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i L 72 % o

#* 2.6 ¥ HRBG R

FnE B HE (mg/l)
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0 <0.001 <0.001 0.024 <0.001 |[<0.0001 | <0.001 0.15 <0.1
5 <0.001 0.001 0.014 <0.001 | <0.0001 | <0.001 0.19 <0.1
10 <0.001 0.001 0.015 <0.001 |[<0.0001 | <0.001 0.17 <0.1
REHE 0.01 0.01 0.05 0.01 0.0005 0.01 0.8 1.0
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1. ABSTRACT

More than half of total greenhouse gas (GHG) emissions from Sewage activities in Tokyo had
been originated from the sludge incineration process. Tokyo Metropolitan Government (TMG)
has been working on several stages of incineration technologies development to reduce the GHG
emissions. Previously, we had developed sludge incinerators that reduce large amount of sludge
combustion origin nitrous oxide (N20) and auxiliary fuel origin carbon dioxide (CO3).

Recently, we developed a turbocharged fluidized bed incinerator which enabled to reduce the
amount of electricity consumption for the first time. Together with the reduction of N2O and
auxiliary fuel origin CO2, the GHG emissions from the incinerator are largely reduced compared
with previous types.

We have evaluated the effect of the turbocharged fluidized bed incineration technology. Progress

of the incinerator development for further reduction of GHG emissions is also reported.
KEYWORDS: Sludge incinerator, reduction of greenhouse gas, turbocharger

2. BACKGROUND

TMG is accelerating various efforts to become “A City that Leads the World in Preserving the
Environment; Tokyo” towards the 2020 Olympic and Paralympic Games which take place in
Tokyo.

The sewerage services contribute to a good water environment, while discharging a large amount
of GHG. Bureau of Sewerage discharged 42% of total GHG emissions from TMG activities in FY
2000 (Figure 1). Therefore, Bureau of Sewerage, TMG, formulated a set of global warming
countermeasures named “Earth Plan 2010” that aims to reduce GHG emissions from sewerage
services activities by 25% or more relative to FY 2000 by FY 2020, and thereby we are promoting
practical measures, such as innovating incinerator technologies. As of FY 2014, the contribution

of Bureau of Sewerage descended to 37%.

WS T /KE REATRA SRS -2017- Vol. 41 4-1-1 181



14%

Bureau of Sewerage

10%

Governor’s Bureau
42%
Bureau of Transportation

34%

Bureau of Waterworks

Figure 1. Breakdown of greenhouse gas emissions from TMG activities in FY 2000

Figure 2 shows the breakdown of the GHG emissions from Bureau of Sewerage, TMG activities in

FY 2000. The emission from the sludge incineration processes is outstanding, which amounts to
570,000 t-COz/year and accounts for more than the half of the total emission (1,065,000

t-COz/year). The breakdown of the emission from the sludge incineration processes is as follows;

sludge combustion origin N>O: 381,000 t-CO»/year, auxiliary fuel origin CO3: 67,000 t-COz/year,

electricity origin CO3: 122,000 t-CO,/year. It is important for the global warming
countermeasures of the sewerage services to reduce all of these factors including electricity
which was difficult before.

GHG Emissions (10,000t-CO,) o o )
GMG emissions related to incineration process (total 57.0)

P 1B --~~
— 4.q ~\\/ N,O related to incineration proccess
| |||1 N
=13 ! S\
|l \ . CO, related to auxiliary fuels used in incineration proccess
——— ~\\ \\
7 s, 381 %
\ \‘ CO, related to eletricity used in incineration proccess
1
Total 106.5 :
I/
/ ! CO, related to electricity used in water treatment proccess
/ ! 2
324 ’ /
- —¢, U
;. / —
7 / = N,Orelated to water treatment proccess
1
/122
1 S The others (CO, realated to chemical grouting, etc )
-y  d

Figure 2. Proportion of GMG emissions of Bureau of Sewerage ,TMG in FY 2000
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3. REDUCTION OF GHG EMISSIONS FROM INCINERATION PROCESS

(15T AND 2N? STAGE)
TMG has promoted technological innovation of sludge incinerators to reduce GHG emissions in
stages.
At the first stage, we focused on N>O which has about 300 times more greenhouse effect per unit
mass than COa.
We could reduce 50% of N,O emissions by raising the incineration temperature from 8§00°C
(1472°F) to 850°C (1562°F) because higher incineration temperature expedites thermal
decomposition of N,O.
At the second stage, we developed two types of incinerators which can reduce N,O and CO;
emissions from auxiliary fuels. One is the "multilayer burning fluidized bed incinerator" that we
made combustion air supplied from not only the bottom but also the middle of the incinerator and
raised combustion efficiency due to high temperature layer formed in the middle of the chamber.
The other is the "sludge gasification incinerator" that decomposes organic components of sludge
and turns it into combustible gas. Waste heat emitted from high-temperature-combustion (900°C,
or 1652°F) of the combustible gas is reused efficiently for drying sludge prior to incinerate. Flow
charts of these types of incinerators are shown in Figure 3.
These two types of incinerators could achieve the reduction target of N,O emissions by 50% and
CO; emissions from auxiliary fuels by 20% compared with the conventional fluidized bed

incinerators of the first stage.

Multilayer burning fluidized bed incinerator Sludge gasification incinerator

<= Air

combustion efficiency

Forced draft
blower

Dewatered
sludge

Air preheater

Dust collecter
White smoke

prevention device

exhaust heat efficiently

Exhaust gas

<4 Air
Exh
Supplying air both of bottom and middle Xhaust gas Turning sewage sludge Into Exhaust gas
layers of the incinerator in order to improve combustible gas and retrieving <= Drying gas

Dewatered
sludge

O

Induced

draft fan Sludge dryer

Exhaust gas

treatment device Gasification

furnace

Dust collecter

.. Exhaustgas

Heat recovery ‘

equipment

Exhaust gas
treatment device

Figure 3. Multilayer burning fluidized bed incinerator and Sludge gasification incinerator

(Example)

As a result of the first stage and the second stage efforts, NoO emissions from incineration

process and CO; emissions originated from auxiliary fuels had reduced significantly (Figure 4).

Thus the contribution of the incineration process descended from more than the half of the total

GHG emissions of Bureau of Sewerage in FY 2000 to approximately 40% in FY 2014.

On the other hand, we did not see much progress in reducing CO, emissions from the electricity,

and it was our next challenge to reduce electricity consumption in the incineration process.

FOHR T ARE Rt A -2017- Vol. 41

4-1-1

183




10,000 t-CO, Emissions have reduced significantly by the first stage and the second stage efforts.
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Figure 4. Transition of GHG emissions of Bureau of Sewerage, TMG

4. FURTHER REDUCTIONS OF GHG EMISSIONS BY THE
PRESSURE-SUPERCHARGED FLUIDIZED BED INCINERATOR (3RP STAGE)

At the third stage, we have developed turbocharged fluidized bed incinerator targeting to

reduction of the electricity consumption which was not possible for conventional incinerators

(Figure 5). The newly developed incinerator was initially introduced to two water reclamation

centers (WRC), or wastewater treatment plants, in Tokyo: Asakawa WRC and Kasai WRC.

One of advantages of the turbocharged fluidized bed incinerator is that it does not require large

blowers, as conventional incinerators do, for supplying combustion air. This feature could reduce

electricity consumption significantly.

We incorporated the incinerator with a turbocharger, widely used for watercrafts and automobiles,

to supply combustion air (Figure 6). Therefore, the forced draft blower, necessary for the

conventional fluidized bed incinerators, is not needed.

Another feature is that the pressure inside of the incinerator is positive. Therefore, the draft fan

discharging the exhaust gas out of the system is not needed.

Electricity used in incineration process is reduced significantly by eliminating the forced draft

blower and the induced draft fan.

Also, we can utilize a general-purpose turbocharger, which is available in the market and it will

contribute to save the operation and maintenance cost.
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Figure 5. Flow chart of the turbocharged fluidized bed incinerator system
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Figure 6. Structure of turbocharger

5. RESULT OF THE INTRODUCTION

INCINERATORS

The development target of the turbocharged fluidized bed incinerator was set to reduce 40% or

OF THE TURBOCHARGED FLUIDIZED

more CO; emissions originated from electricity, compared with conventional fluidized bed

incinerators (first stage; incinerating at 850°C). We set the same reduction targets for N,O (50%

or more) and auxiliary fuel origin CO2 (20% or more) as the second stage.

Figure 7 shows comparison of GHG emissions at each stage of incineration technologies. The

turbocharged fluidized bed incinerator was able to reduce more than 50% of CO> emission

originated from the electricity, which exceeded the target. Also, N,O and auxiliary fuel origin

CO; emissions were significantly reduced. Details of the operational results of the two WRCs are
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shown in Table 1.

The positive pressure inside of the incinerator contributes to the huge reduction through two
aspects. One is the higher temperature range (around 880°C, or 1616°F) formed in the middle
layer of the incinerator which expedites thermal decomposition of N2O (64% or more). The other
is that the turbocharged fluidized bed incinerator could be made compact compared with the
conventional ones, due to its internally pressurized condition and high incineration rate (Figure
8). The benefit of smaller incinerator body is the less surface area which leads to less heat

discharge. As a result, it reduced 39% of CO: emission originated from auxiliary fuel.

