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DESCRIPTION

METHOD FOR FORMING AEROBIC GRANULES, DEVICE FOR FORMING

AEROBIC GRANULES, METHOD FOR TREATING WASTEWATER, AND DEVICE

FOR TREATING WASTEWATER

TECHNICAL FIELD
[0001]

The present invention relates to a method for forming aerobic granules and a device
for forming aerobic granules which are used for stably forming aerobic granules for
aerobically biologically treating organic matter-containing wastewater containing organic
matter or the like, and also relates to a method for treating wastewater and a device for

treating wastewater that use the formed granules.

BACKGROUND
[0002]

Conventionally, biological wastewater treatments of organic matter-containing
wastewater containing organic matter or the like have used the activated sludge method
that utilizes an aggregate of microbes (aerobic biologica sludge) known as aflock.
However, in the activated sludge method, when separating the flock (aerobic biological
sludge) and the treated water in the settling tank, because the settling rate of the flock is
slow, the surface area of the settling tank must sometimes be increased substantially.
Further, the treatment rate of the activated sludge method depends on the sludge
concentration in the biological treatment tank, and therefore the treatment rate can be
increased by increasing the sludge concentration, but if the sludge concentration is
increased to avalue within arange from 1,500 to 5,000 mg/L, or an even higher value,
then solid-liquid separation becomes difficult due to bulking or the like within the settling

tank, meaning treatment cannot be maintained in some cases.
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[0003]

On the other hand, anaerobic biological treatments generally utilize aggregates
(anaerobic biological sludge) in particulate form known as granules, which contain densely
packed microbes. Granules exhibit extremely fast settling rates, and because the
microbes are densely packed, the sludge concentration in the biological treatment tank can
be increased, and a high-speed treatment of the wastewater can be achieved. However,
anaerobic treatments sometimes suffer problems, including restrictions on the types of
wastewaters that can be treated compared with aerobic treatments (the activated sludge
method), and the requirement to hold the temperature of the treatment water at about 30 to
35°C. Further, if only an anaerobic treatment is used, then the water quality of the treated
water tends to be poor, and in those cases where the treatment water isto be discharged
into ariver or the like, a separate aerobic treatment such as abiologica sludge treatment is
sometimes required.

[0004]

In recent years, it has become clear that by performing treatment using a semibatch
treatment device in which the wastewater is introduced intermittently into the reaction tank,
and shortening the biological sludge settling time, granulated biological sludges having
good settling properties can be formed not only with anaerobic sludges, but also with
aerobic sludges (for example, see Patent Documents 1 to 4). By granulating an aerobic
sludge, the average particle size can be increased to 0.2 mm or greater, and the settling rate
can be increased to 5 m/h or greater. In asemibatch treatment device, treatment is
performed in asingle biological treatment tank viafour steps, namely (1) wastewater
introduction, (2) biological treatment of the treatment target substances, (3) settling of the
biological sludge, and (4) discharge of the treated water. By forming the type of
granulated aerobic biologica sludge with good settling properties described above, the
sludge concentration in the tank can be maintained at a high concentration, enabling a
high-speed treatment to be achieved.

[0005]
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One method that has been proposed for accelerating the granulation is amethod in
which the settling time for the aerobic granules is shortened, thereby proactively
discharging sludge having a slow settling rate from the system, but in this method, because
the amount of discharged microbes fluctuates depending on changes in the sludge settling
properties, forming the aerobic granules in a stable manner is sometimes difficult.

Further, in the case of wastewaters such as sewage having alow BOD concentration of
about 80 to 200 mg/L, another problem arises in that the aerobic granules tend to be

difficult to form, even when using a semibatch reactor.

CITATION LIST
PATENT LITERATURE
[0006]
Patent Document 1: WO 2004/024638
Patent Document 2: JP 2008-212878 A
Patent Document 3: JP 4975541 B

Patent Document 4: JP 4804888 B

SUMMARY
TECHNICAL PROBLEM
[0007]
Objects of the present invention are to provide a method for forming aerobic
granules and a device for forming aerobic granules which can stably form aerobic granules
using a semibatch reactor, and also provide a method for treating wastewater and a device

for treating wastewater that use the formed granules.

SOLUTION TO PROBLEM
[0008]
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The present invention provides a method for forming aerobic granules using a
semibatch reactor, the method involving forming granules by repeatedly performing an
introduction step of introducing an organic matter-containing wastewater containing
organic matter, abiological treatment step of biologically treating treatment target
substances in the organic matter-containing wastewater using amicrobial sludge, a settling
step of allowing the microbia sludge to settle, and a discharge step of discharging a
biologically treated water that has been biologically treated, wherein the reaction timeis
adjusted so that the value obtained by multiplying the ratio of the ML SS concentration
relative to the BOD load introduced into the semibatch reactor by [total cycle time/reaction
time] falls within arange from 0.05 to 0.25 kgBOD/kgM L SS/d, and the sludge is
withdrawn such that the sludge retention timeis 5 to 25 days.

[0009]

In the method for forming aerobic granules described above, it is preferable that the
biologically treated water outlet of the semibatch reactor is provided above the wastewater
inlet, and that the biologically treated water is discharged from the biologically treated
water outlet by introducing the organic matter-containing wastewater into the semibatch
reactor.

[0010]

The present invention also provides adevice for forming aerobic granules that
includes a semibatch reactor that forms granules by repeatedly performing an introduction
step of introducing an organic matter-containing wastewater containing organic matter, a
biological treatment step of biologically treating treatment target substances in the organic
matter-containing wastewater using amicrobia sludge, a settling step of alowing the
microbia sludge to settle, and a discharge step of discharging a biologically treated water
that has been biologically treated, wherein the reaction time is adjusted so that the value
obtained by multiplying the ratio of the ML SS concentration relative to the BOD load

introduced into the semibatch reactor by [total cycle time/reaction time] fallswithin a
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range from 0.05 to 0.25 kgBOD/kgM L SS/d, and the sludge is withdrawn such that a sludge
retention timeis5 to 25 days.
[0011]

In the device for forming aerobic granules described above, it is preferable that the
device has the biologically treated water outlet for the semibatch reactor provided above
the wastewater inlet, and that the biologically treated water is discharged from the
biologically treated water outlet by introducing the organic matter-containing wastewater
into the semibatch reactor.

[0012]

The present invention also provides a method for treating a wastewater, the method
involving supplying granules formed by the method for forming aerobic granules described
above to a continuous biological treatment tank used for biologically treating an organic
matter-containing wastewater with abiological sludge, while the organic matter-containing
wastewater isintroduced continuously.

[0013]

In the method for treating a wastewater described above, it is preferable that the
granules are a granular sludge having a particle size of 200 um or greater, and that the
BOD sludge load of the continuous biological treatment tank is within arange from 0.08 to
0.2 kgBOD/kgM LV SS/d.

[0014]

In the method for treating a wastewater described above, the continuous biological
treatment tank preferably includes multiple reaction tanks.
[0015]

The method for treating a wastewater described above preferably includes a sludge
return step of separating the biological sludge by a solid-liquid separation from the
biological treatment liquid that has undergone treatment in the continuous biological
treatment tank, and then returning the separated biological sludge to the continuous

biological treatment tank, and the hydraulic retention time for the continuous biological
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treatment tank, determined from the sum of the flow rate of wastewater introduced into the
continuous biological treatment tank and the flow rate of the aforementioned biol ogical
sludge returned to the continuous biological treatment tank, and the volume of the
continuous biological treatment tank, is preferably within arange from 5 hoursto 10 hours.
[0016]

In the method for treating a wastewater described above, it is preferable that in the
introduction step of the aforementioned method for forming aerobic granules, a portion of
the wastewater supplied to the continuous biological treatment tank is introduced into the
semibatch reactor.

[0017]

The present invention also provides adevice for treating a wastewater that includes a
continuous biological treatment tank used for biologically treating an organic
matter-containing wastewater with abiological sludge, while the organic matter-containing
wastewater is introduced continuously, wherein granules formed by the method for
forming aerobic granules described above are supplied to the continuous biological
treatment tank.

[0018]

In the device for treating a wastewater, it is preferable that the granules are a
granular sludge having a particle size of 200 um or greater, and that the BOD sludge load
of the continuous biological treatment tank is within arange from 0.08 to 0.2

kgBOD/kgMLV SS/d.

ADVANTAGEOUS EFFECTS OF INVENTION
[0019]

The present invention is able to provide a method for forming aerobic granules and a
device for forming aerobic granules which can stably form aerobic granules using a
semibatch reactor, and is also able to provide a method for treating wastewater and a

device for treating wastewater that use the formed granules.
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BRIEF DESCRIPTION OF DRAWINGS

[0020]

FIG 1isaschematic diagram illustrating one example of adevice for forming
aerobic granules according to an embodiment of the present invention.

FIG 2 isadiagram illustrating the relationship between the BOD concentration and
the treatment time for one batch in a semibatch reactor.

FIG 3 isaschematic diagram illustrating another example of adevice for forming
aerobic granules according to an embodiment of the present invention.

FIG 4 isaschematic diagram illustrating another example of adevice for forming
aerobic granules according to an embodiment of the present invention.

FIG 5 isaschematic diagram illustrating another example of adevice for forming
aerobic granules according to an embodiment of the present invention.

FIG 6 isaschematic diagram illustrating one example of adevice for treating a
wastewater according to an embodiment of the present invention.

FIG 7 isaschematic diagram illustrating another example of adevice for treating a
wastewater according to an embodiment of the present invention.

FIG 8 isaschematic diagram illustrating another example of adevice for treating a
wastewater according to an embodiment of the present invention.

FIG 9 isaschematic diagram illustrating another example of adevice for treating a
wastewater according to an embodiment of the present invention.

FIG 10 isaschematic diagram illustrating another example of a device for treating a
wastewater according to an embodiment of the present invention.

FIG 11 is aschematic diagram illustrating another example of adevice for treating a
wastewater according to an embodiment of the present invention.

FIG 12 isaschematic diagram illustrating another example of adevice for treating a

wastewater according to an embodiment of the present invention.
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FIG 13 isaschematic diagram illustrating one example of the structure of a
semibatch biological treatment tank used in the device for treating a wastewater illustrated
inFIG 12.

FIG 14 isadiagram illustrating the change over timein SVI5 in Example 1 and
Comparative Example 1.

FIG 15 isadiagram illustrating the change over timein SVI5in Comparative
Example 2.

FIG 16 isadiagram illustrating the change over timein SVI5 in Example 2.

FIG 17 isan electron microscope of asludge in a period under conditions 2 and
conditions 3 in Comparative Example 1.

FIG 18 isan electron microscope of asludge in a period under conditions 5 and
conditions 6 in Example 1.

FIG 19 isadiagram illustrating the particle size distributions of a seed sludge, a
granular sludge formed in a semibatch biological treatment tank, and asludge inside a

continuous biological treatment tank under conditions 6.

DESCRIPTION OF EMBODIMENTS
[0021]

Embodiments of the present invention are described below. These embodiments
are merely examples of implementing the present invention, and the present inventionisin
no way limited by these embodiments.

