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技術調査年報の発刊にあたって 

 
東京の下水道は早くから事業に着手したため、初

めての課題に直面することが多く、その解決に先人

たちは果敢に取り組んできました。これからも新た

な課題の解決に向けて着実に技術開発を進めていか

なければなりません。 
昨年 12 月に東京都が策定した、「10 年後の東京」

への実行プログラム 2008 の中でも、世界で最も環境

負荷の少ない都市を実現する温暖化ガスの排出削減

対策をはじめとし、災害に強い都市をつくるための浸水対策やインフラの耐震

化、美しいまち東京を復活させるための高度処理施設の整備や合流式下水道の

改善など、「10 年後の東京」の実現に向けて下水道局の技術の果たすべき役割が

期待されています。 
また、目を地球規模の問題に転ずれば、現在、最大の問題の一つである、地

球温暖化については、それを緩和（Mitigation)するための温暖化ガス排出量の

削減には、再生可能エネルギーの利用や二酸化炭素の回収・貯留といった新技

術が鍵をにぎると言われており、技術開発の重要性が認識されています。 
今年の春には、現在、砂町水再生センターに整備中の研究開発センターも完

成する予定です。この拠点を活用して民間企業、大学等と連携した共同研究を

実施することにより新技術の開発を進めて局事業、下水道事業の進展に資する

とともに、企業、大学の技術開発の機運が高まることを期待しています。 
本技術調査年報は、日常業務で生じた課題をはじめ、局事業の推進のために

各部所で平成18年度に実施された調査研究・技術開発を取りまとめたものです。

この成果は、今日の下水道事業に求められている課題に深く関わりを持つもの

です。 
本調査年報を、職員の技術力の維持向上と技術継承に役立てるとともに、技

術開発を進める上で共同研究などのパートナーである、民間企業、大学・研究

機関、監理団体の方々への技術開発ニーズなどの情報発信ツールとして、また、

国、地方公共団体の方々の業務の参考として活用していただければ幸いです。 
 

平成 20 年 2 月 

 

下水道局長 前田 正博 
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（本書に関するお問合せ先） 

東京都新宿区西新宿２-８-１ 東京都庁第二本庁舎７階中央 

東京都下水道局 計画調整部 技術開発課 電話 03-5320-6606 

本書をご利用いただく前に 
 

■目的 

本書は、東京都下水道局で行った下水道技術の研究と開発の成果を共有し、将来へ技術

を継承することを通じて、下水道技術の維持向上を図ることを目的としています。 

① 局内の技術情報を網羅し、技術情報の共有による職員相互の技術力の維持向上と技

術の継承及び技術的課題の糸口となること 

② 下水道事業に関わる課題と課題解決への取組みの成果について、先駆的に情報発信

を行ない、産学公の技術交流を深め、局の事業運営の効率化に寄与すること 

■構成 

本書は、平成１8 年度に局内各部所が実施した下水道技術に関する調査・研究についてま

とめたものです。各成果は、平成１７年３月に策定した「技術開発推進計画２００５（東京都下水

道局）」における４つの技術開発テーマ（安全性の向上、快適性の向上、地球環境保全への

貢献、事業の効率化）に沿って分類しています。 

・要旨集：第１章から５章の本文の概要を１頁程度にまとめたものです。 

・第１章「安全性の向上」      ： ３編 

・第２章「快適性の向上」      ： ６編 

・第３章「地球環境保全への貢献」： ８編 

・第４章「事業の効率化」      ： ８編 

・第５章「国際論文」         ： ２編 

■お知らせ 

本書は、昭和 52 年 9 月の「技術調査報告書」を初版として、昭和 54 年度からは「技術調査

年報」として毎年発行しており、局内および都庁内の各局、研究機関、大学、政令指定都市等

に 2005 年版まで配布していましたが、2006 年版からは東京都下水道局公式ホームページで

の掲載を主体として利活用をはかることとし、各機関への冊子の配布を取りやめています。 

下水道局技術調査年報の本文や過去の論文は、東京都下水道局公式ホームページ

（http://www.gesui.metro.tokyo.jp/）に掲載しています。 

なお、都民情報ルーム（都庁第一本庁舎３階）、都立多摩図書館、都立中央図書館、都立

日比谷図書館において本書を閲覧することができます。 

○用語の使用 

本文中の用語は、「下水道用語集 2000 年版」（(社)日本下水道協会）に準拠していま

す。ただし、以下の用語は、東京都下水道局で使用している用語としています。 
・人孔(マンホール) 
・ポンプ所(ポンプ場) 
・第一沈殿池(最初沈殿池) 

 ・第二沈殿池(最終沈殿池) 
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5-1 INVESTIGATION OF RAINFALL-DERIVED INFILTRATION & INFLOW  
WITH THE USE OF RADAR RAINFALL VOLUME DATA

Wataru Amano* 
* Bureau of Sewerage Tokyo Metropolitan Government 

2-8-1 Nishi-shinjuku, Shinjuku-ku, 
Tokyo-to, Japan 163-8001 

ABSTRACT 

This paper describes an analytical approach to estimating areas with rainfall-derived infiltration & 
inflow (RDI&I) to an area of several hundred square meters, with the use of historical data of the 
wastewater treatment plant, and meteorological data. It also presents an application of this method 
for estimating areas with RDI&I in the Asakawa Treatment Area by analyzing past data of sewage 
inflow volume to the Asakawa Water Reclamation Center, and radar rainfall volume data. 

KEYWORDS

Rainfall-derived infiltration & inflow, Analytical approach, Operation management 
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5-2 DEVELOPMENT OF OPERATION NAVIGATION SYSTEM 

Y. Maeda, H. Oohashi, T. Saitou 
Sewerage Bureau, Tokyo Metropolitan Government 

Hideo_Oohashi@member.metro.tokyo.jp  
2-8-1, Nishi-shinjuku, Shinjuku-ku, Tokyo, 163-8001, Japan. 

ABSTRACT
  Bureau of Tokyo Sewerage has 13 wastewater treatment plants and 82 pumping stations. 
  In order to manage these facilities efficiently, collective operation in each treatment area is 
being promoted by making use of remote-control system. 
  Promotion of remote control system leads to concentration of facilities monitored or controlled 
from the master facility, and, therefore, increases tasks of each operator, enhancing possibility of 
his human error. 
  Also, due to pressing increase of age-limit retirees and strict restraint of employment, the 
number of operational staff is decreasing and, consequently, operational skills are being lost with 
veteran operators. 
  Automatic operation can save some load of operation, but it is limited in use because WWTP 
deals with uncontrollable materials, rainfall and sewerage. 
  As a solution to the problems, Operation Navigation System (ONS) was developed. 
  ONS, a computer system to make use of its performance and capacity, is a guidance system that 
has human-friendly interface and flexibility. 
  Developed ONS reduces operational tasks, functioning like car navigation. An operator can 
give operational instruction or action according to guidance message that is timely and 
pertinently shown on supervisory monitoring device. 
  The target of ONS is to establish safe and stable plant operation by inexperienced operational 
staff. 
  ONS uses data of the supervisory system to deduce the next action. The decision is shown as a 
guidance message or messages with other related information. 
  In contrast with automatic operation, which has restriction that it can be applied only to fixed 
operations, ONS can deal with operations that require operator’s judgment. 
  To evaluate ONS, prototype ONS was installed in the Morigasaki WWTP. The field test, which 
was done from July 2005 to March 2006, demonstrated practicality of the guidance message 
system. We confirmed good consistency between ONS guidance and actual operation. For 
operations of indefinite timing, additional data from operator works. 
   For ONS, operation know-how expressed in a form, such as document, manual, or flowchart is 
vital. ONS also asks for substantial improvement of operational data. 
  Preparing the documented know-how and improving operational data is the key to introduce 
ONS to our WWTP. 