[t-CO,/year]

25,000 . CO, emissions from auxiliary fuels B
D CO, emissions from electricity
|:| N,O emissions from sludge incineration process
2,300
15,000
10,000
16,200 :
1,150
5,000
8,100 8,100
5,800 5,800
0 : : : :
1st stage 2nd stage 3rd stage 4th stage
Conventional fluidized Multilayer burning Turbocharged fluidized Energy self-sustaining
bed incinerator fluidized bed bed incinerator incinerator
(for high-temperature incinerator (target value) (actual value)

incineration at 850°C)

* Value for the incinerator of 300t / day

Figure 7. GHG emissions at each stage of incineration technologies

Table 1. Reduction of GHG emissions at Asakawa WRC and Kasai WRC

Asakawa WRC (60t/day incinerator) Kasai WRC (300t/day incinerator)
Target ) Conventional Turbochareed Conventional Turbocharged
reduction| ~ Unit fluidized _‘urbocharge Reduction fluidized fluidized bed Reduction
rate Lo | fluidized bed incinerator L | L 2
bed incinerator* (3rd stage) rate bed incinerator* incinerator* rate
(1st stage) g (1st stage) (3rd stage)
CO, emissions from o o o
o 20% |[t-COy/year 571 350 39% 2,593 0 100%
auxiliary fuels
CO, emissions from
- 40% |t-COy/year 587 287 51% 2,332 1,147 51%
electricity used
N,O emissons from
sludge 50% |[t-CO,/year 2,873 853 70% 16,239 5,790 64%
incineration nrocess

*1 Conventional incinerators indicate the high-temperature (850°C) incineration-type fluidized bed incinerators that we had used at these plants.
*2 At Kasai WRC, auxiliary fuel is not required because the low water content of incinerated sludge (74%) allows self-sustained incineration.
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High pressure in the incinerator makes contact of sludge and oxygen in high
density, allowing smaller incinerator body.

Conventional incinerator Turbocharged fluidized
bed incinerator

Figure 8. Effect of pressurizing of the incinerator internally

6. FURTHER IMPROVEMENT OF FACILITIES AFTER STARTING OPERATIONS

Inside of conventional incinerators is usually kept in negative pressure for safety reasons. On the
other hand, the turbocharged fluidized bed incinerator adopted new combustion system that
utilizes the turbocharger and keeps its inside pressure positive. This new combustion system had

some specific troubles at initial operations.

6.1 Dust collector breakage

Breaking of an exhaust gas dust collector, set upstream of the turbocharger, made dust leaks. The
leaked dust could wear the fast rotating turbine and cause serious trouble. The cause of this
defect had been identified as thermal deformation of a metal cell plate holding ceramic filters
inside the dust collector, which made filters touch each other and damaged them (Figure 9). In
addition to that, failure in detection of dust collecting malfunction allowed continual dust inflow

to the turbocharger. As a counter measure, we replaced it with a reinforced metal cell plate.
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/’ filters)
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Figure 9. Breakage mechanism of the ceramic filters by deformation of metal cell plate due to

thermal expansion

6.2 Standalone operation disability because of insufficient air supply

This system is designed as a blower assists the fluid bed draft only during a startup process. Once
the combustion stabilized, the turbocharger is supposed to blow enough air into the incinerator,
and then the blower shuts down, and contributes to save electricity.

During initial operations, the turbocharger could not supply enough amount of air for the
standalone operation, so the blower had to keep assisting even though the startup process had
been completed. We identified that the cause was a mismatch of the operating condition and the
compressor capacity of the turbocharger.

As a countermeasure, the shape of the turbine blades was changed. In addition, pipes around the
turbocharger were enlarged in order to reduce pressure loss. At the end, the turbocharger supplied

enough air to the incinerator for the stand alone operation.

6.3 Necessity of the malfunction detection system for the case of duct clogging

Dust deposition on an exhaust gas duct made the pressure difference increased, and the surge at
the turbocharger damaged the supports of the duct.

Kurozumi et al. ! revealed the causes of the deposition and suggested effective countermeasures.
Pushing the introduction of advanced wastewater treatment methods to our plants, the amount of
phosphorus contained in sludge has been increased. Meanwhile, sludge combustion temperatures
have been raised in order to expedite N,O thermal decomposition. As the ratio of phosphorus to
metals exceeds a certain level, low-melting-point materials are formed and melt in the incinerator.
Then the melted materials solidify and clog in the waste gas duct. Kurozumi et al. ) found that a
metal additive to the sludge cake is effective to prevent the clogging. They defined the clogging

prevention factor which was evaluated as the ratio of metals to phosphorus contained in the

WS T /KE REATRA SRS -2017- Vol. 41 4-1-1 188



sludge cake, and estimated the required amount of the metal additive based on the factor.
Referring to this study, we started adding the metal additive in the sludge cake in order to prevent
the duct from clogging. We also installed a differential-pressure detecting procedure to the dust
collector to be able to early detect of the dust collector malfunction, and make the incinerator

stop immediately in case of an emergency, protecting the facilities.

Because the turbocharged fluidized bed incinerate system keeps its combustion chamber in
positive pressure, serious damaged and injuries can be caused by sudden pressure fluctuate or
breakdown of the turbocharger due to dust intrusion. Therefore, we immediately investigated the
causes of the troubles and took countermeasures mentioned above, together with the incinerator
manufactures. We established a safe and reliable turbocharged fluidized bed incinerate system

based both of the advanced failure detection and emergency shut-down procedure.

7. FUTURE DEVELOPMENT STRATEGY

Performance of the turbocharged fluidized bed incinerator enables us to set advanced GHG
emissions reducing targets of 50% for N,O, 40% for electricity origin CO2, and 20% for auxiliary
fuel origin CO,. Other competing manufactures also collaborated with TMG and made
innovations through other types of incinerators (step grate stoker incinerator, multilayer burning
fluidized bed incinerator using supercharger, and sludge gasification incinerator using
supercharger) aiming at these targets.

Furthermore, now we are at the fourth development stage that will realize an “energy
self-sustaining incinerator system”: utilizing waste heat and supplying electricity by itself
(Figure 10). The system consists of ultra-low water content centrifugal dehydrators, sludge
incinerators, and electric generators utilizing waste heat from the incinerators. The lower water
content (around 71%) of combusted sludge cake not only eliminates auxiliary fuels at all, but also
keeps enough amount of waste heat for generating electricity more than that used in the system
(in annual perspective). The installment of the system will reduce the GHG emissions further
more. As for the electric generating, we considered costs of the generating, and constrained those

below the market buying electricity price.
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Ultra low water content [| energy self-sustaining
centrifugal dehydrator || incinerator

Turbocharged fluidized Image of energy self-sustaining
bed incinerator

incinerator system

Figure 10. Image of the energy self-sustaining incinerator system

8. CONCLUSION

The turbocharged fluidized bed incinerator was proved to be able to reduce CO; emissions from
electricity, that any conventional technologies could not achieve. It also turned out that the N>O
emissions from sludge incineration process and CO; emissions from auxiliary fuels could also be
reduced substantially, which were not included in the original targets. Those facts show that the
system we have developed so far would largely contribute to reduce GHG emissions. In addition
to that, some other incineration systems were led to innovative technologies which were the same
level as the turbocharged fluidized bed incinerator, and achieved the tall reduction targets of
GHG emissions we required.

The further development has established the energy self-sustaining incinerator system that
utilizes waste heat to generate enough electricity for its own consumption. It cuts almost all of
electricity origin CO; emission. We are currently planning to build an energy self-sustaining
incinerator system at Shingashi WRC. This system requires certain scale and constant full load
operation in order to maximize its energy efficiency. Therefore, we examine the specifications of
incinerators planned to build and introduce this system when the requirements match. If the
requirements do not match for the energy self-sustaining incinerator system, then we will select
the turbocharged fluidized bed incinerator, or other incinerators at the same GHG emissions
reduction level. We will choose suitable systems from these two levels of technologies, and
steadily progress the reduction of GHG emissions. Our next target of the incinerator development
is utilization of low temperature waste heat to further electricity generation, maximizing the use

of potential sewerage energy.
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4-1-2 Improvement of Observation Accuracy of Rainfall

Information System: Tokyo Amesh

Yuki Fujita'”, Tetsuya Okajima!

! Bureau of Sewerage, Tokyo Metropolitan Government
*E-mail: Yuuki_1_Fujita@member.metro.tokyo.jp

ABSTRACT

Bureau of Sewerage Tokyo Metropolitan Government operates a rainfall information system,
“Tokyo Amesh” to rapidly obtain information of rainfall such as localized thunder storm and
heavy rain to make the operation of pumping stations and water reclamation centers more
efficiently. Due to deterioration of main components such as rain radars and central processing
unit after more than ten years of operation, Bureau of Sewerage, Tokyo Metropolitan
Government completed the system reconstruction of Tokyo Amesh between FY2012 and the
end of FY2015.

