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The present invention relates to a carrier separating screen of a waste
water treatment utilizing a microbe-attached canierair-bubﬂe supply
method/apparatus for the screem, and a waste water treatment
method/facility provided with the apparatus. The invention particularly
relates to a carrier separating screen of a waste water treatment facility that

g ‘for

The

utilizes a microbe-attached carrier for a biological purification process of -

organic and inorganic substances contained in a waste water. The carrier
is a particulate that includes a major'consﬁtuent of an organic polymer
substance or an inorganic substance, which holds microbes to effectively

purify the waste water. The carrier holds the microbes that may be built-

up thereon or attached thereto.

Background axt
To biologically purify an organic substance or an inorganic substance in
a sewage or an industrial waste water, there is a typical standard
activated sludge process for treating a waste water, which is shown in FIG.
18. This sludge process is a biological purification process which aerates an
inflow water in an aeration tank 1 to deliver it into a final settling pond 1a.
The sludge returns into the tank 10. |
Meanwhile, another biologically )jurification process utilizes a



“up thereon or attached thereto. Background art To biologically
purify an organi c substance or an inorganic substance in a sewage or an
d-ndustrial waste water, there is a typical standard activated sl udge
process for treating a waste water, whichgis shown in FIG 18. This sl udge
process is a biological purification procgss whi ch aerates an inflow water
In an aeration tank 1 to deliver it into a final settling pond la. The
sludge returns into the tank 10. Meanwhi | e, another biologically
purification process utilizes a 2

m crobe- at t agitiefolsraittiached Bartiercih whivhobaticdbes ave biiiltvuposr joindikthgetloat her

on particulate carriers mainly consisting of an organic pol ynmer substance

or an i nor gagnCpftitel AR riettrainly conisistin H6F 41 6FRmSc pElym @Ssubstanceady ed
an inorganic substances. This purification process applies a so-called
carrier added aeration tank that contains microbe-mounted-carriers. The
aeration tank may include such effective microbes as BOD removing
bacteria as mnnpamad'whhnalﬁzndazd activated sludge process. In the
aeration tank, microbes having high growth speed may be used with a.
high concentratipn ratio, or microbes haﬁng a low growth speed such as a
nit;:aﬁon bacteria also with a high concentration ratio may be applied. Such
carrier added aeration tanks allow advantageously a x:.ompact treatment
facility for speeding up the treatment. |

Meanwhile, the carrier added aeration tank requires to prevent the
added microbe-mounted-carriers from flowing out from the tank. Fbrﬂhé
purpose, there is provided a carrier separating screen respectively in an
outflow side and in an inflow side of the aeration tank. To use the carrersin
the aeration tank water, it is required to use a screen having a diameter
mesh smaller than the carriers. ‘

In this carrier separating screen, the treated water flows through the
screen from an upstream tank to a downstream tank. Hence, an upstream
surface of the screen is accumulated by the carriers or other contaminants
(like hairs), decreasing the flow passage area for the treated water to
disadvantageously reduce the waste water treatment capacity.

An art for eliminating this disadvantage is disclosed in Japanese
Patent Applications Laid-open No. H. 3-38298 and No. H. 6-238290. The
arts in the Applications No. H. 3-38298 and H. 6-238290 are called
hereinafter respectively as a prior art 1 or a prior art 2, which will be



“carrier added aeration tank that contains mcrobe-nounted-carriers. The
aeration tank may include such effective m crobes as BOD renovi ng bacteria
as conpared with a standard activated sludge process. In the aeration tank,
ni crobes having high growth speed may be gused with a. high concentration
ratio, or mcrobes having a | ow growh speed such as a nitration bacteria
also with a high concentration ratio nmay be applied. Such carrier added
aeration tanks allow advantageously a conpact treatnent facility for
speedi ng up the treatnent. Meanwhi |l e, the carrier added aeration tank

requires to gdiseussed s eefeariieg toFTGo b8 amdunFEE- 20721 ers from fl owi ng out
fromthe tank. For the purpose, there is provided a carrier separating

screen respecti vBinst) refaringtd FIQ! 19 (riendartil), dendted 1dwani dgeratiohhtank:

aeration tank. To use the carriers in the aeration tank water, it is

required to 2@ aishlowrs; Aad 3 ancaskiativh! fyparatis.sThe taxk tiheontaires aafaw er s.
In this carrier separating screen, the treated water flows through the

screen from gastdSwhaed™ 4,arwhich dndkidest isieroiemountiihearicd BoSkithan

surface of the screen is accunul ated by the carriers or other contam nants

(11 ke hairs) prefinténainedongentratioh Ratisa0The #Realioh appardths 3igtherafedlait O
di sadvant ageousl y reduce the waste water treatnent capacity. An art

for elim nathubble8igs Arehndnl 268 d&ﬂi&@eﬁﬁ%ﬁs&ﬁ@ﬁ“ﬁﬁﬁaﬁ%ﬁﬂbw end
Applications Laid-open No. H 3-38298 and . H 6-238290. The arts in the

fgg' i cat i onsti¥eeof ! In3thedpHer At 1/ anbaid bubdle 3appha! hﬁﬁaﬂ%@isnﬁfﬁﬁfvided
pectively as a prior art 1 or a prior art 2, whiich will be
" close to the screen 7 for preventing the carriers 5 and contgminants (ike
hairs) incdluded in the waste water from building up on a screen surface of
the screen 7. FIG. 20 shows major elements thereof.

In FIG. 21 (a'prior art 2), a carrier separating screen 7 int;]ines in an
upward, left direction along an outflow side gonﬁguration of an aération
tank 1. At the rear of (right side) the screen 7, there is provided a chain
conveyor 16 in parallel with the screen 7. The conveyor 16 has sprocket
wheels looped over by chains. The chains of the conveyor 16 have a brush
15 the tips of which project through openings of the screen 7. Near a lower
end of the screen 7, there is provided an air-bubble supply apparatus 8.
Thus, the apparatus 8 produces an upward stream along the screen
surface, which scratches awéy contaminants accumulated or clinging on
the screen surface so as to return them into the aeration tank 1.

Such biological purification processes, in which a carrier separating
screen is essential, have a high treatment capacity as compared with an
activated sludge process, since the biological purification process may
include high conéentration ratio microbes such as nitration bacteria

effective in waste water treatment. However, it raises a problem that will

be discussed hereinafter.



3 di scussed as referring to FIG 19 and FIG 20/21. First,
referring to FIG 19 (prior art 1), denoted 1 is an aeration tank: 2 an
air blower; and 3 an aeration apparatus. The tank 1 contains a raw waste
wat er 4, which includes m crobe-nount ed-car‘{i ers 5 with a predeterm ned
concentration ratio. The aeration apparatus® 3 generates air bubbles 6. The
tank 1 has a carrier separating screen 7 at an outflow end thered In the

prior art 1, an air-bubble supply apparatus 8 is provided close to the
screen 7 for preventing the carriers.5 and contam nants ai ke hairs)

included in the wivkepraeitirig Ghe beritiyg Ofrd Cﬂbﬁnﬁlcroﬁ?nﬁﬁﬂf ftﬁ?eh%%tﬁlgﬁt

screen 7. FIG 20 shows major el enents thereof n FIG 21 (a prior art
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al ong an outflow side configuration of an aeration tan t he rear of
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with the screen 7. The conveyor 16 has sprocket over

TS 5 nocuTeE e U SN g oSy i el
like hairs. This increases a permeation resisting coefficient for a water
stream so that the water level of the aeration tank abnormally moves
upward, restricting the water treatment, In order to prevent the increase
of the penﬁeation resxstmg coefficient, enlagement of the screen is one
solution thereof, but it causes an increase in construction cost.

In the prior art 2, without upsizing the screen for preventing the
clogzing, there is provide the screen unit having the brush for s&ubbing off
to remove carriers and contaminants accumulated on the screen surface.
Howeyer, the apparatus that has the extra brush causes a cost increase and
also requires a maintenance work thereof In addition; there is the
possibility of causing damage of the carriers by the scrubbing brush.

In the prior art' 1, the air-bubble supply apparatus in the waste water
treatment facility is simpler and less expensive than the scrubbing brush for
removing the depositions. The air-bubble supply apparatus .‘ provided
close to the screen generates air bubbles, which prevents or falls off the
build-up of carriers and contaminants on the screen surface.

Furthermore, there has been another waste water treatment facility
having an aeration process tank that contains microbe-mounted-carriers
efficiently distributed in the tank for preventing the clogging of a screen.
This type of waste water treatmént féci]iﬁes utilizing microbe-mounted-

carriers, for example, is disclosed in Japanese Patent Application Laid-open

No. H. 5-220491 (called as a prior art 8 hereinafter), H. 7-136679 (a prior



“end of the screen 7, there is provided an air-bubble supply apparatus 8.
Thus, the apparatus 8 produces an upward stream along the screen surface,
Which scratches away contam nants accunul ated or clinging on the screen
surface so as to return theminto the aerq;ion tank 1. Such bi ol ogi cal
purification processes, in which a carrier separating screen is essential,
have a high treatnent capacity as conpared with an activated sl udge
process, since the biological purification process nmay include high
concentration ratio m crobes such as nitration bacteria effective in waste

wat er treat neait4)HavHEY §r124582 (@ pader atBobl emthat will be di scussed
herei nafter. 4 For
o]
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there is provided a carrier separating screen at an outflow side, as
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mesh of the screen is cloggéd with the carriers and -the contam nants
(treatment pellets) toward a downstream side of the process tank, unevenly
distributing the carriers in the tank. This decreases treatment capacity of
the tank, and there is the possibility of clogging and blockage due to carriers
accumulated on a carrier separating screen. To prevent the uneven
distribution due to the stream, it is proposed that an inflow position and an
ouﬁmwlem&ﬁanibrzafwmﬂe'wauu'amaahmnnaﬁyéhrdhanged:u>ahkrthe
stream direction in the tank. This prevents carriers from unevenly
distributing in a downstream side,  and also prevents ti:e carrier
separating screen from clogging. '

Referring to the prior art 4, as shown in FIG. 22, a treatment tank 13 |
has a plurality of rooms, each of which includes a baffle plate 14, air-bubble
supply apparatus 8, and a activation device such as a propeller mixer 18
provided in a ldwer part of the room. The room inéludes added carriers 5
which are moved toward an upstream side by operating the propeller
mixer 18. This prevents carriers 5 ﬁom unevenly distributing in an outflow
part 17, allowing an efficient purification process for sewage.

Referring to the prior art 5, as shown in FIG. 23, a treatment tank 13
has an intermediate baffle plate 14. In the inflow side of the tank,
there is disposed an air-bubble supply apparatus 8a that has a lower
oxygen dissolution ratio. Meanwhile, in the outflow side of the tank, there
is disposed an air-bubble supply apparatus 8b that has a Egher oxygen
dissolution ratio. Furthermore, the air supply rate of the inflow side is
larger than that of th2 outflow side, thereby generating a circulation flow.



Tike hairs. This increases a perneation resisting coefficient for a water
streamso that the water |evel of the aeration tank abnormally noves
upward, restricting the water treatnent. In order to prevent the increase
of the perneation resisting coefficient,(gnlagenent of the screen is one
solution thereof, but it causes an increaSe in construction cost. In
the prior art 2, without upsizing the screen for preventing the cl ogging,
there is provide the screen unit having the brush for scrubbing off to
renove carriers and contam nants accunul ated on the screen surface.
However, theThepeirailasionhfiowhzontdinimgx the distiibutedusamierschsiallondngame and
al so requires a nai ntenance work thereof. In addition, there is the
possibility effiviers stvagtpmaficatién prevess.i ers by the scrubbi ngbrush. In
the prior art 1, the air-bubble supply apparatus in the waste water
treatnment facility is sinpler and | ess expensive than the, scrubbi.ng brush
for renmoving the depositions. The air-bubble supply apparatus provided

Nié@DF tk Htggn ai r bubbl es,  which prevents or falls off the
buil d-up of carrier ontam nants on the screen surface.
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an aeration process tank that conftains mcrobe-nounted-carriers efficiently
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the screen clogging. Particularly, it has been found that a carrier build-

up growth tends to occur at a spmiﬁc;posﬁﬂmn (normally at an upper
"position) of the screen to cause smeen clogging under a steady state of
the aeration tank stream by the air-bubble supply.

A blockage of the screen occurs when the carriers are forced to
intimately contact with a screen surface, thereby decreasing the flow
passage area of the screen. For preventing such blockages of the screen, it
is required to eliminate build-up of carriers on the screen suxface.

However, the method of the prior art 1 that includes the air bubble
generating apparatus provided close to the screen lower end involves a
problem that will be discussed hereinafter. That is, referring to FIG. 20,
the air-bubble supply apparatus § genennms=ﬁ¥lnﬂﬂﬂes€ithatlnoves
upward with expanding themselves. This moves a surrounding raw water 4
together, generating an ascending current. A speed Va of the ascending
current along the screen 7 is higher near the air-bubble supply apparatus
8, preventing build-up of carriers on the screen. But, the speed Va becomes
smaller near a water surface WF, causing build-up of carriers around an
upper position of the screen. This raises the problem that build-up of
carriers on the screen 7 is not sufficiently eliminated. The deference of the



“6 art4), or H 7-124582 (a prior art 5). Referring to the prior art
3, there is a streamin a process tank, which flows froman upstream side.
_Fhe stream noves added carriers (treatnment pellets) toward a downstream
side of the process tank, unevenly distr%buting the carriers in the tank.
Thi s decreases treatnent capacity of the‘tank, and there is the possibility
of doggi ng and bl ockage due to carriers accunulated on a carrier separating
screen. To prevent the uneven distribution due to the stream it is
proposed that an inflow position and an outflow position for a waste water

are al ter natjpydad ﬂwﬁpéﬁﬂéﬁreehh@pﬁéﬂm&wéﬁﬁéaﬁans of the skl -igThi s

prevents carriers fromunevenly distributi ng I n ‘a downstream side, and
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to the prior art as shown in FIG t tank as a
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screen. Such downward stream décre_ases an ascending current speed
caused by the air bubble generating apparatus, resulted in an undesired
current.

The method of the Iirio;' art 2 that has the unit for mechanically
removing clogging matters on the separating screen. The unitis expensive
and causes an increased maintenance cost. In addition, th_ere is the
possibility of causing damage of the carriers during removing of the clogging
matters. | _

The prior arts 3 to 5 intend to enhance microbe treatment and to
minimize blockage in the carrier separating screen by stirring a water in
the aeration process tank. The prior art 3 changés alternatively the inflow
and outflow positions of the process tank so as to prevent uneven
distribution of carriers in the tank. However, the prior art 3 requires a
longer conriuit for delivering a waste water, resulted in an increased
construction cost. In addition, a valve for altering the inflow and outflow
directions is to be frequently operated at predetermined intervals. This
raises the risk of a shut down of the system, which could not provide a_
sufficient designed capability of the system.

The prior art 4 has the baffle plate in the tank and an activation
device such as the propeller mixer provided in a lower part of the tank for
moving carriers toward the upstream side. However, the baffle plate and

the mixer disadvantageously require a large construction cost and also need



“whi ch are noved toward an upstream si de by operating the propeller mxer

18. This prevents cariers; 5 fromunevenly distributing in an outflow part
X7, allowing an efficient purification process for sewage. Referring to
the prior art 5, as showmn in MG 23, a tgeatnent tank 13 has an
internedi ate baffle plate 14. In the inflow side of the tank, there is

di sposed an air-bubble supply apparatus 8a that has a | ower oxygen

di ssolution ratio. Meanwhile, in the outflow side of the tank, there is

di sposed an air-bubble supply apparatus 8b that has a hi gher oxygen

di ssol uti on renergy forlderatinethe thberai r supply rate of the inflow side is
| arger than that of thin outflow side, thereby generating a circulation

flow Referring to the prior art 5, in the infldw side bf thé taHkather {4 ow

containing the distributed carriers 5, allowing an efficient sewage

purification ksgmedSthe air-bubble supply apparatus that has a lower oxygen
dissolution ratio. Meanwhile, in the outflow side of the tank, there is
disposed the air-bubble supply. apparatus that has a higher oxygen
dissolution ratio. Furthermore, the air supply rate of the inflow side is
larger than that of the outflow side, thereby generating a circulation flow.
Thus, the baffle plate and the two types of air-bubble supply apparatuses
require disadvantageously an outstanding construction cost. In addition,
the prior art needs the air-bubble supply apparatus having a lower oxygen .
dissolution ratio, which raises a problem of an energy expense increase.

In order to solve the above-described problems, an object of the
invention is to prevent blockage in a carrier separating screen and to
provide a carrier separating screen unit with a low cost for efficiently
preventing blockage of a separating screen due to carriers or the like.

