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3 CIE4491 Lecture 1 

Natural water cycle 
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Impact of urbanisation: 

1. Infiltration, evaporation  

2. Runoff  

3. Polluted discharge: sediments, 

heavy metals, insecticides   

 

Urban Water cycle 
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Urban Water cycle 

 

Impact of urban water use: 

1. Water pollution -  

pathogens, nutrients, 

organic matter  

2. Energy use  
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≈ Urban Water ≈ 
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Urban Water Cycle 

Example: Prinseneiland Amsterdam 

Year 2011 

 

Total surface area: 34,000 m2 

80% paved/buildings  

(60% connected to combined sewer system; 20% not 

connected to sewers (e.g. garden terraces, sheds) 

20% unpaved 
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Urban Water Cycle 

Example: Prinseneiland Amsterdam 

Year 2011 

 

Total surface area: 34,000 m2 

80% paved/buildings  

20% unpaved 

Equipped with combined sewer system 

 

Urban water balance:  

 What % of yearly precipitation goes to: 

-  Evaporation/transpiration 
-  Infiltration 
-  Sewer discharge 
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Urban Water Cycle 
Prinseneiland 2011 

Precipitation 927 mm 100% 

Evaporation/Transpiration ? 

Runoff 

Infiltration ? 

Sewer inflow ? 

DWF 

WWTP 
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Urban Water Cycle 
Prinseneiland 2011 

Precipitation 927 mm 100% 

Evaporation/Transpiration 316 mm 34% 

Runoff 75 mm 8% 

Infiltration 276 mm 30% 

Sewer inflow 406 mm 44% 

DWF 1314 mm 

WWTP 1720 mm 
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Urban Water Cycle 
Prinseneiland 2011 

Precipitation 927 mm 100% 

Evaporation/Transpiration 316 mm 34% 

Runoff 75 mm 8% 

Infiltration 276 mm 30% 

Sewer inflow 406 mm 44% 

DWF 1314 mm 

WWTP 1720 mm 
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Urban Water Cycle 

So we disturb the natural water cycle, we pollute 

natural waters:  

 

Should we return to natural water cycles in cities? 

 

- Yes 

 

- No 
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Urban Water Cycle – natural or 

technological?  

Should we be prepared to accept frequent flooding by 

rainfall? 

 

OR: 

 

Should we build large sewer systems and stormwater 

drainage channels? 
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Urban Water Cycle – natural or 

technological? 

Should we adjust our roads and buildings to support 

rainfall infiltrating to groundwater? 

 

OR: 

 

Should we use concrete pipes and channels to transport 

rainfall to surface waters outside urban area? 
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Urban Water Cycle – natural or 

technological? 

Should we accept natural fluctuations of groundwater 

tables in cities (below roads, buildings)? 

 

OR: 

 

Should we control groundwater tables at predetermined 

levels? 
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Urban Water Cycle – natural or 

technological? 

Should we treat all urban waters (wastewater, runoff) 

to prevent pollution of natural waters? 

 

OR: 

 

Should we treat only concentrated wastewaters? 
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Urban Water Cycle – natural or 

technological? 

Should we be prepared to pay high taxes to support 

investments for flood prevention? 

 

OR: 

 

Should we be prepared to pay high taxes to support 

investment for water treatment? 
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Learning objective of this course: 

design and analyse urban drainage 

system - for real-life case in Delft 

→ Make your own design choices 

1. Preliminary design: 

- Set design requirements 

- Choose system type, system components 

- Choose layout 

 

2. Detailed design, rational method manual calculations 

 

3. Detailed design, hydrodynamic computer model calculations 

(Sobek) 
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Course Overview: on BB 
Lecture Background mat. Assignment 
Intro urban water systems and 

interactions 

Butler and Davies: 

Chapters 1, 2, 4, 10.1-

10.3, 13, 14.  

Recomm: 23 

Week 1:  

Preliminary design: motivated choice of system for wastewater 

and stormwater drainage. Design requirements, system lay-out Requirements for wastewater and 

stormwater drainage  

Review IDF curves,  runoff processes, 

rational method 

Butler and Davies: Ch 5 

(NOT 5.3.3-5.3.5), 6, 11, 

12, 22. 