[0022]
<Method for Forming and Device for Forming Aerobic Granules>

The outline of one example of adevice for forming aerobic granules according to an
embodiment of the present invention is shown in FIG. 1, and the structure of that deviceis
described below. The granule formation device 1 is provided with a semibatch reactor 10.
In the granule formation device 1, a wastewater supply line 28 is connected to a

wastewater inlet of the semibatch reactor 10 viaawastewater inlet pump 12. A
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biologically treated water line 30 is connected to a biologically treated water outlet 16 of
the semibatch reactor 10 viaabiologically treated water discharge valve 18, and a sludge
withdrawal line 32 is connected to a sludge withdrawal port 22 via a sludge withdrawal
pump 24. An aerator 26 connected to an aeration pump 14 isinstalled in the lower
portion inside the semibatch reactor 10. The wastewater inlet pump 12, the biologically
treated water discharge valve 18, the sudge withdrawal pump 24 and the aeration pump 14
may each be connected by electrical connection or the like to a control device 20.
[0023]

The granule formation device 1 is operated, for example, using the type of cycle
described below.
(1) Introduction step: the wastewater inlet pump 12 is activated, and a prescribed amount
of an organic matter-containing wastewater is introduced into the semibatch reactor 10
through the wastewater supply line 28.
[0024]
(2) Biological treatment step: the wastewater inlet pump 12 is stopped, an
oxygen-containing gas such as air is supplied to the semibatch reactor 10 from the aeration
pump 14, and the treatment target substances in the organic matter-containing wastewater
inside the semibatch reactor 10 are treated biologically with amicrobial sludge. The
biological reactions are not limited to aerobic reactions, and anoxic reactions can aso be
performed by stirring the wastewater without supplying air or the like, or a combination of
aerobic reactions and anoxic reactions may occur. An anoxic state describes a state in
which athough no dissolved oxygen exists, oxygen and the like derived from nitrites or
nitrates does exist. For example, asillustrated in FIG. 3, astirring device formed from a
motor 34, a stirring blade 36 and a shaft or the like that connects the motor 34 and the
stirring blade 36 may be installed in the semibatch reactor 10, and stirring may then be
performed using the stirring device, with the aeration pump 14 stopped. The stirring
deviceisnot limited to the configuration described above.

[0025]
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(3) Settling step: the aeration pump 14 is stopped, and the deviceis | eft to stand for a
prescribed period of time to allow the sludge inside the semibatch reactor 10 to settle.
[0026]

(4) Discharge step: by opening the biologically treated water discharge valve 18, the
supernatant water obtained in the settling step is discharged from the biologically treated
water outlet 16 through the biologically treated water line 30 as a biologically treated water.
At thistime, the biologically treated water may also be discharged using a pump instead of
using the biologically treated water discharge valve.

[0027]

By repeating the cycle of the above steps (1) to (4), granules composed of granular
aggregates of tightly packed microbes are formed. Activation and stopping of the
wastewater inlet pump 12, the sludge withdrawal pump 24, the aeration pump 14 and the
stirring device motor 34, and opening and closing of the biologically treated water
discharge valve 18 may be controlled by the control device 20.

[0028]

The granular sludge formed in the semibatch reactor 10 is a sludge formed as a result
of self-granulation, and is, for example, abiological sludge having an average particle size
of 0.2 mm or greater, or an SV15 value, which is an indicator of the settling properties, of
not more than 80 mL/g.  Further, in the present embodiment, whether or not a granular
sludge has been formed can be ascertained, for example, by measuring the SV that acts as
an indicator of the sludge settling properties.  Specificaly, the SVI value is measured
regularly by subjecting the sludge inside the semibatch reactor 10 to a settling properties
test, and when the SV15 value cal culated from the volume proportions obtained after
settling for 5 minutes reaches a specified value or lower (for example, not more than 80
mL/g), agranular sludge can be deemed to have formed. Alternatively, the particle size
distribution of the sludge inside the semibatch reactor 10 is measured, and when the

average particle size reaches a specified value or higher (for example, 0.2 mm or greater), a
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granular sludge can be deemed to have formed (and the smaller the SVI value and the
larger the average particle size, the more favorable the granular sludge).
[0029]

The inventors of the present invention discovered that by adjusting the reaction time
so that the value obtained by multiplying the ratio of the MLSS concentration relative to
the BOD load introduced into the semibatch reactor (namely, BOD/MLSS) by [total cycle
time/reaction time] falls within arange from 0.05 to 0.25 kgBOD/kgM L SS/d, and
withdrawing the sludge such that the sludge retention time in the semibatch reactor 10is5
to 25 days, aerobic granules could be formed in a stable manner.

[0030]

The inventors of the present invention discovered that determining the time for the
above biological treatment step (2) had alarge effect on the granulation.  The inventors of
the present invention postulated the granule formation mechanism described below. FIG
2 illustrates the relationship between the BOD concentration and the treatment time for one
batch in asemibatch reactor. Asillustrated in FIG 2, when the organic matter-containing
wastewater introduction step is finished and the process shifts to the biological treatment
step, the BOD concentration inside the semibatch reactor decreases with the treatment time
as aresult of the degradation action of the microbes. During this period, because the
BOD in the semibatch reactor is higher than the amount of microbes, a state in which
residual organic matter exists within the semibatch reactor is obtained (a satiated state).

As degradation of the organic matter by the microbes proceeds, and the BOD concentration
inside the semibatch reactor falls, the treatment rate decreases, and eventually fallsto
substantially zero. In other words, because the residual BOD is small compared with the
amount of microbes in the semibatch reactor, a starved state for the microbesis generated.
Subsequently, the process shifts to the settling step and the biologically treated water
discharge step. By repeating this cycle, granulation of the biological sludge proceeds
inside the semibatch reactor.  In this mechanism for forming granules in the semibatch

reactor, formation of the type of organic matter concentration gradient described above
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inside the semibatch reactor during the cycleisimportant. Further, as aresult of
repeating the starved state and the satiated state, the bacteria produce viscous substances,
and these viscous substances causes the bacteria and the like to adhere strongly together,
leading to the formation of granules.

[0031]

In one cycle, if the amount of microbes (MLSS concentration) inside the semibatch
reactor is high relative to the BOD load introduced into the semibatch reactor, then the
organic matter degradation rate in the satiated state increases, and the length of the satiated
time shortens.  In contrast, if the amount of microbes (MLSS concentration) inside the
semibatch reactor is low, then the organic matter degradation rate in the satiated state slows,
and the length of the satiated time lengthens.  In other words, if the reaction timeis
assumed to be the same, then depending on the amount of microbes relative to the BOD
load introduced into the semibatch reactor, the ratio between the length of the satiated time
and the length of the starved time following the satiated time varies. By controlling this
ratio of satiated time/starved time, granules can be formed in astable manner. Thisratio
between the satiated time and the starved time can be represented by the ratio of the
amount of microbes relative to the BOD load (BOD/MLSS). Further, because the steps
other than the biological treatment step do not contribute significantly to the biological
reaction, by performing the evaluation on the basis of the value (hereafter sometimes
referred to asthe "A value") obtained by multiplying the ratio of the MLSS concentration
to the BOD load by [total cycletime/reaction time], the ratio of satiated time/starved time
can be controlled more accurately. Here, the "total cycletime" indicates the total time for
the introduction step (1), the biological treatment step (2), the settling step (3) and the
discharge step (4) (or in the case of the configurationsillustrated in FIG. 4 and FIG. 5
described below, the total time of an introduction step/discharge step (1), the biological
treatment step (2) and the settling step (3)), and the "reaction time" indicates the time of the
biological treatment step (2).

[0032]
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The A value that determines thisratio of satiated time/starved time is preferably
within arange from 0.05 to 0.25 kgBOD/kgM L SS/d, and more preferably within arange
from 0.1 t0 0.16 kgBOD/kgMLSS/d. If thisvalueislessthan 0.05 kgBOD/kgM L SS/d,
then the length of the starved time becomes too long, which may lead to disintegration of
thegranules. Further, if thisvalue is greater than 0.25 kgBOD/kgM L SS/d, then the
satiated time becomes too long, and the viscous substances are less likely to be produced,
meaning the granules are less likely to form.

[0033]

However, sometimes forming the granules in a stable manner smply by controlling
thisratio of satiated time/starved time can be difficult. By combining this satiated
time/starved time ratio with control of the amount of sludge withdrawn, the granules can
be produced in a stable manner.

[0034]

The sludge retention timeis a so recorded as SRT, and is one indicator of the sludge
management. Specifically, the SRT is represented by the following formula.

SRT [d] = amount of sludge [kg] that exists in the system / amount of sludge
discharged from the system in asingle day [kg/d]

An SRT value within arange from 5 to 25 days is preferable for stable formation of
the granules, and avalue within arange from 10 to 15 daysis more preferred. The sludge
withdrawal pump 24 illustrated in FIG. 1 and FIG 3 may be activated, and the sludge
withdrawn from the sludge withdrawal port 22 through the sludge withdrawal line 32, so as
to achieve an SRT value within arange from 5 to 25 days.

[0035]

If the SRT islonger than 25 days, then although large amounts of microbes having a
comparatively slow growth rate are retained, microbes having a comparatively fast growth
ratetend to dieout. Further, if the SRT is shortened to less than 5 days, then it is thought
that a state is obtained in which microbes having a comparatively fast growth rate

predominate, with the abundance of microbes having a comparatively slow growth rate
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being much lower. The effect of the SRT on the granulation is not entirely clear, but itis
thought that the respective abundance levels of these microbes having a comparatively fast
growth rate and microbes having a comparatively slow growth rate are important.

[0036]

Furthermore, it is thought that the SRT also affects the abundance of protozoa and
metazoa, which are particular types of microbes. The longer the SRT becomes, the more
higher-level protozoa — metazoa appear instead of bacteria. These protozoa and metazoa
prey on bacteria.  There are alarge variety of these protozoa and metazoa, including those
that prey on the bacteriathat form the flock sludge and those that prey on dispersed-state
bacteria, and therefore it is thought that in order to stably form granules composed mainly
of bacteria, setting the SRT to along timeis disadvantageous.  Setting the SRT to a short
timeis also thought to be disadvantageous, because the granule formation time is too short.
[0037]

When the "A value" falls below 0.05, namely when the ratio of the amount of
microbes relative to the introduced BOD amount islarge, the proportion of microbes that
can be grown is small, and therefore the amount of sludge withdrawn cannot be increased,
meaning reducing the SRT to shorter than 30 days may be difficult, and about 25 daysis
the limit.

[0038]

The organic matter-containing wastewater that represents the treatment target for the
method for forming granules according to the present embodiment is an organic
wastewater containing biodegradable organic matter, such as afood processing plant
wastewater, a chemical plant wastewater, a semiconductor plant wastewater, a machinery
plant wastewater, sewage or human waste.  Further, when the wastewater contains hardly
bi odegradabl e organic matter, the wastewater can be converted to atreatabl e target
substance by performing a physiochemical treatment such as an ozone treatment or a
Fenton treatment in advance, to convert the hardly biodegradable organic matter to

biodegradable components.  Furthermore, the method for forming granules according to
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the present embodiment can be used against all manner of BOD components, but oils and
fats may have an adverse effect by adhering to the sludge and the granules, and therefore it
is preferable that prior to introduction into the semibatch reactor, a known technigque such
as flotation separation, flocculation pressure flotation or adsorption is performed in
advance to remove the oils and fats down to alevel of about 150 mg/L or less.