KEYWORDS
Human interface, WWTP operation, Operation guidance system, Logic table expression, 
Guidance message 
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1 (2) 1 GC/MS

SPEED’98( 10 )
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( GC/MS ) 4 (E1 E2 E3
(EE2))

2)

GC/MS

1

( ) 3)

4) 4 3
( 1

2)
(

)

500mL
(E1-d4 E2-d3)

MeOH 10mL, 2min

C18,  10mL/min

Air  60min

 10mL

N2

HCl(1M) MeOH 1mL, 80 20min

N2

PFBB  0.5mL, CaCO3 3mg, 80 , 30min

6mL, 2mL 30s 2

BSA0.1mL, 30min
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Silica

PFB
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5) 2 (Estron  2,4,16,16-d4 E1-d4
-Estradiol 16,16,17-d3 E2-d3)

E1-d4 E2-d3 (20 g/L 5 g/L) (
HCl/MeOH )

E1 E2

E1-d4 E1-d4
E1 5

( 2) E1-d4
E1

E1-d4
E2-d3

E2
E2-d3

(
10%

)

E2-d3

Estron 3-sulfate E1-3S 
-Estradiol 3-sulfate E2-3S

Estriol 3-sulfate E3-3S 
-Estradiol 3,17-disulfate E2-diS

Estron 3-Glucuronide E1-3G 
-Estradiol 3-Glucuronide E2-3G

Estriol 17-Glucuronide E3-17G

/
(E1-d4,E2-d3) E1 E2

E1 E2
HCl MeOH 313,013 1.2 252,102 0.35
HCl MeOH 0 5.9 138,189 0.05 g/L

3

E1-d4 E2-d3
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E1 E2 E3
HCl (0.1M) MeOH 94 77 127
HCl (0.5M) MeOH 78 63 90
HCl (1M) MeOH 48 40 63

2

/

E1-3G E2-3G E3-17G E1-3S E2-3S E3-3S E2-diS
HCl (0.1M) MeOH 10 6 12 76 68 68 89
HCl (0.5M) MeOH 8 6 11 79 64 69 86
HCl (1M) MeOH 10 8 24 78 64 86 88

E1-3G E2-3G E3-17G E1-3S E2-3S E3-3S E2-diS
HCl (0.1M) MeOH 23.4 10.6 35.1 2.3 3.6 10.7 2.2
HCl (0.5M) MeOH 5.1 4.2 5.9 9.4 0.7 2.3 0.4
HCl (1M) MeOH 20.3 7.1 10.4 10.4 1.1 7.1 0.7

3
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100
ng/L pH5

(3.3)
E1-3S E2-3S E3-3S
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7 E1-3S 1
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E1
( 9) E1( ) E1 2
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GC/MS E1-3S

LC/MS/MS 20
4) E1-3S E1-3G

E1 6 ( 10)
E2 E3

LC/MS/MS

20
4))

E1 12 E2 nd E3 1.5

E1-3S 13 E2-3S 52 E3-3S 69
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(ng/L)

( 18 10 )

E2 E3

A 69 42 (27) 1 0
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C 15 10 (6) 0 0
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3



－ 47 －

NCI-GC/MS GC/MS

E1-d4 E1
E2-d3

(1M) 
0.1M

GC/MS

E1-3S
E2-3S E3-3S E2-diS

4 E1 E1

1) ( 3)
pp.165-175 (2000) 
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12 pp. 41-48 (2000) 
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Two-Hybrid
10 GC/MS
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24
A O

1) , 12
( ), 13 3 .

2) ( 10)
2002 pp.66-73, 14 12 .

3)
2002 pp.90-96, 14 12 .

4) , , ,
NO.50 , pp.86-92, 2001. 

5)
Vol.16 No. 3 pp. 389-401, 2006. 

6) , NCI-GC/MS ,
 2005 (CD-ROM). 

7) , GC/MS ,
 2007 (CD-ROM). 

8) , , , 35, 3, pp.241 245 (1999). 
9) ( 3)

2000 pp.165-175, 12 12 .
10) , ,

, 44, 7, pp.22 27 (2002). 
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10mm/hr
1.486m

10mm/hr
1.486m

10mm/hr
1.486m
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A2O

A2O

A2O

A2O
50 150

A2O

15
25
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A2O 15 25

85
0.5 mg/l

85

 4mg/l
 400mg/l

 3mg/l
 50mg/l

 100mg/l

A2O
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A2O

A2O

A2O    
AO

A2O

A2O

 15 25
 100
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A2O

     

0.2
 15 25%  25 30

A2O
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40
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20 4 1
4.5mg/L 3.0mg/L

16
17

3.5mg/L 3.0 mg/L

16
1

0.5mg/
mg/L
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15

8 8

14mg/L 29
9.5mg gss h

180

10/4
10/10 11/5

19 8 21

A B C 18
A

30

PO4-P

(mg/L)

mg/L PO4-P

mg/L

PO4-P

(mg/ gss h)

PO4-P

mg/L /

8/8 0 0 14 9.5 0.0/180 
10/4 10 30 28 7.6 16.1/180 
10/10 10 40 24 4.6 11.4/360 
11/5 5 15 18 7.8 3.3/360 
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10 00
13 30

8.3

10.8
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4.1 COD

19 1 15 21 1 21 24
26

2 3 4
10 COD

15 21 1
COD COD 19 21

2mg/L 21 1
COD

COD
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11
1

COD

1
4
COD

1 23
25 2 7

12

1/25

2/26

4.1 4.2

= + 0.81 + 0.68 
13

20mg/L 6

14 COD
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P 6

PAC
20

3.0mg/L PAC 17
6

PAC
PAC

PAC

1
1mg/L 2 1

3.0 mg/L 17
18

PAC
PAC

PAC
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1 2 1

4 1

1mg/L 1.5mg/L
18 PAC

3.0 mg/L

PAC
2.6mg/L

2.4mg/L
15 PAC

2.6mg/L
PAC

2.4mg/L
PAC

PAC

2.2 1,030kg/
750 kg/
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1L
100 700mg/L

10 1
16 5C

19 4 26 5 24 8 15
8 23

17 1
1.5 1.7

3.0 3.3

19 8 15 8 23

18
100 300mg/L 24

400 500mg/L 3

LAC
LAC

Blank 100mg/L 200mg/L 300mg/L 500mg/L 700mg/LBlank 100mg/L 200mg/L 300mg/L 500mg/L 700mg/L
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19 9 19 LAC
LAC 19

1 1.9
LAC 20 LAC

24 LAC

21

1
3.1

17 19

6
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20mg/L /
P 6

9.5mg/gss h

5
PAC

LAC

1
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)

1.

2.

2.1

2.2

(1)

- -
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(2)

(3)

-

2.3

2.3.1 

(1)

1)

2)

 1

--- ---   

---  ---  ---  1

( )
---  ---  ---   

-

3)



－ 111 －

WC 

-

(2)

1)

2)

3)

2.3.2 

(1)

(2)
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3.

3.1

3.1.1 

 2

(mm) (mm/hr) (mm) (mm/hr) (mm) (mm/hr) 

1) 18 9 27 10.5 6.0 12.5 5.5 15.0 6.0 

2) 18 10 5
10 6 155.0 11.0 116.0 9.5 128.0 9.0 

3) 18 12 21
12 22 0.0 0.0 0.0 0.0 0.0 0.0 

4) 18 12 26 150.0 17.0 154.5 17.0 135.5 14.5 

3

18 9 27

2) 18 10 5
10 6

3) 18 12 21
12 22

4) 18 12 26

3.1.2 
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 4

5 2



－ 114 －

6 2

7 4

3.1.3 
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5

No.1 0.2 0.001 0.0005 0.0005
No.2 0.2 0.001 0.0005 0.0005
No.3 0.2 0.001 0.0005 0.0005
No.1 0.2 0.001 0.0005 0.0005
No.2 0.2 0.001 0.0005 0.0005
No.3 0.2 0.001 0.0005 0.0005
No.1 0.2 0.001 0.0005 0.0005
No.2 0.2 0.001 0.0005 0.0005
No.3 0.2 0.001 0.0005 0.0005

3.2

3.2.1 

6

H18.12.17 4:21 5:41 1.0 4.9ppm

8 H18.12.17 4:21 5:41
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3.2.2 

7

H18.11.17 12.1
H18.11.21 11:23 1.1ppm

H18.12.6 12.25

9

4.

