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Urban Water Cycle

Replacement of vegetation (trees, shrubs) by impervious cover (roads, paths, buildings) due to initial development and subsequent

densification in an urban block dominated by single-family residential houses in Vancouver, Canada

Oke et al. (2017)
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Urban Water Cycle

Greenfield

Runoff Development 

Runoff
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Urban Water Cycle

https://docplayer.net/21804199-Stormwater-management-planning-and-design-guidelines-for-new-developments.html

Natural System Conventional Drainage SuDS
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Flooding and drainage

Applied hydraulics (recap)

▪ For IE students: see Chapter 8 in Butler and Davies (2011) – or any other Hydraulics book

▪ For IA students: optional

Butler and Davies (2011)
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Conventional drainage

Stormwater

Definition: rainwater produced by a storm

▪ Major urban flow of concern to drainage

engineers

▪ Efficient drainage to maintain public health

and safety, and protect receiving water

environments

▪ Rainwater and stormwater are not ‘pure’:

• Contaminated by range of pollutants

(from atmosphere, vehicles, buildings,

de-icing, spills, etc)

• Variable from place to place, and from

time to time

• Sometimes stormwater can be as

polluting as wastewater
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Conventional drainage

Stormwater: System Components and Layout

▪ Building Drainage

• Soil and waste drainage

• Roof drainage

▪ Site Drainage

• Sewers

• Manholes

• Gully Inlets

Butler & Davies (2011)
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Conventional drainage

Stormwater: System Components and Layout

▪ Building Drainage

• Soil and waste drainage

• Roof drainage

▪ Site Drainage

• Sewers

• Manholes

• Gully Inlets

Source: TU Delft

stormwater

wastewater
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Conventional drainage

Stormwater: System Components and Layout

Vertical alignment Horizontal alignment

Butler & Davies (2011)
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Conventional drainage

Stormwater: System Components and Layout

Sewer Gully inlets Manholes

Source: Butler & Davies (2011) & Google Images
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Conventional drainage

Stormwater design

▪ Fundamental stages to follow to design a rational and cost-effective urban drainage system

▪ Key whether using conventional or SuDS approaches

▪ Stages are:

1. Define the contributing area

2. Produce a preliminary horizontal alignment

3. Preliminary component sizing considering:

• Peak discharge/velocity

• Slope

• Pipe size

4. Preliminary vertical layout

5. Revise as needed
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Conventional drainage

Example (University College London)

▪ Contributing area: Ac = Ai + Ap

Pervious: Ap ~ 9800 m2

Impervious:  Ai ~ 70700 m2

Contributing: Ac ~ 80500 m2
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Conventional drainage

Example (University College London)

▪ Contributing area: Ac = Ai + Ap

▪ Rational method: Q = Ci i Ai + Cp i Ap

CIRIA Manual (see Moodle)

We can assume 

▪ Cp = 0.1 for parks/green areas 

▪ Ci = 0.9 for roofs/roads
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Conventional drainage

Example (University College London)

▪ Contributing area: Ac = Ai + Ap

▪ Rational method: Q = Ci i Ai + Cp i Ap

T5years:

i (15m) = 55 mm/h

i (1h) = 22 mm/h

i (6h) = 6 mm/h

T30years:

i (15m) = 80 mm/h

i (1h) = 32 mm/h

i (6h) = 9 mm/h

T100years:

i (15m) = 105 mm/h

i (1h) = 42 mm/h

i (6h) = 12 mm/h
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Conventional drainage

Example (University College London)

▪ Contributing area: Ac = Ai + Ap

▪ Rational method: Q = Ci i Ai + Cp i Ap

Greenfield

Q = Cp i Ac

Development

Q = Ci i Ai + Cp i Ap

Rational Method (1 hour)

Runoff (m3/s) (l/s)

Qg05 0.05 49.19

Qd05 0.39 394.84

Qg30 0.07 71.56

Qd30 0.57 574.31

Qg100 0.10 100.71

Qd100 0.81 808.27

Return period

5 yr

30 yr

100 yr
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Conventional drainage

Example (University College London)