Week 2:  

IDF curve, runoff areas and runoff characteristics, 

quantification of wastewater and stormwater flows,  Hydraulic design of piped systems 

Urban flooding and flood damage 

estimation  

B&D: 8.3 (NOT 8.3.4), 

8.4, 8.5, 9, 15 

Recomm: 8.1, 8.2 

Week 3: 

Rational method calculations 

Pumping stations, pressurised flow 

Submit assignment - manual 

calculations 

  Week 3 (deadline 20 Sep): Deliverables: sketch system layout, 

rational method and hydraulic calculations 

Sobek workshop Sobek tutorial 

Recomm: B&D Ch 20 

Week 4 (deadline 27 Sep): report Sobek workshop 

Prepare input of designed stormwater system in Sobek 

Asset management: sewer condition, 

sewer inspections 

- Week 5: Sobek modelling of stormwater system for various 

rainfall inputs: stationary rainfall, design storm, climate change 

scenario. (see assignment manual) Asset management: rehabilitation 

decisions 

Review scientific paper on urban 

drainage 

B&D:  Ch 18, 19 

Recomm: 7 (not 7.4.2) 

Week 6: Sobek model calculations for various scenarios: 

system degradation, settlement 

Assignment supervision meetings   Week 6: Deliverables: Sobek calculation results for stormwater  

system 

Group discussion designs per case 

study areas 

- Week 7: Finalise Sobek calculations, prepare assignment 

report 

Assignment results discussion 

meetings 

Week 8-9: Deliverables: Assignment report 
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Introduction design assignment 
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CIE4491 – Design Assignment 

Choose 1 of 3 project areas for design assignment: 

 

 Poptahof: redevelopment of existing residential/commercial area 

 Westerkwartier: redevelopment of existing, densely built 

residential area  

 Olofsbuurt: redevelopment of existing, densely built residential 

area 

 

Manuals for each project on BB (Assignments) 
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Westerkwartier 

Poptahof 

Olofsbuurt 
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CIE4491 – Design Assignment 

Olofsbuurt: redevelopment of existing, densely built residential area 
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CIE4491 – Design Assignment 

Olofsbuurt: redevelopment of 

existing, densely built residential 

area 

   

 

Challenges: 

• Find solutions for current 

flooding problems 

• Deal with limited available space 

for infrastructure and storage 
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CIE4491 – Design Assignment 

Poptahof: redevelopment of urban drainage system in existing high 

rise area   
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CIE4491 – Design Assignment 

Poptahof: redevelopment of urban drainage system in existing high 

rise area 

 

Challenges: 

• Deal with stormwater from large 

impermeable areas - shopping centre 

roofs and roads 

• Crossing pressurised wastewater  

transport main 

• Find solution for polluted water from 

tramline 

• Develop plan for construction phases in 

accordance with building phases of urban 

redevelopment plan 
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CIE4491 – Design Assignment 

Westerkwartier: redevelopment of existing, densely built residential 

area 
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CIE4491 – Design Assignment 

Westerkwartier: redevelopment of 

existing, densely built residential area 

   

 

Challenges: 

• Find solutions for current flooding 

problems 

• Deal with limited available space for 

infrastructure and storage 

• Deal with intermittent peak loads 

from underground thermal heat 

storage system 
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CIE4491 – Design Assignment 

Design steps: preliminary design, detailed design rational method 

(manual), detailed design computer calculations (Sobek) 

Planning: 

 # Date Assignment planning 
0 Tue 3 Sep Introduction of design assignment, choose your 

project and get familiar with project area 
1 Week 3 

Deadline 20 Sep 
Deliver first results: sketch of system layout, results 

rational method calculation 

2 Week 4 

Deadline 27 Sep 
Sobek workshop (all day, room 1.97) 

Deliver workshop report 
3 Week 6 Assignment supervision meetings: discuss Sobek 

calculation results (for combined/stormwater system) 
4 Week 7 Poster presentation and discussion of all designs for 

the 3 case study areas 
5 Week 8-9 (-10) 

Deadline 1 Nov 
Assignment supervision meetings: discuss final report 

Delivery final assignment report 
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CIE4491 – Design Assignment 

Date Assignment planning 
Week1 Choose case study area, prepare preliminary design 

(design requirements, layout, system type and components) 
Week 2 Quantify design parameters: wastewater flow, stormwater flow (IDF-

curves+rational method) 

Week 3 Apply rational method, calculate system dimensions, hydraulic calculation to 

check for flooding 
Week 4 Sobek workshop, prepare and hand in workshop report 

Assignment: Set up combined/stormwater system in Sobek 
Week 5 Sobek model calculations: vary rainfall inputs (stationary rainfall, design 

storms, climate scenario 
Week 6 Sobek model calculations: vary parameters to simulate system degradation 

with lifetime 
Week 7 Prepare for design presentation; prepare final report 

Week 8 Prepare final report; deliver final report; supervision meeting 

Week 9 Deliver final report; supervision meeting 
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A short history of urban drainage 

and schemes for urban 

wastewater and stormwater 

collection 
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Approaches to urban drainage: 

 
 Wastewater and 

stormwater collection 
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Approaches to urban drainage:  

a short history 

Rome:  

 

 

 

 

 

 

 

 

 

     

    Pompeï: 

Photos: Francois Clemens 
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Approaches to urban drainage:  

a short history 

After the fall of the Roman Empire until 
the 19th century: sanitary darkness  
 
London 1853-1854 

The third outbreak of cholera in London: 10,738 

die. Committee for Scientific Enquiry denies 

Snow’s theory that cholera is water-borne. 