In the reconstruction, we replaced old radars with new radars which can obtain data of
additional meteorological parameters to ensure reliability of the information. We worked at
improving observation precision including installing X-band Multi Parameter (MP) radars
with both horizontal and vertical polarimetric waves to improve observation precision. We
continue to address challenges such as Bright Band for further improving observation
precision.

KEYWORDS: Bureau of Sewerage Tokyo Metropolitan Government, pumping station, water
reclamation center, pump operation, radar rain gauge system, Tokyo Amesh, rain radar, X-
band MP radar, X-band radar, ground rain gauges

INTRODUCTION

The sewerage system plays a vital role in ensuring a safe and comfortable environment by
cleaning dirty water after using in the daily lives and urban activities and returning that water
to the rivers and sea. In addition, the system also plays a role in preventing floods by
removing stormwater from roads and land surface to sewer through pipes and pumps rapidly.
In Tokyo urban area, most area covered with combined sewer system. Urbanization of Tokyo
has led to the decrease of unpaved grounds. Because of the low permeation rate, most of the
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rainwater rushes in to pumping stations and water reclamation centers through sewerage.

The accurate and real-time information of rainfall conditions is essential to respond rapidly
changing unstable rainfall with adequate pump operation.

In addition, most of pumping stations in Tokyo are remote controlled from centralized
monitoring room in distant pumping station or water reclamation center. It enables us to
operate pumps by fewer operators. However, operators need to monitor rainfall information in
each distant pumping station. For these reasons, we use a rainfall information system to grasp
the accurate and real-time information of rainfall conditions such as localized thunder storm
and heavy rain, and to improve reliability and safety of stormwater drainage by pump
operation.

Besides, to reduce flood damages, it is important that citizen of Tokyo prepares against
flooding by themselves. So the Bureau of Sewerage runs a real time online rainfall
information system, naming it “Tokyo Amesh”, since FY2002.

But due to deterioration of its main components such as rain radars and central processing unit
after ten years in operation, Bureau of Sewerage Tokyo Metropolitan Government completed
the reconstruction of radar stations and central processing unit of Tokyo Amesh over the
period between FY2012 and the end of FY2015.

At this reconstruction, we installed X-band MP radars, which can measure with both
horizontal and vertical polarized waves to ensure the reliability of Tokyo Amesh and to
improve observation precision.

In recent years, there has been an increase in the frequency of localized thunder storms and
heavy rain, which bring much rain to small areas in short period of time and increase a risk of
floods. We address to rapidly detect early signs of sudden rain with the new radars, by
indicating the very first sign of rainfall which was undetectable with former radars.

In this paper, the efforts of Bureau of Sewerage, Tokyo Metropolitan Government to prevent
floods through reconstruction of Tokyo Amesh system will be shown.

TOKYO AMESH

A radar beam travels straight and reflects on the surface of raindrops. This property enables
radar to measure the size of raindrops. The radar rain gauge system is based on this principle.
The system gathers reflect waves, removing the ones from buildings or mountains. Based on
the measured data with the radars, the central processing station calculates the intensity and
locations of the rainfall and processes the results into appropriate form of data for pump
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operation. (See Figurel).

Rainfall
Data Information
transmission I ol transmission
W > |2ogo00| | o i
Ra;lar :-;tal.iun Central processing station Pumping station
(Observation ) (Image processing) ( Rainwater drainage)

Figure 1. System Overview

Because the radars receive the echo and measure the power to estimate rainfall intensity, the
calibration with the ground rain gauge data contributes to the minimization of any error.

Each of the radars has the observation area of 50km radius, so Tokyo is totally covered by two
radars.

Tokyo Amesh also shares the rainfall information with Japan Meteorological Agency and the
neighboring local governments from 2007, successfully enhancing observation accuracy and
extending observation range. The reflected wave attenuation occurs because beam weakens
while passing through rain. Radar’s rainfall observation is obstructed by strong rain near the
antenna and lower accuracy of rainfall intensity in distant locations. The influence by the
attenuation is minimized by complementing data with the neighboring local governments.

Tokyo Amesh system consists of two radar stations in Tokyo (Minato Radar and Inagi Radar)
and two radars of the neighboring local governments, about 130 ground rain gauges (Bureau of
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Sewerage, Bureau of Construction and the neighboring local governments) and 119 rainfall
information terminals around central processing unit in the central processing station (See
Figure 2).

Allied local Governments

= Weather Information C—1
Provider

General Weather !n[ormatgpr//

CPU & Diata Server

PC Stations

Inagi Radar station

Mertwork
Provider
Exclusive

Line —

Minato Raclar station - -

Ground rain gauge

PC Stations

Figure 2. System configuration of Tokyo Amesh

Based on the measured data with the radars and ground rain gauges, the central processing unit
calculates the intensity of the rain and sends the results to information terminal through our own
optical fiber network laid inside sewerage pipes. At each terminal, the information is shown
on the graphical interface suited to pump operation (See Figure 3).
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Figure 3. Example of main surveillance screen of Tokyo Amesh

As the information obtained from Tokyo Amesh is open to the public via Internet and
smartphones, it is popular among citizen of Tokyo and is accessed about 60 million times in
FY2015.

(Our web site: http://tokyo-ame.jwa.or.jp/en/index.html Tokyo Amesh in English) (See
Figure 4)
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Figure 4. Example of Main surveillance screen of Tokyo Amesh in English

Reconstruction of Radars

After ten years of operation, former radars sometimes had troubles like system stoppage
caused by mechanical failure. In the management plan 2013, Bureau of Sewerage Tokyo
Metropolitan Government made a decision to replace the old radars as one of the
countermeasures against floods. The plan aims to improve the accuracy of the rain information
system by introducing newly developed X-band MP radar for ensuring safety of pump
operation against localized heavy rain. Features and advantages of the new radars are shown in
next chapter.

Principle of X-Band MP Radar

Former rainfall radars measure rainfall intensity with received signal strength of only
horizontal polarized wave. On the other hand, newly installed X-band MP radars enable to
identify the shape and the diameter distribution of raindrops by measuring rainfall with both
horizontal and vertical polarized waves and to improve accuracy of radar rain gauging (See
Figure 5).
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The major parameters measured with the new X-band polarization radars are shown in Table.1.

Multi-parameter Radar ‘

horizontal polarization

W=
W —>

vertical polarization

l rainfall information + radial wind + shape and number of raindrops

Zu, Kpp, ZDR, 0 HV

a,b; amplitude, fo: frequency of transmitted wave, fa: Doppler frequency, @or: differential
propagation phase, Zu: reflectivity factor, Kpp: specific differential phase, Zpr: differential

reflectivity, O nv: co-polar correlation coefficient

Figure 5. Measurement principles

Table 1. Major parameters of X-Band MP radar

Differential Phase

Parameter Symbol Description
Horizontal . . . .
4 .
Reflectivity Factor H To estimate rainfall intensity
Differential To 1dent1fy_the shape' of ramdrop (spher1ca¥ or
Reflectivit Z br flattened) with the ratio of horizontal reflectivity
Y factor(Z ;) and vertical reflectivity factor(Z v).
. . T i lliptici f rai ith the ph
Differential o estimate ellipticity o re}lndrops with the p ase

: Opp difference  between  horizontal and  vertical

Propagation Phase . .

polarimetric wave.

Calculated with a correlated function of received
Co-Polar : . . . .

. signals of horizontal and vertical polarimetric wave.
Correlation PV . . . . B
Coefficient To identify the raindrop type(rain, snow or hail) in

combination with differential reflectivity ratio(Z pr).

Differential propagation phase per unit distance(¢p

Specific K p ). To estimate rainfall intensity calculated with
DP

Specific Differential Phase( K  p ), being less
interfered by rain attenuation.
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Radial Velocity Vo

To measure wind direction and wind velocity with the
radial velocity of raindrop.

Spectrum Width W

To indicate accuracy of the measured radial velocity.

Doppler Velocity
Unfolding

Radial velocity(V p) corrected for folding effect.

Doppler Velocity

Spectrum Width W

Spectrum width of Doppler velocity unfolding.

Solid-State Transmitter

Magnetron transmitters, which can transmit at a high output power and have many track

records, were used in the former radars. However, the short mechanical life of about 1 year

and the occasional occurrence of sudden failure make its maintenance cost higher.

In the new radars, solid-state transmitters are used. Solid-state transmitters offer longer

mechanical life, less maintenance cost and stable continuous rainfall monitoring. Although the

output power of solid-state transmitter is less than that of magnetron transmitter, the output
power is enhanced by assembling eight solid-state transmitters. The assembled transmitters
enable us to deliver equal performance to the conventional transmitter at a smaller output
power by applying for pulse compression technology. Comparison between magnetron and
solid-state transmitter specification are shown in Table 2.