4.1
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4.2

8

0
10
20
30
40
50
60
70

JR
80
90

100
110 
120
130

1994 7 4
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4.2.1 

5.
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1

1

2

3
5

K ( P
2 ) ) 4 S (

A 3 ) )

1

1

K S
m 73 65
m 7.0 9.0
m 10.0 11.2
m3 22,050 13,100
m 4.3 3.7
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4
4.1 
4.1.1 

K 13 4 P S

14 4 A

14 10

1,2
4

1 1

2 5m

1

0.25

/
5

A 15

S

2

K 1 19.8% 2 22.1%

S 1 20.6% 2 24.1%
6 K 7m

S 10m

0.0

10.0

20.0

30.0

H
14

.4
.1

H
14

.1
0.

1

H
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.1

H
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.1
0.

1

H
16
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.1

H
16

.1
0.

1

H
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.4
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H
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1

H
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.4
.1

[%
]

1 K
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0.

1

H
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H
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30cm 50cm

S 5m

24% 20

S

40Nm3 /m2/h

45 75 Nm3 /m2/h

50 Nm3/m2 /h

2 3%

4.4

4.1.2 

3 K S

2

1 1 4
7 )

3

-6
-4
-2
0
2
4
6

H15.3.20 H15.10.6 H16.4.23 H16.11.9 H17.5.28 H17.12.14 H18.7.2

K

-6
-4
-2
0
2
4
6

H15.3.20 H15.10.6 H16.4.23 H16.11.9 H17.5.28 H17.12.14 H18.7.2

kP
a S
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4.2 
Rr

DO DO

DO

K S 4 5

K 20 17%

21.4 S

39 27.7%

4.3 

8 )

22

8

5
9.5

9 ) 2

MD TD MD

9.5 20%

2

3 9.5

MD( ) 19.6 19.5 15.5
TD( ) 17.6 18.9 15.1
MD( ) 570 580 490
TD( ) 590 600 570
MD( ) 76.3 85.1 84.6
TD( ) 73.9 84.1 85.7

MPa

%

N/mm

0.0

2.0

4.0

6.0

8.0

10.0

5.35

4.25

4 K

0

2

4

6

8

10

12

8.6

5.28

5 S
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0.71MPa

9.5

A 5 20%

1 0 )

4.4 

7 S

A

43m3/m2/h 22 27 

m3 /m2/h 27 5

4.5 

8 25% 30

11 )

1 1

y  = -0.3316x + 36.153
R2 = 0.4006

0.0

10.0

20.0

30.0

40.0

0.0 10.0 20.0 30.0 40.0 50.0

[m3/m2/h]

[%
]

7



－ 126 －

S 1

S

1 /

S
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5m

5

10

10,000m3/

10

Y=X/N 

Yn X ((X-0.1X)/N)

1/N

X

 Yn

N

      n

5.0m 

5kPa

EA 20 101.3kPa

17%
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G1 [m3/d]  

G2 [m3 /d]  

G1=         =

G2=      =

G1   17 
G2 EA

LAD[kW] 

1
60

1

-
P
PQP

1-
L

-

S

DSS
AD

VP CC /
PS [kPa] 

QS

PD [kPa] 

LS[kW] 

LLS AD

[%] 

5.1 

1 3 1/2

5

8 9

SOR×(273+T )
81.7×EA×10- 2

SOR×(273+20)
81.7×17×10- 2

SOR×(273+20)
81.7×EA×10- 2

SOR×(273+T )
81.7×EA×10- 2

=
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9

1 3

5

28%

A 5

22% B 8

1 28%

7 C 22% 10 D

9

8

22% 7m 8m

24%

4.1.2

6

4 5
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9.5 2

1/20

22 8

NGK

1),5) 1999

2) ,3) 2005 ,  PP6 

4)   2004

2

6)  2005 ,  PP27 

7)   2004

,  PP6-57~6-66 

8)   2004

,  PP6-40~6-44 

9)   

10)
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1

mm mm

1 2
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(1)
3 SUS316L

10~20mm

(2)
5

10rpm

6
2 1

3

5

4

1.0mm
50µm

50µm

91%
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7 1,000mm
10rpm

(1)
100m3/h 1.5kW 2

3.7kW
(2)

1

(3)

(4)

(5)

(6)
10~20rpm

(7)

(8)

6 7
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(1)
1,000mm 4

(2)
1

1

 0.5%-TS

 4.0%

 95%

(3)

8 9 10

9

8
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2

20m3/h 
W1,390mm×L1,750mm×H1,640mm 

1,000mm× 10mm×4
2.6m2

0.4kW

180rpm 
0.4kW

300mm×H800mm
0.056m3

180rpm 
0.4kW

600mm×H1,000mm 
0.282m3

1,500mm×H1,680mm 
3.0m3

20A 12L/min×20m 
0.4kW

(1)
20m3/h 0.5~1.5%

11A 11B

10



－ 138 －

150rpm 150rpm
180rpm

(2)
20m3/h 0.5~1.5%

12A 15B

11B
0rpm

11A
111rpm
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0~150rpm 75rpm

(3)
20m3/h 0.5~1.5%

0.5%

0.5~0.7%
0.34%

12B
0.53~0.55

12A
0.42~0.44
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(4)
20m3/h 0.5~1.5%

4.5rpm

SS

7.0rpm
17rpm 7~17rpm

(1)
30

1
1

(2)
20m3/h 0.5%-TS

14

13
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(3)
15 16 0.5%-TS

4.0% 95%
0.2%
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8/30 31
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3/12 131/25 2/1
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17
18,19

3

3

mm %

20m3/h

m3/h

 ±10.2 18.0 22.0 
60 ±8.7 18.3 21.7 
45 ±7.5 18.5 21.5 
30 ±6.7 18.7 21.3 

17
3

18

19
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16 24m3/h 20 3
18.0 22.0m3/h 22.0m3/h 4.0

4.0%

21 100m3/h

90
50

60 50

20

0

100

200

300

400

500

600

C
O

2
to

nC
O

2/

21
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(1) 0.5%-TS 4.0%
95%

(2)
0.2%

(3) 90%

(4)

50
(5) 100m3/h

(6)
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3

180kg/ h

3
180kg/h

3
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180kg/h
4.32 t/d 0.71 0.99 m3/d

630 878t-CO2/ CO2
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2
2
2
2
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17 18

3
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17
2,404 1,244

100

25
45

18 17

Na K

17 15

18 6 1 18 12 27
19 3 14

 15

200kW
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80
20

250
300 400

400 10mm
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500 800

800
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18 6 13 7 26 42
514

31 24

20
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10
8

17
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17
27 18 50

50

31 32%
10MJ/Nm3

800 1/3 1/4

P Na K
Na K
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Na K

100

13t/
35

800 N2O
850 17
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30%
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100

( 800 )
91 850 79

17

N2O

Na K

100
100

91 17
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17 2 28 19 3 30

16 3
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1 6

3 4kg

B 250mm

1

2
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3

E 400mm

4

5

6

JIS A5372
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7 9

7

8

9

7
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10
10

11

11

1
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1

1733ppm 1ppm 174ppm

2

2
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7
85 97 96

12
12

7

6mm

EPMA 3 5

3
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4

5
13
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N2O
15 17 NEDO

NGK

HCN
N2O
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2

30%

400
HCN

N2O

3
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800

1,000

5 91

1 2

 17 D.B.

 30 W.B.

 43% D.B.