[0039]

The pH in the semibatch reactor 10 is preferably set within arange appropriate for
typical microbes, and for example, is preferably within arange from 6 to 9, and more
preferably within arange from 6.5to 7.5.  If the pH is outside this range, then an acid or
alkali or thelikeis preferably added to adjust the pH.

[0040]

The dissolved oxygen (DO) inside the semibatch reactor 10, under aerobic
conditions, istypicaly at least 0.5 mg/L, and a concentration of 1 mg/L or higher is
particularly desirable.

[0041]

In terms of promoting the granulation of the biological sludge, ions that form
hydroxides, such as Fe?*, Fe**, Ca?* and Mg®*, are preferably added to the organic
matter-contai ning wastewater inside the semibatch reactor 10, or to the organic
matter-contai ning wastewater prior to introduction into the semibatch reactor 10. Most
typical organic matter-containing wastewaters contain microparticles that can act as nuclel
for granules, but by adding the above ions, granule nuclei formation can be accelerated.
[0042]

Another example of the device for forming aerobic granules according to the present
embodiment isshown in FIG 4. In the granule formation device 1 illustrated in FIG. 4,
the wastewater supply line 28 is connected to awastewater inlet 40 in the lower portion of
the semibatch reactor 10 viathe wastewater inlet pump 12 and awastewater inlet valve 38.
A wastewater discharge unit 42 is connected to the wastewater inlet 40, and isinstalled in

the lower portion inside the semibatch reactor 10. The biologically treated water outlet
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16 of the semibatch reactor 10 is provided above the wastewater inlet 40, and the
biologically treated water line 30 is connected to the biologically treated water outlet 16
viathe biologicaly treated water dischargevalve 18. The biologically treated water
outlet 16 is provided above the wastewater inlet 40, and in order to prevent short-cutting of
the introduced organic matter-containing wastewater and enable more efficient formation
of the granules, is preferably installed as distant as possible from the wastewater inlet 40,
and is more preferably installed near the water level in the settling step.  The wastewater
inlet pump 12, the wastewater inlet valve 38, the biologically treated water discharge valve
18, the sludge withdrawal pump 24, the aeration pump 14 and the stirring device motor 34
may each be connected by electrical connection or the like to a control device 20. The
remaining configuration is the same as that of the granule formation device 1 of FIG. 3.
[0043]

In the granule formation device 1 of FIG. 4, in the discharge step (4), by opening the
wastewater inlet valve 38 and activating the wastewater inlet pump 12, the organic
matter-containing wastewater is supplied from the wastewater inlet 40, through the
wastewater supply line 28, and introduced into the semibatch reactor 10 from the
wastewater discharge unit 42, thereby discharging the biologically treated water from the
biologically treated water outlet 16 and through the biologically treated water line 30.
Activation and stopping of the wastewater inlet pump 12, the sludge withdrawal pump 24,
the aeration pump 14 and the stirring device motor 34, and opening and closing of the
wastewater inlet valve 38 and the biologically treated water discharge valve 18 may be
controlled by the control device 20.

[0044]

In this manner, in the granule formation device 1 of FIG. 4, granules are formed by
repeating a cycle composed of three steps, namely an introduction step/discharge step (1), a
biological treatment step (2) and a settling step (3).

[0045]
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In the granule formation device 1 of FIG. 4, by discharging the biologically treated
water from the biologically treated water outlet 16 by introducing the organic
matter-containing wastewater into the semibatch reactor 10, granules having a
comparatively small particle size are discharged with the biologically treated water,
whereas those granules having a comparatively large particle size are subjected repeatedly
to the cycle of steps (1) to (3), enabling more efficient granule formation.

[0046]

Another example of the device for forming aerobic granules according to the present
embodiment isshown in FIG. 5.  In the granule formation device 1 illustrated in FIG. 5,
the wastewater supply line 28 is connected to awastewater inlet 40 in the lower portion of
the semibatch reactor 10 viathe wastewater inlet pump 12 and awastewater inlet valve 38.
A wastewater discharge unit 42 is connected to the wastewater inlet 40, and isinstalled in
the lower portion inside the semibatch reactor 10. The biologically treated water outl et
16 of the semibatch reactor 10 is provided above the wastewater inlet 40, and the
biologically treated water line 30 is connected to the biologically treated water outlet 16
viathe biologically treated water dischargevalve 18. The biologically treated water
outlet 16 is provided above the wastewater inlet 40, and order to prevent short-cutting of
the introduced organic matter-containing wastewater and enable more efficient formation
of the granules, is preferably installed as distant as possible from the wastewater inlet 40,
and is more preferably installed near the water level in the settling step.  The wastewater
inlet pump 12, the wastewater inlet valve 38, the biologically treated water discharge valve
18, the sludge withdrawal pump 24 and the aeration pump 14 may each be connected by
electrical connection or the like to a control device 20. The remaining configuration is
the same as that of the granule formation device 1 of FIG. 1.

[0047]

In the granule formation device 1 of FIG. 5, in the discharge step (4), by opening the

wastewater inlet valve 38 and activating the wastewater inlet pump 12, the organic

matter-contai ning wastewater is supplied from the wastewater inlet 40, through the
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wastewater supply line 28, and introduced into the semibatch reactor 10 from the
wastewater discharge unit 42, thereby discharging the biologically treated water from the
biologically treated water outlet 16 and through the biologically treated water line 30.
Activation and stopping of the wastewater inlet pump 12, the sludge withdrawal pump 24
and the aeration pump 14, and opening and closing of the wastewater inlet valve 38 and the
biologically treated water discharge valve 18 may be controlled by the control device 20.
[0048]

In this manner, even in the granule formation device 1 of FIG 5, granules are formed
by repeating a cycle composed of three steps, namely an introduction step/discharge step
(1), abiological treatment step (2) and a settling step (3).

[0049]

In the granule formation device 1 of FIG. 5, by discharging the biologically treated
water from the biologically treated water outlet 16 by introducing the organic
matter-containing wastewater into the semibatch reactor 10, granules having a
comparatively small particle size are discharged with the biologically treated water,
whereas those granules having a comparatively large particle size are subjected repeatedly
to the cycle of steps (1) to (3), enabling more efficient granule formation.

[0050]
<Method for Treating Wastewater and Device for Treating Wastewater>

A devicefor treating a wastewater according to this embodiment is provided with a
continuous biological treatment tank used for biologically treating an organic
matter-contai ning wastewater with abiological sludge, while the organic matter-containing
wastewater isintroduced continuously. In the method for treating a wastewater and the
device for treating a wastewater according to this embodiment, granules formed by the
method for forming aerobic granules described above are supplied to the continuous
biological treatment tank used for biologically treating the organic matter-containing
wastewater with a biological sludge, while the organic matter-containing wastewater is

introduced continuously.
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[0051]

A schematic diagram illustrating one example of a device for treating a wastewater
according to the present embodiment isshown in FIG. 6. The wastewater treatment
device 3 includes a wastewater storage tank 50, a semibatch reactor 10, a continuous
biological treatment tank 52, and a solid-liquid separator 54.

[0052]

In the wastewater treatment device 3, an outlet of the wastewater storage tank 50 and
awastewater inlet of the continuous biological treatment tank 52 are connected by a
wastewater supply line 66 viaa pump 56 and avalve 58. An outlet of the continuous
biological treatment tank 52 and an inlet of the solid-liquid separator 54 are connected by a
line70. A treated water line 72 is connected to a treated water outlet of the solid-liquid
separator 54. A sludge discharge line 74 is connected to a sludge outlet of the solid-liquid
separator 54 viaavalve 62, and a portion of the sludge discharge line 74 upstream from the
valve 62 and areturned sludge inlet of the continuous biological treatment tank 52 are
connected by a sludge return line 76 viaa pump 64. A portion of the wastewater supply
line 66 between the pump 56 and the valve 58 and a wastewater inlet of the semibatch
reactor 10 are connected by a wastewater supply line 28 via a wastewater inlet valve 38.

A biologically treated water outlet of the semibatch reactor 10 and a biologically treated
water inlet of the continuous biological treatment tank 52 are connected by a biologically
treated water line 30 viaabiologically treated water discharge valve 18. A sludge outlet
of the semibatch reactor 10 and a sludge inlet of the continuous biological treatment tank
52 are connected by a sludge line 68 via a pump 60.

[0053]

The continuous biological treatment tank 52 includes, for example, a stirring device,
an aeration pump, and an aerator or the like connected to the aeration pump, and is
configured so that the liquid inside the tank is stirred by the stirring device, and an
oxygen-containing gas such as air supplied from the aeration pump passes through the

aerator and is supplied into the tank.
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[0054]

The solid-liquid separator 54 is a separation device for separating the biological
sludge and the treated water from the biologica sludge-containing treated water, and
specific examples include separation devices that employ settling separation, pressure
flotation, filtration, or membrane separation or the like.

[0055]

In the wastewater treatment device 3, first, the valve 58 is opened, the pump 56 is
activated, and the organic matter-containing wastewater inside the wastewater storage tank
50 is supplied through the wastewater supply line 66 into the continuous biological
treatment tank 52.  In the continuous biological treatment tank 52, biological treatment of
the wastewater using abiological sludgeis performed under aerobic conditions (the
continuous biological treatment step). The treated water that has been treated in the
continuous biological treatment tank 52 is supplied from the outlet of the continuous
biological treatment tank 52 to the solid-liquid separator 54 through the line 70.  Inthe
solid-liquid separator 54, the biological sludge is separated from the treated water (the
solid-liquid separation step).  The treated water obtained following the solid-liquid
separation passes through the treated water outlet of the solid-liquid separator 54, and is
discharged outside the system through the treated water line 72. The biological sludge
obtained from the solid-liquid separation is discharged outside the system through the
sludge discharge line 74 by opening the valve 62. By activating the pump 64, at least a
portion of the biological sludge obtained from the solid-liquid separation may be returned
to the continuous biological treatment tank 52 through the sludge return line 76.

[0056]

When the semibatch reactor 10 isto be operated, the wastewater inlet valve 38 is
opened, and at least a portion of the organic matter-containing wastewater inside the
wastewater storage tank 50 is supplied to the semibatch reactor 10 through the wastewater
supply line 28.  In the semibatch reactor 10, by repeatedly performing the aforementioned

cycle composed of the introduction step (1), the biological treatment step (2), the settling
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step (3) and the discharge step (4) (or the cycle composed of the introduction
step/discharge step (1), the biological treatment step (2) and the settling step (3)), granules
are formed, and by then activating the pump 60, the formed granules can be supplied to the
continuous biological treatment tank 52 through the sludge line 68.

[0057]

The pH in the continuous biological treatment tank 52 is preferably adjusted to a
value within arange from 6 to 9 that is appropriate for atypical biological treatment, and is
more preferably adjusted to avalue within arange from 6.5to 7.5. The dissolved oxygen
(DO) inside the continuous biological treatment tank 52 is typically set to a value of at
least 0.5 mg/L that is appropriate for atypical biological treatment, and a concentration of
1 mg/L or higher is particularly desirable.

[0058]

For the wastewater treatment device 3 illustrated in FIG. 6, a configuration provided
with the solid-liquid separator 54 was described as an example, but the solid-liquid
separator 54 need not necessarily be provided. However, in terms of factors such as
recirculating the granules and improving the wastewater treatment efficiency, it is
preferable that the wastewater treatment device 3 includes the solid-liquid separator 54 for
separating the biological sludge from the treated water discharged from the continuous
biological treatment tank 52, and the sludge return line 76 for returning the biological
sludge discharged from the solid-liquid separator 54 to the continuous biological treatment
tank 52.