▪ Contributing area: Ac = Ai + Ap

▪ Rational method: Q = Ci i Ai + Cp i Ap

Climate Change/Urban creep allowances

can/should be included to account for future

conditions. For example:

▪ 10% increase in rainfall (uplift factor = 1.1)

▪ 10% increase in paved surface area of 10%
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Conventional drainage

Example (University College London)

▪ Contributing area: Ac = Ai + Ap

▪ Rational method: Q = Ci i Ai + Cp i Ap

▪ Design sewer system:

p1.2

p2.1

p1.3

p3.1
Full pipe discharge:

Flow velocity 𝑣𝑓 : e.g., from ColebrookWhite equation

𝑄𝑓 = 𝜋
𝐷2

4
𝑣𝑓
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Conventional drainage

Example (University College London)

▪ Contributing area: Ac = Ai + Ap

▪ Rational method: Q = Ci i Ai + Cp i Ap

▪ Design sewer system:

Sewer design method

1. Assume design rainfall return period (T), pipe roughness (ks), 

time of entry (te) and runoff coefficients (Ci, Cp). 

2. Prepare a preliminary layout of sewers, including inlet 

locations. 

3. Mark pipe numbers on plan according to convection. 

4. Estimate contributing areas (impervious) for each pipe. 

5. First attempt at setting gradients and diameters of each pipe. 

6. Calculate the pipe-full velocity (Vf) and full discharge (Qf) 

7. Calculate time of concentration tc = te + tf, tf = L/Vf. 

8. Obtain rainfall intensity from IDF 

curves/equations/methods/data. 

9. Estimate the cumulative contribution area. 

10.Calculate Peak flow Qp from Rational Method eq. Qp = C*i*A 

11.Check Qp < Qf and vmax > vf > vmin (vmax = 3 m/s, vmin = 

1m/s) 

12.Adjust Pipe diameters and gradients to meet conditions. 

Calculations:

ks (m) 0.0006

v (m2/s) 0.00000114

Pipe 

Number Length (m)

Gradient 

(-)

Contributing 

Area (m2)

Sum Area 

(m2

Diameter 

(mm)

Pipe 

Velocity 

(m/s)

Pipe 

capacity 

Qf (l/s) tf (min)

t conc = 

te + tf 

(min)

Rainfall 

intensity 

(mm/h) Qp (l/s) Qf>Qp? vf>1 m/s?

1.1 200 0.01 10000 10000 750 2.80 1235.63 1.19 6.19 159.30 442.49 Yes Yes

2.1 190 0.005 9800 9800 450 1.43 227.78 2.21 7.21 149.28 406.38 No Yes

190 0.01 9800 9800 500 2.17 426.21 1.46 6.46 156.54 426.15 Yes Yes

1.2 170 0.01 1750 19800 750 2.80 1235.63 1.01 12.20 114.12 904.34 Yes Yes

3.1 140 0.005 14000 14000 300 1.11 78.21 2.11 7.11 150.23 584.22 No Yes

140 0.01 14000 14000 600 2.43 688.08 0.96 5.96 161.78 629.14 Yes Yes

1.3 70 0.01 9800 33800 750 2.80 1235.63 0.42 17.62 90.90 1736.02 No Yes

70 0.02 9800 33800 750 3.96 1750.15 0.29 17.50 91.32 1737.16 Yes Yes

For those who are interested: 

see Butler & Davies (2011) and example in Moodle
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Conventional drainage

Storm water management: models

SWMM developed by US 

EPA (see: Storm Water 

Management Model – 

Wikipedia)

SewerCAD/SewerGEMS/CivilStorm/St

ormCAD developed by Bentley's 

Haestad Methods (Hydraulics & 

Hydrology group) 