Ancther object of the invention is to provide an air-bubble supply
method and an apparatus thereof for positively preventing clogzing in a
screen utilized in the foregoing carrier separating screen unit so as to
Prevent blockage of the screen.

A further object of the invention is to improve waste water treatment
efficiency and to prevent bleckage of a carrier separating screen. That is, the
invention aims to provide a waste water treatment method and a facility of
the same, which can efficiently distribute microbe-mounted-carriers in a

process tank having a simplified means of a low cost for waste water

treatment.



‘Cbj ect of the invention However, in view of experinents that the

i nventors of the invention have carried out, the apparatus disclosed in the
prior art | (Japanese Patent Application Laid-open No. H 3-38298) can not
prevent sufficiently the screen clogging. garticularly, it has been found
that a carrier build- up growmh tends_to occur at a specific position
(normally at an upper position) of the screen to cause screen cl ogging
under a steady state of the aeration tank stream by the air-bubble supply.
A bl ockage of the screen occurs when the carriers are forced to

inti mately c@esgeiptien éf thednvewtiosur f ace, thereby decreasing the flow
passage area of the screen. For preventing such bl ockages of the screen, it
is required to elFowi achiievitig | the/pforegsingr i shjecton t [thesdheention' fprevides
However, the nethod of thghg%ior art 1 tha;ﬁ?ncfudes the air bubg?g

generating appppatatuses tHatiedll dediscisted herdissfiey | ower end involves a
problemthat wll be discussed hereinafter. That is, referring to FIG 20,

the air-bubbl e suPhé invéitidn describedeae CRiRS] 3 b darbiar Sapardthed sfREASunit
upward with expandi ng thensel ves. This noves a surrounding raw water 4
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current along the screen 7 is higher near the air-bubble supply apparatus

8, preventing phirifichtith plocesd bf efgarid ahdcinesFAAP suBstanckd $n WO RAGteVHabGCONES
The unit is characterized in comprising a stream guide member close to

andspagedfhnnthecardérsgpanﬂingsmmmn.

This invention includes a stream guide member close to and spaced
from the carrier separating screen, defining a flow passage bétween the
screen and the stream guide member_. Thereby, air bubbles @méamd by an
aeraﬁon apparatus or an air-bubble supply apparatus) near a lower part of
the screen do not widely spread out, but move upward through the flow
passage. Thus, the upward flow speed does not decrease between the lower
part of the screen and the water surface. That is, the upward stream
provides a shearing force all over the screen surface, preventing build-up
of cérriers oﬁ: the like on the screen suzféce. In addition, even where the
aeration tank is of a swirl flow type, its descendihg flow would not give an
adverse effect.

The invention described as claim 2 is a carrier separating screen unit
as set forth in claim 1. The unit is further characterized in that the screen
is mounted m an aeration tank and the stream guide member has a lower
end extended near the aeration apparatus provided the aeration tank.

In this invention, the stream guide member having a lower end
extended near the aeration apparatus allows that the flow passage defined

between the screen and the stream guide member can intake air bubbles



“smal | er near a water surface W, causing build-up of carriers around an
upper position of the screen. This raises the problemthat buil d-up of
carriers on the screen 7 is not sufficiently elimnated The deference of

t he 7 upwar d nmovi ng speeds

bet ween upper and | ower positions of the %green Is caused by that the air
bubbl es 6 supplied by the apparatus 8 distribute in a wide area of a higher
position of the water. Were the aeration tank is of a swirl flow type,
there may cause a downward stream dcose to the screen. Such downward stream

decreases an geserated by ahr astatiore agparataedpduitioned aindebutblel Sogepassigeng

apparatus, resulted in an undesired current. The nmethod of the prior

art 2 that haThidimcebades’ Oin EEcIRAIMME ahirent Qlong (he SteaEH Serfaed hegsecd) t he

separating screen. The unit is expensive and causes art increased
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of the carriers during renoving of the dogging matters. e prior arts
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carrier separating screen by stiring a water in
supply apparatus is provided under and close to the screen.

In this invention, the air-bubble supply apparatus provided under
and close to the can'ierl separating screen can increase the ascending
current speed through the passage defined between the screen and the
stream guide member. Because, air bubbles increased by the air-bubble
supply apparatus passes _th:tough the flow passage. |

The invention described as claim 4 is an air-bubble supply .method for
a carrier separating screen. The method is characterized in supplying air-
bubbles in such a way that an air supply rate is varied with time for
separating microbe-mounted-carriers in a carrier separating screen.

In this invention, the air supply rate varied with time prevents
build-up of carriers or contaminants from concentrating on a specified
position of the screen surface. That is, the method varies the position that
tends to deposit carriers with time so that accumulated carriers or
contaminants do not grow larger.  Thus, accumulated carriers or
contaminants are easily fell off by the air-bubble supply, preventing
clogging in the screen.

The invention described as claim 5 is an air-bubble supply method for
a carrier separating screen as set forth in claim 4. The method is
characterized in that air-bubbles are supplied from more than one
positions close to the screen.

In this invention, air-bubbles supplied from such more than one



the aeration process tank. The prior art 3 changes alternatively the inflow
and outflow positions of the process tank so as to prevent uneven
distribution of carriers in the tank. However, the prior art 3 requires a

| onger conduit for delivering a waste wat i1 resulted in an increased
construction cost. In addition, a valve f altering the inflow and outfl ow
directions is to be frequently operated at predeterm ned intervals. This

rai ses the risk of a shut down of the system which could not provide a
sufficient designed capability of the system The prior art 4 has the

baffle plate pasitibfis canleontyd] Battastd fall dfPBuil@MiF6f GFitraer éditaRiinfRtd &

m xer provided in a lower part of the tank for 'noving carriers toward the

upstream si deghed QuB¥E surfals, Mﬂﬁ?&v@nﬁﬂ%&%@iﬂﬁﬁﬁdb&%@ﬂ?m ageously

require a large construction cost and al so _ _ _
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that, has a hhaheise@X#P& biological purification process of organic and inorganic

substances in a waste water. The apparatus is characterized in having

an air-bubble supply header mounted close to the carrier separating screen

and a control means for controlling an air supply rate from the header

with time.

In this invention, ﬁhetmmtuﬂ:néans«mm:mnnzolan.ah:supphrrame
from the header to vary an air-bubble supply with time.

The invention described as claim 7 is an air-bubble supply apparatus
as set forth in claim 6. The apparatus is further characterized in having
more than one air-bubble supply headers close to the carrier separating
screen.

In this invention, the apparatus has more than one air-bubble supply
headers ' close to the screen, whicl; can vary air supply rates from the more
than one positions close to the screen with time to sﬁpply air-bubbles.

Besides, the air-bubble supply header disposed close to the screen
generates air bubbles which produce an effect on the screen surface. The
header should be specifically positioned based on the size of the apparatus,
tﬁe kind of carriers, and the kind of waste water.

The invention described as claim 8 is a waste water treatment method -
for purifying biologically a waste water. The method is characterized in that
for treating an waste water in a process tank containing microbe-mounted-

carriers, the process tank has an inflow water descending height and the



“di ssolution ratio. Furthernore, the air supply rate of the inflow side is

| arger than that of the outflow side, thereby generating a circulation
f.low. Thus, the baffle plate and the two types of air-bubble supply
‘appar at uses require di sadvant ageously an;gutstandi ng construction cost. In
addition, the prior artneeds the air-bubﬁ?e supply apparatus having a | ower
oxygen di ssolution ratio, which raises a problemof an energy expense

I ncrease. In order to solve the above-described probl ens, an object of
the invention is to prevent blockage in a carrier separating screen and to

provide a calatéfil width sibstihtiAhPférpendiculhs tb thd B 98@&9%&%&&&%&&% ly

preventing bl ockage of a separatihg screen due to carriers or the li
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means of & | ieHElmRkteleh k! e 14 Bbording to the capacity of the

treatment tank. Furthermore, the process tank has the foregoing ratio
dimensions. Thus, the microbe-mounted-carriers are evenly distributed,
allowing an efficient biological pm:iﬁgation process.

The invention described as claim 9 is a waste water treatment for
purifying biologically a waste watér. The facility is characterized in having
a process tank for biolo;gically purifying an inflow water with microbe-
mounted-carriers and aeration. Furthermore, the process tank has the
flow direction length amd the lateral width substantially perpendicular to
the length such that the ratio of the length to. the lateral width is
between one and four.

In this invention, the process tank having the dimensions of the
foregoing ratio tends to .evenly distribute microbe-mounted-carriers in an
inflow water. This allows an efficient biological purification process for the
inflow water.

The invention described as claim 10 is a waste water treatment
facility as set forth in claim 9. The facility is further characterized in having
a partition that determines the ratio of the length to the lateral width of
the process tank so as to be a predetermined value. Furthermore, the
partition is a screen having a mesh to prevent the carriers from flowing out.

In thisinvention, the partition screen provided in the progess tank can



“Description of the invention For achi eving the foregoing objects, the
I nvention provides apparatuses that will be discussed hereinafter. The
d-nvention described as claiml is a carrier separating screen unit for
separating m crobe-nounted-carriers. thatqare used in a biological
purification process of organic and inorganic substances in a waste water.
The unit is characterized in conprising a stream gui de nenber close to and
spaced fromthe carrier separating screen. This invention includes a
stream gui de nenber close to and spaced fromthe carrier separating screen

defining a flackiepathegémenkivweratidief & predetermihddwalue aBowing ae effeotice .

Thereby, air bubbles (generated by an aeration apparatus or a ai-bubble

suppl y appar distfibutiearofaaeriesy thefankwated! een do not "wi dely spread out,
but nove upward through the flow passage. Thus, the upwardflow speed does

not decrease betAwdesciibed e, ididn 8f wdite Wdteris arsatéd én \WpRicess tadlE e

That is, the upward stream provides a shearing force all over the screen

surface, presdaiing disrleds thedatibALIB)ifthe flowdirbition Ringthd, fordateral f ace.

In addition, even where the aeration tank is of a swirl flow type, its

descendi ng f xa@thBYys defitimitiedTodR Fsiimesie valde ! between'Gonlel ¥4 Eour),

described as claim?2 is a .carrier separating screen-unit as set forth'in

claiml. Theng'bﬁa}jw fhetivieen 1Ctoacpah@ 3i(Heste) N that the screen is nounted in

an aeration tank and the stream gui de nenber has a | ower end extended near

the aeration apgaraddiion, By afflying thécinveritibr, 3iKexisting process tank could
be parted to provide a plurality of process tanks having such a dimension
ratio, allowing a satisfactory distribution of carriers. That is, where the
water flow direction length L is significantly larger than the lateral width
Bofthe process taﬁk, apartition satisfying the foregoing dimension ratio
could effectively distribute carriersin the water by stirring the water by
means of aeration (air-bubble supply). The partition may be a screen
having a mesh that can prevent the carriers from flowing into another
compartment of the process tank.

The invention described as claim 11 is a waste water treatment method
that utilizes a treatment apparatus having an aeration tank provided with
carriers. The method is characterized in that the aeration tank includes
a process tank and a plurality of air-bubble supply apparatuses mounted
in the proceés tank. Furthermore, the air-bubble supply apparatuses
vary in air supply rate toward a downstream of the tank upstream side.
This can generate a swirl flow in the tank to distribute the caﬁiers in the
tank for biologically purifying the waste water.

In this invention, the variation of air supply rate from the air-bubble
supply apparatuses toward the downstream side of tank can generate a

swirl flow so that carriers can distribute widely in the tank. This enables



‘I'n this invention, the stream gui de nmenber having a | ower end extended near
the aeration apparatus allows that the fl ow passage defined between the
screen and the stream gui de nenber can intake air bubbles

10 generated by an aerati on appar at us Q?sitioned under the fl ow passage.
This increases an ascending current along the screen surface in speed.

The invention described as claim3 is a carrier separating screen unit as
set forth in claim1 or 2. The unit is characterized in that an air-bubble
supply apparatus is provided under and close to the screen. In this

I nventi on, thgn@ﬂrecﬁvbblmmt;rQM@WmﬁeﬁrMy and close to the

carrier separating screen can increase the ascending current speed through

the passage defi M}¢ Befetittvh (deecsbedeads alm 12 & ReampLe dpat@NBeatment
Because, air bubbles increased by the air-bubble supply apparatus passes

through the fhth&Pasaes forth inTihe daive 1l Thedaaity b nthet cBhiclerifedin

ai r-bubbl e supply nethod for a carrer separating screen. The nethod is
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carrier separ{id fpst ap8Bam one in air supply rate is adjusted to be a value between
1.1 and 3.0.

In this invention, the ratio of the air supply rate of the most
downstream to that of the most upstream side generates a swirl flow in the
tank Meanwlule, where the ratio is less than 1.1, an msuﬂiment swirl flow
develops, causing a reduced carrier distribution, and the ratio larger than
3.0 decreases oxygen dissolution into the water. Hence, the raﬁo'hetween
1.1 and 3.0 is desired. -

The invention described as claim 13 is a waste water treatment method
that utilizes a treatment apparatus having an aeration tank provided with
carriers. The method is characterized in that the aeration tank includes
a process tank and a plurality of air-bubble supply apparatuses mounted
in the process tank. Furthermore, the air-bubble supply apparatuses

" vary in air supply rate between the left and right sides of the tank relative to
the downstream direction. This can generate a swirl flow substantially
perpendicular to the downstream direction in the tank to distribute the
carriers in the tank for biologically purifying the waste water.

In this invention, the air supply rate is different between the left and
right sides of the tank so as to widely distribute carriers for an effective
biological purification process. '

The invention described as claim 14 is a waste water treatment

method as set forth in the claim 13. The method is further characterized in



“In this invention, the air supply rate vaned with time prevents buil d-up of
carrers or contam nants from concentrating on a specified position of the
screen surface. That is, the nethod varies the position that tends to
deposit carriers wth time so that acc¢w¢gaied carriers or contam nants do
not grow larger. . 'Thus, accumul ated cartfers or contam nants are easily
fell off by the air-bubble supply, preventing clogging in the screen.

The invention described as claim5 is an-air-bubble supply nmethod for a
carrier separating screen as set forth in claim4. The nmethod is

characterizedthat tthatradio’oftHERight s?d@to%@ﬂéﬂt@ﬁef GrUPtHE efiiide e right

positions close to the screen. In this invention, air-bubbles supplled

from such norgdehgeh&9eration tank is Q%Eé b@ﬁ%ﬁ@é‘béﬂkeéiﬁ %nd 8.d. \?eq yOf

build-up of carriers or contam nants on e screen surface, effecti

e an ai 1 bubh s b Hight 26 2388 sjdes °§¥?%L§?ﬁ?§f SR bl Bid" ©
separating m gERPRaNhediseadr i ers thap

The invention described as claim 15 is a waste water treatment method
that utilizes a treatment apparatus having an aeration tank provided with
carriers. The method is characterized in that the aeration tank includes a
process tank and a pluralify of air-bubble sgpply apparatuses mounted in
the process tank. Furthermore, the air-bubble Supply apparatuses vary in
insaﬂhnﬂnlﬁnzmvahiunwardthe«hmwnsnmaniofﬁhezna%ﬂhnxﬁnﬂnfﬂheaib
bubble supply apparatuses provide air-bubbles to generate a swﬁd.
flow in the tank to distribute carriexrs in the tank for biologically
purifying the waste water.

In this invention, The adjustment of the air-bubble supply
apparatuses in the installation intervals allows to generate a swirl flow so
as to widely distribute microbe-n_:iounted-carriers for an eﬁ“icient biological
purification process.

The invention descﬁbed as claim 16 is a waste water treatment
facility that utilizes a ‘treatment apparatus having an aeration tank
provided with carriers. The famhty is characterized in that the aeration
tank includes a process tank and a plurality of air-bubble supply
apparatuses mounted in the process tank. Furthermore, the facility has
an adjustment means that varies the air-bubble supply apparatuses in
aﬁ supply rate toward the downstream of the tank.

In this invention, the adjustment means adjusts each air-bubble supply

apparatus in air supply rate to widely distribute carriers in the tank for an



“are used in a biological purification process of organic and inorganic
substances in a waste water. The apparatus is characterized in having an
air-bubbl e supply header nmounted dose to the carrier separating screen and
a control nmeans for controlling an air su#gly rate fiomthe header wth
time. In this invention, the control ans can control an air supply
rate fromthe header to vary an air-bubble supply with tine. The

i nvention described as claim7 is an air-bubble supply apparatus as set
forth in claim6. The apparatus is further characterized in having nore

than one ai r -dffdekive sidlopical peeilivagiotl®eedsd the carrier separating screen.