[0059]

FIG 7 isaschematic diagram illustrating another example of adevice for treating a
wastewater according to an embodiment of the present invention. In the wastewater
treatment device 4 illustrated in FIG. 7, those components that are the same as those of the
wastewater treatment device 3 illustrated in FIG. 6 are labeled with the same reference
signs, and description of those componentsis omitted. The wastewater treatment device

4 illustrated in FIG. 7 includes awastewater storage tank 50, a continuous biol ogical
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treatment tank 52, a semibatch reactor 10, and a solid-liquid separator 54. As described

above, the semibatch reactor 10 is a device that forms granules while biologically treating
the wastewater. This device forms a granular sludge having a particle size of 200 pum or
greater.

[0060]

In the wastewater treatment device 4, an outlet of the wastewater storage tank 50 and
awastewater inlet of the continuous biological treatment tank 52 are connected by a
wastewater supply line 66 viaapump 56. An outlet of the continuous biological
treatment tank 52 and an inlet of the solid-liquid separator 54 are connected by aline 70.

A treated water line 72 is connected to atreated water outlet of the solid-liquid separator 54.
A sludge discharge line 74 is connected to a sludge outlet of the solid-liquid separator 54
viaavalve 62, and a portion of the sludge discharge line 74 upstream from the valve 62
and areturned sludge inlet of the continuous biological treatment tank 52 are connected by
adudgereturn line 76 viaapump 64. An outlet of the wastewater storage tank 50 and a
wastewater inlet of the semibatch reactor 10 are connected by a wastewater supply line 28
viaawastewater inlet pump 12. A biologically treated water outlet of the semibatch
reactor 10 and a biologically treated water inlet of the continuous biological treatment tank
52 are connected by a biologically treated water line 30 viaapump 59. A sludge outlet of
the semibatch reactor 10 and a sludge inlet of the continuous biological treatment tank 52
are connected by a sludge line 68 via a pump 60.

[0061]

One example of the operation of the wastewater treatment device 4 illustrated in FIG.
7 is described below.

[0062]

The treatment target wastewater inside the wastewater storage tank 50 is supplied
from the wastewater supply line 66 to the continuous biological treatment tank 52 by
activating the pump 56.  Further, by activating the wastewater inlet pump 12, the

wastewater inside the wastewater storage tank 50 is also supplied from the wastewater
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supply line 28 to the semibatch reactor 10.  In the semibatch reactor 10, the wastewater is
subjected to biological treatment, while a granular sludge having a particle size of 200 um
or greater isformed. The granular sludge formed inside the semibatch reactor 10 is
supplied from the sludge line 68 to the continuous biological treatment tank 52 by
activating the pump 60.  Further, the treated water inside the semibatch reactor 10 is
supplied from the biologically treated water line 30 to the continuous biological treatment
tank 52 by activating the pump 59. In the continuous biological treatment tank 52, the
wastewater is subjected to biological treatment by the biological sludge containing the
granular sludge, for example under aerobic conditions.

[0063]

The treated water that has been treated in the continuous biological treatment tank 52
is supplied from the line 70 to the solid-liquid separator 54, and the biological sludgeis
separated from the treated water. By activating the pump 64, the sludge obtained from
the solid-liquid separation is returned to the continuous biological treatment tank 52
through the sludge return line 76.  Further, by opening the valve 62, the sludge obtained
from the solid-liquid separation can be discharged outside the system through the sludge
dischargeline 74. Thetreated water inside the solid-liquid separator 54 is discharged
outside the system through the treated water line 72.

[0064]

A more specific description of the treatment conditions and the like for the
wastewater treatment device 4 illustrated in FIG. 7 is provided bel ow.
[0065]
<Treatment Conditions for Continuous Biological Treatment Tank 52>

The amount of BOD load in the wastewater relative to the amount of sludge in the
continuous biological treatment tank 52 (the BOD sludge load) iswithin arange from 0.08
to 0.2 kgBOD/kgMLV SS/d, and is more preferably within arange from 0.1 to 0.18
kgBOD/kgMLVSS/d. If the BOD sludgeload is less than 0.08 kgBOD/kgMLV SS/d, then

the disintegration rate of the granular sludge supplied from the semibatch reactor 10 tends
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to be fast, and retaining the granular sludge may become difficult. Further, if the BOD
sludge load is greater than 0.2 kgBOD/kgM LV SS/d, then the proportion of flock-like
sludge other than the granular sludge inside the tank increases, and bulking (which acts as
an obstacle to solid-liquid separation) occurs due to overloading, making it difficult to
maintain favorable settling properties.  Generally, when the BOD of the wastewater
introduced into the continuous biological treatment tank 52 is low, for example 200
mgBOD/L or less, disintegration of the granular sludge becomes more marked, but by
performing operations with the BOD sludge load within arange from 0.08 to 0.2
kgBOD/kgMLV SS/d, disintegration of the granules can be suppressed, the settling
properties of the sludge inside the continuous biological treatment tank 52 can be
maintained at afavorable level, and high-speed treatment of the wastewater is possible.

In the present embodiment, even if the BOD concentration of the wastewater introduced
into the continuous biological treatment tank 52 is about 50 to 200 mg/L, disintegration of
the granular sludge can be suppressed, and high-speed treatment of the wastewater is
possible.

[0066]

The BOD sludge load of the continuous biological treatment tank 52 is adjusted by
altering factors such as the flow rate of the wastewater supplied to the continuous
biological treatment tank 52, the amount of granular sludge passed through the sludge line
68, and the amount of returned sludge passed through the sludge return line 76.
Specifically, based on the BOD of the wastewater supplied to the continuous biological
treatment tank 52 and the MLV SS inside the continuous biological treatment tank 52, the
flow rate of the wastewater, the granular sludge supply rate and the amount of returned
sludge, and the amount of excess sludge discharged are adjusted so that the BOD sludge
load of the continuous biological treatment tank 52 satisfies the range described above.
From the viewpoint of ease of operation, adjustment of the BOD sludge load is preferably

performed by adjusting the flow rate of the wastewater supplied to the continuous
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biological treatment tank 52, but adjustment may aso be made by altering the amount of
sludge within the system.
[0067]

Adjustment of the wastewater flow rate and the amounts of granular sludge and
returned sludge may be performed by an operator by adjusting the output of each of the
pumps, or may be performed by using a control device that controls the output of each
pump based on the BOD value of the wastewater and the MLVSSvalue. The BOD value
of the wastewater supplied to the continuous biological treatment tank 52 may, for example,
be either measured by an operator in accordance with the official method, or estimated
from daily measured TOC and COD values. Further, the MLV SS inside the continuous
biological treatment tank 52 may, for example, be either measured by an operator in
accordance with the official method, or estimated from the value from an MLSS meter
installed in the continuous biological treatment tank 52, and the average MLV SS/MLSS
ratio derived from daily measurements.

[0068]

The actual hydraulic retention time (actual HRT) in the continuous biological
treatment tank 52 is preferably within arange from 5 hours to 10 hours, and is more
preferably within arange from 5 hoursto 8 hours.  The actual HRT refers to the HRT
value calculated from the combined flow rate obtained by adding the wastewater flow rate
of the introduced wastewater (in FIG. 7, the flow rate of the wastewater passing through
the wastewater supply line 66) and the sludge flow rate due to sludge recirculation (in FIG
7, the flow rate of sludge passing through the sludge return line 76), and the volume of the
continuous biological treatment tank 52.  If the actual HRT exceeds 10 hours, then
compared with the case when the HRT is within the range from 5 to 10 hours, the granular
sludge can sometimes be more prone to disintegration.  Further, if the retention time of
the granular sludge in the inside the continuous biological treatment tank 52 islessthan 5
hours, then compared with the case of aretention time within the range from 5 to 10 hours,

the generation of flock-like sludge in the tank tends to increase, the organic matter
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concentration inside the tank falls, and retaining the granular sludge can sometimes
become difficult.
[0069]

The MLSS concentration inside the continuous biological treatment tank 52 is
preferably maintained at 3,000 mg/L or greater, and is more preferably maintained at 4,000
mg/L or greater. In activated sludge treatment in those cases where the organic matter
concentration in the wastewater islow, such astypica sewage, because of the difficulty in
settling and separating the sludge, the MLSS concentration is often maintained at about
1,000 to 2,000 mg/L, but in the treatment device of the present embodiment, even if
operation is conducted at an ML SS concentration of 3,000 mg/L or greater, the sludge
concentration in the system can be maintained at a high level, while retaining a sludge
having superior settling properties, meaning high-speed treatment of the wastewater is
possible. Asaresult, the continuous biological treatment tank 52 can be substantially
reduced in size, enabling considerable space saving in terms of the site area required for
the wastewater treatment facility, and a significant reduction in equipment costs.

[0070]

The pH inside the continuous biological treatment tank 52 is preferably adjusted to a
value within arange from 6 to 9 that is appropriate for atypical biological treatment, and is
more preferably adjusted to avalue within arange from 6.5to 7.5. If the pH isoutside
this range, then an acid or alkali is preferably used to adjust the pH.

[0071]
<Formation of Granular Sludge in Semibatch Reactor 10>

In the semibatch reactor 10, granules are formed by repeating the af orementioned
cycle composed of the introduction step (1), the biological treatment step (2), the settling
step (3) and the discharge step (4) (or aternatively, the cycle composed of the introduction
step/discharge step (1), the biological treatment step (2) and the settling step (3)), and these
granules are supplied to the continuous biological treatment tank 52.

[0072]
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In the introduction step, the wastewater supplied to the semibatch reactor 10 need
not necessarily be the same wastewater as that supplied to the continuous biological
treatment tank 52, and a wastewater from a separate system or the like may be supplied to
the semibatch reactor 10. However, in terms of forming a granular sludge having
microbia flora appropriate for the treatment target wastewater, it is preferable that a
portion of the wastewater being supplied to the continuous biological treatment tank 52 is
diverted and introduced into the semibatch reactor 10, with this wastewater being used for
forming the granules.

[0073]

The granular sludge inside the semibatch reactor 10 need not necessarily be supplied
directly to the continuous biological treatment tank 52. For example, in those cases
where the sludge in the solid-liquid separator 54 is returned to the continuous biological
treatment tank 52, the granular sludge inside the semibatch reactor 10 may be introduced
into the solid-liquid separator 54, and then fed into the sludge return line 76 for returning
the sludge from the solid-liquid separator 54 to the continuous biological treatment tank 52.
Any configuration the enables the granular sludge inside the semibatch reactor 10 to be
supplied to the continuous biological treatment tank 52 may be used.

[0074]

The treated water discharged from the semibatch reactor 10 may be supplied to the
continuous biological treatment tank 52, may be supplied to the solid-liquid separator 54,
or may be discharged from the system as final treated water, but in those cases where the
water discharged from the semibatch reactor 10 still contains residual components such as
BOD or nitrogen compounds, in order to ensure no deterioration in the final treated water,
the discharged water is preferably supplied to the continuous biological treatment tank 52.
[0075]

In terms of the properties of the sludge inside the semibatch reactor 10, sludge
particles having a particle size of 200 um or greater preferably exist in an amount that

represents at least 50% of the total volume of sludge, and more preferably 85% or more of
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thetotal volume of sludge. The particle size of the granular sludge and the volume
distribution of the various particle sizes are measured using a laser diffraction particle size
distribution analyzer.

