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• In 1800 only 1% of the global population lived in cities of over 
10,000 inhabitants.

• In 1960 this proportion was 20%.
• Is expected to be 60% in 2030.

EFFECTS OF URBAN DEVELOPMENT ON THE NATURAL WATER CYCLE
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EFFECTS OF URBAN DEVELOPMENT ON THE NATURAL WATER CYCLE

 Increased complexity of the design, operation and maintenance of water‐
related infrastructure. 

 Increased soil impermeability produces: 
 

 Increased runoff volumes 
 Increased flow velocities 
 Reduced concentration time 
 Higher temperatures in natural channels 
 Lower base flows during drought 
 Higher peak flows 

  Higher levels of contamination 
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EFFECTS OF URBAN DEVELOPMENT ON THE NATURAL WATER CYCLE

To prevent flooding ... 
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EFFECTS OF URBAN DEVELOPMENT ON THE NATURAL WATER CYCLE

... we design drainage systems 
that cause damage to 
aquatic ecosystems. 
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EFFECTS OF URBAN DEVELOPMENT ON THE NATURAL WATER CYCLE
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URBAN RUNOFF POLLUTION

• "Federal Water Control Act
Amendments" of 1972 and the "Cost
Methodolgy of Combined Sewer
Overflows and Storm Discharges".

• NURP (“Nationwide Urban Runoff
Program”) (1978 - 1983),

• "Final Report of the Nationwide
Urban Runoff Program”

POLLUTOGRAPH

HYDROGRAPH
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URBAN RUNOFF POLLUTION
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URBAN RUNOFF POLLUTION / case study 1 - experiences

ROAD DRAINAGE IN FENE‐ GALICIA (SPAIN)
 The catchment runoff is directly spilled to the Ferrol 

estuary, which is considered as a sensitive aquatic media 
following the European urban wastewater treatment 
Directive 91/271/EEC criteria. 
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URBAN RUNOFF POLLUTION / case study 1 - experiences

ROAD DRAINAGE IN FENE‐ GALICIA (SPAIN)
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URBAN RUNOFF POLLUTION / case study 1 - experiences
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URBAN RUNOFF POLLUTION / case study 1 - experiences
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URBAN RUNOFF POLLUTION / case study 1 - experiences
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SUCESO 3 / FENE‐SAN VALENTÍN 
8‐7‐2010 
6 DÍAS DE TSP  / 19:15 horas 
 
  M1  M2  M3 
DQO  738 mg/L  283 mg/L  29,1 mg/L 
DQO disuelta  80,4 mg/L  31,8 mg/L  24,1 mg/L 
DBO5  36 mg/L  22 mg/L  9 mg/L 
SS  1392 mg/L  354 mg/L  55 mg/L 
EC  1x104 UFC/100 mL  2x103 UFC/100 mL  1,5x103 UFC/100 mL 
 

URBAN RUNOFF POLLUTION / case study 1 - experiences
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URBAN RUNOFF POLLUTION / case study 1 - experiences
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URBAN RUNOFF POLLUTION / case study 1 - experiences
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URBAN RUNOFF POLLUTION / case study 1 - experiences
 

RESULTS AFTER 12 EVENTS OF RAIN CHARACTERIZED 

 MEDIA AND HIGH POLLUTION VALUES MEASURED 
 

CLEAR NEED FOR TREATMENT 
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SEPARATIVE SUB‐CATCHMENT OF
“LOS ROSALES” ‐ A CORUÑA (SPAIN)

URBAN RUNOFF POLLUTION / case study 2 - experiences
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URBAN RUNOFF POLLUTION / case study 2 - experiences
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SEPARATIVE SUB‐CATCHMENT OF “LOS ROSALES” ‐ A CORUÑA (SPAIN)

URBAN RUNOFF POLLUTION / case study 2 - experiences

CONTROL
SECTION
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URBAN RUNOFF POLLUTION / case study 2 - experiences
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URBAN RUNOFF POLLUTION / case study 2 - experiences
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PARÁMETROS DE 
CONTAMINACIÓN 

CMS (mg/L) 
(ELLIS, 1986) 

CMS (mg/L) 
(US-EPA, 1999) 

STOCKOLM 
VATTEN (2001) 

 
“LOS ROSALES” 

Bajas Altas 
Sólidos en suspensión (mg/L)  21 -2582  (190) 20 – 2890 (150) <50 >175 43.8 
DBO5 (mg/L) 7 – 22 (11)    11.6 
DQO (mg/L) 20 – 365 (85) 200 – 275 (75) 25 60 42.6 
Nitrógeno amoniacal (mg/L) 0.2 -4.6 (1.45)    0.2 
N total (mg/L) 0.4 -20.0 (3.2) 0.4 - 20.0 (2) <1.25 >5 2.2 
P total (mg/L) 0.02 – 4.30 (0.34) 0.02 - 4.30 (0.36) <0.1 >0.2 0.3 
Pb total (mg/L) 0.01 - 3.1 (0.21) 0.01 - 1.2 (0.18) <0.003 >0.015 0.007 
Zn total (mg/L) 0.01 – 3.68 (0.30) 0.01 - 2.9 (0.2) <0.060 >0.300 0.077 
Cu total (mg/L)  0.01 - 0.40 (0.05) <0.009 >0.045 0.035 
CF (NMP/100 mL) 400 – 50000 