In this invention, the apparatus has nore than one air-bubble supply

headers cl ose toThBeiffentin débeihed b \hdivh AT i UPPiviisted iwhftef I1RBathéntTOr €
t han one positions close to the screen with tine to supply air-bubbles.
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air bubbl es which” produce an effect on the 'screen surface. The header

shoul d be Spe;sa'omegingnthﬁgﬁfléreﬁem?ﬁaﬁms ERSravterfzdd ir ﬂfa@wr%&oﬂ he

kind of carri'ers, Ind of waste water. The i nvention described
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perpendicular to the downstream direction. Furthermore, for adjusting the
airsupphrra&abehwam:theleﬂ:and;dghtshhﬁsafthe:nnzmknxtank,ihe
facility has one or more .of ori:ﬁ_ce adjustment devices that are provided in air
tubes included in the air-bubble supply apparatuses. |
In this invention, each air-bubble supply apparatus has an orifice
adjustment device for adjusting the air supply rate between the left and
right sides of the tank to produce a swirl flow in a direction perpendicular to
the water downstream direction. This enables to widely distribute carriers
in the tank.
The invention described as claim 18 is a waste water treatment method
that utilizes an aeration tank including microbe mounted carriers. The
ﬁxethod is characterized in tﬁat the tank éonsi.éts of one compartment or a
plurality of compartments parted by such a partition as a carrier separating
screen, Furthermore, a carrier separating screen is mounted close to an
outflow part of the tank, and air bubble generating apparatus is installed
just under or close to the partition. This configuration generates air bubbles
in the tank to produce a swirl flow for distribuﬁhg the carriers in the tank.
In this invention, the aeration tank having a carrier separating
screen is mounted with an air bubble generating apparatus below the screen.

This produces an ascending flow to take cff carriers that tend to deposit on



i2 | ateral wi dth substantially perpendicular to the height such that the
ratio of the height to the lateral width is between one and four. The

l.nf | ow water and the carriers in the process tank are stirred by aeration
so as to distribute the carriers in the water. In this invention, when
an inflow water is biologically purified, nfcrobe-nmounted-carriers are
added according to the capacity of the treatnent tank. Furthernore, the
process tank has the foregoing ratio dinmensions. Thus, the

m cr obe-mount ed-carriers are evenly distributed, allow ng an efficient

bi ol ogi cal purification process. The invention describ as c) ai S
a waste water Fﬂéé@#ﬂ?ﬁt an ¢ preyents pishg atnemfqu n %‘%PE&@Y (?F'.nl' ‘#1@13"
facility is characterized in having a process tank for biologjcall, .
purifying an i BeRevatipg arswirk Howiiethe dankdo ﬁmﬁm the Pgrrwa%as Fla‘il?élcﬂg.lcal
Furthernore, the process tank.has the flow direction length and the | ateral
wi dt h substantpﬁmﬁkq&kammﬂgular to the length such that the ratio of the

length to the lateral width is_between one .and four. In this invention,
the process tank HERe rigvendon desesibed saviclaine ¥bhisdgbi (WAt Watere fepatment
evenly distribute m_crobe-nmounted-carriers in an inflow er. _This allQws

an efficient bintthgdas setferth indhieshaim d8esTheormethod;ig s engharactenzedhe

i nvention described as claim10 is a waste water treatnent facility as set

forth in clai mi®. oparatingc continuowsly (ort katersvientlyer thee @in m@&r rggngrating

partition that determnes the ratio of the length to the_ lateral w dih of
apparatus to generate a swirl flow in the aeration tank so as to ute
the carriers in the tank.

In the invention, the air bubble generating apparatus operates
continuously or intermittently to take off carriers accumulated on the screen
so as to distribute the carriers in the water contained in the tank.

The invention described as claim 20 is a waste water treatment facility
that utilizes an aeration tank including microbe mounted carriers. The
facility is characterized in that the tank consists of one compartment or a
plurality of compartments parted by such a partition as a carrier separating
screen. Furthermore, another carrier separating screen is disposed ‘close
to an outflow part of the tank, ‘and a specific air bubble generating
apparatué is installed just under or close to the partition.

In this invention, the aeration tank having carrier separating screen is
mounted with an air bubble apparatus positioned just under or close to the
screen. This enables a'stream to take off carriers that tend to build up on the
screen so as to distribute carriers for a biologicél purification’ process.
The partition screen for longitudinally parting the aeration tank prevents
the carriers from unevenly distributing toward the outflow side of the

tank.



“t he process tank so as to be a predeterm ned value. Furthernore, the
partition is a screen having a nesh to prevent the carriers fromfl ow ng

Jout. In this invention, the partition screen provided in the process
tank can 18 13 achi eve the
di mrension ratio of a predeterm ned val ue,”all ow ng an effective

distribution of carriers in the tank water. As descri bed above, when a
waste water is treated in a process tank including carriers, the ratio
(L/B) of the flom1d|rect|on Iength L to the | ateral width B is determ ned
to be a nuneBgef Peld e t Ad Prafings . preferably betmeen 1
(one) and 3 (i by appl yi ng.the invention,

exi sting pr ocesmntﬁaulsécﬁsnapﬁewdownemedﬁﬁeﬁt Al dffé‘béfﬂ/eloﬁe

t anks having such a dinenion rati o, a |l owi ng a satisfactory di str| tlon of

carriers. Thgipden fd!i‘!;ﬁw Wtfhy ection length L is significantly
thelater(:?o Eﬁ{)

| arger than fthe process tank, a partition satisfying

the foregoi ng dipge %b@ 9!4&@ rdey r t he
wat er by stirri ng the vvate ?/ﬁneans aer at1on g?r-bu%ﬁi s%dgsﬁ?hEThe

partition mageRs W?’ Hopdt can prevent the carriers from
fl ow ng into ano er corrpart of the process t ank.

FIG. 8 is a sectional view of another embodiment 2 of a carrier

separating screen unit acco'rding' to the invention.

FIG.4isa perépectivé view of an embodiment 3 of a carrier separating
screen unit amordiﬁg to the invention.

FIG. 5is a sectional view of an embodiment 4 of a carrier separating
screen unit according to the invention.

FIG.6is a sectional view of an embodiment 5 of a carrier separating
screen unit according to the invention. | _

FIG. 7 shows schematic illustrations showing buﬂd-up states of
carrier or contaminants on a screen surface when an air supply rate varies
with time.

FIG. 8 shows schematic illustrations showing build-up states of
carrier or contaminants on a screen surface when an air supply rate is
constant.

FIG. 9 is a graph showing a water level difference across a separating
s&een, which varies with time.

FIG. 10(a) shows an embodiment 6 of an aeration tank applied to a

- waste water treatment facility according to the invention, FIG. 10(b)
shows a plan view thereof, and FIG. 10(c) shows an alternative example
of the aeration tank.

FIG. 11is a schematic side view of an embodiment 7 of an aeration tank



“The invention described as claim1l is a waste water treatnment nethod that
utilizes a treatnent apparatus having an aeration tank provided with
carriers. The nethod is characterized in that the aeration tank includes a
‘process tank and a plurality of alr-bubblﬁ supply apparatuses nounted in
the process tank. Furthernore, the air-bu Ble supply apparatuses vary in
air supply rate toward a downst ream of the tank upstream side. This can
generate a swirl flowin the tank to distribute the carriers in the tank
for biologically purfing the waste water. In this invention, the

variation of applis@Rela)whatecwhte® trédttheditTalilitp becorAitiy tb $hed Ariiention. t ovar d

t he downstream side of tank can generate a swrl flow so that carrers can

di stribute widel yWigh 1@t Ka dtHemA@Mi@S view of an embodiment 8 of an
14 an-effective waste water biological purification process, The

i nvention desgeiRfsh 38nk dipRedZto § Waste W ftel Heinlent TaEBRy Wat A

forth in the claim11. ThefaC|I|ty|sfurt er characterize

ratio of the %M\ﬁyﬂq TRa @jﬁ dpgdgr atus to the nost '
upstreamone 1 n alr supply raty giﬁlstgﬁ to e a val ue between 1.1 and
3.0. In this FIeYe18() s taesaﬁuéh@fma@%éwoﬁ%a%woasﬁeﬁé g NSfM B!

aeration tank applied to a waste water treatment facility according to the
invention, and FIG. 13(b) is a plan view thereof.

FIG. 14(a) is a schematic side view of another embodiment9 of an
aeration tank applied to a waste water treatment facility according to the
invention, and FIG. 14(b) is a plan view thereof, |
. FIG. 15(a) is a schematic side view of an embodiment- 10 of an

~aeration tank applied to a waste water treatment facility according to the
ﬁvmﬁon, and FIG. 15(b) is a plan view thereof,

.FIG. 16(2) is a schematic side view of an embodiment 11 of an
aeration tank applied to a waste water treatment facility according to the
invention, and FIG. 16(b) is a plan view thereof.

FIG. 17(a) is a schematic plan view of an embodiment 12 of an
aeration tank applied to a waste water treatment factlity according to the
invention, and FIG. 17(b) is a side view thereof.

FIG. 18 shows a flow diagram of a kmown standard acﬁvated sludge
process.

FIG. 19is a schematic sectional view of a known waste water treatment
facility.

FIG. 20 is a schematic sectional view of a known waste water treatment
facility.

FIG. 21 is a schematic sectional view of a known waste water treatment



“downstreamto that of the nost upstream side generates a swirl flowin the

tank. Meanwhil e,

where the ratio is.less than 1.1, an insufficient swrl

J1ow devel ops, causing a reduced carrier distribution, and the ratio |arger
than 3.0 decreases oxygen dissolution int ggt he water. Hencae the ratio

between 1.1 and 3.0 is desired. The i

ention described as claim13 is

a waste water treatnent nethod that utilizes a treatnent apparatus having

an aeration tank

provided with carriers. The method is characterized in

that the aeration tank includes a process tank and a-plurality of
-ai r-bubbl e supgdilityappar at uses nounted in the process tank. Furthernore, the
ai r-bubbl e supply "apparatuses vary in air supply rate between the left and

right sides of tiFQF 22Kstdchlemidtid fectidRalFeRSITLRIIWL b Yhter HedthidAt

generate a swrl
direction in §
bi ol ogically puri
supply rate is digye

fl ow substantially perpendicular to tﬁ downst ream

Mi%ya”k to distribute the carriers in the tank for
y

'ingthe wast e wat er. In tiis invention, the air
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process.
met hod as set

vention described as claim1l4 is a waste water treatnent
R in the claim13. The nmethod is further characterized in

Referring to the accompanied drawings, a plurality of embodiments of
the inventioﬁ will be aiscugsegi hereinafter.

Concerning the embodiments, there will be discussedw a carrier
separating screen unit used in a waste water treatment tank such as an
aeration tank and a process tank, an air-bubble supply method/apparatus
applied to the screen, and a waste water treatment method/facility thereof. -

(Embodiment 1)
FIG. 1 is a sectional view showing an embodiment 1 of a carrier
separating screen unit according to the invention. In the Figure, denoted
lisan aeration tank; 1b a downstream ‘side tank wall of the tank 1; 7 a

‘carrier separating screen provided over a treating water outflow opening

formed in an upper portion of the wall 1b; and 3 an aeration apparatus on
a bottom side of the tank 1. In this embodiment, there is provided a
stream guide member 20 close to and upstream of the carrier separating
screen 7 (hereinafter called as the screen). The guide member 20 is fixed
with a support means (not shown) in the aeration tank in such a way that
the member extends parallel to and with a given space from the screen 7.

The guide member £0 has an area to cover a screen 7 across the over-all



that the ratio of the right side to the left side or ofthe left side to the
right side of the aeration tank is adjusted to be a val ue between 1.1 and
3:0. The ratio of the right and, left sides of the tank in air supply rate
enables the swirl flow with ease. The j.nvention described as claim15
Is a waste water treatnent nethod that uti4li zes a treat ment appar at us
havi ng an aeration tank provided with carriers. The nethod is characterized
in that the aeration tank includes a process tank and a plurality of

ai r-bubbl e supply apparatuses nounted in the process tank. Furthernore, the

ai r- bubbl e supitith ABEAHESS helgthetiveb thaldwér G hRRC'a S‘iﬁbﬂ‘ﬁ'%ggig%v{ de

downstream of the aeration tank. The air- e supply apparatuse
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carriers in t
member 20, preventing carriers 5 or the like from building up on a screen

pond

face. Thereby, the carzjieis 5 or the like return to an upstream side of the
aeration tank from the outlet opening 210 of the flow passage 21.

In addition, ﬁhue the air bubble aeration apparatus 3 can ﬁot provide
a sufficient stream speed V in the flow passage 21, another air-bubble
supply apparatus 8 should be disposed near an inlet opening 21i of the
flow passage to generate additional air bubbles. ]

The stream guidé member 20 may be made of concrete, metal, plastic, ox
the like, and may be in a plate shape or a channel having each side portion
bent tow.;vard the downstream side of the tank. .

(Embodiment, 2)

- FIG. 2 is a sectional view showing an embodiment 2 of a carrier
separating screen unit according to the invention. This embodiment is
different from the embodiment 1 (;nly in that the stream guide member 20
extends to reach near the aeration apparatus 3. The other configurations
that are the same as the embodiment 1 will not be discussed again. The

embodiment 2 can intake air bubbles & just generated by the aeration



i6 effective biological purification process. The invention
described as claim1l7 is a waste water treatnent facility that utilizes a
treat ment apparatus having an aeration tank provided with carriers. The
facility is characterized in that the aergéi on tank indudes a process tank
and a plurality, of air-bubble supply app&fatuses nmounted in the process
tank in a direction substantially perpendicular to the downstream
direction. Furthernore, for adjusting the air supply rate between the |eft
and right sides of the aeration tank, the facility has one or nore of
orifice adj usappatatde\d fiftd thadfllow phsBasy 2 0ePhafigd! b 143 4 he
ai r- bubbl e supply appar at uses. Iﬁlsn ﬁi S |1 n%eﬁi%ﬁ%ggﬁﬁggﬁgégg}% 6
suppl y appar agfier'the BéwPdsdsass 23dief ] ﬁi‘ﬁe[re i %&%& t '
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| bute carriers int
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aeration tank including mcrobe nount’ed carrrers
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of conpartnents parte such a partition as a carrrer=s
produces an ascending current having a greater speed Va. As in the

.

embodimegt 1, where the air bubble aeration apparatus 3 can not provide
a sufficient stream speed Va in the flow passage 21, another air-bubble
supply apparatus 8 éhodd be disposed in the flow passage 21 to generate
additional air bubbles. |

FIG. 3 is a sectional view showing another embodiment 2 of the unit
according to the invention, in which the stream guide member 20 has an
inclined lower portion 20e divergent toward the bottom of the tank. This can
feed more air bubbles 6 into the flow passage 21 from the aeration
apparatus 3.

(Embodiment 3)

FIG.4is aperspective view of an embodiment 3 of a carrier separating
screen unit according to the invention. This configuration has a stream
guide member 20a in an upstream side of the screen 7 and a stream
guide member 20b in a downstream side of the screen. Between the guide
members 20a and 20b there are provided side plates 20c and 20d to define
flow passages 21 and 22 respectively in an upstream or downstream side of
the screen 7. This produces an ascending current each in the upstream
and downstrea&n sides of the screen 7, more effectively preventing build-up

of carriers or the like on the screen 7.



*screen, Furthernore, a carier separating screen is nounted dose to an
outflow part of the tank, and air bubble generating apparatus is insta
jrust under or dose to the partition. Thi s configuration generates air

“bubbl es in the tank to produce a swirl

in the tank.

separating screen is nounted with an air

t he screen.

In this invention, the ggration tank having a carrier

| | ed

w for distributing the carriers

bubbl e generating apparatus bel ow

Thi s produces an ascending flow to take aFf carriers that tend

to deposit on 17 t he scr
and prevents a short circulation flowin the outflow part of tank,
generating a swirl flowin the tank to distribute the carriers for a

ngrocess. The invention described as claim
a waste wate met hod as set forth in the claim18. The netho
further charact [ %ﬂ@]# r[{gﬁh itﬂ?q:
bubbl e generatl%ﬂ%ﬁj)grgt ggﬁéo g@%gfgéha SW T eﬁF:(;fWHfﬁ ehggrkggr Ion
so as to dis .0,
el ik A e 6 the Shvefifioh"This copfelfatif ihANARS pified]

bi ol ogi cal

bubbl e gener

off carriersy3e6iiidatheh Whdrorficht?4 downstream wall 1b of the aeration tank.

The screen 7 inclines toward the upstream of the tank. Furthermore, there
is disposed a stream guide member 20 in the tank, which consists of a
vertical part '20g‘ ﬂong the tank wall 1b and a slanting part 20f along the
inclined screen 7. Thus, a flow passage 21 defined &mbeﬁ%n turns
toward the upstream of the tank in its upper part.