[0076]

Supply of the granular sludge from the semibatch reactor 10 may be performed
during the biological treatment step (2), during the settling step (3), or during the discharge
step (4). The granular sludge formed in the semibatch reactor 10 isa sludge formed as a
result of self-granulation, and is, for example, a biological sludge having an average
particle size of 200 um or greater.  Further, in the present embodiment, whether or not a
granular sludge has been formed can be ascertained by measuring the particle size
distribution of the sludge inside the semibatch reactor 10, and when the average particle
size reaches a value of 200 um or greater, a granular sludge can be deemed to have formed.
Alternatively, the SVI value of the sludge in the semibatch reactor 10 may be measured
regularly using a settling properties test, and when the SV15 value calculated from the
volume proportions obtained after settling for 5 minutes reaches a specified value or lower
(for example, not more than 80 mL/g), a granular sludge can be deemed to have formed
(and the smaller the SV value and the larger the average particle size, the more favorable
the granular sludge).

[0077]

The pH in the semibatch reactor 10 is preferably adjusted to a value within arange
from 6 to 9 that is appropriate for atypical biological treatment, and is more preferably
adjusted to avalue within arange from 6.5to 7.5.  If the pH valueis outside this range,
then an acid or akali or thelikeis preferably used to adjust the pH.  In those cases where
apH adjustment is performed in the semibatch reactor 10, in terms of enabling appropriate
measurement of the pH, the pH adjustment is preferably performed while the contents of
the semibatch reactor 10 are being stirred, rather than in a state in which no stirring is

occurring. The dissolved oxygen (DO) inside the semibatch reactor 10 istypically set to
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avaue of at least 0.5 mg/L that is appropriate for atypical biological treatment, and a
concentration of 1 mg/L or higher is particularly desirable.
[0078]

If the reactor volume of the semibatch reactor 10 is too small relative to the volume
of the continuous biological treatment tank 52, then increasing the volume of granules
inside the tank is slow, and considerable timeisrequired at startup. Accordingly, the
reactor volume is preferably not more than 1/3, and more preferably 1/5 or less, relative to
the volume of the continuous biological treatment tank 52.  Further, the reactor volume of
the semibatch reactor 10 is preferably at least 1/20 of the volume of the continuous
biological treatment tank 52.

[0079]

FIG 8 isaschematic diagram illustrating another example of adevice for treating a
wastewater according to an embodiment of the present invention. In the wastewater
treatment device 5 illustrated in FIG. 8, those components that are the same as those of the
wastewater treatment device 4 illustrated in FIG. 7 are labeled with the same reference
signs, and description of those componentsisomitted. The wastewater treatment device
5illustrated in FIG. 8 includes three continuous biological treatment tanks (52a, 52b, 52¢).
In the wastewater treatment device 5 illustrated in FIG. 8, one end of the Sludgeline 68 is
connected to the sludge outlet of the semibatch reactor 10, and the other end is connected
to asludge supply port of the continuous biological treatment tank 52a. One end of the
biologically treated water line 30 is connected to the treated water outlet of the semibatch
reactor 10, and the other end is connected to atreated water inlet of the continuous
biological treatment tank 52b.

[0080]

In the case of asingle continuous biological treatment tank, because the wastewater
Isin atotally mixed state, the organic matter concentration inside the tank is constant, but
by installing multiple continuous biological treatment tanks, asillustrated in FIG. 8, a

difference develops in the organic matter concentration inside each tank, and therefore
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compared with the case of a single continuous biological treatment tank, a satiated state
and a starved state can be formed more easily for the microbes inside the tank, thereby
better suppressing disintegration of the granular sludge.  Further, by installing multiple
continuous biological treatment tanks, the microbes can multiply using the granular sludge
inside the tank as nuclei, and the proportion of granular sludge inside the continuous
biological treatment tanks can be increased.

[0081]

When multiple continuous biological treatment tanks are installed, the BOD sludge
load of the combined continuous biological treatment tanks is preferably within arange
from 0.08 to 0.2 kgBOD/kgMLVSS/d. In other words, provided the BOD sludge load of
the combined continuous biological treatment tanks is within arange from 0.08 to 0.2
kgBOD/kgMLV SS/d, the BOD sludge load of each continuous biological treatment tank
need not necessarily satisfy the above range. When multiple continuous biological
treatment tanks are installed, in terms of suppressing the disintegration of the granular
sludge and the like, it is preferable that the BOD sludge load of the combined continuous
biological treatment tanks is within arange from 0.08 to 0.2 kgBOD/kgM LV SS/d, and that
the BOD sludge load of each tank decreases in order from the first-stage continuous
biological treatment tank to the last-stage continuous biological treatment tank. In this
case, it is even more preferable that the BOD sludge load of the first-stage continuous
biological treatment tank iswithin arange from 0.24 to 0.6 kgBOD/kgM LV SS/d, and the
BOD sludge load of the final-stage continuous biological treatment tank is within arange
from 0.02 to 0.05 kgBOD/kgMLVSS/d. Adjustment of the BOD sludge load within each
tank can be performed by dividing the wastewater for introduction into each tank, and
adjusting the respective flow rates as appropriate.

[0082]

FIG 9 isaschematic diagram illustrating another example of adevice for treating a

wastewater according to an embodiment of the present invention. In the wastewater

treatment device 6 illustrated in FIG. 9, those components that are the same as those of the
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wastewater treatment device 4 illustrated in FIG. 7 are |abeled with the same reference
signs, and description of those componentsis omitted. The wastewater treatment device
6 illustrated in FIG. 9 is suited to the treatment of wastewater containing mainly nitrogen
compounds, and includes a continuous biological treatment tank composed of afirst-stage
anoxic tank 52d and a second-stage aeration tank 52e. Here, the term "anoxic tank™
describes a reaction tank in which anoxic conditions are maintained inside the tank, and
"anoxic conditions' describes conditions in which dissolved oxygen does not exist in the
wastewater, but oxygen derived from nitrites or nitrates does exist.

[0083]

In the continuous biological treatment tank illustrated in FIG. 9, nitrogen compounds
and organic matter in the wastewater are treated by arecirculating
nitrification-denitrification method. Specifically, in the second-stage aeration tank 52e,
the nitrogen-containing substances in the wastewater are subjected to an oxidation
treatment under aerobic conditions and converted to nitrite nitrogen or nitrate nitrogen. A
recirculation line 15 provided between the aeration tank 52e and the anoxic tank 52d is
used to supply a sludge mixed liquid containing the nitrite nitrogen or nitrate nitrogen from
the second-stage aeration tank 52e to the first-stage anoxic tank 52d.  In the anoxic tank
52d, the nitrite nitrogen or nitrate nitrogen undergoes a reduction treatment under anoxic
conditions to form nitrogen gas.

[0084]

Because the particle size of the granular sludge supplied to the continuous biological
treatment tank is large, organic matter oxidizing bacteria and nitrifying bacteria may exist
on the outside of the sludge particles, with denitrifying bacteria existing comparatively
inside the sludge particles. Asaresult, in atreatment device in which the continuous
biological treatment tank 52 is composed of the anoxic tank 52d and the aeration tank 52e,
by supplying a granular sludge having a particle size of 200 um or greater to the
continuous biological treatment tank, nitrogen compounds and organic matter can be

treated efficiently by the granular ludge.  Further, by including an anoxic step in the
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continuous biological treatment tank, the denitrifying bacteria that constitute part of the
granular sludge can be retained inside the granules, and the granules can be better
maintained in the continuous biological treatment tank.  Further, by supplying a granular
sludge having a particle size of 200 um or greater to a continuous biological treatment tank
composed of the anoxic tank 52d and the aeration tank 52e, and ensuring that the BOD
sludge load of the overall continuous biological treatment tank (the total BOD load of the
anoxic tank 52d and the aeration tank 52¢€) is within arange from 0.08 to 0.2
kgBOD/kgMLV SS/d, disintegration of the granular sludge can be better suppressed, and
the granular sludge can be maintained and grown inside the tank.  Setting the BOD sludge
load of the overall continuous biological treatment tank to avalue within arange from 0.08
to 0.2 kgBOD/kgMLV SS/d, and the BOD sludge load of the anoxic tank 52d to avalue
within arange from 0.16 to 0.6 kgBOD/kgM LV SS/d is particularly desirable.

[0085]

FIG 10 isaschematic diagram illustrating another example of adevice for treating a
wastewater according to an embodiment of the present invention. In the wastewater
treatment device 7 illustrated in FIG. 10, those components that are the same as those of the
wastewater treatment device 4 illustrated in FIG. 7 are |abeled with the same reference
signs, and description of those componentsisomitted. The wastewater treatment device
7 illustrated in FIG. 10 includes a continuous biological treatment tank in which multiple
anoxic tanks 52d and aeration tanks 52e are provided in an alternating arrangement.  The
continuous biological treatment tank illustrated in FIG. 10 employs a system in which a
wastewater supply line 66ais connected to each of the anoxic tanks 52d (namely, a
step-feed multistage nitrification-denitrification process). In each anoxic tank 52d and
each aeration tank 52e, nitrogen compounds undergo a nitrification-denitrification
treatment and are converted to nitrogen gas.

[0086]
Because the particle size of the granular sludge supplied to the continuous biological

treatment tank is large, organic matter oxidizing bacteria and nitrifying bacteria may exist
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on the outside of the sludge particles, with denitrifying bacteria existing comparatively
inside the sludge particles. Asaresult, in atreatment device in which the continuous
biological treatment tank is composed of the anoxic tanks 52d and the aeration tanks 52e,
by supplying a granular sludge having a particle size of 200 um or greater to the
continuous biological treatment tank, nitrogen compounds and organic matter can be
treated efficiently by the granular ludge.  Further, by including an anoxic step in the
continuous biological treatment tank, the denitrifying bacteria that constitute part of the
granular sludge can be retained inside the granules, and the granules can be better
maintained in the continuous biological treatment tank. In the wastewater treatment
device 7 shown in FIG. 10, the BOD sludge load of the overall continuous biological
treatment tank (the total BOD load of each anoxic tank 52d and each aeration tank 52¢) is
within arange from 0.08 to 0.2 kgBOD/kgMLVSS/d. Setting the BOD sludge load of the
anoxic tanks 52d to a value within arange from 0.16 to 0.6 kgBOD/kgMLV SS/d is
particularly desirable.