18MJ/kg-DS 

4 5

5t/

 800

+

 1,000

+



－ 182 －

4 800 1,000
5 13 11

10 800kcal

HCN

H2S NH3

350 400
6 HCN
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HCN 90
700 HCl

S

N2O
3 N2O 8ppm

N2O N
5ppm

5t/ 17

10t/ 7
8
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12.5 t/h
78 
2.75 t
9.75 

34000  m3
N/h

12000 m3
N/h

19000 m3
N/h
1.3

3.93 t/h
30 
2.75 t
1.18 

1500 m3
N/h

3600 m3
N/h

0.25

8000  m3
N/h

70 t/
12.5 t/h
78 
2.75 t
9.75 

34000  m3
N/h

12000 m3
N/h

19000 m3
N/h
1.3

3.93 t/h
30 
2.75 t
1.18 

1500 m3
N/h

3600 m3
N/h

0.25

8000  m3
N/h

70 t/

7
750 1,000

8
15 13

4
300 t/

9
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30

300 t/
70 t/

300 t/

10 800
90

300 t/
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70 350

200
PCM

PCM
PCM

PCM
PCM
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PCM
PCM PCM

70
350
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PCM

RUN RUN

RUN
RUN
RUN

100
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90
0

16

116 PCM

PCM

PCM

1

PCM
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GG

 219,000m3/
 2.5m

 2.53m3/s  2.5m  9.8m/s2  62.0kW 

 62.0kW  0.75*1  46.5kW 

COP  1.8 65 *2

 46.5kW  1.8 83.7kW MWh 1

 62.0kW  4.08*3  253kW MWh
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18 2 4
15 18 8 9 17

(1)

350
70

2.5km



－ 193 －

(2) PCM
 PCM

13.5
58

2.5

(1)

2 2

(1)

40 50

5050
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(2)
RUN RUN 3

RUN
RUN RUN

0.9
100

100
0.9

RUN RUN3
96 87

(3)CO2

CO2

CO2

RUN1 RUN 90 93
RUN 65
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CO2

(1)

350

2.5km
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(2) PCM
 PCM

13.0
118

2.5

(1)

(1)

(2)
4

100100
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0.9
100

96

(3)CO2

4 CO2

CO2

CO2

90 91

CO2
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(1)
PCM 1.1MWh 
PCM 1.2MWh 

(2) CO2

CO2

CO2

CO2

1 /1

36.1kWh/

2 6 7 10,000m2

12.5kcal /h m2
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13

500mm

SSPC

2
1
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A

JFE

RC 4

A

B

17 5 26 19 3 31

17 6 21 19 3 31

A B

B
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RC

4

4

2

100mm 120 120mm 

1

950kN

1

800kN

2950mm

kN m

kN m

SSPC 16.71 39.15 57.0

A 4.2 12.3 1 9.42 45.0

B 4.2 11.49 1 9.42 43.2 

4.2

SSPC>A B

B RC 10

A 127.5kN 90kN 143kN 

B 147.0kN 61kN 97.2kN 
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5-1  INVESTIGATION OF RAINFALL-DERIVED INFILTRATION & INFLOW  
WITH THE USE OF RADAR RAINFALL VOLUME DATA

Wataru Amano* 
* Bureau of Sewerage Tokyo Metropolitan Government 

2-8-1 Nishi-shinjuku, Shinjuku-ku, 
Tokyo-to, Japan 163-8001 

ABSTRACT 

This paper describes an analytical approach to estimating areas with rainfall-derived infiltration & 
inflow (RDI&I) to an area of several hundred square meters, with the use of historical data of the 
wastewater treatment plant, and meteorological data. It also presents an application of this method 
for estimating areas with RDI&I in the Asakawa Treatment Area by analyzing past data of sewage 
inflow volume to the Asakawa Water Reclamation Center, and radar rainfall volume data. 

KEYWORDS

Rainfall-derived infiltration & inflow, Analytical approach, Operation management 

1. INTRODUCTION 

For the maintenance of sewerage facilities, rainfall-derived infiltration & inflow (RDI&I) has 
become a problem in terms of increasing the cost of treatment at wastewater treatment plants, 
and also in the plant’s operation management. However, actual conditions have not been 
understood in detail. 
In particular, RDI&I that enter the sanitary sewers of separate sewer systems have been a 
problem in many cities because RDI&I are basically not taken into account at the stage of 
facilities planning. 
In the Tama area situated in the west part of Tokyo, the regional sewerage system is composed 
of 8 treatment districts, of which five are serviced by a separate sewer system. At the 
wastewater treatment plants (called Water Reclamation Centers from hereon) in districts with 
separate sewer systems, the volume of sewage inflow in wet weather can increase to more than 
five times the sewage inflow in dry weather, and is thus becoming a major issue in terms of 
the facilities’ capacity as well as operation management. However, no satisfactory measures 
have been taken due to the difficulty in taking measures. 
One of the factors is how to narrow down and locate areas with RDI&I, a process requiring a 
tremendous amount of time and cost. First, the treatment area, where large volumes of sewage 
inflow or accidents have occurred, is divided into cells. Next, field investigations, including 
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flow volume measurements, are conducted by cell and repeated in stages until RDI&I are 
identified.
In this study, we narrowed down areas with RDI&I by statistically analyzing existing data, 
such as radar rainfall volume and sewage inflow volume to the Wastewater Reclamation 
Center. It also enabled us to locate areas with RDI&I in less time than the conventional 
method of repeated investigations. 
This study reports a method of narrowing down areas with RDI&I through data analysis, and 
the results of its application at a regional sewerage system in the Asakawa Treatment Area. 

Figure 1. Infiltration & inflow investigation methods  
using conventional flow measurement and statistical analysis 

Detailed field investigation 

Smoke test 
CCTV etc. 

Flow measurement 
Long time, high cost

Statistic analysis 
Short time, low cost 

Wastewater treatment area 
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2. INVESTIGATION METHOD 

A contour map of RDI&I is made, using the following procedure (Figure 2): 
1) The volume of sewage inflow to the Asakawa Water Reclamation Center is organized 

in a time series. Data used for this investigation are hourly measurements of sewage 
inflow volume recorded from July 1, 2002 to February 12, 2005. 

2) To estimate sewage inflow volume in dry weather with the accuracy for practicable use, it 
searches past data for sewage inflow volume in dry weather that most closely resembles the 
present status. To calculate RDI&I volume, the estimated sewage inflow volume in dry 
weather is subtracted from actual sewage inflow volume in wet weather. 

3) The treatment area is divided into analytical cells used for meteorological data, and the 
rainfall volume measurements are arranged chronologically by cell. The meteorological 
data used are observed by the Japan Meteorological Agency, and are for the same 
intervals and term as the historical data in 1). 

4) Time-series RDI&I volume and time-series rainfall volume are analyzed through a 
pattern-matching process for each cell in the entire treatment area. A contour map 
showing the degree of similarity by color for each cell is made, and the areas with 
RDI&I are narrowed down. 

5) Using latitude and longitude information from GIS (Geographic Information System), 
sewerline data and topographic features are layered to create a contour map showing 
areas with high levels of RDI&I. 

Following the analysis method above, the process of narrowing down areas with RDI&I in the 
Asakawa Treatment Area is outlined. 
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Figure 2. Investigation method 
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3. AREA FOR INVESTIGATION 

Figure 3 shows the Asakawa Treatment Area, where the investigation was carried out.  Table 
1 indicates the current status of the Asakawa Treatment District, an area that lies in part of 
Hachioji City and Hino City, respectively. Its wastewater treatment plant is the Asakawa Water 
Reclamation Center near the Tamagawa River, in the northeastern part of the treatment district. 

