48 to provide a more uniform
mixing of the wastewater in the housing 38 when air is supplied through another
end of the pipe. One skilled in the art will recognise that other shapes or forms

may be employed as long as sufficient perforated surfaces are provided within the

10



15 least two lugs are attached to the housing. Mire preferably, four |ugs
are provi ded when the housing is of a rectangular or square configuration,
and each lug 44 is disposed at each top corner of the housing 38. Further,
one skilled in the art will recognize that the |ugs my be renovably

attached and/or placed al ong other areas of the housing w thout departing

from t hi Syjxheeabh&Me.20ThECarhBlnAt o aﬁklsqg’p?wﬁemé taenbéﬂfaﬁteaoaﬁ)&%aﬁ@é rred at
the | ower section of the housing elow the carrier zone 21

m xi ng zmommwg@m@rtmofbya%tewa;arm@bﬁér@ﬁ@ddu sposed in the housing 38 for
m xi ng the wastewater in the housing 38 when needed. 25 In one enbodi nment
of the invention, the mxing neans is a pipe 52 as showmn in FIG 2(a). The
pi pe 52 ila armtberabh&odinﬂaﬂhﬁdth’eoinvbmdmubé ngixB@ meank ieren agiatof arbe pi pe
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t hrough Rsttieaed s¥thinthe Rixing gane 6§e ﬂ?ﬁ poior 8r BlfEera &FCW IbP b se that

ot her shageexfHh @%ﬁ%iﬁ?p{e% s.n@bamacbx@é\d.@momhé%ﬁ bEth8HouBR fE;fthtl@é ed
surfaces are pI’OVI ded with m Xi nggzone . The amount of air

suppl i ed migingwoNseAd. of 2 R Sp@%Of/@iﬁ agita @@ﬁarrﬁqur@&a@orqrrpﬂat%ﬂﬂ%m ewat er
tob ot ed?%tewater to be treated. Furthermore, placement of the stirrer 26 in the system

is a design choice left to those skilled in the art to maximize a desired flow of the

wastewater.

Between the carrier zone 21 and the mixing zone 48, there is provided another
15 mesh material 51 for separating the two zones. The mesh material 51 is preferably
made from the same material as the housing 38. However, other suitable material
may be used without departing from this invention. The size of the mesh of the
mesh material 51 varies according to the type of carriers provided in the carrier
zone 21. In all cases, the size of the mesh should be small enough to retain the
20 carriers within the carrier zone 21 and large enough to enable turbulence, created
by the mixing means, to flow through to the carrier zone 21. The mesh material 51
may be an integral part of the housing or a separate part removably provided

between the two zones.

25 In one embodiment of this invention, the carrier skid 36 may be provided with legs
46 for supporting the carrier skid 36 within the vessel 10. When the carrier skid 36
with legs is installed in the reactor as the lowermost compartment 24, a space
between the bottom 40 of the carrier skid and the bottom of the vessel 10 will be
formed. In one embodiment of the invention, this space may serve as the mixing

30 zone 53 for the reactor.
In another embodiment of the invention, plurality of carrier skids may be installed in
the reactor without the legs 46. In this configuration, the mixing zone 53 of the

reactor will be formed by having a mesh material 55 disposed above the bottom of

11



I n anot her enbodi nent of the invention, the mxing neans is an agitator or
a 5 propeller-type stirrer 50 as shown in FIG 2(b). The agitator or the
stirrer 50 is renpvably attached to the housing 38, with one end of the
agitator or stirrer being positioned within the m xing zone 48. The
agitator or stirrer 50 can be designed, for exanple, of a sinple rod or a
cabl e extgadjedgel f00Sdh Bat 8Rpake HREVERHHG R nidi&rdliss Al #HR ot of Ne tip
speed of the agitator or stirrer varies according to the type 10 of

wast ewat ehetvgssrl 10rie graated, Mefiningradbdng Fonecedent of the stirrer 26 in the
systemis a design choice left to those skilled in the art to maxim ze a
desired flow of the wastewater. Between the carrier zone 21 and the m xi ng
zone 48, Themixing zpmey8d&dlisaprovided in 1te reesloritatneikitbe irBluehbliquicdpad dhe ng t he
two zaones. The nmesh .material 51 is preferably.mde fromthe sane terial
2s the nagsrgiaR migubyars” sreny hul dadhEomian iy iRt AGuaid e ou
depar t i ngnixe@mqLibi Mitd theerdacn forlticatfiehe THe iéngref thediquoheandehcamméeri al 51
varies according to the type of carriers provided in the carrier zone 21.