[0087]

FIG 11 is aschematic diagram illustrating another example of adevice for treating a
wastewater according to an embodiment of the present invention. In the wastewater
treatment device 8illustrated in FIG. 11, those components that are the same as those of the
wastewater treatment device 4 illustrated in FIG. 7 are labeled with the same reference
signs, and description of those componentsis omitted. The wastewater treatment device
8illustrated in FIG. 11 is suited to the treatment of wastewater containing mainly
phosphorus compounds, and includes a continuous biological treatment tank composed of
afirst-stage anaerobic tank 52f and a second-stage aeration tank 52e (namely, a continuous
biological treatment tank using a so-called AO process (Anaerobic-Oxic process)). Inthe
continuous biological treatment tank shown in FIG. 11, phosphorus compounds and
organic matter in the wastewater are both treated by the AO process (Anaerobic-Oxic

process). Here, the term "anaerobic tank” describes areaction tank in which anaerobic
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conditions are maintained inside the tank, meaning not only does dissolved oxygen not
exist in the wastewater, but oxygen derived from nitrites and nitrates also does not exist.
[0088]

Because the particle size of the granules supplied to the continuous biological
treatment tank is large, organic matter oxidizing bacteria may exist on the outside of the
sludge particles, with bacteria that are capable of metabolizing and removing phosphorus
under anaerobic conditions and aerobic conditions (phosphorus accumul ating bacteria)
existing inside the sludge particles. Asaresult, in atreatment device having a continuous
biological treatment tank composed of the anaerobic tank 52f and the aeration tank 52e, by
supplying granular sludge having a particle size of 200 um or greater to the continuous
biological treatment tank, phosphorus compounds and organic matter can be treated
efficiently by the granular sludge.  Further, by including an anaerobic step and an aeration
step in the continuous biological treatment tank, the phosphorus accumulating bacteria that
exist in theinterior of the granular sludge can be retained inside the granules, and the
granules can be maintained without disintegration in the continuous biological treatment
tank. By supplying the granular sludge having a particle size of 200 um or greater to the
continuous biological treatment tank composed of the anaerobic tank 52f and the aeration
tank 52e, as well as ensuring that the BOD sludge load of the overall continuous biological
treatment tank (the total BOD load of the anaerobic tank 52f and the aeration tank 52€) is
within arange from 0.08 to 0.2 kgBOD/kgMLV SS/d, disintegration of the granular sludge
can be suppressed even better, and the granular sludge can be maintained and grown inside
thetank. Setting the BOD sludge load of the overall continuous biological treatment to a
value within arange from 0.08 to 0.2 kgBOD/kgM LV SS/d, and the BOD sludge load of
the anaerobic tank 52f to avalue within arange from 0.16 to 0.6 kgBOD/kgMLV SS/d is
particularly desirable.

[0089]
Although omitted in the figure, the continuous biological treatment tank illustrated in

FIG 11 may also be a continuous biological treatment tank that has an anaerobic tank, an
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anoxic tank and an aeration tank arranged in series, and employs a process in which a
sludge mixed liquid containing nitrate nitrogen in the aeration tank is recirculated into the
anoxic tank (a so-called A20 process (Anaerobic-Anoxic-Oxic process).

[0090]

FIG 12 isaschematic diagram illustrating another example of adevice for treating a
wastewater according to an embodiment of the present invention. In the wastewater
treatment device 9 illustrated in FIG. 12, those components that are the same as those of the
wastewater treatment device 4 illustrated in FIG. 7 are labeled with the same reference
signs, and description of those componentsis omitted. In the wastewater treatment
device 9illustrated in FIG. 12, apump 56 and a valve 58 are provided in the wastewater
supply line 66, and awastewater inlet valve 38 is provided in the wastewater supply line
28. One end of the wastewater supply line 28 is connected to the wastewater supply line
66 at a position between the pump 56 and the valve 58, and the other end is connected to
the wastewater inlet of the semibatch reactor 10.  Further, the wastewater treatment
device 9 shown in FIG, 12 also has a sludge and treated water supply line 61 that supplies
the treated water and the granular sludge discharged from the semibatch reactor 10 to the
continuous biological treatment tank 52. A valve 63 is provided in this sludge and treated
water supply line61. The sludge and treated water supply line 61 has the function of a
treated water supply device that supplies the treated water discharged from the semibatch
reactor 10 to the continuous biological treatment tank 52, and the function of a sludge
supply device that supplies the granular sludge to the continuous biological treatment tank
92.

[0091]

FIG 13 isaschematic diagram illustrating one example of the structure of a
semibatch biological treatment tank used in the device for treating a wastewater illustrated
inFIG 12. The semibatch reactor 10 illustrated in FIG. 13 is provided with atreated
water outlet 12d for discharging the treated water and granular sludge, and one end of the

sludge and treated water supply line 61 is connected to this treated water outlet 12d. The
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other end of the sludge and treated water supply line 61 is connected to the continuous
biological treatment tank 52. In the semibatch reactor 10 illustrated in FIG. 13, a
wastewater inlet 12a through which the wastewater isintroduced is provided at a lower
position than the treated water outlet 12d.

[0092]

In the semibatch reactor 10 shown in FIG. 13, introduction of the wastewater and
discharge of the treated water are performed ssimultaneously.  In other words, the steps of
introduction of the wastewater and discharge of the treated water, biological treatment of
the treatment target substances, and settling of the biological sludge are performed
repeatedly. One example of the operation of the semibatch reactor 10 illustrated in FIG,
13, together with the operation of the wastewater treatment device illustrated in FIG. 12, is
described below.

[0093]

First, the pump 56 is activated and the valve 58 is opened, and the treatment target
wastewater in the wastewater storage tank 50 is supplied continuously from the wastewater
supply line 66 to the continuous biological treatment tank 52.  Following biological
treatment of the wastewater in the continuous biological treatment tank 52, the treated
water is supplied from the line 70 to the solid-liquid separator 54. When the semibatch
reactor 10 is to be operated, the valve 38 and the valve 63 are opened, and wastewater is
supplied from the wastewater supply line 28 to the semibatch reactor 10, while the treated
water and granular sludge inside the semibatch reactor 10 is supplied from the sludge and
treated water supply line 61 to the continuous biological treatment tank 52 (wastewater
introduction/treated water discharge). By operating a stirring device 49 during this
process, the granular sludge inside the semibatch reactor 10 can be supplied efficiently
from the sludge and treated water supply line 61 to the continuous biological treatment
tank 52.  Once the granular dudge having a particle size of 200 um or greater has been
supplied to the biological sludge inside the continuous biological treatment tank 52, the

valve 38 and the valve 63 are closed. Then, with the stirring device 49 still operating, the
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aeration pump 14 is activated, air supply into the semibatch reactor 10 is started, and
biological treatment of the wastewater is performed (the biological treatment step).
[0094]

After a prescribed time has passed, operation of the aeration pump 14 is stopped,
thereby stopping supply of air, and the stirring device 49 is a so stopped (completion of the
biological treatment step). Following completion of the biological treatment, the
biological sludge inside the semibatch reactor 10 is|eft to settle for a specified time,
thereby separating the contents of the semibatch reactor 10 into abiological sSludge and a
treated water (biological sludge settling). The process then returns to the wastewater
introduction/treated water discharge step.

[0095]

In this embodiment, because the wastewater inlet 12a provided in the semibatch
reactor 10 islocated at a lower position than the treated water outlet 12d, the wastewater
introduced into the semibatch reactor 10 is prevented from being discharged from the
semibatch reactor 10 without undergoing biological treatment (wastewater short-cut). As
aresult, agranular sludge can be formed efficiently in the semibatch reactor 10.  Further,
the treated water from inside the semibatch reactor 10 is discharged by being pushed
upward by the introduced wastewater, meaning biological sludge with poor settling
properties (such as ungranulated sludge) can be proactively discharged from the system.
Asaresult, biological sludge with superior settling properties tends to remain inside the
semibatch reactor 10, enabling even more efficient formation of the granular sludge.
[0096]

During formation of the granular sludge in the semibatch biological treatment tank,
it is desirable to appropriately control the settling time and the wastewater introduction rate
per batch. The settling time for alowing the sludge to settle following stopping of the
stirring (including stirring by aeration) is calculated from the distance from the water
surface to the interface with the targeted sludge and the settling speed of the sludge, and is

preferably set, for example, within arange from 4 min/m to 15 min/m, and is more
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preferably set within arange from 5 min/mto 10 min/m.  Further, the wastewater
introduction rate (proportion of introduced water relative to the effective volume during
reaction) is, for example, preferably at least 20% but not more than 120%, and is more
preferably at least 40% but not more than 120%. It isthought that granulation of the
sludge can be accelerated by alowing the sludge to repeatedly experience a state of
extremely high concentration of the organic matter that represents the treatment target
substance (immediately following the introduction step, a satiated state) and a state of
extremely low concentration of the organic matter (at completion of the biological
treatment step, a starved state), and therefore from the viewpoint of forming the granular
sludge, the wastewater introduction rate is preferably as high as possible, but on the other
hand, the higher the wastewater introduction rate becomes, the larger the pump capacity
that is required, and the higher the costs become.  Accordingly, from the viewpoints of
ensuring favorable formation of the granular sludge and reducing costs, the wastewater
introduction rate is preferably at least 40% but mot more than 120%. When the
wastewater introduction rate is large, it is possible that the concentration of the wastewater
discharged from the semibatch biological treatment tank may be poor, but because the
discharged water isintroduced into the continuous biological treatment tank, thereislittle

chance of adeterioration in the concentration of the final treated water.

EXAMPLE
[0097]

The present invention is described below in further detail using a series of examples
and comparative examples, but the present invention isin no way limited by the following
examples.

[0098]
<Example 1 and Comparative Example 1>
A water flow test was performed using a semibatch reactor having areactor effective

volume of 3.5 L (Ilength 70 mm x width 140 mm x height 360 mm). The SVI5 value was
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used as an indicator for evaluating the granulation. The SVI5 valueis an indicator of the
settling properties of the biological sludge, and is determined using the following method.
First, 1 L of sludgeisplacedin al L measuring cylinder, and following gentle stirring of
the sludge to obtain as uniform a sludge concentration as possible, the sludgeisleft to
stand for 5 minutes, and the sludge interface is then measured. The volume fraction (%)
occupied by the sludge in the measuring cylinder iscalculated. Next, the sludge MLSS
value (mg/L) ismeasured. These values are then inserted into the following formulato
caculatethe SVI5value. The smaller the SVI5 value, the better the sludge settling
properties. An SVI5 value of 100 mL/g or less was deemed to indicate granules having
good settling properties.

[0099]

SVI15 (mL/g) = volume fraction occupied by sludge x 10,000/MLSS
[0100]

The simulated wastewater that was used contained a fish meat extract and peptone as
the main components, and was prepared with a BOD concentration of 80 to 120 mg/L.
[0101]

The vaue (A value) obtained by multiplying the ratio of the MLSS concentration
relative to the BOD load introduced into the semibatch reactor, by [total cycle
time/reaction time], is determined in the following manner.

A = ((B-C)/1000 x (HxD/100xG)) / (1/2000xH)) x (F/E)

wherein

B = wastewater BOD concentration [mg/L]

C = BOD concentration following treatment [mg/L]

D = wastewater introduction ratio relative to reactor effective volume per cycle [%0]

E = biological treatment step time per cycle [minutes]

F = total processtime per cycle [minutes)

G = number of cycles per day [cycles/day]

H = reactor effective volume [m”]
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[0102]

The operating cycle for the semibatch reactor was performed as follows.

(1) Introduction step: 1.75 L of the wastewater was introduced into the semibatch reactor.

5 (2) Biologica treatment step: The ratio of the ML SS concentration relative to the BOD

load (the A value in the above formula) was set to achieve the value shown in Table 1.

In

the biological treatment step, air was supplied from an aerator installed in the lower portion

of the reactor, and a biological reaction was conducted.

(3) Settling step: the supply of air from the aerator was stopped, and the system was left to

10 stand for 10 minutes to allow the sludge inside the reactor to settle.

(4) Discharge step: 1.75 L of the supernatant water was discharged as treated water.

The above steps (1) to (4) were repeated.