(Embodiment 5)

FIG. 6 shows an embodiment of an air-bubble supply apparatus for a
,cairier separating screen according to the invention. In FIG. 6, denoted
10 is a screen; 11 an air-bubble supply header disposed in the screen front
side; 12 a complimentary air-bubble supply header disposed in the screen
rear side; and 13 a controller for adjusting air supply rate with time. In
FIGS 7 and 8, the same numerals show the same components as ones in FIG.
6. .

The air-bubble supply apparatus for the carrier separating screen
includes a couple of air-bubble supply headers located near a lower part of
the screen 10 and respectively on each side of the screen. Oneis the header
11, and the other is the header 12. Each heade} communicates with the
controller 13 so as to adjust air supply rate with time, The controller 13
consists of, for example, a CPU (central processing unit) and a storage

memory.

een

19 is
dis
air
ank
e air
take



*so as to distribute the carriers in the water contained in the tank.

The invention described as claim?20 is a waste water treatnment facility
that utilizes an aeration tank including mcrobe nounted carriers. The
“facility is characterized in that the tank,consists of one conpartnent or a
plurality of compartnents parted by such partition as a carrier
separating screen. Furthernore, another carrier separating screen is

di sposed close to an outflow part of the tank, and a specific air bubble
generating apparatus is installed just under or dose to the partition.

In this. inventi oMo lidtAy aakithitiime build-#p ¢hafge of darelers oPeorthiiflafits Gfthd S

nmounted with an air bubbl e apparatus positioned just under or close to the

screen. This giabh $hce?it® hh@peration aRketld f atrdbublle SuppBy, theratid 6f the frfnt/P on

the screen so.as to distribute carriers for a biological purification

process. The RajddrdiPty e RR (K¥ade®NQiihudl Sapply 1adé t Wi vdifed e watH fithd ank

prevents the carriers fiomunevenly distributi'ng toward the outflow side
of the tank. in such a way that the ratio sequenﬁa]lg becomes 18:1, 1:8' u&d 3:1. Ifn
FI 1lis view of an

Descri pti on of Acconpani ed Draw ngs a sectiona
embodi ment 1 ghothet ¥bhipArafi¢e dpetatiéh of the apparatus, the constant ratio of 1:1

was maintained with time. FIG. 7 is a schematic illustration showing
build-up states of carriers or contaminants on the screen face when the air
supply ratio was varied with time as described above. FIG. 8is a schematic
illustration showing build-up states of carriers or contaminants on the
screen face when the air supply ratio was constant as described above.

In FIGS. 7 and 8, denoted 14 is a build-up of carriers or contaminants;
Waa screén front side water level; and Wb a screen rear side water level.

Varying the air supply rate with time between the front and rear sides
of the screens 10 prevents carriers and contaminants 14 from building up
on a specific part of the screen 10. This allows build-up and falling thereof
alternatively, positively preventing clogging of the screen. Moreover, the
difference between the fore side watér level Wa and the rear side water level
Wb is com-paraﬁvely small. Meanwhile, when the air supply rate keeps
constant, the build-up of . carriers and contaminants 14 at a specific part
of the screen face 10 grows with time to become comparatively larger,
causing cloggjng of the screen 10. Moreover, the difference between the
fore side water 1e§e1 Wa and the rear side water level Wb becomes too large
to be capable of the water treatment.

In the embodiment of FIG. 6, there is provided a couple of air-bubble
supply headers near a lower part of the screen respectively in each side of

the screen. A plurality of air-bubble supply headers may be provided in a



°’screen unit according to the invention. FIG 2 is a sectional view of
an enbodi nent 2 of a carrier separating screen unit according to the
invention. IG 3 is a sectional view of another ermbodinment 2 of a
carrier separating screen unit according to the invention. PIG 4 is a
perspective view of an enbodi nent 3 of aarrier separating screen unit
according to the invention. MG 5 is a sectional view of an enbodi nent
4 of a carrier separating screen unit according to the invention. FI G
6 is a sectional view of an enbodinment 5 of a carrier separating screen

unit accordi W%rﬁi@altéﬁc%ﬁ‘i’ . 'aﬂ'ection oﬂlﬁ g QRWS schematic illustrations
up

showi ng build- States of carrier or confamnants on a screen surface

when an air suppiy, Lat %ﬁg'r%ge }89@%1{2% s%ag be a Ho%& cdhtF1VAve PR LS g

iIIustrati]?ns show ng ] fcarrier ‘or contam nants~on a ]
Zﬁéifﬂ;:r ey DB e itk s e Svadg Hfiable n A0V sely bl Rl
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FIG 10(b) s view thereof, and FIG 10(c) shows an alternative
exanpl e of t g&bﬁ%@%@%‘tank. FIG 11 is a schematic side view of an

enbodi nrent 7 of an aeration tank

(A if bodi 5
A specified embodiment 5 utilizes microbe-mounted-carriers each of .

which consists of a polypropylene, hollow cylindrical one. The carrier has a 4
mm outer diameter, a 3 mm inner diameter, and a 5 mm length, the specific
gravity of which is 1.015. The carriers are contained with a 10% filling
ratio (apparent volume ratio) in a microbe process tank. There is disposed
such a carrier separating screen as shown in FIG. 6. The screen is a
wedge-wire screen of a 1;5 mm mesh, and has a Im width and a depth in
water of 1.5 m. The air-bubble supply header co:ﬁposed ofa 25.mm diameter
pipe having a plurality of 1 mm diameter ports formed at 5 cm intervals,
which feeds a tap water to the screen side. The air supply rate of the
screen fore side air-bubble supply header varies sequentially into 30
L/min (liter every miinute), 15 Umin, and 45 L/min at the intérvals of 30
seconds in cycles. At the same time, the rate of the screen aft side air-
bubble supply header varies sequentially into 30 L/min, 45 L/min, and
15 L/min at the intervals of 30 seconds in cycles. The with-time variation
of the water level difference across the screen was monitored.
For obtaining a comparative data, a similar observation was carried out
in a case that a constant air supply rate of 30 L/min is applied to both the

air-bubble supply headers across the screen.



°19 applied to a waste water treatnment facility according to the

I nventi on. FIG 12(a) is a schematic side view of an enbodi nent 8 of
an.aeration tank applied to a waste water treatnment facility according to
the invention, and FIG 12((b) is a plan éléaewthereof FIG 13(a) is a
schematic si de view of an enbodi nent 9 of“"an aeration tank applied to a
waste water treatnent facility according to the invention, and FIG 13(b)
is a plan view thereof. FIG 14(a) is a schematic side view of another
enbodi mrent 9 of an aeration tank applied to a waste water treatnent
facility accordi t nv Pkl reof .
FIG 15(a) is a sc e(r%rtspgwgl dgvg%/t}léﬁ/vhgf anﬁl'lsn%3 yment i‘t?)ﬂ;‘)han aeratl%t‘r? t ank

applied to a mér&é reatnment facility according to t he invention, and
FIG 15(b) is a% an vi e%&'t her eof FIG 16(a) is a schematic side view

o o, oSt T oy O g 1, SRR 46 o MR AT 6 AT

FIG 17(a) | QRehSHEE Gaflbd" a4 f¥icPibed alVRO AR air’s@pl§ rate change
could fall off accumulated carriers and contaminants on the screen face,
preventing a significant increase in the water permeation resisting
coeﬁident..'l‘his maintains a with-time small variation in the water level
difference across the screen.

Meanwhile, in the comparative data, the with-time constant air supply
rate grew the build-up on the screen into a comparatively large_' one, which
causes a significant increase in the water permeation resisting coefficient of

' the screen. This increases the water level difference across the screen,

resulting in a state unable of water treatment.

(Embodiment 6)

Next, referring to further drawings, a waste water treatment
method/facility of an embodiment according to the invention will be
discussed. FIG. 10 shows . an embodiment of a waste water treatment
facility according to the invention, FIG. 10(a) is_ a side view, and FIG. 10(b)
is a plan view thereof. ‘fhe waste water treatment facility has a process
tank 23 that includes an aeration apparatus 3 mounted on the bottom of the
tank 23 as providing an aerobic tank. Furthermore, there is disposed a
screen 24 at an outlet opening for a processed water. The process tank 23
includes microbe-mounted-carriers 5 of a quantity corresponding to the
capacity of the process tank 23. The process tank 23, as shown in FIG.
10(b), has an aspect ratio between 1 and 4. The ratio being of alength L to"



aeration tank applied to a waste water treatnment facility according to the
I nvention, and FIG 17(b) is a side view thereof. FIG 18 shows a flow

dragram of a known standard activated sl udge process. FIG 19 is.a
schematic sectional view of a known waste water treatnment facility.

FIG 20 is a schematic sectional view of 2%nown wast e wat er treat nment
facility. FIG 21 is a schematic sectional view of a known waste water
t r eat ment 20 facility. FI G

22 is a schematic sectional view of a known waste water treatnent

facility.  a ﬁtgrya;%aam Blswhsi8BhIl; pdfiféd AbRlar th He Hificly < MHERS THAR! o
ratio around 1 (one) is best, and practically, it is preferable to select a ratio
between 1 and 3.

The wéter in the process tank 23 flows only toward the outflow side,
a flow speed around the ouiflow end of the tank being approximately
between 0.3 and 0.7 cm/sec. If there is provided no aeration in the inflow
side of the tank, a waste water inflow would cause a downstream direction
current between 0.3 and 2.0 cm/sec. This current may distribute carriers
ﬁnevenly in the tank, the more of the carriers being gathered around a
lower part of the screen. Meanwhile, in this embodiment, an inflow water
encounters air bubbles generated by the bottom aeration apparatus 3, which
weakens the downstream direction current. In addition, the carriérs 5 are
blown up toward the wat;er suxface of the process tank 23. The carriers 5 -
keeps substantially an even distxibution. The process tank 23 contains the
carriers 5 having a specific gravity around 1.01, which are floating and
evenly distributing in the water. The even distribution of the carriers 5
in the ‘tank 23 enhances that such microbes as an aerobic bacteria
carried by the carrier 5 decomﬁoses . organic substances in the waste
water to purify the water. Then, the purified water is delivered into a final
settling tank. The carrier 5 is a particulate carrier that consists mainly of
an organic polymer substance or an inorganic substance. The carrier holds
effective waste water purification microbes built up thereon or attached
thereto. The carrier 5 may be, for example, a plastic piece or a flexible one
made of such a material as sponge.
The screen 24 has a mesh that can prevent microbe the carriers 5 from

flowing therethrough. The front side of the screen 24 receives an effect of



Detail ed Description of the Preferred Enbodi nents Refering to the
acconpani ed drawi ngs, a plurality of enbodinents of the invention wll be
df scussed hereinafter. Concerni ng the enbodi ments, there will be

di scussed a carrier separating screen unié used in a waste water treatnent
tank such as an aeration tank and a proce & tank, an air-bubble supply

net hod/ apparatus applied to the screen, and a waste water treatnent

nmet hod/cility thereof. ( Enbodi nent 1) FIG 1 is a sectional view
showi ng an enbodiment 1 of a carrier separating screen unit according to

the inventi onthd feddtionlizdk babblanefl wHich sczatthedAffithe bakriers;5 thatatend to
downstreansi de tank wall of the tank 1; 7 a carrier separating screen

provi ded overpgild dgﬁéﬁ HHe "akfeeno24 f io¥d dikRAL Nhe oeialistributivnUgblicrobas i on
of the wall |b; and 3 an aeration apparatus on a bottom side of the tank 1.

In this enbodiiBiled (cALFiBrS SnPERY 190 2enBARRAME Y180 TRET ca39icds OBt O

and upstream of the carrier separating screen 7 (hereinafter called as the

PO o BRI ol 26 ot 1, RS ot st |
with a given gpa&s 2l HPiiedSnSbi£8Mbédiment acts more effectively.
FIG. 10(c) shows a plan view showing another embodiment 6 of a waste
water treatment facility according to the invention. In the figure, a
process tank 23 is an aeration tank having an aeration apparafus at the
bottom thereof. The process tank 23 is separatéd by screens 24 and 24a that
have Iﬁesh openings capable of preventing carriers 5 from flowing out,
which defines process tanks 23a r_md 23b. The process tank 23 has
.dimensions in which the ratio of the length L to the lateral width B is not
: ﬁore than 4. Moreover, in each pro;ess tank 23a or 23b, the ratio of the
length Lo to the latéra'l width B is also not more than 4. When an uneven
distribution of the carriers 5 occurs in the process tank 23, provision of the
screen 24a defines the separated process tanks 23a, 23b. The carriers 5
substantially equally added for each process tank can evenly distribute m
each tank so that microbes for waste water pun'ﬁcatioﬁ decompose organic .
substances in the waste water. The screen 24 acts more effectively in this

embodiment.

mbodimen
FIG. 11is a sectional view showing an embodiment of a waste water
treatment facility according to the invention.
The waste water treatment facility shown in the figure consists of two

process tanks parted by a partition 28. One of the compartments is a non-



*The gui de nenber 20 has an area to cover a screen 7 across the over-al

21 w dth and across a hei ght between the | ower end and a position of a
given depth froma water surface W. Thus, provision of the guide nmenber
20 defines a fl ow passage between the scrgen 7 and t he gui de nenber 20.
The aeration apparatus 3 |ocated bel pw tﬁ fl ow passage supplies
air-bubbles 6 rwhich enter into the fl ow passage 21 to nove upward through
the flow passage 21 to its outlet opening 210 wi thout spreading in
different directions. The upward novenent of the air bubbles 6 in the flow

passage 21 pogygétsardo 255 andthe etley iscat albidEark 26CFHe Yacility AlsotHES a

stream gui de nenber 20, preventing carriers 5 or the like frombuilding up

on a screen e settlitipank 30 ordeipopilly Stoding tHe | pkRebfidwatdraldivered

upstream side of the aeration tank fromthe outl et opening 21o of the flow

passage 21.  fromh fh@@deidbi® ban¥ 6 16 stk dudgh Whiiefn ACF @5thePmoPd Aha Faligy Can

not provide a sufficient streamspeed V in the flow passage 21, another

ai r-bubbl e sumﬁwa%ﬁb?ﬁfwﬁmgwmﬁgu ¢RE n%a-d:ﬁ@iﬁ AR A g 21

of the flow passage to genherate additional air bl es. e stream

gui de nenber R FB¥oHIE tﬁﬂ?@%n%ﬁﬁﬁiﬁea\yﬂﬁhﬁis %Qg‘g;edﬁd o a Wottod K€ th&nd

may be in a plate shape or a channe aving eac portion
- aerobic tank 26, a screen 24 for preventing the carriers 5 from flowing out

into an outlet of the aerobic tank 26, a circulation water pump P2 for

returning the processed water treated in the aerobic tank 26 into the non-
oxygen tank 25, and. a sludge return pump P3 for returning lsIudge
deposited in the final settling tank 30 into the non-oxygen tank 25. The
facility is a waste water treatment facility that is of a carﬁer added,
circulation type and utilizes a nitration or denitration method.

The aerobic tank 26 including the carriers 5 has dimensions in which
the ratio of a water flow direction length L to the lateral width B
substantially perpendicular to the length is between 1 and 4. Practically,
the ratio between 1 and 3 is preferable.

. In the non-oxygen tank 25, a mixer 27 stirs the inflow water, which
enhances that anaerchic microbes such as a de_nitraﬁon bacteria
biologically treats nitric acids and nitrous acids with using organic
substances in the waste water as a reducing agent. The treated water is
fed into the aerobic tank 26 by the- pump P1. The aerobic tank 26 is always
aerated by the aeration apparatus 29, which oxidizes to decompose organic
subgtances in i{he waste water and oxidizes ammonia into nitric acids or
nitrous acids by the action of floating microbes and microbes on the
carrier.

In the embodiment in FIG, 11, the non-oxygen tank 25 and the aerobic



*bent toward the downstream side of the tank. (Enbodi ment 2) FIG 2 is
a sectional view showi ng an enbodinent 2 of a carrier separating screen
unit according to the invention. This enbodinment is different fromthe
’enbodi ment 1 only in that the stream gui de menber 20 extends to reach near
t he aeration apparatus 3. The other conf i39urations that are the sane as the

enbodi nent 1 will not be di scussed again. The enbodi nent 2 can intake air
bubbl es C, just generated by the aeration
22 apparatus 3 into the flow passage 21. That is, the generated air

bubbl 6 t drﬁ,m | L, Hi

d:Jrecteisons. E : o?grﬁ%ﬂ;n o??tiﬁgggw %ﬁ%ﬁ%ﬁgwnéaﬁgpgoé%ub?‘fgggﬁg%ﬁgent
hape to int o D . h i
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whi ch opening located on a_lower paxt of the partition 28, the mesh having a size

for preventing the carriers 5 from passiﬁg through. In another alternative
example, the partition 28 may have a height over which the water can
enter from the non-oxygen tank to the aerobic tank.