Autodesk® Storm and 

Sanitary Analysis in AutoCAD 

Civil 3D

Developed by Autodesk

https://www.epa.gov/water-research/storm-water-management-model-swmm
https://en.wikipedia.org/wiki/Storm_Water_Management_Model
https://en.wikipedia.org/wiki/Storm_Water_Management_Model
https://www.bentley.com/en/products/product-line/hydraulics-and-hydrology-software
https://www.bentley.com/en/products/product-line/hydraulics-and-hydrology-software
https://en.wikipedia.org/wiki/Bentley_Systems
https://knowledge.autodesk.com/support/autocad-civil-3d/troubleshooting/caas/CloudHelp/cloudhelp/2017/ENU/Installation-Civil3D/files/GUID-A4080DA5-3C5C-47E3-9396-F42FD24DBF2C-htm.html
https://knowledge.autodesk.com/support/autocad-civil-3d/troubleshooting/caas/CloudHelp/cloudhelp/2017/ENU/Installation-Civil3D/files/GUID-A4080DA5-3C5C-47E3-9396-F42FD24DBF2C-htm.html
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Conventional drainage

Storm water management: models

A Deep Dive into SWMM Modeling| Burgess & Niple

https://www.burgessniple.com/insights/2021/8/16/a-deep-dive-into-swmm-modeling-5-common-mistakes/
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Urban Water Cycle

https://docplayer.net/21804199-Stormwater-management-planning-and-design-guidelines-for-new-developments.html

Natural System Conventional Drainage SuDS
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Sustainable Urban Drainage (SuDS)

CIRIA (2015)
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Sustainable Urban Drainage (SuDS)

CIRIA (2015)



 ENV-222

Sustainable Urban Drainage (SuDS)

SuDS design: introduction and background

▪ In flood risk assessments (FRAs), the relevant authority

(e.g., Environment Agency) requests that a development

should not increase the risk of flooding to other properties

▪ To understand this risk, we need to know:

• An estimate of the peak runoff rates and runoff

volumes from the site in its greenfield state (and

previously developed state, if the case)

• An estimate of the runoff rates and volumes from the

site in its developed state

▪ In some countries, this is now a requirement for

sustainable home developments

Sustainable drainage (susdrain.org)

https://www.susdrain.org/delivering-suds/using-suds/background/sustainable-drainage.html
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Sustainable Urban Drainage (SuDS)

SuDS design: introduction and background

For any new development:

▪ Runoff rates calculated for a proposed development will

exceed the allowable discharge rates (how fast)

• therefore SuDS design will need to include

attenuation storage / infiltration

▪ The volume of runoff from a proposed development will

also exceed allowable discharge volumes (how much)

• therefore SuDS designs will need to ‘use’ the runoff,

infiltrate it and/or store and tightly control any

additional storage volume (long term storage)

Sustainable drainage (susdrain.org)

https://www.susdrain.org/delivering-suds/using-suds/background/sustainable-drainage.html
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Sustainable Urban Drainage (SuDS)

Greenfield flows

Definition: This is the measure of the runoff that would have

been produced from the site prior to any development

In order to reduce the chance of flooding due to the

increased runoff from developed areas, rainwater should

somehow be stored or delayed when it runs off the

building and impermeable area.

▪ The green field runoff rate therefore gives an allowance of rainfall that can flow directly form the

buildings or roads, to the water course without increasing the natural water level rise that would

result from a storm.

▪ The green field runoff is related to the size and soil properties of the catchment
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Sustainable Urban Drainage (SuDS)

Greenfield flows

Design guidelines:

▪ Estimated peak runoff rates of a development site in its

greenfield condition for a range of return periods is

normally used to define the discharge limits for a new

development site

▪ More commonly now an additional 30%, sometimes 40%

needs to be accounted for to allow for climate change.

Note that:

▪ Values derived from any analysis should be regarded as approximate

▪ Overall objective of using an agreed method is to provide a consistent and reasonable estimate

upon which storage design can be based, rather than finding the exact runoff rate for any specific

site which is not possible
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Sustainable Urban Drainage (SuDS)

Greenfield flows: peak runoff rate

CIRIA (2015)
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Sustainable Urban Drainage (SuDS)

Greenfield flows: peak runoff rate

CIRIA (2015)
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Sustainable Urban Drainage (SuDS)

Greenfield flows: peak runoff rate

▪ The manual for peak flow estimation in Switzerland (Spreafico et al., 2003) distinguishes between

small (< 10 km2 ) and medium-sized (10-500 km2 ) catchments.