[0103]
[Table 1]
Biological reaction
Period A vaue . SRT MLSS
step time per cycle
[days] [kgBOD/kgM L SS/d] [mir] [days] [mg/L]
Seed dudge 5000
Conditions 1 0to 70 0.12t00.18 80t0120 No withdrawal 3500 to 5500
Conditions 2 71t090 0.12 100to 120 30 4000 to 4700
Conditions 3 91to 104 0.25 85 30 3500 to 4000
Conditions 4 105 to 140 0.1 8510120 25 4000 to 6500
Conditions 5 141 to 200 0.1t00.16 100 to 150 15 3500 to 6500
Conditions 6 200to 220 0.22 100 15 3500 to 4000
15
[0104]

The change over timein the SVI15 value under each set of conditions (conditions 1 to

3inTable 1 (Comparative Example 1), and conditions 4 to 6 (Example 1)).

[0105]
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During the conditions 1 period, when water flow was started with the A value set to
0.12 to 0.18 kg/kg/d, the SV 15 value during the initial flow was about 60 mL/g, and SVI5
for 40 days of flow was from 50 to 60 mL/g, indicating good maintenance of the settling
properties, but the SVI5 value tended to deteriorate after that point, and had worsened to
100 mL/g by the 75th day. During this period, no particular sludge withdrawal was
performed, with the only sludge that was withdrawn being the SS incorporated in the
treated water, meaning operations were performed with a sludge retention time (SRT) of
about 30 to 100 days.

[0106]

In the conditions 2 period, the A value was set to 0.12 kg/kg/d, and sludge
withdrawal was started to set the SRT to 30 days, but the settling properties deteriorated
even further than the state during the conditions 1, and SV15 increased to about 110 mL/g.
[0107]

In the conditions 3 period, the SRT was maintained at 30 days, and the reaction time
was shortened, with the A value being increased from 0.12 kg/kg/d to 0.25 kg/kg/d, but the
SV15 value deteriorated even further, and had increased to 180 mL/g by the 104th day.
[0108]

Microscope observations of the sludge during the periods of conditions 2 and 3
revealed that although sludge having particles with a particle size of 200 um or greater was
observed, large amounts of flock sludge existed around these particles, and large numbers
of protozoa and metazoa were also observed. It isthought that the fact that these
protozoa and metazoa were feeding on the bacteria that should have been forming the
targeted granules was one reason for the disintegration of the granules and the deterioration
in the settling properties (see FIG. 17).

[0109]
In the conditions 4 period, when the reaction time was lengthened, the A value was

reduced to 0.1 kg/kg/d, and the sludge withdrawal was adjusted to achieve a SRT of 25
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days, the SVI5 value started to decrease, and by the 140th day, had reduced to 90 mL/g and
stabilized.
[0110]

In the conditions 5 period, when the sludge withdrawal amount was adjusted to alter
the SRT to 15 days, the SV15 value started to decrease even further, and fell to 40 mL/g.
The A value during this period was 0.1 to 0.16.
[0111]

In the conditions 6 period, the amount of sludge withdrawal was set to maintain the
SRT at 15 days, and the reaction time was shortened to increase the A value to 0.22, but the
SVI15 value stabilized at about 50 mL/g. In the conditions 3 period, the SVI5 deteriorated
when the A value was increased to 0.25 with the SRT set to 30 days, but under the
conditions 6 when the SRT was set to 15 days, it is thought that provided the A value was
about 0.22, the granules could be maintained in a stable manner. Microscope observation
during the period under the conditions 5 and 6 revealed that the abundance of flock sludge
was reduced compared with the period under conditions 2 and 3, and large numbers of
favorable granules having a particle size of about 200 to 300 um were confirmed (see FIG.
18). Further, areduction in the abundance of protozoa and metazoa was also confirmed.
[0112]
<Comparative Example 2>

A water flow test was performed using a semibatch reactor having areactor effective
volume of 12 L (Iength 200 mm x width 150 mm x height 400 mm). Inthistest, a
biologically treated water outlet was provided at the location of the water surface in the
settling step, and at the same time that the wastewater was introduced, an el ectromagnetic
valve on the biologically treated water outlet was opened, and the biologically treated
water was discharged (see FIG. 5). The operating cycle was performed as follows.
(2) Introduction/discharge step: 9 L of the wastewater was introduced, and the biologically

treated water was discharged.
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(2) Biological treatment step: The ratio of the ML SS concentration relative to the BOD
load (the A value in the above formula) was set to achieve avalue of 0.03 to 0.04 kg/kg/d
(see Table 2). Inthebiological treatment step, air was supplied from an aerator installed
in the lower portion of the reactor, and a biological reaction was conducted.

(3) Settling step: the supply of air from the aerator was stopped, and the system was left to
stand for 10 minutes to allow the sludge inside the reactor to settle.  Further, sludge

withdrawal was performed so as to achieve a SRT of 25 days.

[0113]
[Table 2]
Biological reaction
Period A value ] SRT MLSS
step time per cycle
[days] [kgBOD/kgM LSS/d] (i [days] [mg/L]
Seed dudge - - - - 6000
Conditions 7 0to50 0.03t0 0.04 25010 300 20 4000 to 6000
[0114]

Theresultsare shown in FIG 15. Operation was performed with an A value of 0.03
t0 0.04, and a SRT of 25t0 30 days. The SVI5 during initia flow was about 15 mL/g,
indicating extremely favorable settling properties, but the SV15 tended to increase as flow
was continued, and had worsened to 47 mL/g by the 50th day.
[0115]
<Example 2>

A water flow test was performed using a semibatch reactor having areactor effective
volume of 12 L (Iength 200 mm x width 150 mm x height 400 mm). Inthistest, a
biologically treated water outlet was provided at the location of the water surface in the
settling step, and at the same time that the wastewater was introduced, an electromagnetic
valve on the biologically treated water outlet was opened, and the biologically treated

water was discharged (see FIG. 5). The operating cycle was performed as follows.
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(1) Introduction/discharge step: 9.6 L of the wastewater was introduced, and the
biologically treated water was discharged.

(2) Biological treatment step: The ratio of the ML SS concentration relative to the BOD
load (the A value in the above formula) was set to achieve avalue shownin Table 3. In
the biological treatment step, air was supplied from an aerator installed in the lower portion
of the reactor, and a biological reaction was conducted.

(3) Settling step: the supply of air from the aerator was stopped, and the system was left to

stand for 10 minutes to allow the sludge inside the reactor to settle.

[0116]
[Table 3]
Biological reaction
Period A value ] SRT MLSS
step time per cycle
[days] [kgBOD/kgM L SS/d] (] [days] [mg/L]
min
Seed dudge - - - - 3000
Conditions 8 0to 40 0.15t00.2 170to0 200 71010 2000 to 3000
[0117]

Theresultsare shown in FIG 16. Operation was performed with an A value of 0.15
t0 0.2, and aSRT of 7to 10 days. The SVI5 duringinitial flow was about 250 mL/g, but
the SVI5 tended to decrease as flow was continued, and had decreased to 51 mL/g by the
40th day, indicating that granules were able to be formed.

[0118]

In this manner, by adjusting the reaction time so that the value obtained by
multiplying the ratio of the MLSS concentration relative to the BOD load introduced into
the semibatch reactor by [total cycle time/reaction time] was within arange from 0.05 to
0.25 kgBOD/kgM L SS/d, and performing sludge withdrawal such that the sludge retention
time was 5 to 25 days, aerobic granules were able to be formed in a stable manner even in

those cases where the wastewater BOD concentration was a low value of about 80 to 120

mg/L.
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[0119]
(Example 3)

Using a wastewater treatment deviceillustrated in FIG. 9, composed of a continuous
biological treatment tank (114 L), a semibatch reactor (11 L) and a solid-liquid separation
tank, abiological treatment test of a simulated wastewater was performed. The simulated
wastewater that was used contained afish meat extract and peptone as the main
components, and was prepared with a BOD concentration of 80 to 120 mg/L and atotal
nitrogen concentration of 15 to 25 mgN/L.

[0120]

In the continuous biological treatment tank, a 13.6 L anoxic tank, a 13.6 L aeration
tank, a 19 L anoxic tank, a19 L anoxic tank, a24.5 L anoxic tank and a24.5 L aeration
tank were arranged in series, and a step-feed multistage nitrification-denitrification process
(three stages) was used to treat the organic matter and the nitrogen componentsin the
wastewater by injecting athird of the wastewater into each of the anoxic tanks. Inthe
anoxic tanks, stirring was performed with a stirring device but without conducting aeration,
whereas in the aeration tanks, aeration with air was performed using an air diffuser to
generate a dissolved oxygen concentration of 1to 5 mg/L. Inthe solid-liquid separator,
settling separation was used to separate the sludge mixed liquid into a concentrated sludge
and atreated water, and the concentrated sludge was returned to the first-stage anoxic tank.
For the granule formation tank, the semibatch biological treatment tank illustrated in FIG. 3
wasused. Thetreated water and granules from the granule formation tank were
introduced into the first-stage anoxic tank of the continuous biological treatment tank.
[0121]

Adjustment of the BOD load in the continuous biological treatment tank was
performed by atering the amount of wastewater introduced. Further, adjustment of the
retention time including the recircul ation was performed by atering the wastewater flow
rate calculated from the load, and the recirculation flow rate from the solid-liquid

separator.
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[0122]

An activated sludge collected from a sewage treatment plant was used as the seed
sludge introduced into the continuous biological treatment tank. The seed Sludge was a
sludge of typical settling properties, having an SVI value of 200 mL/g, and an average
particle size for the activated sludge of about 80 pum.

[0123]

Prior to passing the water through the continuous biological treatment tank, the
semibatch biological treatment tank was used to form a granular sludge using the
aforementioned simulated wastewater.  The thus formed granular sludge was a granular
sludge having an average particle size of 340 um, in which the volume fraction of particles
of at least 200 um was 85%.

[0124]

Table 4 summarizes the various conditions used during the water flow test (MLSS in
the continuous biological treatment tank, BOD sludge load and BOD volume load in the
continuous biological treatment tank, and actual retention time (retention time including
the recirculation flow rate from the solid-liquid separator)), and the sludge SV value 50

days after changing to each of the conditions.

[0125]
[Table 4]
Period MLSS BOD dludgeload |BOD volumeload | Actua retention time SVI
days mg/L kgBOD/kgMLVSS/d| kgBOD/m/d h mL/g
Seed sludge - 1500 - - - 200
Conditions 1 0to 50 1500 0.08 0.1 10to 14 150
Conditions 2 50to 100 1500 0.05t0 0.07 0.08 10to 12 300
Conditions3 | 100 to 150 1500 0.12t00.18 0.15t00.28 8to 10 60
Conditions4 | 150 to 200 1500 0.12t00.18 0.15t00.2 10to 12 120
Conditions5 | 200to 250 | 1500 to 4500 0.08t00.1 0.15t0 04 5t08 65
Conditions6 | 250 to 300 4500 0.08t00.1 04 5t08 90
[0126]
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Under the conditions 1 which included an MLSS of 1500 mg/L and a BOD sludge
load of 0.08 kgBOD/kgMLV SS/d, supply of the granular sludge from the semibatch
biological treatment tank and flow of the simulated wastewater were started. The SV
gradually decreased from the start of water flow, and had decreased to about 150 mL/g by
the 50th day. During this period, the retention time including the recirculation was 10 to
14 hours. It isthought that because the activated sludge of the seed sludge was not
acclimatized to the ssmulated wastewater, no significant improvement was observed.
[0127]

Next, the load was lowered by reducing the amount of wastewater introduced, and a
water flow test was performed under the conditions 2, with the BOD sludge load set to a
value of 0.05to 0.07 kgBOD/kgMLVSS/d. The actual retention time was 10 to 12 hours.
In the water flow test under the conditions 2, the SVI of the sludge in the continuous
biological treatment tank increased as the test proceeded, and reached a value of about 300
mL/g. When the sludge inside the continuous biological treatment tank was observed
under a microscope, the existence of granulesin the sludge could not be confirmed.  Itis
thought that this indicates disintegration of the granules.