The carrier added process tank is not only applied to the circulation
type, nitration or denitration method shown in the FIG. 11 but also to
various types of carrier added waste water treatment féci]iﬁes. For example,
the process tank is applied to a waste water treatment facilities. For
example, the process tank is applied to a waste water treatment facility
including an aercbic process and a non-oxygen process, only an aerobic
process, or an anaerobic piocess and an aerobic process. Moreover, the tank
can be applied to a waste water treatment facility used for a carrier added
activated sludge process or the like. As discussed above, the carrier is a
particulate composed mainly of organic polymer substances or inorganic
substances. The carrier is mounted microbes built up thereon or attached
thereto. In addition; the carrier may be applied to a process tank having
a 5 meter water depth and installed with an air-bubble supply facility at a
lower part thereof. The tank may have a deep water depth of around 10
meters and have an air-bubble supply facility positioned around a 5
meter water depth. The process tank may apply an all-over-tank aeration

method or a swirl flow method.

Next, an experiment result will be discussed to refer to a process tank



‘produces an ascending current having a greater speed Va. As in the

enbodi nent 1, where the air bubble aeration apparatus 3 can not provide a
suff|C|ent stream speed Va in the flow passage 21, another air-bubble
supply apparatus 8 should be di sposed in_the flow passage 21 to generate
addi tional air bubbles. FIG 3 is_.a dkct i onal vi ew showi ng anot her
enbodi nent 2 of the unit according to the invention, in which the stream
gui de nenber 20 has an inclined | ower portion 20e divergent toward the
bottom of the tank. This can feed nore air bubbles 6 into the flow passage

21 f th t : |
romtine ggéd Jh?rb. waytg'’ A ment m{e'ﬁg%macé’&dm 6! the “4nveéndion

perspective view of an e r separating screen unit
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relates to the treated water quality and the distribution of microbe-

mounted-carriers in the process tank. The processes used a raw water

shown in Table 1.
Table 1
Raw Waste Water Quality
concentration ratio

(mg/L)

BOD 100

T-N 30

NH4¢-N 25

note :

BOD: biochemical oxygen demand
T-N: nitrogen concentration ratio

NH4-N: ammoniac nitrogen concentration ratio

In Table 2, regarding treated water quality, there are shown
concentration ratios of BOD and T-N in the water. Furthermore, regarding



'23 (Enbodi ment 4) FIG 5 is a sectional view of an enbodi nent 4 of
a carrier separating screen unit according to the invention. This
gconfiguration includes a screen 7 provided in an upper portion of a
‘downstreamwal | |b of the aeration tank. The screen 7 inclines toward the
upstream of the tank. Furthernore, there pZ di sposed a stream gui de nenber
20 in the tank, which consists of a vertical part 20g along the tank wall

| b and a slanting part 20f along the inclined screen 7. Thus, a flow
passage 21 defined therebetween tuns toward the upstrean1of the tank inits

o< bubbl & S@appar a% Oxpacgﬁﬁ?mo@m%@& 5 hail glume b the

ai r-bubbl e su carner separa |hg screen accor

nonder di sposSiieR Pt SRR by aBaRfie” R ortel Wk EapibDbip i
d usti ng ai rTRURpRY P, BEGRTRfER! Gief " YonbutSatfh ot fLACHER R eall

show t he sane s as ones in FIG 6. The air-bubbl e supply
appar at us forP f‘%gyggﬁg‘er separating screen

_ Table 2
Treated water quality and outflow side carrier concentration ratio/inflow
side cai::v_:ier concentration ratio, which are corresponding to the ratio of the

length L to the lateral width B of a process tank

Process tank aspect ratio 11 2 3 4 6
processed water BOD (mg/L) 4.8 48| 48 | 5.0 15
processed water T-N (mg/L) 150 [15.0 {15.0 | 15.5 |21.0
processed water NH4-N (mg/L) 0.1 01|01 01, 30
outflow side carrier . :
concentration ratio 1.1 11} 11 1.2 1.7
finflow side carrier
concentration ratio

The data in Table 2 shows that the espect ratio of the process tank not
greater than 4 (four) achieves a better treatment and a sufficient
distxibution of microbe-mounted-carriers. Particularly, the ratios between
1and 3 are preferable in treated water quality as compared with the ratio
4.



I ncl udes a couple of air-bubble supply headers | ocated near a | ower part of
the screen | 0 and respectively on each side of the screen. One is the
header 11, and the other is the header 12. Each header conmunicates with
the controller 13 so as to adjust air supply rate with tinme, The controller
13 consists of, for exanple, a CPU (central $F ocessing unit) and a storage
nmenory. 24 To know a
with-time build-up change of carriers or contam nants on the screen face,
in an operation of the air-bubble supply, the ratio of the front header 11
to the rear header 12 in air supply rate was.varied with tine in such a way
that the ratio sequentially becones 1:1, 1:3, and 3:1. In another
conparative oper@i gniof tlt@ apparatus, the constant ratio of 1:1 was
mai nt ai ned with , is a schematic illustration show ng buil d-up
states of carriers ontam.nants _on the screen face when the air suppl
ratio was varied w 1 erc%n%ég@p]o = e eivgatgrstgﬁmqqtcmgau}/d

illustrati on show ui,l d- st,at.es of ycarriers or,.contaym nants on th
screen face V\henmfag%qhtgﬁg?? Pgtapoe% %Ez ta¢f rdéggggiﬁ‘fei Bﬂﬁeﬁﬁ% 1l be
In FIGS. 7 and 8,. denot,ed 14 is a build-up of cariers or contam nants; WA a
screen front si d@‘sws@ﬂ‘level; and Wb a screen rear side water |evel.

FIG. 12 shows major elements of a waste water treatment facility of

an embodiment according to the invention, FIG. 12 (a) being a schematic
side view thereof, FIG. 12 (b) a plan view. The waste _water treatment
facility has an aeration tank 31 into which a waste water flows from an
upper position of the tank 31. The aeration tank 31 includes an air-bubble
supply apparatus 82 at a lower position thereof. Moreover, there is
installed another air bubble generating apparatus 33 below a carrier

- separating screen 24. The apparatus 33 operates both for aeration and'
air-bubble supply. The aeration tank 31 contains added microbe-
mounted-carriers 5. The apparatus 33 produces larger air bubbles into
the water than those of the apparatus 32. The microbe-attached carrier5is a
particulate consisting mainly of an organic polymer substance or an
inorganic substance'.. The microbes are built up on or attached to the
carrier that may be, for example,. a plasﬁc piece or a flexible one made of
sponge or the like, _

The air bubble generating apparatus 33 may be located just under or
close to the caﬁier separating screen 24. The apparatus 33 may be
positioned within 1/3 of the tank depth from the tank bottom, preferably
within 2 meters. In addition, the apparatus 33 may have a width equal to
the tank breadth and is located on the tank bottom for éenerating a
circulation flow in the tank. The air supply rate of the air bubble



*Varying the air supply rate with time between the front and rear sides of
the screens 10 prevents carriers and contamnants 14 frombuilding up on a
;Specific part of the screen 10. This allows build-up and falling thereof
alternatlvely, positively preventing doggjﬂ? of the screen. Moreover, the
di fference between the fore side water Wa and the rear side water

|l evel Wb is conparatively small. Meanwhile, when the air supply rate keeps
constant, the build-up of carriers and contam nants 14 at a specificpart of
the screen face 10 grows with tinme to becone conparatively |arger, causing

doggi ng of t hezenersitng 18ppafatae\33 is idecerphinedr soee teidisteibuthethieocaridrde

wat er | evel Wa and the rear side water |evel W becones too |arge to be

capabl e of t heoyispondiotdEhe configurhtionf thelRadk FNNamlfa §.5 tikscfi S

provi ded a coupl e of air-bubble supply headers near a | ower part of the

screen respectyheediy su@pweatespéieaqimt Béngthr 6°R unfit Bked delativeto Mat-ofuRe! ©

supply headers may be provided in
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defines a comparatively large air bubble curtain in front of the screen 24,
which prevents the carriers 5 from unevenly distributing particularly in
the outflow side of the tank over the air bubble curtain. This prevents the
screen 24 from clogging due to the carriers 5. Moreover, when the air
bubble generating apparatus 33 is mounted just under the screen- 24, the
generated flow scratches off the carriers that tend to build up oﬁ the screen
24, _

In the aeration tank 31, as shown in FIG. 12(b), the air bubble
generating apparatus 33 is only just under the screen 24, and over almost
all the other part of the tank is arranged the air-bubble supply
ax;paratus 32. The air-bubble supply apparatus 32 and the air bubble
generating app aratus 33 are fed with air by mean of a blower or the like. A
siﬁgle blower may be applied for both the air-bubble supply apparatus 32
and the air bubble generating apparatus 33, or .a respective blower may be
applied to the apparatuses 32 and 33. The air bubble generating
apparatus 33 may have such a configuration as a plate, a disc, or a pipe,
and the 'apparatus may be made of ceramic, resin, steel, rubber, or a
compound thereof. In the apparatus 33, for example, a plurality of

- opening ports having a diameter approximately between 1 and 5 mm are

formed longitudinally in conduit pipes of the apparatus. Meanwhile, the
air-bubble supply apparatus 32 has a plurality of opening ports having a



'with time and provided in a pipe line comunicating with an air-bubble
supply header. (A specific enbodi nent ) A specified enbodi nent 5
utilizes mcrobe-nmounted-carriers each of which consists of a

‘pol ypropyl ene, "hol | ow cylindrical one. Thg.carrier has a 4 nm outer
diameter, a 3 mminner dianeter, and a 5 | ength, the specific gravity of
which is 1.015. The carriers are contained with a 10%filling ratio
(apparent volune ratio) in a mcrobe process tank. There is disposed such a
cartier separating screen as shown in FIG 6. The screen is a wedge-wre

screen of a 1dfamete¥esiound"d Mat Whehhet fhéi%b%ld%h@riﬁhé‘@bﬁéréﬁus%@ m

The air-bubble supply header conposed of a 25 mm dianeter pipe having a
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tap water to the screen side. The air supply rate of the screen fore side
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across the sCpgRlating apparatus 33 generates a'swirl flow in the tank.

Meanwhile, the air bubble generating apparatus operates continuously
or intermittently. In the intermittent opération, the stopping ﬁmé is
determined to be about an hour, and the running time is about ten minutes,
the stopping and running being repeated. Such operation allows an
effective distribution of =microbe-mounted-carriers. = Moreover, since
the inflow water rate of the aeration tank 31 varies with time, the air
bubble generating apparatus 33 operates continuously only at a larger
water inflow rate, and intermittently at a smaller water inflow rate.

(Embodiment 9)

FIG. 13 is a schematic view showing another embodiment of a waste
water treatment method and a facility of the same according to the
invention: FIG. 13(a) being a side view; FIG. 13(b) a plan view. When an
aeration tank 31 has a significantly long length, the tank 31is parted by a
carrier separating screen 36. The parted tank 31a, 31b are added with
microbe-mounted-carriers for water purification l;rocess. There is disposed
an air bubble generating apparatus 33b just under the carrier separating
screen 24, and an air bubble generating apparatus 33a is located in the

inflow side of the carrier separating screen 36. Alternatively, the tank 31



°56 FIG 9 shows with-tine variations of the water |evel

di fference across the screen. As shown in the graphs of FIG 9, where
the air supply rates of the two headers were varied as described above,
“every air supply rate change could fall {% accurnul ated carriers and
contam nants on the screen face, preventi a significant increase in the

wat er perneation resisting coefficient Thls maintains a wth-tine small
variation in the water | evel difference across the screen. Meanwhi | e,
in the conparative data, the with-tinme constant air supply rate grew the

buil d-up on thgs afridtermediaté paftitioniwaltthat & fenfidewithha iall 9pénihg

significant increase in the water perneation resisting coefficient of the

screen. Thi s ¢gver&R L3S al Brribi! Sépdratitl sirbé® T8 GRePEitdes xﬁi&ose:m&ted
resulting in a state unable of water treatnent. (Errbodl ment 6) xt

referring to éﬁﬁ&@?lﬂéﬁmm g fhetdirBulh’ ©) Al NI be di scussed Eé

an enbodi nent according to the |nvent|on w | | 10 s ovxs

o oo 014, RS ahaid A i 0 it ragleB i id e ramer
The wvaste watghakhGRkTeRlen ?@_bf BBY 4% theHbfégbfity embodiment 8.

FIG. 14 is a schematic side view of another embo‘diment according to the
invention.

In FIG. 14(2), an aeration tankhas an air-bubble supply apparatus 32
énd an air bubble generating apparatus 33¢ at the bottom side of thereof
The tank 31 also has an inflow conduit at an lower paﬁ of thereof and a
screen 24 at outflow part thereof. The tank 31 contains microbé-mounted-
carriers 5 mixed in an inflow water. In this arrangement, air bubbles
g‘enerated from the apparatus 33c change a waste water flown from the
conduit inits flow direction.

FIG. 14(b) shows another aeration tank that has an air-bubble supply
apparatus 32 and an air bubble generating apparatus 33c at the bottom part
thereof, and an inflow conduit is disposed such that an inflow water flows
from a lower part of the tank 31. In addition, there is disposed an air
bubble generating apparatus 33b just under the screen 24.

In the embodiments shown in FIG. 14, there is disposed an air bubble
generating apparatus 33c at the inflow side of the tank. The apparatus
33c generates comparatively large air bubbles, which decreases the speed
of the inflow water, preventing a short circulation of the water. This
prevents microbe-mounted-carriers from unevenly distributing in the tank.
Provision of the comparatively large air bubble generating apparatus 33b at
the outflow part as shown in FIG. 14(b) produces effectively a swirl flow in



“tank 23 that includes an aeration apparatus 3 nounted on the bottom of the
tank 23 as providing an aerobic tank. Furthernore, there is disposed a
,screen 24 at an outlet opening for a processed water. The process tank 23
“includes microbe-nmounted-carriers 5 of a guantity corresponding to the
capacity of the process tank 23. The proc¥ss tank 23, as shown in FIG
10(b), has an aspect ratio between 1 and 4. The ratio being of a length L
to, 27 a lateral wdth B
substantially perpendicular to the inflowdirection. The ratio around 1
(one) is bestgagagdipractically, it is preferable to select a ratio
bet ween 1 an&hg .The water in the process tank 23 flows only toward
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aeration app

minute operations at one-hour intervals allow an effective distribution of
the carriers. Hﬁwever, in the embodiments shown in FIG. 14, it is
preferable to operate contihuously the air bubble generating apparatus 33¢

. for preventing a short circulation in the tank. Meanwhile, the air bubble
generaﬁng_appaxafus 33b may operate continuously or intermitténtly.’

| Also in the air bubble generating apparatuses 33a to 33¢c, since the waste
water inflow rate variés with time, the apparatuses operate
continuously only at a larger inflow rate, and intermittently at a smaller
inflow rate.

(An Experiment of Emhodiment 9)

. Next, based on an experiment, an effective biologically purification
process of the waste water treatment facility according to he invention
will be discussed.

This experiment used a raw water shown in Table 3. A couple of
comparative experiments were carried out, one of which operated the air
bubble generating apparatus for aeration and the other of which did not use
the air bubble generating apparatus. In Table 4, "presence" denotes
application of the air bubble generating apparatus, while "absence" denotes
no application of the apparatus. Table 4 shows water treatment results

of each case "presence” or "absence", which include ¢reated water



‘weakens the downstreamdirection current. In addition, the carriers 5 are
bl owmn up toward the water surface of the process tank 23. The carriers 5
‘keeps substantially an even distribution. The process tank 23 contains the
“carriers 5 having a specific gravity around 1.01, which are floating and
evenly distributing in the water. The.ev@% di stribution of the carriers 5
in the tank 23 enhances that such m crobes as an aerobic bacteria carried
by the carrier 5 deconposes organi c substances in the waste water to
purify the water. Then “the purified water is delivered into a final

set tling tar&‘ualﬁ*.i\f‘s e15dis§nﬁuﬁﬁﬁé inf thé hlratin tfilk .t "Pe ﬁ%ﬁﬁé@ﬁrﬁtﬁa' nl'y
an organic po yner stance or ‘an inorganic substance. he carrier
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tend to in the aeration tank.