Figure 3. Area for investigation (Asakawa Treatment Area) 

Table 1. Current Status of Sewerage in Asakawa Treatment Area (as of 2004) 
Total population 247,000 
Population with sewerage facilities 220,000 
Diffusion rate 
(in proportion to population) 

89%

Area covered 3,045ha 
Average wastewater treatment volume 104,900m3/day

Tokyo bay
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4. RESULTS OF THE INVESTIGATION BY DATA ANALYSIS 

The investigation was conducted according to the analytical approach in Figure 2 and Section 
2, and the results of the investigation are outlined. Figure 4 indicates the hourly change in 
sewage inflow volume and the estimated sewage inflow in dry weather through analysis in the 
Asakawa Water Reclamation Center. It indicates that, with rainfalls of 20mm or more, sewage 
inflow volume is approximately five times the sewage inflow volume in dry weather. To 
estimate sewage inflow volume in dry weather, Topological Case-Based Modeling is applied. 
This technology handles past data such as time, temperature and hours of daylight, which are 
accumulated in a case-base, and then makes estimations by finding the most similar past case to 
the current status. For example, Figure 6 illustrates that at 12 noon and a temperature of 22 ,
the estimated volume of sewage inflow in dry weather is approximately 3,000m3/h. RDI&I 
volume is calculated by subtracting the estimated sewage inflow volume in dry weather from 
actual sewage inflow, as shown in Figure 5.  

Figure 4. Actual sewage inflow volume and estimated sewage inflow volume in dry 
weather to the Asakawa Water Reclamation Center (in October 2004) 
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Figure 5. RDI&I volume in the Asakawa Water Reclamation Center (in October 2004) 
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Figure 7 shows an example of the rainfall volume distribution lines in the treatment area and its 
vicinity. Figure 8 shows the elevation and sewer lines in the treatment area and its vicinity.  

Figure 7. Rainfall volume distribution (in October 9th 2004 13:00, 1km meshes) 

Figure 8. Elevation and sewer lines 

Asakawa Water Reclamation Center 

600m

0m
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Figures 9-1 and 9-2 are contour maps displaying areas with high levels of RDI&I. It was 
possible to narrow down areas estimated to have high levels of RDI&I to an area of several 
hundred square meters. Figure 9-1 indicates the severity of surface inflow, Figure 9-2 shows 
the severity of groundwater infiltration. 

Figure 9-1. Severity of surface inflow 

Asakawa Water Reclamation Center 

(a)

(b)

Figure 9-2. Severity of groundwater infiltration 
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Figures 10-1 and 10-2 show detailed views of two areas estimated to have high levels of 
RDI&I in Figure 9-1 (a) and (b), respectively. 

Figure 10-1 

Figure 10-2 

High 

Low

High 

Low
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5. CONCLUSION 

In this study, it was possible to narrow down areas estimated to have high levels of RDI&I 
in the Asakawa Treatment Area by utilizing sewage inflow volume and other historical data 
gathered at the Asakawa Water Reclamation Center, and radar rainfall volume data.  

Future activities will focus on how to improve the effectiveness of RDI&I investigation 
method, such as utilizing the Bureau of Sewerage Tokyo Metropolitan Government’s rainfall 
data system, “Tokyo Amesh” (radar rainfall gauge), to narrow down even further the areas 
with high levels of RDI&I. Sewage flow will be measured to obtain more accurate estimations 
of RDI&I volume. It is also necessary to actually take measures to reduce RDI&I.  
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5-2      DEVELOPMENT OF OPERATION NAVIGATION SYSTEM 
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ABSTRACT
  Bureau of Tokyo Sewerage has 13 wastewater treatment plants and 82 pumping stations. 
  In order to manage these facilities efficiently, collective operation in each treatment area is 
being promoted by making use of remote-control system. 
  Promotion of remote control system leads to concentration of facilities monitored or controlled 
from the master facility, and, therefore, increases tasks of each operator, enhancing possibility of 
his human error. 
  Also, due to pressing increase of age-limit retirees and strict restraint of employment, the 
number of operational staff is decreasing and, consequently, operational skills are being lost with 
veteran operators. 
  Automatic operation can save some load of operation, but it is limited in use because WWTP 
deals with uncontrollable materials, rainfall and sewerage. 
  As a solution to the problems, Operation Navigation System (ONS) was developed. 
  ONS, a computer system to make use of its performance and capacity, is a guidance system that 
has human-friendly interface and flexibility. 
  Developed ONS reduces operational tasks, functioning like car navigation. An operator can 
give operational instruction or action according to guidance message that is timely and 
pertinently shown on supervisory monitoring device. 
  The target of ONS is to establish safe and stable plant operation by inexperienced operational 
staff. 
  ONS uses data of the supervisory system to deduce the next action. The decision is shown as a 
guidance message or messages with other related information. 
  In contrast with automatic operation, which has restriction that it can be applied only to fixed 
operations, ONS can deal with operations that require operator’s judgment. 
  To evaluate ONS, prototype ONS was installed in the Morigasaki WWTP. The field test, which 
was done from July 2005 to March 2006, demonstrated practicality of the guidance message 
system. We confirmed good consistency between ONS guidance and actual operation. For 
operations of indefinite timing, additional data from operator works. 
   For ONS, operation know-how expressed in a form, such as document, manual, or flowchart is 
vital. ONS also asks for substantial improvement of operational data. 
  Preparing the documented know-how and improving operational data is the key to introduce 
ONS to our WWTP. 

KEYWORDS
Human interface, WWTP operation, Operation guidance system, Logic table expression, 
Guidance message 
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Fig.1 -Tokyo’s WWTP & Pump stations 
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1 INTRODUCTION
  Bureau of Tokyo Sewerage, with 13 wastewater treatment plants and 82 pumping stations, 
contributes to the preservation of water quality in public water areas and the protection of Tokyo 
urban districts from rainfall inundation. (Fig.1) 
  In order to manage these facilities 
efficiently, collective operation in each 
treatment area is being promoted by 
making use of remote-control system. At 
present, 62 pumping stations and 1 
wastewater treatment plant are remote-
controlled from master pumping stations 
and wastewater treatment plants. 
  Promotion of remote control system 
increases the efficiency of operation, but 
leads to concentration of facilities 
monitored or controlled from the master 
facility, and, therefore, increases tasks of 
each operator, enhancing possibility of his 
human error. 
  Automatic operation can save some load 
of operation, but it is limited in use 
because it is applicable only to conditional 
operation that follows measured or 
processed value. 
  Also, due to pressing increase of age-
limit retirees and strict restraint of 
employment, the number of operational 
staff is decreasing and, consequently, 
operational skills are being lost with veteran 
operators.
  As a solution to the problems, Operation Navigation System (ONS) was developed. 

2 Operation Navigation System (ONS)
2.1 Overview 
  WWTP operation can be said to be a sequential chain of plant status. Each status covers certain 
range of operation and, by balancing in the range, provides certain margin of time. An operator 
determines his next action in the present status by sensing tightness (or looseness) of the 
situation and considering margin allowed for him. 
  All operational actions can be classified by their object as follows. 
(1)Regulation or adjustment 
  These actions are defined as tuning or control of each machine or system within the present 
plant status. 
(2)Confirmation or justification 
  Actions such as checking the value of determinant factors on a supervisory panel, or CRTs are 
classified as verification of facts. These actions don’t involve actual drive of a machine or a 
system. 
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(3)Status-transferring
  When an operator determines that the situation is about to go beyond the present status, he 
takes some responsive actions to move the status into another appropriate one. 
  These actions are carried out: 
 -By automatic sequence 
 or -By manual setting or switching 
  Factors that trigger next actions are external or internal change of condition, occurrence of 
abnormality or trouble, or early sign of them. 
  Automatic sequence is surely ideal solution to reduce or remove some load of operation, but it 
is limited in application. It is not usable as far as operator’s judgment is involved. 
  Actually, most of operational actions need some human judgment and are being done by 
operator’s manual setting or switching. 
  This indicates that automation is surely the final goal of WWTP operation, but considering that 
actual operation largely depends on operator’s professional judgment and is done through 
manual action, a computer-aided guidance system that suggests recommendation and commits 
final judgment to human operator is reasonable. 
  Developed ONS reduces operational tasks, functioning like car navigation. An operator can 
give operational instruction or action according to guidance message that is timely and 
pertinently shown on supervisory monitoring device. 
  ONS uses data of the supervisory system to deduce the next action. The decision is shown as a 
guidance message or messages with other related information. 
  In contrast with automatic operation, which has restriction that it can be applied only to fixed 
operations, ONS can deal with operations that require operator’s judgment. 