▪ The required flood depends on the purpose of the study. Where the 1000-year event return period is

required it is usually derived from an estimate of the 100-year event, for instance by multiplication

with a safety factor of 1.3 – 2 depending on the catchment size.

▪ Different methods for flood estimation in ungauged catchments have been tested and applied:

• an empirical method using envelope curves, which considers catchment area and the peak-flow-

runoff coefficient

• a modified version of the SCS-method

• Two different modifications of the rational formula,

• Clark-WSL method

• HYDREG method (independent of catchment size)

• boundary-regional-model

Source: Fleig & Wilson (2013)

Note: the tested methods do not 
provide accurate estimates of runoff 

rates. It is therefore recommend to use 
all methods and assess the spread of 

possible flood estimates. 

https://www.bafu.admin.ch/bafu/fr/home/themes/eaux/publications/publications-eaux/evaluation-crues-bassins-versants-suisse.html
https://publikasjoner.nve.no/rapport/2013/rapport2013_60.pdf
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Sustainable Urban Drainage (SuDS)

Greenfield flows: runoff volume

Greenfield runoff volume defines the allowable volume that can be discharged from development site, in

order to protect downstream areas from increased flood risk. Greenfield runoff volumes can be

calculated from design event runoff hydrographs (using previous rainfall-runoff methods) for e.g. a 100

year, 6 hour duration design storm:

Volume = Q x duration

Development runoff rates/volumes

▪ Runoff will be required as inflows to the drainage system

• Need to design storage systems to reduce these runoff rates/volumes

▪ Site developments have 2 types of surfaces (different runoff):

• permeable + impermeable

▪ Climate Change + Future urban creep allowances.

The objective is to 

meet greenfield 

runoff rates/volumes
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Sustainable Urban Drainage (SuDS)

Greenfield

Runoff Development 

Runoff
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Sustainable Urban Drainage (SuDS)

Greenfield

Runoff Development 

Runoff (with SuDS)
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SuDS Hydraulic Design

Source: Sustainable Urban Drainage Systems

https://www.mdpi.com/2073-445X/11/4/589
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SuDS Hydraulic Design

CIRIA Manual (available in Moodle) Course material (see Appendix)
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SuDS Hydraulic Design

Interception (source control)

▪ It’s the capture and retention on site of the first 5 mm of

the majority of rainfall events. Runoff will not occur for the

majority of small rainfall events.

▪ Interception is delivered by one or combination of

processes:

• Rainwater harvesting

• Infiltration

• Evapotranspiration using shallow ponding/storage

within upper soil layer.

▪ Worst scenarios are better simulated with no interception
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SuDS Hydraulic Design

Attenuation storage (site control)

▪ Attenuation storage is used to temporally store water when the runoff rates exceed the allowable

discharges. Attenuation volumes are designed to drain at a rate controlled by the outlet structure.

▪ Attenuation Storage can be provided by:

• a dry storage component

• a pond/wetland

CIRIA (2015)
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SuDS Hydraulic Design

Attenuation storage (site control)

▪ A stage-storage curve defines the relationship between the depth of water and storage volume in a

storage facility.

▪ The storage volume may be evaluated using a topographic map and integrating the depth-area

relationship of the storage unit.

CIRIA (2015)
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SuDS Hydraulic Design

Attenuation storage (site control)

▪ Simple outlet structures will only discharge the max. discharge rate at the max. level.

▪ A stage-discharge curve: relationship between depth of water and the discharge or outflow.

▪ A secondary or emergency outlet route should be designed.