Table 3
Raw Waste Water Quality
concentration ratio
(mg/L)
BOD 100
T-N 30
NH4-N 25

note :
BOD: biochemical oxygen demand
T-N: nitrogen concentration ratio

NH4-N: ammoniac nitrogen concentration ratio



“build up on the screen 24. In addition, the even distribution of microbe-
attached carrierS in the tank enhances to prevent the carriers from
<building up on the screen 24, resulted in little dogging of the screen. The
screen 24 applied in this enbodi nent acts ﬁnre effectively. FIG 10(c)
shows a plan vi ew show ng anot her enbpdin@ t 6 of a waste water treatnent
facility according to the invention. In the figure, a process tank 23 is
an aeration tank having an aeration apparatus at the bottomthereof. The
process tank 23 is separated by screens 24 and 24a that have nesh openi ngs
capabl e of preventing carriers 5 fromflow ng out, which defines process
tanks 23a and 23b. The process tank 23 has di nensions in which the ratio of
the length L to the lateral width B i 4 nore than 4. Moreover, in each
process tank 23a or 23b, the ratio o € length Lo to the lateral width B

5 al's0 not M gaiNigatbe qNity 3R ARAHALYE SRE IR p bl Bl UiREoD

occurs in the process ta provi siton o e screen I nes t

separated pro Bt tﬁx}b rriers 5 substantially equally
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added for eac nl'y distribute in each tank so that

m crobes for waghend@'stde Batridr oRbiiPaflth SAROP fufftivd 8l Ccarrier concentration

ratio)
air bubble generating apparatus presence absence
processed water BOD (mg/L) .5 12
processed water T_-N (mg/L) 15 | 23 .
processed water NH4-N (mg/L) - 0.1 2.9
outflow side carrier
concentration ratio . 1.1 1.8
finflow side carrier
concentration ratio

It is noted 'apparenﬂf from the experiment result shown in Table 4
that the provision of the air bubble generating apparatus in the aeration
tank of the treatment facility according to the invention allows a
reduction in the resulted numerals both of BOD and T-N. Concerning an
outflow side carrier concentration ratio/an inflow side carrier concentration
ratio, the ratio value is 1.1 in the "present" case,vwhile the value is 1.8
in the "absence" case. The comparative data shows that the provision of
a comparatively large air bubble generating apparatus in a waste water

treatment facility can distribute sufficiently microbe-mounted-carriers in



“substances in the waste water. The screen 24 acts nore effectively in this
enbodi nent . (Enbodi nent 7) FIG 11 is a sectional view show ng an
.enbodi nent of a waste water treatment facility according to the invention.
"The waste water treatnent facility shomn@%n the figure consists of two
process tanks parted by a partition 28. e of the conpartnents is a non-
29 oxygen tank 25, and the other is -an aerobic tank 26. The facility

al so has a final settling tank 30 for tenporally storing the processed

wat er delivered fromthe aerobic tank 26 to settle sludge therein

Fur t her nor e, tHehnfkafor lal d06di Bieldgitas parifitabioRprofessf eedi ng the water fromthe
non- oxygen tank 25 to
The microbe-mounted-carriers used in the tank are particles, as
discussed abové, consisting mainly of an organic polymer substance or an
inoréanic substance. The carrier has microbes attached thereto or
normally built up thereon. The arrangement of the 'air-bubhle supply
appa;ratuses may be applied to an aeration tank having an approximately 5
m depth and aerated all over the tank, and may be applied to a deep process
tank having an approximately 10 m depth. The deep tank may have an
air-bubble supply apparatus i)osiﬁt;ned around a 5 m depth so as to

generate a swirl flow in the tank.

(Embodiment 10)

Referrix}g to another drawing, a waste water treatment method and a
facility of the same of an embodiment according to the invehiion will be
discussed hereinafter.

FIG. 15(a) shows the embodiment of the waste water treatment faéﬂity,
and FIG. 15(b) ig aplan view thereof. Desigﬁated 31is an aeration tank that
has an air-bubble supply apparatus 32 at a bottom part thereof. The
apparatus 32 consists of air-bubble supply units 32a to 32d. In the
outflow side of the aeration tank 31 there is disposed a carrier separating
screen 33. The aeration tgnk 31 contains an inflow water provided
with carriers 5 (called as microbe-mounted-carriers hereinafter) that
distribute in the water. Each of air-bubble supply units 32a to 32d has a
substantially equal air-bubble supply capacity and connected to an blower
(an air supply fan) 35 by way of an air supply conduit. Each conduit is
provided with a flow adjustment device 36a to 36d such as a valve. The



*the aerobic tank 26, an aeration apparatus 29 nounted on a bottom of the
aerobic tank 26, a screen 24 for preventing the carriers 5 fromflow ng out
Jdnto an outlet of the aerobic tank 26, a circulation water punp P2 for
returning the processed water treated in the aerobic tank 26 into the non-
oxygen tank 25, and a sludge return punp P3 for returning sludge deposited
in the final settling tank 30 into the non-oxygen tank 25. The facility is
a waste water treatnent facility that is d a carrier added, circul ation
type and utilizes a nitration or denitration nethod. The aerobi c tank
26 i ncl udi ng bléwer 86/ da be edi FRNGr fiw irdteVBircd coirolle 89. oThe A&wer

flow direction length L to the lateral width B substantially perpendicul ar

to the |engt mdﬁﬁsltﬁfétnmwéesaa% fo 364 4y be!rhimualle abRidted ttstd&%@t thedgid 3 is

pr ef er abl e. he non-oxygen tank 25, a mxer 27 stirs the inflow
wat er, whi chﬁgﬁm&%&w@robi c microbes such as a denitration
|

bacteiia biologrcally treats nitric acids and nitrous acids wth using
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the aerobic gengl o operate the flow adjustment devices 36a to 36d to adjust the open
extent thereof such that the outflow side air supply is larger than that of the

inflow side. This adjustment of the air supply rate of each air-bubble

-supply units 32a to 32d can generate a swirl flow in the ae;aﬁon tank
31. '

The air supply. rates are adjusted such that the ratio of the most
downstream appara:tus to the most upstream one in the aeration tank 31
becomes a value between 1.1 and 3.0, preferably between 1.5 and 2.0.
Meanwhile, Where the ratiq is not larger than 1.1, an oxygen
concentration raﬁo in the water becomes undesi:cgbly-sma]l, causing a
reduction in aeration effect. .Where the ratio is not less than 3.0, the
oxygen is not sufficiently absorbed. Thus selected ratio can generate' a
swirl flow in the water contained in the aeration tank, which provides a
good aeration effect and sufficiently distributes - microbe-mounted-carriers
5 in the water. That is, the swirl flow generated in the tank water
effectively distributes the carriers 5§ widely in the watgr, achieving an :
effective biological waste water purification. ]

(Embodiment 11)

FIG. 16 is a plan view showing aa embodiment of a waste water



$30 tank 26 are parted by the partition 28, and the water is punped to
the tank 26. Alternatively, there may be provided a nesh screen covering an
opening located on a |lower part of the partition 28, the nmesh having a size

“for preventing the carriers 5 from passi t hrough. In another alternative
exanple, the partition 28 nmay have a hei ght over which the water can enter
fromthe non-oxygen tank to the aerobic tank. The carrier added process

tank is not only applied to the circulation type, nitration or denitration
met hod shown in the FIG 11 but also to various types of carrier added

wast e wat er tregttheRtifacilafy adcbrdiag thdhe ©iaveiifon.t he process tank is applied

to a waste water treatnent facilities. For exanple, the process tank is
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apply an all-over-tank aeration ’
blower 35 by way of air supply conduits. The blower 35 supplies air at a

constant flow rate to the air-bubble supply apparatus 38,and each of
air-bubble suppiy units 381 to 38n discharges air at an equal rate into
the tank water.

The air-bubble supply units 381 to 38n are arranged such_ that per-
area air discharge rates increase gradually toward the outflow side. This
generates a swirl flow in the waste water contained in the tank 31,
distributing microbe-mounted-carriers 5 in the water for achiéving an
effective biological purification. Each air-bubble supply unit 381 to 38n
may be a sxmple steel pipe having air-bubble supply ports or a steel pipe
with nozzles,

In this embodiment, the intervals of the air-bubble supply units
determine the corresponding per-area air supply rates. The air supply
rates, as in the embodiment of FIG. 15, are adjusted such that the ratio
of the most downstream apparatus to the most upstream one in the
tank becomes a value between 1.1 and 3.0, preferably between 1.5 and
2.0.. The intervals of the air-bubble supply units are adjusted to achieve
the foregoing ratio of the a1r supply rates per-area. Such ratio generates a

swirl flow in the tank 31 to effectively distribute the carriers J in the tank.



°method or a swrl flow nethod. (A specified exanpl e of enbodi nent )

Next, an experinent result will be discussed to refer to a process tank

31 used in a waste water treatnent facility according to the invention,
particularly to its advant ages. TabIg 2 shows a data that was obtai ned
fromwaste water purification proces§es§ in which the ratio of the Iength
L tothe lateral wdth B of the process tank was varied sequentially to be
1, 2,,3, 4, and 6. The data relates to the treated water quality and the
di stribution of mcrobe- nounted-carriers in the process tank. The

processes USE{ a@ditioh, Bifefing UM ' the'@lb6dinent of FIG. 15, this embodiment
supplies air at a constant flow rate into the air-bubble supply apparatus
38 to generate a swirl flow. Hence, this embodiment advantageously
' fequires no flow rate adjustment device such as the devices 36a to 36d.
The intervals of the air-bubble supply units may vary regulaﬂy or
irregularly. However, the air supply rates are adjusted such that the
ratio of the most downstream apparatus to the most upstream one m
the tank becomes a value between 1.1 and 3.0, as described in the
embodiment of FIG. 15. |

FIG. 17 is another embodimerit of a waste water treatment facility
according to the invention; FIG. 17(2) is a plan view thereof; and FIG.
17(b) is a sectional view taken along A-A'in FIG. 17(a).

Designated 31 is an aeration tank, in which there are disposed a
plurality of air-bubble supply units 38 close to the tank bottom. Each air-
bubble supply unit 38 has an orifice adjustment device 39 substantially in
the middle thereof. The orifice device 39 may have a constant through-
opening, or may have an opening adjustable to adjust the air flow rate for
varying air supply rates between the fore end one 38a and the aft end
one 38b of the air-bubble supply units 38. Thg orifice adjustment device 39
may be activated manually, or may have an automatic mechanism for
adjusting the air passage sectional diameter.

The orifice adjustment devices 39 are located in air supply pipes of the
air-bubble supply appafatus 38. The devices 39 can be adjusted to differ

an upstream one from a downstream one in air supply rate, which generates



Tabl e | Raw Waste Water Quality

concentration ratio -(My/ L)

BOD 100 T-N 30
NH[ err]-N 25 not e: BOX) : bi ochemi cal
oxygen demand T-N. nitrogen corfdentration ratio

NH err]-N" anmoni ac nitrogen concentration ratio In Table 2, regarding

treated water quality, there are shown concentration ratios of BOD and T-N
in the water. Furthernore, regarding

a swirl flow perpendicular to the downstream direction of an inflow water
of the aeration tank 31. In the aeration tank 31 added with the carriers 5,
there are disposed air-bubble supply units 38 having the orifice adjustment
device 39. The fore end one unit 38a is smaller in air supply rate and the
aft end onme 38b is larger in the rate, which generates a swirl flow

. against the inflow water current, enabling an effective distribution of the
carriers 5. | The ratio of the fore end unit 38a to the aft end unit 38b in air
supply rate is adjusted to be between 1.1 and 3.0, preferably between 1.5
and 2.0.

When the orifice adjustment device 39 is activated based on electrical
signals, the air passing orifice diameter can vary at predetermined
periods, achieving various' flows in the tank.

Though the followings are not shown in the figure, itis apparent that
the aeration tank in the embodiment of FIG. 17 may have an air-bubble
supply apparatus that app]iés partially the one of FIG. 15 or 16 for
generating various swirl flows in the aeration tank 31 to eﬁ'ectivel}‘7
distribute microbe-mouﬁted—cam‘.ers for a biological purification process
of a waste water.

When the air supply rates of the upstream units are larger than
those of the downstream ones in the aeration tank, there is provided a
swirl flow that is opposite in direction to the flow of the foregoing
-embodiment. In thiscase, araw waste water fe& f;om an upper portion of
the aeration tank tends to flow mainly around the water surface of the
aeration tank to reach the outflow part. This causes an undesirable short
circulation flow. For preventing such a short circulation, a larger air supply

rate of the downstream of the aeration tank is applied to draw the waste



32 di stribution states of m crobe-nmounted-carriers, there are shown
nunmeric values that are obtained by dividing an outflom/3|de carrier
concentration ratio by an inflow side carrier concentration ratio with
regard to each process tank Table 2
Treated water quality and outfl ow side cardfer concentration ratiofinflow
side carrier concentration ratio, which are corresponding to the ratio of
the length L to the lateral mﬁdth B ofa process tank Processt ank aspect
ratio 1 2 6 processed water BOD (ngIL)

4.8 4.8 4.8 5.0 .15 n N (
15.0 15.5 21“@"%?’6%& rrqcl)mgteigﬁmy\@’re? r% a9t effegtively glég‘ib“é theg

3.0

carriers. Meanwhile, when a raw waste water is fed from a lower part of
the aeration tank, it is preferable that the aeration flow rate of the
upstream side is larger than that of the downstream side of the tank.

The microbe-mounted-carriers usedin the foregoing embodiment are
pérticles, as discussed above, consisting mainly of an organic polymer
substance or an inorganic substance. The carrier has microbes attached or
nqrmally built up thereon. The carrier may be, for example, a plastic piece
or a flexible one made of such a material as sponge. The arrangement of
the air-bubble supply apparatuses located in a lower part of a tank may be
applied to an aeration tank that is aerated all over the tank, and may be
applied to a deep process tank having a 10 m depth so as to generate a
swirl flow in the tank.

Next, an experimental result of a waste water treatment facility
based on an embodiment of the invention will be discussed as referring to
the associated comparative experiments. This experiment applied the
waste water treatment facility shown in FIG. 15 and a raw water having the
quality shown in Table 5. The air-bubble supply units 32a to 32d are
varied in air supply rate to prove an effectiveness of the invention.In an
air-bubble supi)ly conéition 1, the ratio of air supply rates of the air-bubble
supply units 32a to 32d was determined to be 1:1:1.1:1.5. In an air-
bubble supply condition 2, the ratio was determinedtobe 1:1:1:1. Table
6 shows the results of fhe comparative experiments, which includes the
treated water quality and the carrier distribution state that is shown by
the ratio of an outflow side carrier concentration ratio to an inflow side

carrier concentration ratio.



»outflow side carrier. concentration ratio 1.1 1.1 1.1
1.2 1.7 l'inflow side carrier concentration ratio The data in
Tabl e 2 shows that the aspect ratio of the process tank not greater than 4
“(four) achieves a better treatment and a sufflcent distribution of
m cr obe-nmount ed-carriers. Particularly, t#ie ratios between 1 and 3 are
preferable in treated water quality as conpared with the ratio 4.

33 ( Enbodi nent 8) Next, referring to another draw ng, a waste water
treatment nethod and a facility thereof of an enbodi nent according to the
I nvention wll be

Table 5
Raw Waste Water Quality
concentration ratio
(mg/L)
BOD . 100
T-N 30
NH4-N ' 25

note:
BOD: biochemical oxygen demand
T-N: nitrogen concentration ratio

NH4-N: ammoniac nitrogen concentration ratio

Table 6
Treated water quality, and outflow side carrier concentration

ratio/inflow side carrier concentration ratic under each condition

condition 1 2

processed water BOD (mg/L) 5 22

processed water T-N (mg/L) 15 25




"di scussed. FIG 12 shows major elenents of a waste water treatnent
facility of an enbodi nent according to the invention, MG 12 (a) being a
sehematic side view thereof, FIG 12 (b) a plan view The waste water
treatment facility has an aeration tank 31 into which- a waste water flows
from an upper position of the tank 31. The feration tank 31 indudes an

ai r-bubbl e supply apparatus 32 at a |ower position thereof. Moreover,

there is installed another air bubble generating apparatus 33 bel ow a
carrier separating screen 24. The apparatus 33 operates both for aeration
and air-bubbl e | prpedsyed WatenDIE-Nong/Bpk 31 [contaigig added m grpbe
nmount ed-carrienns 5. The apparatus 33 producegs |arger air|bubbles ipto the
wat er than thoge of the appar at us 32. The mjcrobe-attachpd carrierSis a
particul ate co TRy O oTgarT C [potyer—substance—or—a
i norganic subsg?ﬁgﬂe&ﬂ Jfﬁrgeai'bes are built fup on or_ attpched to the
carrier that may ’Sﬂﬁﬂe, a plastic |piece drla f| exi bld® onfe nade of
sponge or the [i flow siderparmenr bubbl e generjating apparatus 33 may| be

| ocat ed j ust uEdmmntn}imﬂratmthe carrier deparating screen 24. The

appar at us .33 y be positioned within 1/3 off the tank depth from tjhe tank
bottom prefer ithin 2 npeters, In additliion, the app@aratus 33 jmay have
a width equal to the tank breadth and is |ocated on the tank bottom for

generating a circulation flowin the tank. The air supply rate of the air

bubbl e Table 6 shows apparently that the condmon 1having an increased air

supply rate in the downstream sxde prowdes a better treatment to
st;ﬁmenﬂy distribute carriers. Meanwhile, the .condmon 2 having an
equal air supply rate provides a reduction in treatment peﬁomﬁn(;e and
causes an uneven carrier distribution. Thus, in a- treatm;nt facility
including an aerobic tank that is provided with. carriers _and that is aerated
all over the tank from the tank bottom, the variation of air-bubble supply
units in air supply rate toward downstream of the tank enables a
sufficient carrier distribution in the aeration tank to achieve a good
purification process.

vantages of the invention in i ial u

The inveﬁﬁon has the following advantagesin industrial use.