2.2 System function 
  Until now, experienced veteran staffs secure operational skill or knowledge.
  They give guidance to inexperienced staff mostly through actual operation and, thus, by way of 
humans, technical know-how has been inherited to next generation. 
  As of April, 2006, the number of staffs who work for management of WWTP and pump station 
is approx. 1300 except headquarter members.  
  Among them, approx. 600 personnel are engaged specially in operation, and approx. 500
personnel are maintenance staff. Almost all of operational and maintenance staffs are of 
mechanical, electrical, or technical specialty. 
  Fig.2 shows number of personnel of those specialties by age. Shown in the figure, age-limit 
sixty awaits many veteran staffs. Into them, many operational staffs are included.  
  Also, short-term of personnel change or rotation, which is three years in average, blocks the 
time-taking on-the-job training. 
  The key to respond this pressing crisis is to establish a system that enables inexperienced staff 
to learn necessary operational skills in a short time and to accumulate and transfer plant-inherent 
operational know-how via non-human vessel. 
  ONS is a computer system to make use of its performance and capacity. 
  The target of ONS is to establish safe and stable plant operation by inexperienced operational 
staff. 
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Fig.2 Sum of mechanical or electrical staff by age (as of 2006/April) 

  In the development of ONS, we put the priority on the interface of operator and computer. 
Firstly, we use existing supervisory CRT as the media by which ONS information is offered. 
  Also, the information given by ONS should be sufficient enough for an operator to act with 
confidence. The selected information is as follows. 
(1) Guidance message 
  Message shows the object to act on and what to do as “Run Discharge-pump A.” or “Set Valve 
B 30% open.”  Message appears when an AND-OR logic set of requirements is “true” and it 
disappears when the requirement logic gets “not true” after the action is completed. (Fig.3) 

Fig.3 Operation guidance message 

(2) Related data 
  Related information, which assists an operator to take the action or to confirm its correctness, is 
shown with guidance message. 
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  In the case of “Run Discharge pump A.”, a window for the ‘run’ order is popped up side by side 
with the message.  After the order is done, some process values or states to follow the effect or to 
prepare for the next action are shown in a trend window. 
  Pop-up way of a window is selectable from automatically or on operator’s request. 
(3) Intensive expression 
  When there is no guidance message to display, an intensive overview window is shown on 
screen.
  With hierarchically arranged data and symbolic expression, the intensive overview window 
enables an operator to monitor overall facilities simultaneously and notice change of the 
situation, or occurrence of emergency speedily. 
  The intensive data expression helps intuitive understanding. 
(4) Interactive alteration 
  WWTP operation responds to various external or internal changes such as inflow fluctuation, 
capacity extension, or application change and so on.  This explains why automatic operation of 
WWTP is difficult.  As WWTP deals with uncontrollable materials, rainfall and sewerage, it is 
fundamentally unsuitable for automation. 
  To answer this, ONS, one of its features is flexibility, prepares interactive table-form alteration 
function for contents (1) and (2).  Alteration can be done on-line without computer rebooting. 
(5)Macro-operation function 
  The Macro-operation function is applied to a set of manual sequential operations which proved 
to be fixed. When a set of operations is always done sequentially and fixedly, and confirmation 
or judgment of operator for them can be omitted, this function works. By grouping them into one 
macro-group, these operations can be dealt with as one operation. Macro-operation runs 
automatically to its finish after “one action” of initial permission. (Fig.4) 
  Macro-operation function is ready for alteration or addition as (4). The function can substitute 
for automatic sequence and is applicable to broader operations in virtue of its flexibility. 

Fig.4 Macro-operation function 
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05/02/25 06:40 05/02/25 06:40 05/02/25 06:40 Event message area 

Fig.5 Intensive data expression 

3 Human Interface
  In studying human interface, we picked up a WWTP that has three remote-control pump 
stations as the model. 
(1)Intensive data expression 
  Fig.6 shows an example of intensive data expression. Essential data, such as rainfall intensity, 
inflow, receiving electricity, pond level, pump state, stored fuel, are all arranged in a window, 
shown in symbolic expression like bar-graph or indication arrow. Colors show degree of caution. 
  When an event happened and operation is needed, the guidance message appears in red on the 
event message area. (Shown encircled in Fig.5)  As the area is placed on upper part of the screen, 
the message arouses operator’s attention effectively. 
(2)Guidance message & Decision table 
  By clicking the message area, operation guidance window is shown.  On the window, actions to 
respond to the event are listed. (Fig.6) 
  The operator proceeds with his operation sequentially according to the guidance. Selection of 
an action brings the related window on which the operation is carried out. 
  As described in 2.2, to confirm that the message is appropriate, the operator can look Decision 
table, by which AND-OR deduction logic is composed. In Decision table, difference of color 
tells plant status. Red is state-On and black is state-Off. 
  Example of Fig.6 is the start of primary treatment discharge from the east facility. 

Fig.6 Guidance message (top) 
& Decision table (above) 
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05/02/25 06:40 05/02/25 06:40 05/02/25 06:40 

05/02/25 06:40 05/02/25 06:40 05/02/25 06:40 

Fig.7 Macro-operation 

Fig.9 Macro-operation registration

    In the operation, three actions, “Increase water to the east from xxx m3/h to yyy m3/h.”, “Drive 
the east facility gate sequence.”, “Set sodium-hypo injection rate at zzz mg/L”, are to be done. 
  “The west line is discharging.” and “Inflow is still increasing” are requisite for the primary 
treatment discharge from the east facility. “Increase 
rate of water level is above the threshold.” can 
substitute for the inflow increase. 
  In the Decision table, these two AND-logics are 
connected with one OR logic. Set-Timer is used to 
ensure “On” status of each requirement. When the 
status continues for the designated time, it is 
regarded as “On”. If timing gap or lack of some 
requirement is found, the contents of the table can 
be modified on-line. Message description is 
changed as well in the table. 
(3)Macro-operation
  Fig.7 is an example of Macro-operation. For a 
Macro-operation, by clicking the message area, 
registered Macro-operation windows appears.
  After confirming the steps of the Macro, the 
operator gives permission for the Macro to proceed. 
He may keep watching the proceeding. The right 
window shows that the first step is going on. The 
window allows temporary-halt order or total 
cancellation from the operator.  
(4) Interactive alteration function 
  ONS contents are expected to improve via 
frequent alteration. Therefore, in order to make the 
best use of ONS, the interface of registration 
function of Decision table and Macro operation 
must be human-friendly. 
  Fig.8 shows alteration of Decision table. By 
designating table and place, an alteration window is 
shown in the foreground. On the window, selection 
of point identification number, reset of threshold 
value can be done.
  To register a Macro-operation, trace the set of 
operations in the same way as actual operation. The 
tracing operations never emit signals out of the 
computer system and a red frame surrounding the 
registration window tells that all operations on the 
window are invalid. Similarity between the 
interactive registration and actual operation can 
save additional training. (Fig.9) 