] y ¢ . ¢
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created by the mxing nmeans, to flowthrough to the carrier zone 21. The
mesh mat g proviledyithibthearessak Eywithoy slepagingt fram M divegtion. a separate part
rermv%bly provi ded between the two zones. 25In one enbodi nent of this
i nvention, the carrier skid 36 may be provided with legs 46 for supporting
t he carrilarsopk@ dnibodimerits of the investal, the .ledthdd of lilee carrier skidsk6 thaB6bev t h
legs is installed.jn, the reagctor as, t | ower no artnent. 24, . a space
betveen tRENEPDHaRIERo e Bhfim ) S0 AR R of T Bavr T Skircohinduer 16
will be fraayrsim dmintsralseroet thiehousihgtdseofithy eatriepBkidtd®. s space may serve as
the m xing 30 zone 53 for the reactor. In another enbodi nent of the
invention, plurality of carrier skids nay be installed in the reactor
Wi t hout 1R h&EmBRIimeRtstdtithe FRBhtIGHIRE VBSsel 4 DAY B BRidEANAES pRialitye
reactor wll be forned by having a mesh material 55 di sposed above the
bot t om ofof ¢orapaiEysels by usineh muitiple ssepssatingbBrepsend4 s biedsingaidinde 55 and

the bott om0l Lhgs \é%.ssﬁherzl'\gtii/ély,cﬁ%a{/g&el e Fn@k/% divided o %OBI%raﬁﬁy of

compartments by using a combination of the separating means 34 and the carrier

skids 36.

20
When the plurality of carriers provided in the carrier zone 21 are arranged in a
fixed state as shown in FIG. 3, where no mixing of the wastewater is required, the
mesh material 28 can optionally be removed so that more carriers can be packed
within the housing.

25

The reactor of the invention also comprises a gas collection zone 54 located at the
top 12 of the reactor. The gas collection zone 54 is used to collect biogas, such

as, methane produced during the treatment process.

30 When in operation, wastewater is fed into the reactor through the influent liquid
conduit 16 located at the bottom 14 of the vessel 10 by a feed pump 56. The
wastewater is first subject to mixing in the mixing zone 48 to evenly mix the organic
matter present in the wastewater before the wastewater ascends and fills up the

first compartment 24. The wastewater is retained in the first compartment 24 until

12



The m xi ng zone 48, 53 is provided in the reactor to mx the influent
liquid and the 5 re-circulated m xed |liquor evenly prior to introducing
the influent liquid and the m xed liquor into the reactor for treatnent.
The m xing of the liquor can be carried out using nechanical m xing neans,
for exanple, an agitator or a stirrer or by air mxing. One skilled in the

art will #66eg8kARinelalimBOIse rddthadOBEfoRa Xt HcERE oMY filke upr e dRdoMd t hi n
the vessel 10 without departing fromthis invention. 10 In sone enbodi nents
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In one embodiment of the invention, the re-circulation of the wastewater
20 discharged from the effluent liquid conduit into the reactor is automated. It is
controlled by means of a programmable logic controller (or PLC). The PLC allows
the wastewater to be re-circulated at intervals or continuously. The PLC can
selectively pre-programme a suitable intermittent re-circulating pattern to re-
circulate the wastewater into the reactor at intervals. Depending on the type of
25 wastewater to be treated, the reactor can be pre-programmed to re-circulate the
wastewater for 5 minutes or more or it can be pre-programmed to stop the re-
circulation for less than or about 2 hours. In some embodiments, the reactor can
be set to re-circulate the wastewater continuously. One of the advantages of
having a PLC incorporated into the reactor is that it allows better control of the
30 treatment process. If it is found that the wastewater discharged from the effluent
liquid conduit does not meet the pre-specified requirements of treated water, the
wastewater can be re-circulated back into the reactor by pre-setting a suitable
duration for re-circulation until the ftreated water meet the pre-specified