Table 2. Comparison of magnetron and solid-state transmitter specification

Magnetron Solid-State
Type Coaxial Magnetron Gallium Nitride(GaN)Device
Replacement )
Frequency Approximately 1-year No Regular Replacement
Transmitter 1.2kW
Power 70kW (Eight 200W Devices
Assembled)
i 0to7.5km1 ps
Pulse Width 2us 7.5 to 80 km 48 ps
Pulse _ '
Compression Inapplicable Applicable
Minimum
Detectable -109dBm -110dBm
Signal

New Radar Specification

Comparison of specifications between the former radar and the new radar is shown in Table 3.
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Table 3. Specification comparison between former and new Radar

Former Radar New Radar
0~80km 0~80km
( 0~50km : Quantitative ( 0~50km : Quantitative
Operation Range Monitoring) Monitoring)
(50~80km : Qualitative (50~80km : Qualitative
Monitoring)) Monitoring))
Diameter ®3m Circular Parabolic ®3m Circular Parabolic
Polarization Horizontal Horizontal, Vertical
Antenna ]\Skfiilrgl Less than 1.4° Less than 0.8°
Gain More than 43dB More than 43dB
Rotation 3min™! 3min’!
Peak Power 70kW 1.2kW
Frequency 9710MHz (Minato Radar) 9710MHz (Minato Radar)
9730MHz (Inagi Radar) 9730MHz (Inagi Radar)
Transmitter | Type Coaxial Magnetron Solid-State
Pulse
Repetition 450pps l%g(l)l/ils,?ggg)s
Frequency
Range 250m 150m
Resolution
Data Lateral
Processing . 1.4° 0.8°
Capability Resolution
Update ) .
I minute I minute
Frequency
Horizontal Electric Horizontal Electric
Wave Signal (Pr-NOR) Wave Signal (Pu-
Horizontal Electric NOR)
Wave Signal(Pr-MTI) Vertical Electric
Horizontal Reflectivity Wave  Signal (Pv-
Factor (Z-NOR) NOR)
Horizontal Reflectivity Horizontal Electric
Factor (Z-MTI) Wave Signal (Pu-
Rainfall Intensity (Rr- MTI)
MTI) Vertical Electric
Parameters

Rainfall Intensity (Rr-
NOR)

Wave Signal (Pv-
MTI)
Horizontal
Reflectivity
(Zn)
Vertical Reflectivity
Factor (Zv)
Differential
Reflectivity (Zpr)
Differential

Factor
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Propagation

Phase (®pp)

Co-Polar Correlation
Coefficient (puv)
Specific  Differential
Phase (Kpp)

Radial Velocity (V)
Spectrum Width (W)
Doppler Velocity
Unfolding (Vu)
Doppler Velocity
Spectrum Width (Wn)
Rainfall Intensity (Rr)
Note: NOR (Normal) is a raw value from the radar. MTI (Moving Target Indicator) is a

value corrected for interfering reflected wave from the moving target.

Improved observation precision brought by X-Band MP Radar

Due to the installation of X-band polarization radars, precision of estimate rainfall intensity
was improved by decreasing the errors with the new radars.

(1) Effect by the shape of raindrops
As intensity of radar beam is affected by ellipticity of raindrops, error tends to occur by the
uncertainty of the shape of raindrops. To identify the shape of the raindrops by measuring
rainfall with both horizontal and vertical polarized waves using X-band polarization radars
could be estimated more precisely.

(2) Underestimating by Rain Attenuation
Former X-band (9000MHz band) radars are susceptible to rain attenuation. Decline of radar
wave by rain attenuation causes an underestimation of the rainfall intensity.

On the other hand, X-band polarization radars calculate specific differential phase (Kpp) with
horizontal and vertical polarized wave phase and estimate rainfall intensity with specific
differential phase (Kpp). As phase of radar wave is not affected by the rain attenuation, it can
estimate rainfall intensity less susceptible to rain attenuation by calculating rainfall based on
both the waves’ phase.

It was also difficult to observe low rainfall (less than 1 mm/hr.) with the former radars, but to
estimate rainfall more precisely with the new radars made it possible to identify low rainfall

from about 0.3 to 1 mm/hr. and to indicate the very first sign of rainfall.

(3)Improvement in lateral and distance resolution and subdivision of observation area
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The former radar had 1.4 degrees of lateral resolution (divided into 256), and observed rainfall
intensity at the smallest unit of 250m by 250m square mesh within a circle of 20km radius,
and 500m by 500m square mesh within a circle of 20km to 50km radius. With 0.8 degree of
lateral resolution (divided into 450) and 150m range resolution, new radar can observe almost
entire Tokyo area at the unit of 150m by 150m square mesh (See Figure 6).
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Figure 6. Conceptual diagram of observation area subdivision

Heavy Rain Alert based on High Observation Precision

Rainfall radars are for observing rainfall conditions and able to identify rainfall only after the
rainfall starts. Detecting early signs of urban heavy rain is essential to be ready for a pump
operation.

We programed the system to issue an alert when difference between observation values at last
and current updated data (updated every minute) in arbitrarily selected area exceeds input
value. Average observation value of the last updated data in multiple meshes in the selected
area is compared to observation values of current updated data in the same meshes. (See
Figure 7)
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Multiple Meshes
Judged by
average

Figure 7. Conceptual diagram

Future Efforts

Bureau of Sewerage, Tokyo Metropolitan Government continues to address challenges for
further improving observation precision.

Radar waves are reflected strongly at layers of melting rain cloud (layer of rain cloud with
near zero degree Celsius temperature where ice particles start to melt), which is called the
bright band. Bright band makes received signal stronger than actual rainfall. Melting rain
cloud tend to descends in winter time, and when bright band is observed, there is a possibility
of snow on the ground.

With X-band MP radar, combining differential propagation phase ( ¢ p p) and co-polar
correlation coefficient ( p 11 v ) enables distinguishing whether the strong signal is from
raindrops or from bright band. It also enables to interpolate omitted reflection from the
altitude of the melting rain cloud layers with weighted mean of surrounding reflection. We
continue to improve observation precision of the rainfall intensity by those bright band
minimizing study and efforts.

SUMMARY

We utilize Tokyo Amesh as the important means of information-gathering with the increased
frequency of localized intense rainfall more than ever. Operating the standby pump which is
capable of operation prior to rainwater inflow when localized intense rainfall occurs in
upstream of the pumping station area even if no precipitation is observed in such area is a
good example to prove usefulness of the system to prevent flood.

Based on “Tokyo Metropolitan Government’s Basic Policy for Intense Rainfall”, Bureau of
Sewerage Tokyo Metropolitan Government aims to improve sewage facilities that can cope
with rainfalls up to 60 millimeters per hour to prevent flood damages in 30 years from now.
We also instituted “the management plan 2016” in February 2016. As one of the flood
prevention measures, we will improve reliability on flood damage prevention by utilizing X-
band MP radars, which was installed at reconstruction of Tokyo Amesh, in pump station. In
addition, we will support citizen of Tokyo so they can protect themselves against flooding by
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distributing rainfall information including even the very first sign of rainfall.
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4-2-1 The basic energy plan for sewerage works of Tokyo “Smart
plan 2014”

Kinji Yamada*, Toshikazu Koike*, Hajime Takahashi*

* Bureau of Sewerage, Tokyo Metropolitan Government, 2-8-1 Nishi-Shinjuku Shinjuku-ku, Tokyo 163-8001
Japan
E-mail: Kinji_Yamada@member.metro.tokyo.jp

Abstract: Sewerage works of Tokyo consumes 9.8 hundred million kWh annually, which is
approx.1.1% of total power consumption in Tokyo, 86.0 billion kWh. Moreover, energy consumption
is predicted to increase as sewerage system service improves. In addition to expand the use of
renewable energy, it is necessary to promote energy saving of each process and of entire system. The
Bureau of sewerage, Tokyo Metropolitan Government should contribute to the reduction of the total
energy consumption as well as reduction of GHGs emissions. Therefore, the Bureau made the basic
plan for sewerage works of Tokyo “Smart plan 2014”, which is the first master plan to enhance energy
efficiency and promote energy management. The Bureau aims to expand the amount of renewable
energy and energy saving to more than 20% of total energy consumption within 10 years. For example,
renewable energies such as much as solar power and power generation with the heat of the incinerators
are further utilized and obtain as possible energy. Sludge thickeners and dehydrators of energy-saving
type are installed and further energy saving equipment is devised. Also the Bureau will introduce the
self-sustaining incinerator to save the energy of sludge treatment.

Keywords: energy measures plan; renewable energy; energy saving; self-sustaining incinerator

Introduction

Tokyo sewerage system is an important urban infrastructure which supports the lives
of 13 million living people and urban activities. The Bureau of Sewerage, Tokyo
Metropolitan Government (the Bureau) manages sewers with the total length of
approx. 16,000 kilo-meters in 23 wards area and Tama area as well as an enormous
number of facilities including 20 wastewater treatment plants (WWTPs) and 86
pumping stations. It contributes to the improvement of living environment, prevention
of floods, and water quality conservation of public water bodies. In order to provide
those high-quality sewerage services, the Bureau uses a huge amount of energy. It is
about 9.8 hundred million kWh electricity, which is more than 1% of the annual
electricity consumption of Tokyo (Approx. 86.0 billion kWh), and about 20 million
m? fuels in city gas equivalent. They are respectively equivalent to the electricity
consumption of about 270,000 general households and the city gas consumption of
about 52,000 households.