4. Evaluations of ONS 
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4. Evaluations of ONS 
4.1 Evaluation items 
  Morigasaki, facing Tokyo Bay in the south of Tokyo, is one of the largest WWTP in Japan, 
boasting total treatment capacity of 1,540,000m3 per day. (West treatment facility: 480,000 m3,
East treatment facility: 1,060,000 m3)
  Inflow comes into Morigasaki through two main lines, Oomori line and Oota line. Inflow of 
Oomori line is distributed to West treatment and East treatment by pumps, but inflow of Oota 
line, which is sent from Higasi-Kojiya pump station, goes into East treatment directly. Thus, to 
keep East treatment stable, constant adjustment of water distribution by operation is necessary. 
But since Tokyo sewerage is mostly constructed on combined sewer system, inflow to WWTP is 
greatly influenced by rainfall.
  Morigasaki operators are making great efforts to avoid or minimize combined sewer overflow 
(CSO), so they withstand as much as they can before starting primary treatment discharge or 
direct discharge. 
  To demonstrate that ONS is of practical use, 
prototype ONS (Proto-ONS) was installed in the 
Morigasaki WWTP. The field test, which was 
continued from July 2005 to March 2006, evaluated 
practicality of the guidance message system. To avoid 
operational mistake resulting from new interface, we 
introduced a new CRT of Proto ONS beside existing 
ones, and all orders from the CRT were invalid. 
  Proto-ONS uses data of the existing supervisory 
computer system covering operation from primary 
treatment discharge to direct discharge. By restricting 
ONS data to conventional ones, we tried to see 
whether additional data are needed for a practical 
ONS system, or, to grasp what information operators 
refer to in rainfall operation other than the data the 
existing computer system offers. 
  Operational chart, the fruit of long-time efforts by 
Morigasaki staffs, was the source of Proto-ONS. We 
converted the chart into Decision table through 
interpretation.
  Evaluation of Proto-ONS was done by comparing 
ONS guidance with real operations, especially its 
timeliness and accuracy. 
  Evaluation items are as follows. 
(a)Contents of guidance 
(b) Timing of guidance indication 
(c) Improvement of (a) and (b) 

4.2 Operation guidance (Example) 
  One example of operational guidance is shown here. 
We take “Primary treatment discharge from East facility”. 
  Either of three conditions should be satisfied to start the Primary treatment discharge from East 
facility. 
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  Those are: 
“Oomori Minami reservoir being stored” and “Oomori inflow canal level is over –7.0m T.P. (i.e. 
Tokyo Bay Peil)” 
or “Higashi Kojiya #4 pump is standby” and “More than four pumps in Morigasaki and Higashi 
Kojiya are sending to East facility.”  
or “Higashi Kojiya #4 pump is in service” and “More than five pumps in Morigasaki and 
Higashi Kojiya are sending to East facility.” 
  Since Higashi Kojiya #4 pump is smaller in capacity, almost half of other pumps, it changes the 
maximum total number of pumps that are permitted to send water to East facility. 
When either of them is satisfied, operation guidance messages shown below are presented. 
-Start auto-control of East facility primary treatment discharge gate 1-1 to 2-2. 
-Set East facility primary treatment discharge sodium-hypo injection rate 15mg/L or injection 
volume 5,000L/hour. 
-Confirm East facility primary treatment discharge sodium-hypo injection pump auto-control on. 
-Increase East facility miscellaneous water pump from one to two (for diluting sodium-hypo). 
-Inform sludge treatment staff of the increase of East facility miscellaneous water pump 
-Inform water quality management section staff of the start of the Primary treatment discharge 
from East facility. 
-Discharge foam-off equipment service in, if foaming is seen on ITV. 
-Set East facility secondary treatment discharge sodium-hypo injection rate 2mg/L. 
-Halt East primary sedimentation tank scum skimmer. 
-Halt East secondary sedimentation tank scum skimmer. 
  Some of the guidance messages are carried out on CRT screen; some are done by other means. 
  In this example, many tasks must be done speedily and precisely. Therefore, clearly, additional 
information is necessary for an inexperienced operator to fulfill each of them. ONS can solve 
this demand by offering related information with selection of the message, though we didn’t 
include them into Proto-ONS. 

4.3 Method of evaluation 
  We evaluated effectiveness of operational guidance message system in operation of primary 
treatment discharge to direct discharge. 
The methods are: 
(1) Compare the operation guidance of Proto-ONS with actual operation in the scene of primary 

treatment discharge to direct discharge. Gap of time between the two occurrences is focal 
point.

(2) Analyze the timing gap resulting from difference in plant conditions or other operational 
conditions to see factors and consider counter plan.

  These (1) & (2) are done by using operational history data stored in the supervisory system and 
the guidance history in Proto-ONS. 
  The period of data collection was from July to November, the rainy season in Japan. 
  Rainfalls during the period are shown in Table.1. In total, we collected data of twenty-four 
rainfalls. 
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Table.1 Rainfalls from July to November in 2005 
No. Date Precipitation 

(mm) 
Intensity

(Max. mm/h)
Duration

(hour)
Type
(see

notes)

Remarks 

1 3rd&4th, Jul. 66.4 19.4 20 C 
2 5th&4th, Jul. 44.9 50.7 13 E 
3 9th&10th, Jul. 32.4 62.3 4.7 B 
4 25th&27th, Jul. 73.4 68.8 23.6 D Typhoon#7
5 12th&13th, Aug. 6.9 30.9 7 A 
6 13th&14th, Aug 4.0 18.9 5 A 
7 23rd&24th, Aug. 110.9 100.0 12 D Typhoon#11
8 25th&26th, Aug. 72.4 64.2 27 D Typhoon#11
9 30th, Aug. 6.5 58.2 0.5 A 

10 4th&5th, Nov. 47.8 100.0 6 D Typhoon#14
11 5th&6th, Nov. 16.0 24.4 20 C 
12 7th, Nov. 4.9 30.9 1.5 A 
13 11th, Nov. 9.5 45.3 1 A 
14 4th&6th, Oct. 17.8 6.9 36 C 
15 7th&8th, Oct. 19.0 51.7 9 B 
16 9th, Oct 4.5 15.0 6 A 
17 10th, Oct. 15.4 26.4 7 B 
18 10th&11th, Oct. 6.6 3.8 15 A 
19 15th&16th, Oct. 25.9 23.3 8 B 
20 16th, Oct. 2.5 3.9 5 A 
21 17th&19th, Oct. 51.3 12.3 44 C 
22 27th, Oct. 8.0 5.8 5 A 
23 6th&7th, Nov. 29.4 28.3 14 E 
24 12th, Nov. 6.5 5.3 7 A 

(Notes)
Rainfall type (P: precipitation, I: intensity, D: duration) 
 A: light (P: less than 10mm) 
 B: heavy but short-time (P: more than 10mm, I: more than 20mm, D: less than 12hours) 
 C: light and long-time (P: more than 10mm, I: less than 20mm, D: more than 12hours)  
 D: heavy (P: more than 50mm, I: more than 20mm or typhoon) 
 E: medium (rains other than A to D) 

4.4 Result of analysis 
(1) Gap of time between guidance and actual operation 
  Fig.11 shows the ratio by gap of time for “Primary treatment discharge from East facility”. In 
the figure, plus (+) means that actual operation was done later than guidance. 
  When the gap is within plus or minus 5min, we can say that guidance timing is almost 
consistent with the actual operation 
  As for primary treatment discharge from East facility, good consistency was observed. As 
described before, operators tend to delay primary treatment discharge to the limit. That explains 
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why some operation was done later than guidance. 

Fig.11 Gap of time for Primary treatment discharge from East facility 

  Fig.12 shows the ratio by gap of time for “Main transformer additional in-service”. 
The condition for addition of main-trans is “more than five pumps of Oomori line in operation”. 
  Unlike the East Primary treatment discharge, the transformer operation was not very consistent. 
Morigasaki receives electricity through two lines. To save energy cost, normally one transformer 
is in service. With the increase of electricity demand to drive pumps, another transformer is put 
in service. The result shows that though the timing of the operation is defined, it greatly depends 
on operator’s discretion. 