requirements. This allows one to have a better control over the re-circulation
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5 multiple conpartnments, degradation of organic matter and nitrogen takes
pl ace. Biogas is produced during the degradation process and ascends in the
sanme direction as the upward flow direction of the wastewater until the

bi ogas reaches the gas collection zone 54. The biogas is collected at the
gas collection zone 54 and di scharged through an outlet for use as an
energy s f f
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ef fi ci encSpro#st @My Q3% dyer rBay Higra F’rptPoﬂ'%%t YEH RSt I WaBlvallateW? of the

i nvent i onhERIYhRhE PedcittGhi 'a‘?rrhpﬁﬁaré direbiidrat TIA8 witflisalt WaR uhBeertdiktribatisn i n the
reactor are arranged in a fixed state and different sizes of the 10

carri ers cfrtbeagasdensripveanidlayenanddscturmagselbint iaguvnrgvesndistibutien ©ithe er s
al l ows or u 3 i

capt ur ed T oA R Ry e ARCR: SRRTREH oLl STt B BRebeEr BV 1y
wi t hi2s t heithie dos mactmandrihaefficianicy of fHe weiaetocy of degradati on of organi c
matter in the wastewater. Furthernore, the reactor of the invention may
al so be operated under nesophilic 15or thernophilic conditions. The

advant ageTid altéinafvé kentaiimest ofstHedfeartut dfhidesiapentioni povidesiexibility e
react or : . , o

terms of design choice as the use of carrier skid in the reactor allows one to

customise the reactor according to the type of wastewater to be treated. The

30 carrier skid is easily movable and hence, it makes installation and removal of the

carrier skid easier. The lugs attached to the housing of the carrier skid enable the

carrier skid to be lifted easily from the reactor. If one carrier skid fails to function

efficiently in the reactor, the entire carrier skid can be easily lifted and removed for

repair purposes. A new carrier skid may then be installed without the need to wait
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in accordance with this invention is that the carrier skids and the
separating neans are able to retain the carriers in a designated | ocation
within the reactor. If no 20 neans is provided to separate the different

| ayers of carriers in the reactor, the carriers fromone |ayer nmay mgrate
to another |layer as the wastewater flows through the reactor in an upward
di recti oo Hy SidWakfier’ §&'td bé Bixéd i ORI Forthe treh &bt iPBe #f opdatiGRBERMAI S 1N
each layer and in turn, result in an uneven distribution of the

m cr oor gafhes msewpft nultinlcarrgacskids imrhe reagtonRfetheepiesant dventior thuer obi al
activity A € f t ~efflci - 0f ctor. The

al t er nat i‘\ﬁfgwg%r%%‘g?%n‘i 8t qtld ?dégg %@'ng“{’%%ﬁ%@ﬁﬂégn%pértg@i des flexibility
in ternms of design choice as the use of carrier skid in the reactor allows

one tq custonise the reactqr acgcording to t type. of wastewater to be
Creat 3d. Wit 258Ve 47 0 cpSapns 6 e biesd pifec WRGRentE ediinre 1o

i nst al | atihgghtidRcndesDenbvedf thahetheps taeang Killldesigh alternblige prgesséd thelbed to

t he housing of the carrier skid enable the carrier skid to be lifted easily
fromthe 'F“%H@‘F s inventipnbasad o thesahayerdisqiaswe: function efficiently in the
reactor, the entire carrier skid can be easily lifted and renoved for
repair purposes. A new carrier skid may then be installed w thout the need
to wait for the old carrier skid to be fixed irn order for the reactor to be
in operation again. The use of multiple carrier skids in the reactor of the
present invention thus provides a nore efficient and cost effective way of
treating wastewater. 5 The above is a description of the subject matter the
inventors regard as the invention and is believed that others can and w ||
design alternative processes that include this invention based on the above
di scl osure. CLAIMS: 1. An upflow anaerobic reactor for treatnent of

wast ewat er conprising: an encl osed vessel having a top and a bottom 5an
influent liquid conduit | ocated proximate the bottom of the vessel for