The Bureau is one of the biggest energy consumer and has a great responsibility in
reducing energy consumption. In reconstructing facilities and equipment, we have
actively worked on the utilization of renewable energy and energy conservation
efforts to enhance energy efficiency.

Due to the Great East Japan Earthquake on March 11, 2011, power plants suffered
damage from the tsunami-disaster and we were forced to respond to planned
blackouts and restriction on electricity use during the summer. In addition, the
confusion of distribution network and the stagnation of fuel supply posed an obstacle
to securement of electricity in an emergency. Moreover, the shutdown of nuclear
power plants caused a major increase in electricity charges and affected the sewerage
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management. Facing on these difficulties, we are pressed to make a major shift in its
energy policy.

On the other hand, it will be necessary to actively advance the efforts including
enhancement of flood control, improvement of combined sewer system (CSO) and
introduction of advanced wastewater treatment. Therefore, the energy consumption is
expected to increase with the implementation of those projects.

Furthermore, in the Tokyo Olympic and Paralympic Games 2020, the Bureau needs to
actively advance preventive measures against road subsidence due to aged sewers,
further improvement of water quality in public water bodies, and response to heavy
rain during summer time, etc.

In light of these circumstances, the Bureau has to actively advance the utilization of
renewable energy, the energy-saving efforts in individual facilities and equipment, the
comprehensive operational management in the whole plant from water treatment to
sludge treatment and the energy management from broad-based perspective to reduce
energy consumption. Additionally, we also need to work on an enhancement of crisis
management for sewerage functions to cope with emergencies.

In order to ensure the implementation of these efforts and stable supply of sewerage
services, the Bureau decided to plan, a basic energy plan, “Smart plan 2014”.

Energy Use of Sewerage works
(1) Current Situation of Energy Use

The sewerage works uses the energy in the 3 facilities mainly shown Figure 1.

Sludge treatment facility
[5hacge treatrnent voluma] 20 milion m'fpear
[Electricity] 250 milion KvWhiyear

Pumping facility
(Pump upvalume] 2,800 millian m'fyear

Electricaty] 270mullion kv yvear
! il [Fuel] 20 million m3fyear {28y gas equivalent]

gttt M naznaate " rmrensssssensnas s e s snasenann e "
. i - Wenifpwateriremtmenr facling : Sudge trectiment focifty 1

| Wastewater treatment fac ility

[Treated wastewaler volurme| 2,000 million m" e

| [efectricity] 400millon KWhyear

Figure 1 Energy use of Tokyo sewerage works in FY2013

(2) Electricity and Fuel Use

The sewerage works uses a great volume of fuel (city gas, etc.) as well as electricity.
The annual energy consumption with electricity and fuel combined is 4,620 TJ (Tera-
joule) as shown in the figure 2. We have to reduce the whole energy, both electricity
and fuel.
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(3) Increase in Energy Consumption

Fuel

Promoting flood measures and 1,1107J
improvement of CSO increases the 24%

dge treatment
facilities (fuel)
1,110T) 24%

Pumping fachiie:
(electricity)

amount of rainwater pumped in
heavy rain and the amount of
wastewater to be treated, especially
dirty wastewater at the early period
of rainfall, which increases the
energy consumption. Furthermore,
the expansion in the introduction of
advanced wastewater treatment,
which improves the effluent quality,
also needs additional facilities and Figure2 Ratio of energy Consumption
increases the energy consumption. In in FY2013

order to respond to the energy

consumption increased by these efforts to improve sewerage services, we need to
continue the energy reduction measures and introduce new measures.

energy
consumption
) t4,620Tj

Strategy of Smart Plan 2014

Based on the current situation and issues
of energy use for the sewerage works, the
following four effort policies are to
advance the energy use and optimize the
energy management.

(1) Expansion of renewable energy

utilization Figure 3 Solar panels on the reaction tank

The Bureau will make further use of

renewable energy, such as solar power generation (Figure 3) and new power
generation with the heat of the incinerators, to secure energy by ourselves as much as
possible in the sewerage works.

(2) Further promotion of energy saving

By development/introduction of new advanced wastewater treatment technologies and
Self-sustaining incineration system, etc., the Bureau will promote energy conservation
further to reduce energy consumption.

(3) Optimization of energy through the treatment process of the whole facility

The Bureau will introduce energy smart management to optimize energy use through
the treatment process from wastewater treatment to sludge treatment in the whole
facilities and to improve the efficiency of operational management between several
facilities from a broader perspective.

(4) Improvement of energy crisis management

By expanding emergency power-generation facility, introducing dispersed power
system and passing fuels between facilities to operate the emergency power-
generation facility, the Bureau will enhance energy crisis management to maintain
sewerage functions at any time.
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Goal of Smart plan 2014

In order to ensure the implementation of efforts set forth in Smart plan 2014, the
Bureau will work on to accomplish the goal, planning period and the idea of energy
reduction.

(1) Target Value

The Bureau aims to expand the amount of
renewable energy and energy saving to more
than 20% of total energy consumption by  Totalenergy
FY2024 (Figure 4) consumption for|Tokyo

sewerage works
(2) Planned Period

From FY2014 to FY2024

C

Renewable energy
—
oy Renewable +

saving energy
More than 20%

2]

Purchased energy
(electricity, fuel, etc.)

Figure 4 Smart plan 2014 in FY2024
(3) Actions of Energy Reduction

The energy used in the sewerage works is expected to be increased by the promotion
of projects such as flood measures and improvement of CSO. Therefore, it is
important in sewerage management to work on the expansion of renewable energy
use, further promotion of energy saving and to reduce the volume of purchasing
energy.

In this plan, the total energy consumption should be the volume of purchasing energy
plus the volume of renewable energy and saving energy. The idea of energy reduction
is to increase the ratio of renewable energy and saving energy to the total energy
consumption.

Total energy consumption in the future and efforts on renewable energy, etc.

The total energy consumption in FY2013 was 4,620TJ and, among the volume, the
renewable energy volume was 230TJ (the ratio is 5% to the total energy
consumption). In the future as well, the Bureau will work on the improvement in
sewerage services, including the enhancement in the level of flood measures and the
improvement of CSO. The volume of purchase energy is expected to increase to
4,930TJ in FY2024.

Therefore, we will work on the expansion of renewable energy use and the further
promotion of saving energy and, as in the table, based on the reference year FY2013,
we will reduce the purchase energy in FY2024 to 4,060TJ (3,620+440), aiming to
make the ratio of renewable energy, etc. to the total energy consumption to be more
than 20% (Figure 5).

Main Efforts in the Future: Renewable Energy, etc.

In addition to the expansion of renewable energy efforts including solar power
generation and the utilization of thermal energy of sewerage, which have been
implemented so far, the Bureau will further utilize usable energy with new power
generation using the low temperature waste heat at the time of incinerating unused
sludge, etc. By these new measures, the volume of renewable energy will be expanded
in FY2024 to 350TJ. And then, the volume of saving energy will be expanded in
FY2024 to 750TJ by introducing the new advanced wastewater treatment technology
and the development/introduction of self-sustaining incinerator, etc (Table 1).
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Figure 5 Change the energy consumption of Tokyo sewerage works in the future

Table 1 Main measures for renewable energy (left) and energy saving (right)

renewable energy (TJ) saving
measures measures
expand |continuation energy (TJ)
Solar power generator 21 3 New advanced wastewater treatment system 11
Power generation from low temperature 9 Power generation from low temperature heat 110
heat of incinerator of incinerator
Self-sustaining incinerator 41 Energy saving type incinerator 314
Wastewater heat 2 33
Solar heat 3 - Semi-advanced wastewater treatment 178
Sludge drying by waste heat of incinerator 43 - system
Micro hydraulic power generator 1 2 Diffuser replacement 31
Sludge carbonization furnace - 60  Optimization of aeration system 69
Power generation by digest gas - 82
g Y gigestg Energy saving type thickener and dehydrator 37
Waste heat recovery steam generator - 50
120 230
amount amount 750
350

Representative Examples of Our Efforts
Specific examples of efforts in this plan are shown in the following.
(1) Development/introduction of self-sustaining incineration system (Figure 6)

The Bureau developed the energy self-sustaining incineration system which generates
electricity from emitted heat and dewatered sludge. In addition, we developed new
dehydrator which enables to produce super low water content sludge. By the system
which is a combination of these, fuel and electricity are unnecessary. Moreover,
GHGs emissions from sludge incineration can be reduced in approx. 50%. This
system will be introduced in 2019 at Shingashi-WWTP.
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Figure 6 Image of self-sustaining incineration system

(2) Introduction of semi-advanced wastewater treatment system (Figure 7)

Effluent quality (T-N and T-P) by semi-advanced wastewater treatment system is
slightly poorer than the advanced (A20-method). But, this system can be implemented
in short time by modifying the existing structures. It has been introduced in
accordance with the reconstructing.

Energy consumption of semi-advanced system is also equivalent to the normal
activated sludge process.