Fig.12 Gap of time for main transformer in service 

  By classifying operations according to the time gap, we can assume that the operational chart, 
our source for ONS, is a norm. Each operation has its own margin depending on urgency. 
Operator passes final judgment for the operation based on his professional knowledge. Skillful 
operator decides the optimum timing from his experience taking difference in plant conditions or 
other operational conditions into consideration. 
(2) Analysis of operator’s judgment 
  As for operations of different timing from guidance, we analyzed the reason. We can classify 
them into three categories. 
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(a) Fine adjustment 
Fine adjustment is permitted for operators. 
-Operation that has span of time (ex. Do within ten to twenty minutes) 
-Operation that has some conditional range (ex. Start at level –7.7m to –8.0mT.P.) 
-Overlapping of operations 
These operations should be entrusted to operators’ judgment. 
ONS can cover these operations by offering guidance message at the earliest timing within the 
given span or range. 
(b) Difficult to define in ONS 
  Some conditions are difficult to define. Also, some are unclear in their end. 
  Examples: 
“Just after rainfall start” 
“End of rainfall” 
“In case rainfall is expected to come.” 
“Intense rainfall had come.” 
“Rainfall is weakening” 
  Since these conditions have some ambiguity, we cannot define them clearly in ONS. 
To compensate for the lack of their clarity, we propose that operator define them on the spot. 
When operator decides now is “Just after start of rainfall”, he enters “On” for the condition. We 
call this additional function “Dialogue selection function”. (Fig.13) 

Fig.13 Dialogue selection function 

(c) Experiential operation 
  Some operations are experiential, not expressed definitely on the operational chart 
Operator often uses the effect of an operation as a condition for the next operation. 
When the effect varies, some variations are not described on the operational chart. 
For example, 
-After starting a pump, pond water level kept increasing instead of decreasing. Therefore, 
operator added another pump into operation. 
Similarly, 
-After starting a pump, pond water level kept the same level for more than 20 minutes instead of 
decreasing or increasing. Therefore, operator added another pump into operation. 
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  Proto-ONS logic wasn’t able to respond to those continuous countermeasure operations. 
To solve this inaction of ONS-logic, we propose a chain of Decision table. By making the effect 
of one operation as a condition of another one, continuous follow-up is possible. A solution is 
shown in Fig.14 and Fig.15 for the examples of pump operation. 

Fig.14 A chain of guidance logic for pump operation Example 1 

Fig.15 A chain of guidance logic for pump operation Example 2 

4.5 Evaluation summary 
  The analysis is summarized below. 
(1) ONS has real-time response for principle operations. 
  Morigasaki has fixed operational rules for response to rainfall inflow. 
Those are operations such as “draw rainfall inflow into reservoir”, “start primary treatment 
discharge”, “start direct discharge”, and “restrict inflow”. 
  The timing of those operations is decided physically in relation to the capacity of pumps, 
treatment facility, and receiving electricity. 
  ONS has real-time response for the operations of definite timing. 
(2) With additional data from operator, ONS can cover operations of indefinite timing. 
  For operations conditions of which have some span or range, the exact timing to carry out is 
committed to operator. ONS can cover these operations by offering guidance message at the 
earliest timing within the span or range. 
  For operations that include indefinite condition, dialogue selection function through which 
operator add his judgment to ONS is effective. 
5 Conclusions 
  Bureau of Tokyo Sewerage need to respond to the drastic change of working environment such 
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as intensive control of facilities, loss of skillful veteran operators. 
  As a solution, Operation Navigation System (ONS) was developed.  
 Since WWTP deals with uncontrollable materials, rainfall and sewerage, automatic operation 
has its limit for application.  ONS is a guidance system that makes use of the power of computer 
and can keep on improving.  
  Logic AND-OR form is selected as the form of knowledge of ONS. This selection is reasonable 
because most of our operational decision is deduced using a combination of plant data. 
  In the development of ONS, we put the priority on the human-interface. Since flexibility is also 
essential, ONS has on-line alteration or registration function. 
  To demonstrate that ONS is of practical use, prototype ONS was installed in the Morigasaki 
WWTP. The field test, which was continued from July 2005 to March 2006, evaluated 
practicality of the guidance message system. 
  Through the field test, we confirmed good consistency between ONS guidance and actual 
operation. For operations of indefinite timing, additional data from operator works. 
  For ONS, operation know-how expressed in a form, such as document, manual, or flowchart is 
vital. However, as our staffs have learned their skill in actual operation, most of their knowledge 
hasn’t been stored into non-human media. 
Also, ONS asks for substantial improvement of operational data. 
  One of the reason we selected Morigasaki as the test-field is that it has the operational chart for 
rainfall inflow that can be interpreted into ONS logic. To introduce ONS to WWTP, preparing 
the documented know-how and improving operational data are our pressing first task  
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  DEVELOPMENT OF OPERATION NAVIGATION SYSTEM

Bureau of Sewerage, Tokyo Metropolitan Government 

Hideo OHASHI 
Kazuki TAKAHASHI 

1 Introduction 
Bureau of Tokyo Sewerage, with 13 wastewater treatment plants and 79 
pumping stations, contributes to the preservation of water quality in public 
water areas and the protection of Tokyo urban districts from rainfall 
inundation.
In order to manage these facilities efficiently, collective operation in each 
treatment area is being promoted by making use of remote-control system. 
At present, 57 pumping stations and 1 wastewater treatment plant are 
remote-controlled from master pumping stations and wastewater treatment 
plants.
Promotion of remote control system leads to concentration of facilities monitored or 
controlled from the master facility, and, therefore, increases tasks of each operator, 
enhancing possibility of his human error. 
Automatic operation can save some load of operation, but it is limited in use because it 
is applicable only to conditional operation that follows measured or processed value. 
Also, due to pressing increase of age-limit retirees and strict restraint of employment, 
the number of operational staff is decreasing and, consequently, operational skills are 
being lost with veteran operators. 
As a solution to the problems, Operation Navigation System (ONS) was developed. 

2 Characteristics of ONS 
(1)Overview
ONS reduces operational tasks, functioning like car navigation. 
Operator can give operational instruction according to guidance messages timely and 
pertinently shown on supervisory monitoring device. 
ONS indicates the guidance messages by logical deduction using information of the 
supervisory system. 
In contrast with automatic operation, which has a restriction that it can be applied 
only to fixed operations, ONS can deal with operations that require operator’s 
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judgment. 
(2)Functions

(a)Operation guidance 
Operation guidance indicates operational decisions based on the logic constructed 
on “Decision Table” using plant input signals. Logics on the Decision Table can be 
modified easily so as to correspond with operator’s decision. The flexibility is 
effective in reflecting knowledge or know-how of skilled and experienced operator. 
Fig.1 shows ONS functioning as an agent for a skilled operator. 

Fig.1 Operation guidance function  

(b)Macro-operation function 
By registering a set of sequential operations as ‘one action’, the operations run 
automatically with initial permission of operator. 
Macro-operation function can convert multiple operations to one automatic 
operation.
The function is applicable to a set of manual sequential operations which proved to 
be fixed. Fig.2 shows automatic operation using Macro-operation function. 
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Fig.2 Macro-operation function 

(c) Rationalized indication 
In order for an operator to grasp the situation speedily even in emergency, 
indication data of facilities are hierarchically arranged on a display. 
Also, symbolic indications to assist intuitive understanding are introduced. 

 (3)Effects 
(a) To reduce operation tasks by guidance and rationalized indication 
(b) To guide inexperienced operator with guidance appropriate to plant conditions 
(c) To respond promptly in case of emergency 

3 Evaluations of ONS 
Guidance function of ONS is now under evaluation through a field test on Morigasaki 
wastewater treatment plant. The period of the test is from July 2005 to March 2006. 

(1) Performance verification by prototype system 
(a) Design and coding of Decision Table and Guidance consistent with pumping 

operation flow 
(b) Installation of a proto ONS system by connecting to the supervisory system 

 (c) Running the proto system using input signals of the supervisory system 

(2) Evaluation of guidance function 
Based on comparison with real operations, ONS are evaluated. 
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Evaluation items are; 
(a) Contents of guidance 
(b) Timing of guidance indication 
(c) Improvement of (a) and (b) 
(d) Human interface 

At present, the field-test shows good coincidence of guidance contents and timing with 
actual operation taken by operators. 

4 Conclusions 
In the background of concentration of operational tasks due to promotion of 
remote-control and impending loss of technical skills accompanied with retirement of 
many veteran technical staff, we have developed a navigation system ONS that stores 
operational knowledge, which can be modified, and shows directions timely. 
ONS, being effective in wastewater treatment process and pumping discharge, is being 
evaluated in a field test. 
After reflecting the result of the evaluation to improve ONS, we are planning to 
introduce ONS to real plants. 
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