15



feedi ng wastewater into the vessel; an effluent |iquid conduit

| ocated proximate the top of the vessel thereby establishing a flow
direction through the vessel fromthe influent conduit to the effluent
conduit for discharging treated water; 10wherein the vessel conprises a
plurality of conpartnments arranged one on top of another, each of the
pluralityAienpartments includes a plurality of carriers to which

m croorgani sns are attached to each of the plurality of carriers, and
wherein the plurality of carriers in an uppernost conpartnent having a
di aneter smal | n i I ' iers in a

| ower nostﬁcorrplg{r %m ?ﬁ%ogf%%gE’g?ﬁegwﬂﬁ%rﬁggp?gltégvartgg%%ﬁ%c ording to
cl ai m 2, wher emendiusedi\e@seeldravifg a lap adia dbttom; of carriers in the plurality

of conpartnments decrease.in si.ze.in.th L Gt |

di rection of tarpenﬁllgg?tea%l%rcopﬂpgd%%at%%g)@gg%é? t@%éﬁ)h? ﬁ]a?fstt%;%%%e?\g?ﬁty of
carriers fegdihd) vadppestenato thergeasélment has the snall est dianeter 20and the
plurality of carrjers jn.the | owernpst conpartpent h t he | ar gest

di ameter. 3. @he 'HEI‘“I W‘éﬁ&@%‘ﬁ%‘gﬁ%‘%&% Q@Cg%d{%ggftsﬁ‘ed%ﬁsﬁ( ergler ei n
the pl ur alstdnlisRihg CR FloWeliPedtiont hPounuthdl Véskep FrofP ialinfiRRt Sohduiftd @nged in a
fixed state. 254.The upfl ow anaerobic reactor according to claim1l, wherein

t he pl ur #filygnt pndidt fior disshangingeeatedaleyst conpartment is arranged in a
fixedystate, apd ki I [ L eSS, | r nt is
arraﬂged I n one cg%mgh?i\)%égléls%@{Segaa;@g%g@dgﬂcirﬁg?tmgﬁﬁrggggg%girgri:%tclsﬁ of
fi xed andop ofpeotiied esichtofshe pldBlithef cphpaimeantsdndiies a phraldy ohcawiets ng to

| ai ., wher.ej h I i f '
it er moaitar ahED tpisriordaioRs dnb. Ao B EFRDT hE PR Bt caltaR A%
upper nostwiesripatheniralityt dfecartiedseiasdn appernmidst icormbastheent hapiagt anelidmetenpr i ses

plurality of carriers, arran in a.fixed state., 6. The, upfl ow anaer obic
Penct or | SRR 6 ATaPEr of ey ALy o GRS Iy lowermast Smpaant
15
2. The upflow anaerobic reactor according to claim 2, wherein the diameter of

the plurality of carriers in the plurality of compartments decrease in size in the
same direction as the flow direction of the wastewater through the vessel such that
the plurality of carriers in the uppermost compartment has the smallest diameter

20 and the plurality of carriers in the lowermost compartment has the largest diameter.

3. The upflow anaerobic reactor according to claim 1, wherein the plurality of

carriers in the plurality of compartments is arranged in a fixed state.

25 4. The upflow anaerobic reactor according to claim 1, wherein the plurality of
carriers in the lowermost compartment is arranged in a fixed state, and the plurality
of carriers in the uppermost compartment is arranged in one of a fixed state, a

suspended state and a combination of fixed and suspended states.

30 5. The upflow anaerobic reactor according to claim 4, wherein the plurality of
compartments includes at least one intermediate compartment between the
lowermost compartment and the uppermost compartment, the at least one

intermediate compartment comprises plurality of carriers arranged in a fixed state.
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a separating neans that separates first one of the plurality of
conpartnents from an adj acent second one of the plurality of conpartnents.
57. The upfl ow anaerobic reactor according to claim1, wherein each of the
plurality of conpartnments conprising: a carrier skid having a