Wastewater Effluent Electricity Treatment
Advanced wastewater treatment system {Az[}} treatment process | quality | consumption |  capacity

Phoasivg

i Normal T-N:100
ferfluend Pama of o s PREtind e et ogey Efftent T:P:100
w s @_ o
= oM | O3 ----
; g T-N:65
Advanced (4,0) 1o 130

Arwpgrodic Ao condEian

sy X The data are expressed as relative values, with normal treatment process being 100 %.
_.--...----....--....--.L‘-I;.O.Hs.ﬂmf:r'ﬂ". ............. g ! ‘

Influent Phasphorus Remowal of orgenic matter sod siogen Effluent

:c-'ﬂnmll. .-#-. .- I'm'—‘: - '

Angerobic
condifan

Figure 7 Image of semi-advanced wastewater treatment system

(3) Energy management by the whole facility in WWTPs

The Bureau uses effectively the energy of sludge from wastewater treatment to reduce
the volume of fuel by sludge treatment facility. In addition, we promote improvement
of operation method and technical development to reduce the energy of the whole
facilities even if the energy of the wastewater treatment is increased.
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(4) Introduction of dual fuel type power generator (Figure 8)

In preparation for the traffic disruption caused by the earthquake, the Bureau
introduced a power generator with a combination of kerosene and city gas. It was
introduced in 2016 at Nakagawa-WWTP, and in the future it will plan to expand the

introduction.
. | City gas
City gas distribution network
- L i
| o &
Q=g
\ Fuel tank kerosene
power generator .
with a combination of kerosene and city gas
Figure 8 Image of dual fuel type power generator
Conclusion

By advancing various efforts set forth in this plan, the ratio became over 9% as of the
end of FY2015, and seems able to achieve the target value 20% by 2024. On the other
hand, it is required to reduce GHGs emissions. The Bureau has already planned a
global warming prevention plan in the sewerage works “Earth plan 2010 in 2010,
aiming to reduce the volume of GHGs emissions to more than 25% from FY2000 by
FY2020. As Measures of Smart plan 2014 also lead to reduce GHGs emissions, we
will enhance our efforts to achieve both plans.

In having Tokyo Olympic and Paralympic games 2020, the Bureau should contribute
to advanced urban environment. Furthermore, we will not only promote energy
management but also drive further development to accomplish Smart plan 2014.

Reference
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4-2-2 Caisson Work at the Senjusekiya Pumping Station
Simultaneous Installation of Two Caissons

Bureau of Sewerage,Tokyo Metropolitan Government Ryota Okazaki

1. Introduction
Although these roles of sewage system will never change, its capacity must be increased because of the recent
climate change; partly because of the recent global warming, localized heavy rains with more than 50 mm/hr occur
frequently. There are flood disasters caused by the highly localized downpours with more than 100 mm/hr in Tokyo.
In order to cope with this situation, Tokyo Government Bureau of Sewage is rapidly reinforcing the main sewage
line and pump station so that they can cope with 50 mm/hr rainfall in order to cope with the increase of rainwater
inflow as a result of the urbanization. As one of these measures, the rainwater pump station “Senjusekiya Pump
Station” is built to increase the capacity enough to cope with the increase of rainwater in Senju basin, Adachi Ward,

Tokyo.

2. Outline of the Construction
Senjusekiya Pumping Station is a rainwater pump station designed to cope with the increase of the rain runoff in

the basin of the existing pump station. Additionally, it has a rainwater reservoir to reduce the pollution load of
combined sewerage.

General Information of the Facility:

Name of the Facility: Senjusekiya Pumping Station

Drainage area: 292.85 [ha]

Design Drainage Discharge, amount of rainfall: 37.3m’/s

Rainwater Reservoir: 17,600 m?

Structure and Scale: Reinforced-Concrete building, two stories over ground, five stories underground.

Construction was done in “Pneumatic Caisson Method,” dividing the underground structure into two caissons. This
construction project builds two caissons simultaneously in order to realize the purpose of the construction, in the
method which requires high technology.

Plan of the pump station is shown in Figure 1. In the two-dimensional view, the station is divided into two blocks:
one has the inlet passage of the main line and a sand settling basin, and the other has the pumping well and a
rainwater reservoir. The left block is denoted “West-side caisson” (excavation area 2,614 m?, depth 53.8 m), and the

right one “East-side caisson” (excavation area 2,289 m?, depth 50.1 m).

Scale of Construction: West-side Caisson 53.9m x 48.5m (depth: 53.8m), Final Air Pressure: 0.450MPa
East-side Caisson 39.8m x 57.5m (depth: 50.1m), Final Air Pressure: 0.417MPa

Excavation Area: 4,983 m?, Amount of Earth Excavated: 265,555 m®

Concrete: 14,018 m®, Reinforcing Steel: 19,913 t
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Figure 1: Plan of Senjusekiya Pumping Station

3. Feature of this Construction (simultaneous installation of 2 caissons)

3.1 Adoption of two-caisson boxes
In case of one-box excavation of this pumping station, the digging area would be 4983 m?. There

was no experience of similar sized project, and it would have not been adopted. The main reason of
the rejection was the structural problem of dropping caisson. It is prefer to be able to sustain the
construction load of the drop only by the proof strength of structural members.
However, in case of a large excavation area, it has a high risk of cracking and buckling for the lack of
strength of deck slab because the less construction height makes the planar structure unstable in the
beginning of the dropping. This pump station also needed not only the deck slab was increased for
the rigidity but the temporary member called lift beam was necessary to reinforce. This is a
temporary structure to build a wall to connect the upper floor slab and the base version, and it will be
removed after completion. If the one-box excavation is employed, size and quantity of the lift beam
would be large, and their removal could lead to be less cost efficiency and more construction period.
Moreover this pump station would not be adopted rectangular shape caisson but heterotypic shape
caisson. The heterotypic shape caisson is considering new scheme, which causes a twist phenomenon,
and it could not be the safest and the most certain construction because it would have been the largest
project ever.

In addition, because the inflow trunk sewer is shallow than the pump well, the drop caisson will get

depth difference by dividing into two boxes, and it will be designed economically.

3.2 Adoption of simultaneous two-box construction

When the construction is divided into two boxes, there are two ways that they construct one by
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one and two boxes together. The former needs longer construction periods, but a yearly investment is
lower.

In consultation with local residents, the entire construction period of this pump station is
constrained within 10 years. Thus, the simultaneous construction is adopted even if the yearly
investment is higher. In addition, the necessary space was reserved by compacting noise control
building into 2-storied to accommodate air facility, and by using the neighboring road, parks, and

river sites as the work yard.

4. Study of simultaneous construction
4.1 Setting the stress shield wall and controlling the construction period

When neibouring two caissons are dropped simultaneously, it has a risk of phenomena that the one
box drags the other box with surrounding ground, so-called “co-drop (tomo-sagari)”. And when there
is an air leakage from the work chamber of the one box, the risk that the poor oxygen air, which is
passed through the oxygen deficient layer, flows into the work chamber of the other box. To prevent
them, we decided to place steel sheet piles, which are called stress shield wall between the two
boxes.
In addition, the commencement of the drop construction is adjusted so that the one box does not
complete dropping the first than the other. It is easy to control the position if it is the drop

construction, and it can be modified even if the leaning is occurred with co-drop.

4.2 Clearance of two boxes

This project is planed 2.0 m clearance between two boxes. In determining the clearance, the
mutual influence of inclinations between boxes and the effects of boxes and the stress shield wall are
investigated.

According to the work progress control standard of the caisson method, the displacement distance
per a box is less than 300 mm, and the inclination is less than 1/100. If the two boxes inclined toward
each other, the total displacement distance is 600 mm, and the horizontal displacement is 1 m
(calculated with the depth of this pump station). Thus, the clearances were necessary over 1.0 m
between two boxes and over 1.0 m between shielding boxes and wall. So, the clearance of two boxes
is determined at 2.0 m.

With this clearance, it is considered that there are no obstacles to set a general scaffold.
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4.3  Combination of two boxes

Because the caisson of this pumping station 3 C A
was divided into two and each separated at the e oy ¥
distance of 2.0 m, each caisson is an independent — I
facility. After finishing the installation of the two |

caissons, the walls connected to them must be

E] 13F v 2s— i
removed and the walls and slabs are connected

into one (hereinafter, “connection work™).

It is planned that the two places circled in T T T s e e e e

black are dug and underground walls connecting Figure 2: Plan of Twin Caissons

the caissons are constructed on them.