(1) Carrier separating screen unit

1-1 Provision of a stream guide member close to a screen installed in
an aeration tank can prevent a flow rate decreasein the ascending current
generated by air bubbles close to the screén face. In addition, other
streams in the aeration tank give no adverse effect to the ascending current
within the flow passage defined between the stream guide member and the

screen. Thus, a relatively small air supply rate can prevent effectively



>34 generating apparatus 33 is determned so as to distribute the
carriers corresponding to the configuration of the tank 31. Normally, a
L.5times of the air supply rate per a unit length or a unit area relative
‘to that of the water treatnent air-bubblg supply apparatus 32 may be
sufficient for the distribution. The_ pr 8ence of the air bubble generating
apparatus 33 defines a conparatively large air bubble curtain in front of
the screen 24, which prevents the carriers 5 fromunevenly disributing
particularly in the outflow side of the tank over the air bubble curtain.

Thi's prevent gaifigesSi @RKS frohd bR ¢HehbQcideg, carriers 5. Moreover,

when the air bubbl e generating apparatus 33 i s nounted just under the

24, th | ' i bui 1 d
SN, 2,1, T e e e A1 o Bl

up on the screen 1, as shown in FIG (b),
and over ol nigPeeiis fan CABPAEL b bHlEs Adny e Seralbhippel BT g o
Suppl 'y appar flolS pidsaghh GIRWinE W Mger 4biBhdindPARLBhY Spded Alhe Pife 3kdeeRUPD! €
In addition, this enables a reducﬁop in air supply rate of another air-bubble
supply apparatus installed in the tank, or m;aly not require another air-
bubble supply apparatus.
2) AﬁrJnﬂﬁﬂesnuuﬂ&'nﬁmhod and apparatus for carrier separating
(2-1) The invention can provide an air-bubble supply method and an
apparatus thereof for positively preventing clogging of a carrier separating
screen. .
(2-2) Provision of the air-bubble supply apparatus for the carrier
separating screen prevents clogging of the screen, simplifying the apparatus
In maintenance. Moreover, this allows a smaller screen, significantly
decreasing a construction cost of the waste water treatment faci]ify.
(3)VVa$uaﬁnﬂzrtzeahnentxneﬂnxiandznlappaxatusﬁhenxﬁ
(3-1) In-a waste water treatment using a process tank and provided
with microbe-mounted-carriers, the ratio of the tank downstream direction
length to the width of the tank is determined to be not more than 4,
preferably between 1 and 3, allowing a sufficient distribution of the carriers.
. This enables a lower cost of the apparatus in construction, and the
apparatus is easy in maintenance.
(3-2) Even in an existing facility having a process tank in which the
ratio of the length to the width of the tank is more than 4, a screen
partition, which does not allow carriers to pass through, can be provided



‘generating apparatus 33 are fed with airby mean of ablower or the like. A
single blower may be applied for both the air-bubble supply apparatus 32
and the air bubble generating apparatus 33, or .a respective blower nay be
applied to the apparatuses 32 and 33. The air bubbl e generating apparatus
33 may have such a configuration as a_pl a#®, a disc, or a pipe, and the
apparatus nmay be nade of ceramc, resin, steel, rubber, or a conpound
thereof. In the apparatus 33, for exanple, a plurality of opening ports
having a dianmeter approximately between 1 and 5 nmare forned
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carriers in the aeration tank, making an effective use of the aeration tank
capacity and all the carriers. Thus, a carrier separating screen installed at
a downstream side of the tank isnot built up ﬁth carriers, which allows a
stable carrier separation at the screen, reducing a maintenance cost such
as screen cleaning for pre\}enﬁng clogging of the " screen.

(3-4) ;According to the ﬁvenﬁdn, an air bubble generating apparatus
generates comparatively large air bubbles, which defines an air bubble
curtain close to the outflow part of the tank. This also generates a swirl
flow in the tank to distribute microbe-mounted-carriers for waste water
treatment. The air bubble generating apparatus is low in installation and
operation cosf, decreasing the total cost of the waste water treatment facility,
particularly in construction cost. |

(3-5) According to the invention, microbe-mounted-carriers are
sufﬁcientiy distributed in the aeration tank, making an effective use of all
the carriers, and carriers do not build up én the carrier separating screen
installed in a downstream side of the. aeration tank. Hence, the carrier
separating screen separates carriers stably, reducing a maintenance cost
such as screen cleaning for preventing clogging of the screen. ‘

(3-6) An air bubble géneratihg apparatus located in a downstream
side of the aeration tank operates continuously but operates intermittently
when the waste v&'rater inflow rate into the aeration tank is smaller. This
allows a sufficient distribution of carriers, reducing operation cost thereof.

(3-7) An aeration tank containing a carrier added water is provided



the air-bubble supply apparatus 32. That is, the air supply rate

adj ustnment per a unit length or per a unit area of the air bubble
generating apparatus 33 generates a wirl flowin the tank. Meanwhi | e,
the air bubbl e generating apparatus operates continuously or inteittenly.
In the intermttent operation, the staopping tine is determ ned to be about
an hour, and the running tine is about te@Omnm nutes, the stopping and
runni ng being repeated. Such operation allows an effective distribution of
m cr obe-mount ed-carriers. Mreover, since the inflow water rate of the
aeration tank 31 varies with tinme, the air bubble generating apparatus 33

TPt erm ttont | bt AP kel of sis e Bralf; e it B pelRily amangsdy 1
ot hod and & PRUTSER PR PRERELHAS AL it O VBSTRED HoEn ot ghe TRk - 1308)
ot ani | cant |y SPORa) SFAREAHARY, BERGISIS 8 B G 18 Cin tRAF WoPNEHeHY
For vater pur HEREFOHS FEEIeS . DREPELRG the SEREY AR ROYARE RS GO | ng
ubbl o gener oS HiR PAFBSESR b Bhe Tk he At BSPPIF ke of Gbe R pRbble
carrier separgltui)pri :31(1:{1;56 %Ta}g) ?)'e :E‘iﬁlg{erha%oi XS" l&;ieqwxf bte%vrx}léeg JIefi: and right sides
relative to the downstream direction of the tank, which generates a swirl
flow in ﬂuetank;to_puﬁent the carriers from unevenly distributing
between the left and right sides of the tank.

(3-8) Without an extra element such as a baffle plate in t}le aeration
tank, air-bubble supply units for reducing BOD and for removing
nitrogen/the like are unevenly mounted in the a&aﬁon tank. This

- distributes all the carriers widely in the tank to advantageously achieve
an effective biological waste water purification.

(3-9) The air-bubble supply apparatus can prevent a short circulation
ﬂov_v in the waste water contained in the aeration tank to advantageously
allow an effective biological purification of waste water.

3- 10) The air-bubble supply apparatus also prevents the carriers
from concentrating around the carrier separating screen, so that the screen
can stably separate the carriers. This decreases such a maintenance work

as screen cleaning for preventing clogging of the screen.



36 has an internediate partition wall that is formed with a partia
openi ng covered by a carrier separating screen for preventing
nrcrobe-mounted- carriers 5 fromflow ng therethrough. Air bubble
generating apparatuses 33a, 33b are disposed just under or close
respectively to the carrier separating screen 24 or 36 as in the foregoing
enbodi nent 8. FIG 14 is a schematic sid® view of another enbodi nent
according to the invention. In FIG 14(a), an aeration tank has an

ai r-bubbl e supply apparatus 32 and an air bubbl e generating apparatus 33c
at the bottom side of thereof: The tank 31 also has an inflow conduit at an
| oner part of thereof and a screen 24 at outflow part thereof. The tank 31
contai ns mcrobe- ogfhed- carrers 5 mixed in an inflow water. In this
arrangenment, air bubbles generated fromthe apparatus 33c change a waste

vater Tlown from the Qondu tuidtel badd Pilafiiedt hathod that slickd (D Sliiibne

anot her aeration tank that has an alr- e supply apparatus 32 and an air
condurt 1 5 spoltRages Harhdl o 4Pt AR PR TR reREiml o
appar at s 33b | ot Do R vaired i RR6° S Ref o MR BN, (lbrocess
S Lt e | eudbaRgn 6 8 BN G 9SBE S AR 0E RO
ai r bubbl es. whi gy depppRae Bl 5R° G- HlbHIEcs by Wy RisesPb 48R | M i

short circul ation of e water.
supply rate between the left and right sides of said process compartment

relative to the water downstream direction, which can generate a swirl
flow substantially perpendicular to the downstream direction in said
process compartment to distribute said carriers in said process
compartment for biologically purifying the waste water.

2. A waste water treatment method as set forth in claim 1,
wherein the method is further characterized in that the ratio of the
right side to the left side or of the left side to the right side of the aeration
tank is adjusted to be between 1.1 and 3.0.

3. - A waste water treatment facility that utilizes a treatment
apparatus having an aeration tank provided with microbe-mounted-
carriers, characterized in that said aeration tank includes a process
compartment and a plurality of air-bubble supply apparatuses disposed in
said process compartment in a direction substantially perpendicular to the
taniz downstream direction, and for adjusting the air supply rate between
the left and right sides of the aeration tank, said facility has one or more of
orifice adjustment devices that are provided in air tubes provided in said

air-bubble supply apparatuses.

TN 0 G



Eprevent S m crobe-nounted-carriers fromunevenly distributingin the tank.
Provi sion of the conparatively large air bubble generating apparatus 33b at
the outflow part as shown in FIG 14(b) produces effectively a swirl flow

in 37 t he tank. Next ,
operation of the air bubble generating apparatuses 33a to 33c associ ated

wi th the enbodi nents shown in FIGS. 13 14 will be discussed. The air
bubbl e generati ng appar at uses 33a, SSMte conti nuously and
interttently. In the intermttent op , 10(ten) mnute operatlons at
one- hour | nt¥aSis| WATHR| TREATMENT HERNOD [ EAC s | CARBEER) SEPARATENG REEN. ,
in the enbolEREOFs MM—HBEEE(SUPEM mm@mmm merat e
continuously t ai,r bubbl e .generating apparatus 33c for preventl ng a

short circul ati SR ARVeRHioR mm ArFARTICE SEPARALING SEERR uAit éoresenarating

appar atus 33b, oper at cqonti nuously or intermttently. Also in the air
bubbl e gener%’t&;%e‘mta waEgersd confatned 1 araste svatenin anaesationitanl rat e

o ger | ni | dwiabislogivally pENg sREenicpa morgams obstanshs. A stream
guide member 20 is disposed close to and spaced from a carrier separating
screen 7, and an air-bubble supply apparatus 8 is mounted below and |
close to the carrier sep&aﬁg screen. This arrangement of the carrier
separating screen unit ﬁosiﬁvely prevents the screen from clogging.
Furthermore, the invention provides an airbubble - supply
method)apparatus having an air-bubble supply header and a coqtrol meaixs
for varying the air supply rate with time, which prevents a carrier
separating screen from clogging. Moreover, the invention provides a waste
water treatment method and an apparatus thereof which generate a
circulation flow in a tank so as to ;zvenly distribute the carriers in the tank
for a sufficient performance of the carriers and so as to prevent a blockage of

the carrier separating screen.
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‘(An Experiment of Enbodi nent 9) . Next, based on an experinent, an
effective biologically purification process of the waste water treatnent
facility according to he invention will be discussed. Thi s experi nment
used a raw water shown in Table 3. A couple of conparative experinents were
carried out, one of which operated the air bubble generating apparatus for
aeration and the other of which did not use the air bubble generating
apparatus. In Table 4, 'presencew denotes application of the air bubble
generating apparatus, while "absencel' denotes no application of the
apparatus. Table 4 shows water treatnent results of each case "presence"
or "absence", which include treated wat

38 qualities and carrier distributions in the aeration tank. The treated
water qualities are shown by BOD and T_- N concentration in the water. The
degree of distribution is shown Jy giquing fn outflow side carrier
concentration ratio by an inflow side caflrier conceqﬁﬁfiéon rati o of
carriers W SIDE
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“in the aeration tank. Table 1

Raw Waste Water Quality concentration
ratio : (mg/ L) BCOD

100. T-N 30 NH[ err]-N
25 note: BOD: bi ochem cal oxygen demand. T-N:
nitrogen concentration ratio NH err]-N. anmoni ac nitrogen

concentration ratio
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39

appar at us
concentration ratio)
absence processed water BCD (ngllL)
processed water T-N (ng/L)
NH err]-N (nglL)
concentration ratio
carrier concentration ratio

0.1

UPWARD

UPSTREAM+ DOWNSTREA  ©

DOWNWARD

conparative ratio relative to presence or absence of air
(outflow side carrier concentration ratio/inflow side carrier

ai r bubbl e generating apparatus
5

Tabl e4 Treated water quality and

presence
12

15 23 processed water
2.9 outfl ow side carrier
1.1 1.8 [inflow side
8/22
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It is noted apparently fromthe experiment result shown in Table 4 that the
provi sion of the air bubble generating apparatus in the aeration tank of
lhe treatnent facility according to the invention allows a reduction in
the resulted nunerals both of BOD and T-N. Concerning an outfl ow side
carrier concentration ratio/an inflow side carrier concentration ratio, the
ratio value is 1.1 in the "present" case, while the value is 1.8 in the
"absence" case. The conparative data shows that the provision of a
conparatively large air bubble generating apparatus in a waste water
treatnment facility can distribute sufliciently m crobe-nounted-carriers in
40 the tank for a good biol ogi cal p%gb&ication pr ocess. The

m crobe- mounted-carriers used in the taWk“are particles, as discussed
above, consisting mainly of an organic pol yner substance or an inorganic
substance. The carrier has m crobes attached thereto or normally built up.

t hereon. The arrangene of the aif?bﬂibﬁ? supdl y appar atuses nay be
applied to an aeratio ank havi ng+an ‘appf oxi ely 5 mdepth and aerated
all over the tank, Q@ may be applied to a deep process

Wk kvt i o ke
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‘tank having an approxi mately 10 m depth. The deep tank may have an

ai r- bubbl e supply apparatus positioned around a 5 mdepth so as to generate
aswirl flowin the tank. (Enbodi nent 10) Referring to anot her

drawi ng, a waste water treatnment method and a facility of the same of an
enbodi ment according to the invention will be discussed hereinafter.