housi ng made of a mesh material, side walls, a base, a renovably attached
top, and @ Carfﬂeeupf%%&]émb.eegaw L rdifG t5eMh R9fer B6GBHYhGY t he
plurality of carriers e u ow ahaer obi c reactor according to
claim 1, furt esepssaing wieags tlwtmenaw%rﬁborm%pf hedlunlityrad compagimentaxi mat e
the bott f n zone defined in the
vessel ‘} n?a Jg’i%‘*‘:éﬁgg "{"6‘8253‘%&“& eglur&ntggf%&ﬂb%@@é{\@. 15 9. The upfl ow
anaerobl c reactor accordi ng to claim1, further conprising: a recircul ation
line for ye-ciytculatin | east ortign of the stewater ar ged
from Bhe Ter 11 UL UpHoy naeets readiab Rerori: ket o wheBingadt 37 3 B on

anaer obi cp|u,gﬂgt@rcoﬁ%thgmcc§m Gsiag:m 9, further conprising:
programabl e ['ogi c controll ? controlling the re- C|rculat|on of the at

| east a portiof Qﬁ”"?%%‘ﬁdﬁ%‘ﬂa@ O%ﬁ&m%’ﬁoo Adneghmyerialy sidg walhad for
anaer obi q,JeegtaRRlaf{ HBehENE andld Bariiel Rk <ae Thed fAthr thgﬁfd@x@ﬂb%rt he

wast ewat er to an enc?gsed reactor through an inf uent i quid
receiving the plurality of carriers.

10
8. The upflow anaerobic reactor according to claim 1, further comprising:
a mixing zone defined in the vessel proximate the bottom of the vessel; and
a gas collection zone defined in the vessel for collecting biogas produced in
the vessel.
15
9. The upflow anaerobic reactor according to claim 1, further comprising:

a recirculation line for re-circulating at least a portion of the wastewater

discharged from the effluent liquid conduit back into the vessel.

20 10.  The upflow anaerobic reactor according to claim 9, further comprising:
a programmable logic controller for controlling the re-circulation of the at

least a portion of the wastewater back into the reactor.

11. A method for anaerobic treatment of wastewater, the method comprising:
25 feeding the wastewater to an enclosed reactor through an influent liquid
conduit located proximate bottom of the reactor;
allowing the wastewater to flow in an upward direction through a plurality of
compartments, each containing a plurality of carriers to which microorganisms are
attached to each of the plurality of carriers, thereby producing a mixed liquor and
30 Dbiogas;
re-circulating at least a portion of the mixed liquor discharged from an
effluent liquid conduit back into the reactor through a recirculation line;
collecting the biogas produced within the reactor in a gas collection zone

provided within the reactor; and
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conduit | ocated proximate bottom of the reactor; all owi ng the
wastewater to flow in an upward direction through a plurality of
conpartnents, each containing a plurality of carriers to which

m croorgani sns are attached to each of the plurality of carriers, thereby

producing a m xed quuor and 30bi ogas; re-circulating at |east a
portion of the, étﬁg’ HE (vathrsh g@gj frio@nthéresddr uent 1iquid conduit back
into the reactor t ougcﬂ a raeC| r%:lﬁ orq l'i ne; col l ecting the biogas

produced within the reactor in a gas collection zone provided within the

reactor; rd|ﬁbe| %ﬁ“&d %%B@%F %ﬁ'ﬁaeﬁ ﬂhﬁgp@&ﬂﬁﬁjsl gromthe reactor. 12. The

nmet hod ac conpri sin m xi ng the
re-circul at ed ﬁﬂ)dt@ihblrmdﬁmuha&ddmfxeddiqumawttb\fmshrwastevaatm i anonixiogeogr ovi ded
wi thin the rgag ‘E‘ }13 gle met hod according to claim 11, further

conpr Psi rYOVIFEd WIS PAYFhe at | east a portion of the mixed |iquor

di scharged fromthe effluent liquid conduit at intervals by neans of a

programabl e | ogic controller. 14. The method accqording to claim 11,
further c%prlghm@‘eth@-%qcpﬁiﬂ‘%iq flgim Ad, HtheeeIPPESIRGr t i on of the mi xed

l'iquor conti nyau§lViating the at least a portion of the mixed liquor discharged from the
effluent liquid conduit at intervals by means of a programmabile logic controller.
10
14. The method according to claim 11, further comprising:

re-circulating the at least a portion of the mixed liquor continuously.
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