- ___\_] ) | Distance 2.0m ' (=
o L

5.Consideration T4 PR Y. -";';.': % 1M | AN

This project is facing at the start of the main

construction. As the first example of two-box =l [l |= , o || saeee I

. . —i T erekeeat=—1F g 3 - 50.1
simultaneous construction, the knowledge of 53'8_11_1 wE e : m

accumulation as the aspects of the construction

management, such as co-down and air leakage,

and the extraction of new issues in design stage

are expected. ——— BSm —> —— 575m —— >
Installation of the two caissons has finished now. Figure 3: Sectional View of the twin Caissons

The construction work to connect the two caissons

is going to be launched. The connection work of this great depth has never been done before. Therefore careful plan

considering construction management must be prepared in the design stage so that the construction work may be

sure and safe.
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4-2-3 Aeration control by real time nitrification control
using activated sludge model

T. Oikawa, M. Nishiyachi, H. Terajima, S. Watanabe

Abstract: Aeration in biological wastewater treatment is an energy intensive process. The Bureau of Sewerage,
Tokyo Metropolitan Government has been working to develop new aeration control technologies that can achieve
both reduction of air flow volume and improvement of treated water quality. In this study, we have developed the
aeration control by “real-time nitrification control (RNC)” using Activated Sludge Model (ASM) aiming at
establishing a feedforward based technology that allows control of air flow volume required to meet water quality
targets. The research results at an actual facility showed that 10 % reduction of air to flow ratio in clear weather
and constant treated water quality (NH4-N lower than 1 mg/L) during rainfall was achieved by applying RNC.
Therefore, it is considered that RNC can be applied for wastewater treatment under a variety of treatment

conditions.

Introduction

Aeration in biological wastewater treatment is an energy intensive process because it requires certain air flow for
oxidation of organic contaminant and ammonia. Although energy consumption can be reduced by minimizing air
flow rate, reduction of air flow rate can cause degradation in effluent water quality. Thus, improvement of water
quality and reduction of energy consumption is a trade-off relationship. Therefore, the Bureau of Sewerage, Tokyo
Metropolitan Government has been working to develop new aeration control technologies that can achieve both
reduction of air flow rate and improvement of treated water quality. Currently, as for aeration control, DO
(dissolved oxygen) control, which keeps DO concentration at the end of a reaction tank in feedback, is widely
used (Amand et al., 2013). However, feed-back control has a delay in responding to a fluctuation of influent load.
If variations of influent load are monitored in real-time and air flow volume can be controlled in feedforward by
calculating the amount of oxygen required for biological treatment, both stabilization of effluent water quality and
reduction of excess air flow would be achieved. However, at present, it is difficult to continuously measure
influent quality (particularly, ammonia nitrogen (NH4-N) which requires nitrification). Additionally, among the
control technology using the influx NHy4-N, the systems, which are reportedly implemented in the actual facilities,
are based on the past record of processing, such as fuzzy control (Meyer et al., 2003; Baroni ef al., 2006; Yong et
al., 2006). Therefore there is an anxiety that the system cannot cope with a sudden change of the influent quality,
inflow rate or water temperature. There are only few studies which applied Activated Sludge Model (Henze et al.
1987) for aeration control (Holenda et al., 2008; Thornton et al., 2010; Sunner et al., 2012). In addition, these
studies only utilized a part of the Activated Sludge Model (ASM).

In this study, we developed the aeration control by “Real-time Nitrification Control (RNC)” using the whole
ASM aiming at establishing a feedforward based technology that allows control of air flow volume required to
meet water quality targets. And effects on air flow volume reduction and water quality improvement of the RNC

were evaluated.
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Materials and methods

Real-time Nitrification Controller Water Treatment
Controller
. .. . | Asm Do ) Set DO Set
Real-time Nitrification Control (RNC) | caleutation [~ set-point || putomatically | L_set-point | | Manually
1 Flow
. . . .. i NH,-N Temperature MLSS DO
The principle of the RNC is combining the %% (Dovaise )
p p . g i Q Q Q Q Q DO value Treated
measurement of the inflow load and IL_I E water
Reactor Ifl |j Secondary >
. . Infl Aeration tank ifi
computation of the ASM to successively " e o) Qariiey
. . irfl
compute the required air flow rate and control ‘ T T T i'o'nfrﬁ'\g slower
valve
the air flow by feed-forward for realizing the .
. . . Return Activated Sludge
target water quality. ASM is a mathematical , . .
Legend Aeration control in DO control system (in feedback)
model proposed by Intemational Water 46 SA:;:::]: control in real-time nitrification control (RNC)

Association, which expresses the biological Figure 1 Schematic flow diagram of the wastewater

reaction process and the accompanying treatment plant used in this study and the flow

material balance (organic matter, nitrogen, diagram of the RNC developed in this study as

phosphorous, etc.). It enables to estimate the comparison with the existing DO control system.

quality of the processed water, required amount

of oxygen, and the amount of excess sludge, etc. The block flow diagram of the RNC is illustrated in Figure 1.
Main constituents are ammonia meter, which were newly installed to the inlet of the reactor, and numeric
processing device (laptop PC). For calculation of required amount of oxygen, a simulation system (SIMWATER,
Meidensha Co. Ltd., Japan) based on the ASM2d (Henze et al., 1999) was used. In order to apply the system to
existing facilities easily, the RNC utilizes existing DO control, and calculates DO set-point automatically based on

ASM2d using the data obtained from the sensors.

The RNC performs the following operations in order to determine the DO set-point required for nitrification: 1)
to obtain influent NH4-N concentration, inflow rate, water temperature and MLSS concentration, 2) to calculate
each air flow volume which can achieve given DO values (1.0 to 5.0 mg/L) at the end of the reactor with the ASM,
3) to compare the results of calculation and choose the optimum DO value for satisfying the target water quality
(NH4-N concentration) at the end of the reactor, 4) to define the DO value as the DO set-point at the end of the
reactor. By substituting the existing DO set-point of the DO control with the obtained DO set-point, the air flow is
controlled according to the renewed DO set-point, and consequently the feedforward control according to the

fluctuation of the influx load is realized.
Test Period and Facility

In order to validate the stability of control, response to the change of DO set-point, and the effects on both air flow
reduction and improvement of water quality, experiments were carried out in an actual facility. The experiments
were performed from August 2013 to March 2014 in Sunamachi Water Reclamation Center. The reaction tank
used in the experiments was operated by conventional activated sludge method with 5 zones (zone A — E) and the
first zone was operated as pseudo-anaerobic zone. The capacity was 8,443 m® and hydraulic retention time (HRT)

was about 8 hours.
Evaluation of Ammonia Meters

The performance of the ammonia meter NH4Dsc (HACH Co. Ltd., USA, ion-selective electrodes methods, range:
0.0 — 50.0mg/L) used to measure the influent NH4-N concentration to the reaction tank, which is necessary for the
RNC, was validated in order to confirm the long-term stability. It is fitted with an air nozzle to wash the surface of

the electrode intermittently. The test period was from December of 2013 to February of 2014. The ammonia meter
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was installed on the inlet channel of the reaction tank. During the test period, samples were taken from the
influent of the reactor to analyze the NH4-N and nitrate nitrogen (NO3-N) with ion-chromatograph (IC) in order to
compare the precision. Samples for IC analysis were filtrated with acetyl-cellulose membrane filter (ADVANTEC,
Japan, pore size: 0.45um) and subsequently contained in vials to use in the analysis. It was validated whether the
error of indication by ammonia meter compared with the actual measurement with IC is within = 5% of the

full-scale (FS) or comparative error is within 10%.
Configuration of the Simulation model and Characterization of Influent

Tank in series model was used in the ASM simulation of the  ZoneA Zone B ZoneC ZoneD ZoneE
L L L L L
r 0 1N I VT 1

reactor. Separation of zone and each capacity are shown in C:[ D I I ]
Figure 2. In the same way as the production facility, with

1,500 2,333 1,555 1,555 1,500
each zone was divided into 1 to 3, considering the capacity (m3) (m3) (m?3) (m3) (m3)

ratio. In order to obtain water quality and process status Figure 2 Separation model of the reactor and

data to use in ASM calculations, process water was sampled cach capacity of zones
6 times a day during November of 2013 to September of 2014. Samples were taken from influx to reactors, outlet
of the zone A to E, overflow of the second sedimentation basin and returning sludge. Influent was characterized
(classifying organic matter, etc. into components used in ASM) by WERF method (Melcer et al., 2003). ASM
simulation was performed based on the result of characterization, and subsequently the result was compared with

the process status obtained by the sampling survey to validate the ASM parameter.
Test of the Air Flow Control by Real-time Nitrification Control

Off-line tests for validating the RNC and adjustment of the parameters had been executed in advance of on-line
experiments. After the completion of the offline tests, air flow control with RNC was tested. Upper and lower
limit of the DO setting was defined considering the stability of microorganisms in the reactor and relevant devices
(blower and air flow control valves). At first, stability of the control was validated twice for 6 hours. After that, the
effect of air flow reduction and water quality improvement was evaluated in the continuous control test which
lasts for 28 to 76 hours.

Results and Discussions
Evaluation of the Ammonia Meter

The errors, correlation coefficient, and determination coefficient between measured values with the sensor and the

IC measurement are shown on Table 1.