FIG 15(a) shows the enbodi nent of the waste water treatnent facility, and
G 16(b) is a plan view thereof Designated 31 is an aeration tank that has
an air-bubble supply apparatus 32 at a bottom part thereof. The apparatus
32 consists of air-bubble supply units 32a to 32d. In the outflow side of
the aeration tank 31 there is disposed ngarrier separating screen 33. The
aeration tank 31 contains an inflow wa provided with carriers 5 (called
as mcrobe-nmounted-carriers hereinafter) that distribute in the water. Each
of air-bubble supply units 32a to 32d has a substantially equal air-bubble
supply capacity and connected to an blower (an air supply fan) 35 by way of
an air supply conduit. Each conduit is provided with a flow adjustnment
device 36a to 36d such as a valv e

o ¥ 1G. 5
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"bl ower 35 can be adjusted in air flowrate by a controller 37. The flow

adj ust nent devices 36a to 36d may be manual ly actuated to adjust the air
sSupply rate of each unit. The fl ow adj ust nent devices 36a to 36d and
the bl ower 35 are controlled by signals supplied fromthe controller 37 so
as to adjust the air supply rate of each supply unit. For exanple, the
controller 37 supply a signal to operate the flow adjustnent devices 36a to
36d to adjust the open extent thereof such that the outflow side air supply
is larger than that of the inflow side. This adjustnent of the air supply
rate of each air-bubble supply units 32a to 32d can generate a swirl flow
in the aeration tank 31. The ai /23 pply rates are adjusted such that
the ratio of the nbst downstream apparatus to the nbst upstreamone in the
aeration tank 31 becomes a value between 1.1 and 3.0, preferably between
1.5 and 2. 0. Meanwhile, \Where the ratio is not larger than 1.1, an oxygen
concentration ratio in the water becones undesirably small, causing a
reduction in aeration effect. v%egy tﬁgg&atio }s not less than 3.0, the
oxygen is not sufficiently absorbéd. fhd8 el eCted ratio can generate a
swirl flowin the water contained in the aeration tank, which provides a
good aeration effect and sufficienty distributes m crobe-nounted-cariers




‘5in the water. That is, the swirl flow generated in the tank water
effectively distributes the carriers 5 wdely in the water, achieving an

£Lffective biological waste water purification. (Enbodi nent 11) FI G
16 is a plan view showi ng at enbodi nent of a waste water
42 treatnment facility according to the invention. Designated 31 is

an aeration tank having an air-bubble supply apparatus 38 | ocated at a
bottom part of the tank. The apparatus 38 consists of a plurality of
ai r-bubbl e supply units 381 to 38n. The air- bubble supply apparatuses 38i
to 38n are disposed with a spaced therebetween, the spaces being gradually
small er toward the outflow side of theT7/gak. Each air-bubble supply
apparatus 381 to 38n connects to a blower 35 by way of air supply conduits.
The bl ower 35 supplies air at-a constantfl ow atetothe air-bubbl esupply
appar at uss38, and each of air-bubble supply units 381 to 38n discharges air
at an equal rate into Q
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‘the tank water. The air-bubble supply units 381 to 38n are arranged
such that per- area air discharge rates increase gradually toward the
outflow side. This generates a swirl flowin the waste water contained in
the tank 31, distributing mcrobe-nmounted-carriers 5 in the water for
achieving an effective biological purification. Each air-bubble supply unit
381 to 38n may be a sinple steel pipe having air-bubble supply ports or a
steel pipe with nozzles. In this enbodi ment, the intervals of the

ai r-bubbl e supply units determ ne the corresponding per-area air supply
rates. The air supply rates, as in the enbodinment of FIG 15, are adjusted
such that the ratio of the nost downstg/eam apparatus to the nbst upstream
one in the tank beconmes a value between 1.1 and 3.0, preferably between 1.5
and.-2.0.- The intervals of the air-bubble supply units are adjusted to
achieve the foregoing ratio of the air supply rates per-area. Such ratio
generates a swirl flowin t@s tank 31 to effectively distribute the
carriers 3 in the tank. 43 In
addition, differing fron1thé;e odi ment 8§f FI G 15, this enbodi nent

supplies air at a constan fl rate inf@é;he ai r-bubbl e supply apparat us
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38 to generate a swirl flow Hence, this enbodi nent advant ageously requires
no flow rate adjustnent device such as the devices 36a to 36d. The

4 ntervals of the air-bubble supply units may vary regularly or irregularly.
However, the air supply rates are adjusted such that the ratio of the nobst
downst ream apparatus to the nost upstreamone in the tank becones a value
between 1.1 .and 3.0, as described in the enbodi nent of FIG 15.

(Enbodi nent 12) FIG 17 is another enbodi mrent of a waste water
treatnment facility according to the invention; FIG 17(a) is a plan view
thereof; and FIG 17(b) is a sectional view taken along-A-A" in FIG 17(a).
Designated 31 is an aeration tank, in whggp there are disposed a plurality
of air-bubble supply units 38 close to the tank bottom Each air- bubble
supply unit 38 has an orifice adjustnent device 39 substantially in the

m ddl e thereof. The orifice device 39 may have a constant through- opening,
or may have an openi ng adj ustabl e tﬂﬁhdlu{;;theéair flowrate for varying
air.supply rates between the fore e onhe 38a ard the aft end one 38b of
the air-bubble supply units 38. The orifice adjustnent device 39 nay be
activated manual ly, or may have an automatic mechani smfor adjusting the
air passage sectional dianeter. The orifice adjustnment devices 39 are
| ocated in air supply pipes of the air-bubble supply apparatus 38. The
devices 39 can be adjusted to differ an upstream one from a downstream one

in air supply rate, which generates /_cmmum EXAMPLE
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> 44 a swrl flow perpendicular to.the downstreamdirection of an inflow
wat er ofthe aeration tank 31. In the aeration tank 31 added with the
carriers 5, there are disposed air-bubble supply units 38 having the
orifice adjustnent device 39. The fore end one unit 38a is snmaller in air
supply rate and -the aft end one 38b is larger in the rate, which generates
a swirl flow against the inflow water current, enabling an effective

di stribution of the carriers 5. The ratio of the fore end unit 38a to the
aft end unit 38b in air supply rate is adjusted to be between 1.1 and 3.0,
preferably between 1.5 and 2.0. When the orifice adjustnment device 39
is activated based on electrical S|gg%@2b the-air passing orifice dianeter
can vary at predeterm ned periods, ing various flows in the tank
Though the followi ngs are not shown in the figure, it is apparent that the
aeration tank in the enbodinent of FIG 17 may have an air-bubbl e supply
apparatus that applies partially the one of FIG 15 or 16 for generating

vari ous @nrl[ g elp tQte aeration tank 31 toeffectively distribute
m cr obe- carr or a biological purifogption process of a waste

wat er . the air supply raEys of the u-s eamunits are-larger than
t hose of the downst redmanes in tA& ac w ~0mﬂ&EEV|ded a
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"swirl flowthat is opposite in direction to the flow of the foregoing
enbodi nent. In this case, a raw waste water fed from an upper portion of
Jhe aeration tank tends to flow nmainly around the water surface of the
aeration tank to reach the outflow part. This causes an undesirable short
circulation flow +For preventing such a short circulation, a larger air
supply rate of the downstream of the aeration tank is applied to draw the
wast e 45 water into a bottom
part of the tank so as to effectively distribute the carriers. Meanwhile,
when a raw waste water is fed froma |lower part of the aeration. tank, it
is preferable that the aeration flom/rziﬁgﬁf the wupstreamside is Iarger
than that of the downstream side of th -The

m cr obe- mount ed-carriers usedin theghoregoi ng enbodi mrent are particles, as
di scussed above, consisting mainly an organi c pol yner
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5 substance or an inorganic substance. The carrier has mcrobes attached or
normal ly built up thereon. The carrier nmay be, for exanple, a plastic piece
or a flexible one made of such a material as sponge. The arrangenent of the
ai r-bubbl e -supply apparatuses |ocatedin a |ower part ofa tank may be
applied to an aeration tank that is aerated all over the tank, and may be
applied to a deep process tank having a 10 mdepth so as to generate a
swirl flowin the tank. Next, an experinental result of a waste water
treatnment facility based on an enbodi nent of the invention will be

di scussed as referring to the associated conparative experinments. This
experiment applied the waste water treaf t facility shown in FIG 15 and
a raw water having the quality shown in Table 5. The air-bubble supply
units 32a to 32d are varied in air supply rate to prove an effectiveness of
the invention. In an air-bubble s ditio the ratio of air supply
rates of the air-bubble supply uﬁ?p T32é?to 32 determ ned to be
1:1:1.1:1.5. In an air- bubble supply condition 2, the rati o was

determ nedto be 1:1:1:1. Table 6 shows qhg)results of the conparative
experinments, which includes the treated water quality and the carrier
distribution state that is shown by the ratio of an outflow side carrier
concentration ratio-to an inflow sige carrier conced?&htlon ratio.
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Water Quality
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ENH[ err]-N anmoni ac nitrogen concentration ratio

Table 6 Treated water quality, and outflow side carrier concentration
Jatio/inflow side carrier concentration ratio under each condition
condi tion 1 2 processed water
BOD (ng/L) - 5 22 processed water T-N (ng/L)
15 25 47 processed
water NH err]-N (ngllL) 0.1 2.5

14/22
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*outfl ow side carrier concentration ratio 1.1

1.9 I nfl ow side carrier concentration ratio Tabl e 6 shows
Aapparently that the condition 1 having an increased air supply rate in the
downstream si de provides a better treatnent to sufficiently distribute
carriers. Meanwhile, the condition 2 having an equal air supply rate
provides a reduction in treatnent perfornmance and causes an uneven carrier
distribution. Thus, in a ltreatnment facility including an aerobic tank that
is provided with carriers and that is aerated all over the tank from the
tank bottom the variation of air-bubble supply units in air supply rate
toward downstream of the tank enableslﬁﬁ¥fufficient carrier distribution in

the aeration tank to achieve a good pQriTlcation process. Advant ages of
the invention in industrial use The invention has the foll ow ng
advantages in industrial use. F Ji(rarrigr $pparating screen unit
(a)
INFLOY S 24\1 § TREATED WATER
é —_— -
= i
S = = ,
& =0
e o E
< S 7 & f
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32/0_ 320 32  3ad
FIG. 15

(b) 31 24
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| 30q . j‘_32b 32¢ 322[ 3/36d
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36Q b
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"(1-1) Provision of a stream gui de nember dose to a screen installed in an
aeration tank can prevent a flow rate decrease in the ascending current
Jgenerated by air bubbles close to the screen face. In addition, other
streans in the aeration tank give no adverse effect to the ascending
current within the fl ow passage defined between the stream gui de nenber
and the screen. Thus, a relatively small air supply rate can prevent
effectively 48 carriers or the
i ke frombuilding up on the screen. (1-2) Extension of the guide
menber |ower end | ose to' an aeration apparatus can guides nore air bubbles
fromthe aeration apparatus into the gw passage, allow ng a | ager
ascendi ng current speed al ong the scr ““|n addition, this enables a
reduction in air supply rate of another air-bubble supply apparatus
installed in the tank, or may not require another air- bubble supply

appar at us. (2) Air-bubble supply nethod and apparatus for carrier

separati ng
FIG. 16

38 38 = a
7 1 /382 /383’ / /31 ]38n
~ 7 r " annnant Cﬂ/24

INFLOW

| TREATED WATER




"scretm (2-1) The invention can provide an air-bubble supply nethod and
‘an apparatus thereof for positively preventing clogging of a carrier
.separating screen. (2-2) Provision of the air-bubble supply apparatus
for the carrier separating screen prevents doggi ng of the screen,
sinmplifying the apparatus in maintenance. Mreover, this allows a smaller
screen, sigficantly decreasing a construction cost of the waste water
treatnment facility. (3) Waste water treatnent method and an appar at us
t her eof (3-1) In a waste water treatnment using a process tank and
provided with m crobe-nounted-carriers, the ratio of the tank downstream
direction length to the wdth of the t is determned to be not nore than
4, preferably between 1 and 3, allomjngvgzsufficient di stribution of the
carriers. This enables a | ower cost of the apparatus in construction, and
the apparatus is easy in maintena . (3-2 en in an existing
facility having a process tank inngﬁi (Ih @‘l@ raii E;?of the length to the
width of the tank is nore than 4, a screen partition, which does not allow
carriers to pass through, can be provided
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"so'as ‘to acheive the preferable dinension ratio of the process tank. Hence,
such existing long process tanks can sufficiently distribute the carriers.
:(3-3) The invention can sufficiently distribute mcrobe-nounted- carriers
in the aeration tank, making an effective use of the aeration tank capacity
and all the carriers. Thus, a carrier separating screen installed at a
downstream side of the tank is not built up with carriers, which allows a
stable carrier separation at the screen, reducing a mai ntenance cost such
as screen cleaning for preventing dogging of the screen. (3-4)
According to the invention, an air bubbl e generating apparatus generates
conparatively | arge air bubbles, mhichgggéines an air bubble curtain close
to the outflow part of the tank. This generates a swirl flowin the
tank to distribute mcrobe-nounted-carriers for waste water treatnent. The
air bubbl e generating apparatus is lowin installation and operation cost,
decreasing the total cost of the waste water treatnent facility,

particularli in construction cost. (3-5) According to the invention,
m crobe-mounted-carriers are sufficiently *distributed in the aeration
tank, makring an effective use off+al caﬁki s, and carriers do not

build up on the carrier separating screen’” installed in a downstream side
of the. aeration tank. Hence, the carrier

! 1a
WASTE { [

VATER INFLOW

AERATION TANK —=1 SETILING POND [—= TREATED WATER

SLUDGE DISCHAGED

SLUDGE RETURNED



sseparating screen separates carriers stably, reducing a maintenance cost
-such as screen cleaning for preventing dogging of the screen. (3-6) An
-air bubbl e generating apparatus |located in a downstream side of the
“aeration tank operates continuously but operates internmttently when the
waste water inflowrate into the aeration tank is smaller. This allows a
sufficient distribution of carriers, reducing operation cost thereof.

(3-7) An aeration tank containing a carrier added water is provided

50 with a plurality of air-bubble supply units which are unequally
arranged between the upstream side and the downstream side of the tank.
This unequal arrangenent generates a 8& flowin the tank to
sufficiently distribute the carries, iﬁy enting the carriers fromunevenly
di stributing
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«toward the downstream of the tank. The air supply rate of the air-bubble
ssupply units may be adjusted to be unequal between |eft and right sides
srelative to the downstreamdirection of the tank, which generates a swr
flowin the -tank to prevent the carriers fromunevenly distributing
between the left and right sides of the tank. (3-8) Wthout an extra
el ement such as a baffile plate in the aeration tank, air-bubble supply
units for reducing BOD and for renoving nitrogen/the |ike are unevenly
mounted in the aeration tank. This distributes all the carriers widely in
the tank to advantageously achieve an effective biological waste water
purification. (3-9) The air-bubblezaﬂgply appar atus can. prevent a
short circulation flowin t]e waste water contained in the aeration tank to
advant ageously allow an effective biological purification of waste water.
(3-10) The air-bubble supply apparatus al so prevents the carriers from
concentrating around the carrier pgla ng sg&eﬁy, so that the screen can
stably separate the carriers. Thi$ detredses ch”a nmai ntenance work as
screen cl eaning for preventing doggi ng of the: screen.
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#Cl ai ms 1. A waste water treatnent nethod that utilizes a

-t reat nent appar atus having an aeration tank provided with

am cr obe- nount ed- carriers, characterized in that said aeration tank
conprises a process conpartment and a plurality of air-bubble supply
appar at uses | ocated in said aeration tank, said air-bubble supply -
apparatuses varying in air supply rate between the left- and right -sides
of said process conpartnent relative to the water downstream direction

whi ch can generate a swirl flow substantially perpendicular to the
downstreamdirection in said process conpartnent to distribute said
carriers in said process ' 21/22

FIG. 21
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s conpartnent for biologically purifying the waste water. 2. A wast e

Swater treatnent nethod as set forth in claim 1, wherein the nmethod is

-, firther characterized in that the ratio of the right side to the left side
or of the left side to the right side of the aeration tank is adjusted to
be between 1.1 and 3.0. 3, - Awaste water treatnent facility that
utilizes a treatnent apparatus having an aeration tank provided with
m cr obe-mounted- carriers, characterized in that said aeration tank
i ncludes a process conpartnment and a plurality of air-bubble supply"
apparatuses disposed in said process conpartnent in a direction
substantially perpendicular to the t downstream direction, and for
adjusting the air supply rate between the left and right sides of the
aeration tank, said facility has one or nore of orifice adjustnent devices

that are provided in air tubes E@ovldeg,in i%jqz ai r - bubbl e supply
111 | * L *

appar at uses. 11111121211* 111 M S
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ABSTRACT

WASTE WATER TREATMENT METHOD/FACILITY, CARRIER SEPARATING SCREEN
THEREOF, AND ATR-BUBBLE SUPPLY METHOD/APPARATUS FOR SCREEN

The invention provides a carrier separaﬁng screen unit for separating
microbe-mounted-carriers 5 contained in a waste water in an aeration tank
1 for biologically punfymg organic and inorgamnic substances. A stream
guide member 20 is disposed close to and spaced from a carrier separating
screen 7, and an air-bubble supply apparatus 8 is mounted below and
close to the carrier sepa.rating screen. This arrangement  of the carrier
separating screen unit ﬁosiﬁvely prevents the screen from clogging.
Furthermore, the J:nvenﬁon provides an  air-bubble - supply
method)apparatus having an air-bubble supply header and a cox%trol meaﬁs
for varying the air supply rate with time, which prevents a carrier
sep araﬁng screen from clogging. Moreover, the invention provides a waste
water treatment method and an apparatus thereof which generate a
circulation flow in a tank so as to e§enly distribute the carriers in the tank
for a sufficient performance of the carriers and so as to prevent a bloc_kage of

the carrier separating screen.
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