(6*10^3)  
400 – 5*10^4   3,4*10^4 

URBAN RUNOFF POLLUTION / case study 2 - experiences

RESULTS AFTER 10 EVENTS OF RAIN CHARACTERIZED 

LOW POLLUTION VALUES MEASURED 
 

IT IS AN OPORTUNITY FOR USE IN THE SUBCATCMENT 
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IT WAS NECESSARY A NEW APPROACH TO 
URBAN DRAINAGE ENGINEERING. 
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WATER FRAMEWORK DIRECTIVE (2000/60/CE) and URBAN RUNOFF 
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IDENTIFYING DRIVING FORCES AND PRESSURES 
 

 Key components in the analysis of pressures and impacts. 
 

 The guide List of driving forces and pressures which can be used as a 
checklist to form an inventory of the relevant pressures. 

 
 In addition to a general description of the water body, it is essential to 

identify the driving forces that may be exerting pressures on the water 
body. 
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INTEGRATED WATERCYCLE MANAGEMENT
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INTEGRATED WATERCYCLE MANAGEMENT
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INTEGRATED WATERCYCLE MANAGEMENT
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STRATEGIES AND TOOLS FOR INTEGRATED URBAN WATER CYCLE 
MANAGEMENT

STRATEGIES:
• “Water Sensitive Urban Desing”, WSUD
• “Low Impact Development”, LID
• “Planning for SuDS”
• “Hydrologic urban rehabilitation”

Tools:
• SUDS – “Sustainable Urban Drainage Systems”
• BMP – “National Menu of Stormwater Best Management Practices”

• TDUS – “TÉCNICAS DE DRENAJE URBANO SOSTENIBLE” 

INTEGRATED WATERCYCLE MANAGEMENT
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES – TDUS / SUDS

WATER SENSITIVE URBAN DESIGN (WSUD): 
 
 Represents a new paradigm in the planning and design of urban 

development that aims to minimise impacts on the natural water cycle 
and protect the health of aquatic ecosystems. 
 

 Promotes an approach to urban development that responds to a site’s 
natural features, protect natural ecosystems on site and downstream, 
and optimise the use of water as a precious resource. 
 

 Aims to deliver sustainable water cycle solutions in urban areas. 
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES – TDUS / SUDS

THE GUIDING PRINCIPLES OF WSUD ARE TO: 
 

 Protect existing natural features and ecological processes. 
 Maintain natural hydrologic behaviour of catchments. 
 Protect water quality of surface and ground waters. 
 Minimise demand on the reticulated water supply system. 
 Minimise wastewater discharges to the natural environment. 
 Integrate water into the landscape to enhance visual, social, cultural and 

ecological values. 
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES – TDUS / SUDS
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES - TDUS
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES - TDUS
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES - TDUS
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES – TDUS / SUDS

FILTER DRAINS/PAVEMENT SUB-BASE 
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES - TDUS
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES – TDUS / SUDS
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES – TDUS / SUDS

EXTENDED DETENTION BASINS 
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES - TDUS
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES – TDUS / SUDS
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES - TDUS
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES – TDUS / SUDS

RETENTION PONDS WETLANDS 
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES - TDUS
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COMPONENTES DEL CICLO DEL AGUA URBANA “AVANZADO“  (17)
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES – TDUS / SUDS
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES – TDUS / SUDS

• TDUS built in FENE – Galicia (SPAIN) for road runoff.
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NATURAL
WATERWAY

Planning for SuDS - making it happen (CIRIA, 2010)
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES - TDUS

The SuDS 
managemenf train 
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The SuDS 
managemenf train 
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES – TDUS / SUDS
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES - TDUS
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SUSTAINABLE URBAN DRAINAGE TECHNIQUES – TDUS / SUDS
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INTEGRATED WATERCYCLE MANAGEMENT
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CONCLUSIONS

• WE NEED A CHANGE IN OUR WAY TO DEVELOP.

• THE WATER CYCLE IS FUNDAMENTAL PART IN OUR URBAN 
ENVIRONMENT.

• THE WSUD AND TDUs ARE VALID STRATEGIES FOR 
INCORPORATING IN NEW URBAN DEVELOPMENTS.

• ALSO APPLY TO PROCEED TO REHABILITATION URBAN 
HYDROLOGY.

• CIVIL ENGINEERING HAS A KEY ROLE IN THE WATER SENSITIVE 
URBAN DESIGN.



OBRIGADO PELA SUA ATENÇÃO
jsuarez@udc.es
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Annual average precipitation