 

London, 1858: ‘The Great Stink’  

Metropolis Management Amendment Act permits 

the commencement of Bazalgette’s work, design 

of London’s sewer system 

(still operational today) 

'Punch' cartoon, 1848: Dirty Father Thames   

19th-century image of 'Death' –  
a constant presence in the cities  

of Victorian Britain   
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Approaches to urban drainage:  

a short history 
Principle of collection, from 19th century on: 

 

Combined sewer systems: 

“Tout-à-l’égout” (Paris: Belguard) 

“all-in-one-sewer” (London: Bazalgette) 

 Rome:  Cloaca 

Maxima 

Paris: Rue St.-

Denis, 1810 

Source: Breda.nl 

Source: Musee des Egouts 
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Amsterdam 

Almere 

Rotterdam 



44 CIE4491 Lecture 1 

Approaches to urban drainage:  

a short history 

20th century: integrated urban water 

management, water sensitive urban design 

 

 

Source: Melbourne Water 
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Approaches to urban drainage:  

a short history 
21st century: integrated urban water cycle 
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Millenium Development Goals 

 Target 7c: Reduce by half the proportion of people without 

sustainable access to safe drinking water and basic sanitation 
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Millenium Development Goals 
Target 7c: Reduce by half the proportion of people without 

sustainable access to safe drinking water and basic sanitation 
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Urban Water Cycle  

– developments worldwide 

More than 50% of world population lives in cities 

In all these cities, we disturb the natural water cycle, 

we pollute natural waters:  

 

Should we return to natural water cycles in cities? 

- Yes 

- No 

Accept frequent flooding/ build large scale 

infrastructure/ …small scale solutions? 

Treat all waters/some flows/…centrally/locally? 

 

 

 

 



49 CIE4491 Lecture 1 

 
 
“Night workers remove human wastes from cesspits that is 
sold as fertilizer for crops. It is a filthy job that involves 
crawling through cesspits and sewers or descending into 
them from ladders.  
The city's one million inhabitants have 200,000 cesspits. The 
pressure on these causes the pits to overflow into street 
drains designed originally to cope with rainwater. WC's 
discharge human waste directly into rivers, while much of 
the water is being extracted from these same rivers, often 
downstream from the sewage discharge points” 
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Outcasts in India are born to be excreta collectors in 
India 
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The Darker Side of 19th Century 
London - The Great Stink  
 
“In addition to saltpetre men, night 
soil men removed human waste that 
they then sold as fertilizer for crops. It 
was a filthy job that involved crawling 
through cesspits and sewers or 
descending into them from ladders.  
By 1810, the city's one million 
inhabitants had 200,000 cesspits. The 
pressure on these caused the pits to 
overflow into street drains designed 
originally to cope with rainwater. WC's 
discharged human waste directly into 
the Thames, while much of London's 
drinking water was still being 
extracted from the Thames, often 
downstream from the sewage 
discharge points” 
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Currently applied solutions for urban 

drainage 
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Combined systems 

 

Combined sewer system: Wastewater and rainwater 
through 1 conduit/pipe 
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Separate systems 

 
Separate sewer system: Wastewater and 
rainwater through 2 separate conduits 
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Typical stormwater drainage channel Singapore 

 

Stormwater 

drainage,  

Campus IT 

Bandung 
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Combined systems 

 

Improved combined 
sewer system 
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Separate systems 

 

Surface 
water 

Stormwater system 

 
Return valve 

Wastewater system 

Infiltration 
facility 

Improved separate sewer 
system 

Surface 
storage and 
transport 
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Stormwater handling 

 (Unintended) Surface storage 

 Store rainwater and delay flow to sewer system and surface water 
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Remarks: 

 

Wash-off pollution from 

urban surfaces; 

Surface condition after 

emptying storage ? 

 

Health aspects ? 

Stormwater handling 

 (Intended) Surface storage: Water squares 

Photo: Rotterdam City 
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Stormwater handling 

 Underground storage 

 Store 

rainwater 

 

 Delay flow to 

sewer system 

and surface 

water 

Photo: Rotterdam City 
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Stormwater handling 

 Infiltration: permeable 

pavements 

 Infiltrate rainwater 
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Stormwater handling 

 Infiltration zone, swale (NL: wadi) 

 Store and infiltrate rainwater 
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Stormwater handling 

 Infiltrating sewer 

 Store and infiltrate rainwater 
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Stormwater handling 
Green roofs 

Photo: Rotterdam City 
Photo: TU Delft 
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Of course there are 
downsides to every  

system type… 
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…downsides of 
every  system 

type… 
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Olofsbuurt 

Poptahof 

Westerkwartier 




