
REAL-TIME CONTROL OF 

URBAN DRAINAGE SYSTEMS 

THE STATE-OF-THE-ART 

by 

IAWPRC Task Group on Reai-Time 
Control of Drainage Systems 

R. Dòring (FRG) 
M. J. Green (UK) 

H.J.G. Hartong (The Netherlands) 
G. Jacquet (France) 

Y. Kido (Japan) 
S.O. Petersen (Denmark) 

W . Schilling {FRG) 

Edited by W. Schilling 

Report finalized Aprii 1989 



CONTENTS 

Figures 

Tables 

Abbreviations Used 

PREFACE . . . 

l. SUMMARY, DISCUSSION AND CONCLUSIONS 

2. URBAN DRAINAGE MANAGEMENT . 
2.1 Physical and Environmental Aspects . . 

2.1.1 Elements of Urban Drainage Systems 
2.1.2 Principles of Urban Drainage Management 
2.1.3 lmpact of Urban Drainage Management on Treatrnent, 

Receiving Waters, and Urban Environment 
2.2 lnstitutional Aspects . . . . . . . . . 

2.2.1 Public Opinion, Legislation and Finance 
2.2.2 Standards and Regulations . . . . 
2.2.3 Sanitary Districts and Public W orks 
2.2.4 Design and Operation . . . . 

2.3 Availability of Hurnan Resources 
2. 4 Summary, Discussi o n and Conclusions 

3. REAL-TIME CONTRO L CONCEPTS FOR URBAN 
DRAINAGE SYSTEMS . . . . 
3.1 Introduction t o Re al-T ime Contro! 
3.2 Levels of Information and Control 

3.2.1 Local Contro1 Leve! . . . 
3.2.2 Unit Process Contro! Leve! . 
3.2.3 G1obal Contro! Leve! . . . 

3.2.3.1 Manual Contro! . . 
3.2.3.2 Supervisory Contro! 
3.2.3.3 Automatic Contro! . 

3.2.4 Management Level . . . 
3.3 Basic Design Concepts of Real-Time Contro! Systems 

3.3.1 Hardware Requirements 
3.3.1.1 Sensors . . . . . 
3.3.1.2 Regulators . . . . 
3.3.1.3 Input/Output Devices 
3.3.1.4 Telemetry . . . . 

3.3.2 Information Processing . 
3.4 Sumrnary, Discussion and Conclusions 

4. MODELLING THE STATE OF AN URBAN DRAINAGE SYSTEM 
4.1 Information Requirernents . . 

4.1.1 Decision Variables . . . . 
4.1.2 Response and Reaction Tirnes 
4.1.3 Use ofModels . . . . 

4.2 Modelling of System Disturbances 
4.2.1 Areai Rainfal1 . . . . . 
4.2.2 Runoff . . . . . . . . 
4.2.3 Surface Pollution and Sewer Deposits 
4.2.4 Dry Weather Pollution . . . . 

vii 

ix 

. x 

xi 

l 

4 
. 4 
. 4 
. 4 

. 6 

. 7 

. 7 

. 8 

. 8 

. 8 

. 9 

.9 

lO 
10 
10 
12 
12 
13 
13 
13 
13 
14 
15 
16 
16 
16 
16 
16 
17 
17 

18 
18 
18 
18 
18 
19 
19 
19 
19 
20 Il l 



lV 

4.3 Modelling of the System State 
4.3.1 Hydrau1ic Transport 
4.3.2 Flow Through Special Structures 
4.3.3 Pollutant Transport . 

4.4 Modelling of Output Effects . . . . 
4.4.1 Output Effects on Treatment Plants . 
4.4.2 Output Effects on Receiving Waters 

4.5 Discussion and Conclusions . 

5. BASIC CONTROL TECHNIQUES . 
5.1 Definitions . . . . . . . . . 

5.1.1 Open and Closed Contrai Systems 
5.1.2 Continuous and Discrete Contro! Systems 
5.1.3 Sequence Contrai . . 
5.1.4 Backchairung . . . 
5.1.5 Integration of Contro! 

5.2 Continuous Controllers . 
5.2.1 P-Controller 
5.2.2 Integrators . . . . 
5.2.3 PD- and PID-Controllers 

5.3 Discrete Controllers . . . 
5.3.1 Two-Point Controller 
5.3.2 Three-Point Controller 

5.4 Summary, Discussion and Conclusions 

6. CONTRO L STRA TEGIES 
6.1 Operational Objectives . 
6.2 Physical Constraints . 
6.3 System Loading . 
6.4 Soiution Techniques . 

6.4.1 Optimization 
6.4.2 Search 
6.4.3 Decision Matrices 
6.4.4 Contro1 Scenarios . 
6.4.5 Heuristics 
6.4.6 Expert Systems 

6.5 Summary, Discussion and Conclusions 

7. HARD W ARE ELEMENTS OF REAL-TIME CONTRO L SYSTEMS . 
7 .l Sensors . . . . 

7 .1.1 Rainfall . . 
7.1.2 Water Level. 
7.1.3 Flow 
7.1.4 Pollutants and Water Quality Parameters . 

7.2 Regulators . 
7.2.1 Pwnps 
7.2.2 Weirs . 
7.2.3 Gates . 
7.2.4 Valves 
7.2.5 Fixed Set Point Regulators . 

7.3 Teiemetry . . . . . . . . 
7.3.1 Analog and Digita! Data Transmission . 
7.3.2 Input/Output 
7.3.3 Communication . . . . . 
7.3.4 Networking . . . . . . . 

7.4 Controllers and Process Computers 
7.4.1 Conventional Analog Controllers 
7.4.2 Programmabie Logic Controllers 
7.4.3 Process Computers . . . . 

7.5 Summary, Discussion and Conciusions 

20 
20 
20 
21 
21 
21 
22 
22 

24 
24 
24 
24 
25 
25 
26 
27 
28 
29 
31 
31 
31 
32 
33 

. 34 
34 
35 
35 
37 
37 
39 
39 
39 

041 
41 
43 

44 
44 
44 
44 
45 
46 
46 
46 
48 
49 
49 
49 
50 
50 
52 
52 
54 
54 
54 
54 
56 
57 



80 APPLICATIONS 
801 History of Real-T ime Contro! in Urban Drainage Systems 
802 North American Real-Time Control Systems 
803 German Real-Time Contro! Systems 
804 Dutch Real-Time Contro! Systems o o 
805 French Real-Time Control Systems o 
806 United Kingdom Real-Time Contro! Systems 
807 Japanese Real-Time Control Systems 
808 Cases o o 

8080 1 Detroit, Michigan, USA o 
80802 Seattle, Washington, USA 
8o8o3 Cleveland, Ohio, USA 
80804 Lima, Ohio, USA o o o 
80805 Seine-Saint-Denis, France 
80806 Wervershoof, Netherlands o 
80807 Arnsberg, FRG o o o o o 
8o8o8 Weymouth, United Kingdom 

60 
60 
61 
62 
62 
64 
66 
68 
69 
69 
69 
70 
70 
70 
70 
74 
75 

90 LITERA TURE ON REAL-TIME CONTRO L AND 
RELATED TOPICS o o . o . . o . . o . . o • . 77 

v 