Table 1 Error, Correlation Coefficient, and Determination Coefficient in different Periods in the Evaluation of

Ammonia Sensor

. correlation  determination
Range of data Mean Error Mean relative Error

coefficient coefficient
(mgl)  (mgl) (%) R )
R
Evaluation Criteria (22.5) (£10)
Initial evaluation (Dec. 2013-Feb. 2014) 11.2-247 1.9 9.9 0.825 0.680
During declined precision (Mar. 2014) 11.3-20.1 2.7 17 0.428 0.184
Additional evaluation (Oct. 2014-Feb. 2015) 13.6-22.3 0.8 4.0 0.938 0.880
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Generally, measured value with the sensor agreed 30 -

. . L E Determination coefficient (R2) .
with IC measurements, catching up with increase and @ - before adjustment: 0.680
. = - after adjustment: 0.880 ol
decrease of NH4-N caused by rainfall. However, S o) Q/
=
O y
there occurred some gap between the sensor and IC ﬁ 20 = Jes
measurement because of adhesion of dirt on the g 5
. )
surface of the electrode at the end of the third month. g &
Position of air nozzle for intermittent washing and 2 40 .
% 7 O Before adjustment
direction of blowing were adjusted. The results of 2 A ® After adjustment
. o s Line of equality
comparing measured values and IC measurement 3 [ +5% full-scale value
. o e . . (V] P (R .
during initial evaluation period (before the =, . 5% full-scale value
adjustment) and additional evaluation period (after 0 10 20 30

adjustment) are shown in Figure 3. After the nozzle Mersured value by IC (mg/L)

was adjusted, the error were significantly decreased, Figure 3 Comparison between NH,-N conc. measured

with average error 0.8mg/L, and average relative by NH4-N sensor (vertical axis) and IC

error 4.0%, well satisfying the standard, and the (horizontal axis).
determination coefficient was 0.880, showing that the indication well agreed with the measurement. From the
above observation, it was concluded that it would be possible to continuously analyze the influent to reaction tank

with the ammonia meter.
Constitution of the Simulation Model and Characterization of Influent

Simulation model was evaluated by computing RNC off-line, using the water quality and process status data
collected in sampling survey. Parameters were set according to result of the sampling survey during 12" — 13
November 2013, considering the temperature and weather. Characterization result of influent to the reactor is
shown in Table 2. Comparison between the result of simulation and measurement is shown in Figure 4. The
simulation mostly agrees with the measurement of NH4-N concentration of samples in each zone obtained by
characterization of influent, and the value corresponded precisely to the periodical change. Additionally, among
the parameters (67 in all) of ASM, Ko2 1 was changed (Table 3). Default values of ASM2d were used for the rest

of the parameters.

Table 2 Characterization results of influent 18 1 .
1 1 61 * . * . & Influent
value value .
Symbol Symbol © ZoneA
(mg/L) (mg/L) 14 1 o . e
St 25 X 10 12 A OM/O\ & ZoneC
So2 0.1 Xs 83.7 En 10 - & ZoneD
Sn2 0 X 0 z 4| Zone E
Sa 10 Xaut 0 2 6 | 00\(0__ ——Zone A
Sk 4 Xpao 0 . o . > ° . o Zone i
b ettt D SR RN AP, ——27Zone
Sno3 0 Xpp 0 Ot ©
2 ===-Zone D
Spo4 3 XpHA 0 Zone E
SNH4 15.5 Xrss 82.275 0 i i i '
13:00 17:00 21:.00  1:00 5:00 9:00
Sak 200 Xteon 0 Figure 4 Comparison of the result of ASM simulation and
XMCP 0

measurements of NHs-N conc.: (line) simulation results;

(circle) measured value.
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Off-line Validation of the Stability of RNC

Confirmation test of obtaining operation data and validation of RNC were carried out from September to
November 2014. It was ensured that the RNC could continuously operate and compute DO set-point from data
continuously obtained from the ammonia and the other existing meters. Additionally, among the parameters of
activated sludge model, Knns.a was changed (Table 3). On account of this tuning, result of computed NH4.N and
actual measurement came to agree well. As a result, the RNC was successfully tuned so that it could follow the
change of inflow load on both rainy and fine days and show presumably optimum DO set-point in the normal

range.

Table 3 Parameters which were changed from the default values of ASM2d

Symbol Name Change Reason

Saturation/inhibition

K, 3
O coffeicient for oxygen 0.2720.05g0>/m

Computed value of the NO3-N concentration was rather
lower than the actual measurement.

Saturation/inhibition

Knmsa . 1.0—0.4gN/m’
constant of ammonium

Estimatied NH4-N concentration was rather higher than the
actual measurement in the low-concentration range.

Validation of the Stability of Air Flow Control by RNC

According to the result of the test during the initial 6 hours in the daytime, there was not any trouble such as
disconnection or troubles of control in the test of air flow control with RNC. The installed control devises and
software worked without problem. Additionally, it was also confirmed that feedforward control corresponding to
changes of inflow NH4-N load with variable DO control using RNC was possible. Besides, actual DO
concentration follows the changes of DO set-points in the continuous test of 28 — 76 hours, showing that the
system can steadily control the air flow rate. As an example of track records of the control during the test period,
data during the DO control and RNC are shown in Figure 5. While DO set-point was constant at 2.5 mg/L in DO
control, in RNC it varied in the range of 2.0 — 3.0 mg/L corresponding to the change of inflow NH4-N load, with
the actual DO well responding to the change of DO set-points, reaching approximately equal to the set-point
within 10 minutes. Additionally, the outflow water quality of the reactor showed that the water quality in RNC

was maintained as stable as the DO control for the similar NH4-N inflow load.
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Figure 5 Air flow rate and DO value of the DO control (upper) and real-time nitrification control (RNC)

(lower) at the time of fine weather

Effect of Air Flow Reduction with RNC

In order to validate the air flow saving effect of RNC, air flow rate was compared on sunny days, when water
quality was stable, during the test period (January — March, 2014). Data were extracted under the rule that NH4-N
concentration of outflow water is less than 1.0mg/L. Result of comparing the air flow rate between DO control
and RNC is shown in Table 4. Table 4 shows that the air flow rate to the reactor controlled in RNC was lower than
in DO control by 4.5% on average. Comparing the air to flow ratio (to the influx volume and NHs-N load), it was
concluded that the air flow was reduced by 10% in the ratio to the influent quantity, and by 7.5% in the ratio to the

inflow load.

Table 4 Result of Comparing the Air Flow in Reactors

DO Ratio to the DO
It RNC
em Control Control (%)*
Days of Observation 15 5 —
supplied air flow (m*/h) 2,876 2,747 -4.5
influx volume (m’/h) 864 915 5.9
inflow NH4-N load (g/h) 19,952 20,638 34
. . (to the influx volume) 333 3.00 -10.4
air to flow ratio .
(to the inflow load) 0.144 0.133 -7.5

* Minus value means reduction in RNC

Effect of the Improvement of Water Quality with RNC

In order to validate the effect of RNC to water quality, result of DO control (22" — 24" February) was compared
with that of RNC (9" — 11™ March). Trend graph of the data under DO control during the period is shown in
Figure 6, and the ones under RNC in Figure 7. In DO control (Figure 6), DO value was mostly 2.5 mg/L, the
set-point, excluding the surge of DO value because of the influx dissolved oxygen brought by rain. NHs-N
concentration of outflow water of the reactors rose up to 5.3 mg/L because of the decline of the temperature. On

the other hand, in RNC (Figure 7), DO value was elevated (4.5 mg/L in the max.) according to the rise of inflow
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NH4-N load caused by rain. And during the recovery from the influence of the rain, considering the slowdown of

nitrification because of the decline of temperature, DO set-point was elevated (5.0 mg/L) so that NHs-N

concentration of outflow was maintained at less than 1.0mg/L. Besides, DO set-point was raised according to the

rise of inflow load and consequently the mean DO set-point was set higher than 2.5 mg/L and air flow rate was

increased in RNC.

Air flow rate (left) —— DO set-point (right)

= DO value at the end of the reaction tank (right)
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Figure 6 Reference result of the DO control during rainfall: (upper) DO set-point (fixed), actual DO value at the

end of the reaction tank (control point) and air flow rate of the reaction tank; (lower) NH4-N inflow

load, water temperature and NH4-N conc. at the end of the reaction tank.
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Figure 7 Control test result of the RNC during rainfall: (upper) DO set-point calculated by RNC, actual DO

value at the end of the reaction tank (control point) and air flow rate of the reaction tank; (lower)

NH4-N inflow load, water temperature and NH4-N conc. at the end of the reaction tank.

In the feedback control in the DO control, air flow rate is determined according to DO value of the outflow of

reactors after the process. On the other hand, RNC changed DO value by changing DO set-point according to the

inflow NH4-N load in feed-forward, thereby keeping NH4-N concentration of treated water constant. Especially, in

the case evaluated in this study, where temperature was reduced by the influent of winter rain, and consequently
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nitrification rate was declined, it was shown that it could contribute to prevention of instability of water quality in

winter.

Conclusion

This study validated the air flow control technology of obtaining inflow load by continuously measuring quality of
influent in ammonia meter, simulating process status in reactors in ASM2d, a standard activated sludge model, to
determine DO set-point necessary for nitrification in reaction tanks in feed-forward, and interrupting to the
existing DO control system with real-time nitrification control, in an actual facility. As a result, as well as
long-term stability of ammonia meters was confirmed, the air flow to influent quantity ratio was reduced by 10%
on sunny days, and water quality was improved on rainy days. We are going to continue validation test for a long
term including summer season, and additionally, we are planning to study further on processing other

contaminants than NH4-N.
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