[0128]

Subsequently, the amount of wastewater introduced was increased, and a water flow
test was performed under the conditions 3, with the BOD sludge load set to avaue of 0.12
t0 0.18 kgBOD/kgMLVSS/d. The actual retention time was 8 to 10 hours.  In the water
flow test under the conditions 3, the SV of the sludge inside the continuous biological
treatment tank decreased rapidly, decreasing to 100 mL/g after 15 days, and then down to a
final value of 60 mL/g. Based on these results, it can be stated that disintegration of the
granular sludge had been suppressed, and a granular sludge having favorabl e settling
properties had been maintained inside the biological treatment tank.

[0129]
Next, with the BOD sludge load maintained, a water flow test was performed under

the conditions 4, in which the retention time was altered to 10 to 12 hours by lowering the
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recirculation flow rate. In the water flow test under the conditions 4, the SVI value of the
sludge inside the continuous biological treatment tank exhibited an increasing trend, but
stabilized at about 120 mL/g, indicating that a granular sludge having comparatively
favorable settling properties had been maintained.

[0130]

Subsequently, when awater flow test was performed under the conditions 5, with the
BOD sludge load set to about 0.08 to 0.1 kgBOD/kgMLV SS/d and the retention time set to
about 5 to 8 hours, the SVI developed a declining trend, and decreased to 65 mL/g.

During this period, an increase in the sludge concentration and an increase in the load were
trialed as the settling properties improved, and the ML SS was increased to 4,500 mg/L and
the BOD volume load was increased to 0.4 kgBOD/m®/d.

[0131]

Next, when awater flow test was performed under the conditions 6, with the MLSS
set to 4,500 mg/L and the BOD volume load set to 0.4 kgBOD/m?*/d, stable operation was
able to be achieved with the SVI maintained at 90 mL/g.

[0132]

FIG 19 isadiagram illustrating the particle size distributions of the seed sludge, the
granular sludge formed in the semibatch biological treatment tank, and the sludge inside
the continuous biological treatment tank under the conditions 6. The seed sludge had an
average particle size of about 80 um, and the granular sludge formed in the semibatch
biological treatment tank was a sludge containing particles with a particle size of 300 pm
or greater.  Further, in the sludge inside the continuous biological treatment tank under the
conditions 6, although some sludge having a particle size of about 80 um existed, asludge
having a particle size of about 300 to 500 um was also confirmed. In other words, it is
thought that the particle size of the granular sludge is increasing inside the continuous
biological treatment tank.

[0133]
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During the flow periods under the conditions 1 to 6, the water quality of the final
treated water included a BOD value of not more than 5 mg/L, and a TN concentration of
not more than 10 mg/L.

[0134]
(Comparative Example 3)

A water flow test was performed under conditions in which granular sludge was not
supplied from the semibatch biological treatment tank to the continuous biological
treatment tank.  In the same manner as the examples, an activated sludge collected from a
sewage treatment plant was used as the seed sludge.  The properties of the seed sludge
included an SVI value of 180 mL/g. Table 5 summarizes the various conditions used
during the water flow test (MLSS in the continuous biological treatment tank, BOD sludge
load and BOD volume load in the continuous biological treatment tank, and actual
retention time (retention time including the recirculation flow rate from the solid-liquid
separator)), and the sludge SV value 20 days after changing to each of the conditions.
[0135]

[Table 5]
Period MLSS BOD dludgeload |BOD volumeload | Actual retention time SVI
days mg/L kgBOD/kgMLVSS/d|  kgBOD/m®/d h mL/g
Seed sludge - 1500 - - - 180
Conditions 7 0t0 20 1500 0.06 to 0.08 0.08t00.1 10to 14 250
Conditions 8 20to0 40 1500 0.12t0 0.16 0.14t00.18 10to 12 200
Conditions 9 40to0 60 1500 0.08t00.1 0.1t00.12 81010 200
[0136]

First, awater flow test was performed under the conditions 7, with the BOD sludge
load set to 0.06 to 0.08 kgBOD/kgMLVSS/d. The results revealed a gradual deterioration
in the settling properties of the seed sludge, with the SVI value increasing to 250 mL/g.
[0137]
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Next, when aflow test was performed under the conditions 8, with the BOD sludge
load set to 0.12 to 0.16 kgBOD/kgM LV SS/d, although the settling properties exhibited a
dlight improving trend, the SVI stagnated at 200 mL/g.

[0138]

Subsequently, awater flow test was performed under the conditions 9, with the BOD
sludge load set to 0.08 to 0.1 kgBOD/kgM LV SS/d, but there was no change in the settling
properties, and the SVI value remained at 200 mL/g.

[0139]

The settling properties were unable to be significantly improved in any of the
periods under the various conditions 7t0 9. Asaresult, the treatment rate could not be
increased by increasing the ML SS concentration.

[0140]

Based on the results of Example 3 and Comparative Example 3, it can be stated that
in asystem in which a granular sludge having a particle size of 200 um or greater is
supplied to a continuous biological treatment tank, by operating the system so that the
BOD dludge load falls within arange from 0.08 to 0.2 kgBOD/kgM LV SS/d, the MLSS can
be set to 4,000 mg/L or higher, while suppressing disintegration of the granular sludge and

maintaining favorable settling properties, meaning a high treatment rate can be obtained.

REFERENCE SIGNSLIST
[0141]
1. Granuleformation device
3t09: Wastewater treatment device
10: Semibatch reactor
12: Wastewater inlet pump
12ac  Wastewater inlet
12d: Treated water outlet

14: Aeration pump
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15:
16:
18:
20:
22:
24:
26:
28:
30:
32
34:
36:
38:
40:
42:
49:
50:

Recirculation line

Biologically treated water outlet
Biologically treated water discharge valve
Control device

Sludge withdrawal port

Sludge withdrawal pump
Aerator

Wastewater supply line
Biologically treated water line
Sludge withdrawal line

Motor

Stirring blade

Wastewater inlet valve
Wastewater inlet

Wastewater discharge unit
Stirring device

Wastewater storage tank

52, 523, 52b, 52c:  Continuous biological treatment tank

52d: Anoxic tank

52e.  Aeration tank

52f:
54:

Anaerobic tank

Solid-liquid separator

56, 59, 60, 64: Pump

58, 62, 63: Vave

61:

Sludge and treated water supply line

66, 66a. Wastewater supply line

68:
70:

Sludgeline

Line
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72: Treated water line
74: Sludgedischargeline

76: Sludgereturn line
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CLAIMS

1. A method for forming aerobic granules using a semibatch reactor, the method
comprising forming granules by repeatedly performing an introduction step of introducing
an organic matter-contai ning wastewater containing organic matter, a biological treatment
step of biologically treating treatment target substances in the organic matter-containing
wastewater using amicrobial sludge, a settling step of alowing the microbia sludge to
settle, and a discharge step of discharging abiologically treated water that has been
biologically treated, wherein

areaction timeis adjusted so that a value obtained by multiplying aratio of an
MLSS concentration relative to a BOD load introduced into the semibatch reactor by [total
cycle timefreaction time] falls within arange from 0.05 to 0.25 kgBOD/kgM L SS/d, and the

sludge is withdrawn such that a sludge retention time is 5 to 25 days.

2.  Themethod for forming aerobic granules according to Claim 1 wherein,
abiologically treated water outlet of the semibatch reactor is provided above a

wastewater inlet, and the biologically treated water is discharged from the biologically

treated water outlet by introducing the organic matter-containing wastewater into the

semibatch reactor.

3. Adevicefor forming aerobic granules comprising a semibatch reactor that forms
granules by repeatedly performing an introduction step of introducing an organic
matter-containing wastewater containing organic matter, abiological treatment step of
biologically treating treatment target substances in the organic matter-containing
wastewater using amicrobial sludge, a settling step of alowing the microbia sludge to
settle, and a discharge step of discharging abiologically treated water that has been

biologically treated, wherein
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areaction timeis adjusted so that a value obtained by multiplying aratio of an
MLSS concentration relative to a BOD load introduced into the semibatch reactor by [total
cycle time/reaction time] falls within arange from 0.05 to 0.25 kgBOD/kgM L SS/d, and the

sludge is withdrawn such that a sludge retention time is 5 to 25 days.

4.  Thedevice for forming aerobic granules according to Claim 3, wherein

the device has abiologically treated water outlet of the semibatch reactor provided
above awastewater inlet, and the biologically treated water is discharged from the
biologically treated water outlet by introducing the organic matter-containing wastewater

into the semibatch reactor.

5. A method for treating a wastewater, the method comprising supplying granules
formed by the method for forming aerobic granules according to Clam 1 or 2to a
continuous biological treatment tank used for biologically treating an organic
matter-containing wastewater with abiological sludge, while the organic matter-containing

wastewater isintroduced continuously.

6.  Themethod for treating a wastewater according to Claim 5, wherein
the granules are a granular sludge having a particle size of 200 um or greater, and
aBOD sludge load of the continuous biological treatment tank is within arange

from 0.08 to 0.2 kgBOD/kgMLV SS/d.

7.  Themethod for treating a wastewater according to Claim 5 or 6, wherein

the continuous biological treatment tank comprises multiple reaction tanks.

8.  Themethod for treating a wastewater according to any one of Claims5to 7, wherein
the method comprises a sludge return step of separating abiological sludge by a

solid-liquid separation from a biological treatment liquid that has undergone treatment in
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the continuous biological treatment tank, and then returning the separated biological sludge
to the continuous biological treatment tank, and

ahydraulic retention time for the continuous biological treatment tank, determined
from asum of aflow rate of wastewater introduced into the continuous biological
treatment tank and a flow rate of the biological sludge returned to the continuous biological
treatment tank, and a volume of the continuous biological treatment tank, iswithin arange

from 5 hours to 10 hours.

9. Themethod for treating a wastewater according to any one of Claims5 to 8, wherein
in the introduction step in the method for forming aerobic granules, a portion of the
wastewater supplied to the continuous biological treatment tank is introduced into the

semibatch reactor.

10. A devicefor treating a wastewater comprising a continuous biological treatment tank
used for biologically treating an organic matter-containing wastewater with a biological
sludge, while the organic matter-containing wastewater is introduced continuously,
wherein granules formed by the method for forming aerobic granules according to Claim 3

or 4 are supplied to the continuous biological treatment tank.

11. Thedevicefor treating a wastewater according to Claim 10, wherein
the granules are a granular sludge having a particle size of 200 um or greater, and
aBOD dludge load of the continuous biological treatment tank is within arange
from 0.08 to 0.2 kgBOD/kgMLV SS/d.
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