Google Images & CIRIA (2015)

Qout ~ y0.5
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SuDS Hydraulic Design

Attenuation storage (site control)

▪ Sizing: Storage volume = inflow volume – outflow volume

• Inflow: e.g., use rational method to estimate runoff from contributing area

• Outflow: discharge at greenfield conditions or discharge capacity of downstream sewer

• Design storm: e.g., 2-5 years storm for small areas, 100 years for large areas (see next

slides)

▪ Performance: storage routing 𝑑𝑆(𝑡)

𝑑𝑡
= 𝑄𝑖𝑛 𝑡 − 𝑄𝑜𝑢𝑡 𝑡

See Butler and Davies (2011)

Solution of differential equation, e.g. with:

𝑑𝑆(𝑡)

𝑑𝑡
= 𝐴

𝑑𝐻(𝑡)

𝑑𝑡
𝑄𝑜𝑢𝑡 𝑡 ~𝐻𝛽and
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SuDS Hydraulic Design

Attenuation storage (site control)

See Butler and Davies (2011)



 ENV-222

SuDS Hydraulic Design

Long-term storage (site control)

▪ Long-Term Storage is the difference in runoff volume between development and greenfield

states. Design for long-term storage is needed for developments that can increase flood risk

downstream.

▪ The greenfield runoff volume is calculated using the 1:100 year 6 hour event. This volume is the

amount that can be discharged at the 1:100 year greenfield runoff rate

▪ The additional runoff volume should be discharged from the site at a flow rate less than 2l/s/ha

for this event (UK guidelines, see CIRIA manual)
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SuDS components

SuDS components could be….

▪ Rainwater Harvesting

▪ Green Roofs

▪ Infiltration Systems (trenches)

▪ Proprietary Treatment

▪ Filter Strips

▪ Filter Drains

▪ Swales

▪ Bio-retention Systems

▪ Trees

▪ Pervious Pavements

▪ Detention Basins

▪ Ponds and Wetlands

Source: Google Images
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SuDS components

Swales

▪ Definition: “Shallow, flat bottomed vegetated open

channels designed to convey, treat and (often) attenuate

surface water runoff” (CIRIA 2015)

• Enhance natural landscape

• Drain roads, paths, car parks

• Can replace conventional pipework

▪ Types of swales:

• Conveyance and attenuation swale

• Dry swale

• Wet swale

https://www.susdrain.org/

https://www.susdrain.org/
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SuDS components

CIRIA (2015)

▪ Conveyance swale

▪ Dry (enhanced) Swale
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SuDS components

CIRIA (2015)

▪ Wet Swale
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SuDS components

CIRIA (2015)

Swales: plan view

Google Images
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SuDS components

Swales: considerations

▪ Trapezoidal / parabolic best for hydraulic performance, construction and maintenance

▪ Bottom width, generally = 0.5-2.0m

▪ Longitudinal slope: 0.5-6%. Check dams where slope is >3% (vs erosion)

▪ Side slopes flat as possible to aid pre-treatment. Also safety / easy access for mowing. 1V:3H

recommended

▪ Depth: 400-600mm; deeper could mean higher land take, deeper water, costly excavations

Source: Google Images
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SuDS components

Swales: considerations

▪ Ability to safely convey extreme event flows for design return period

▪ Design event runoff flows should half-empty within 24 hours

▪ Average velocity calculated using Manning’s equation:

• Q = flow rate

• s = slope

• R = hydraulic radius

• n = roughness coefficient (value of 0.30-0.35 recommended for depth of water below or equal

to the height of the grass)

𝑉 =
 𝑅 Τ2 3 𝑠 Τ1 2

𝑛
< 1.0 m/s to prevent erosion 
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SuDS components

Swales: considerations

▪ Additional storage e.g. beneath swale base (e.g. for dry

swale), in filter media and drainage layer of swale system:

▪ Storage = Vol x Θ (= volume of systems x void ratio of

drainage layer)

▪ Flow route required for rainfall events that exceed design

capacity of swale

▪ Overflow pipe

▪ Weir structure

▪ Weir, orifice, pipe flow hydraulics design required for each

component

Source: Google Images
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SuDS components

Rainwater harvesting

▪ Rainwater Harvesting (RWH) is the collection of

rainwater runoff for use (from roofs and other

impermeable areas)

▪ Water is stored, treated (if required), and used

as needed

▪ Types of RWH

• Gravity

• Pumped

• Composite (gravity + pumped)

https://www.rainharvesting.co.uk/
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SuDS components

Rainwater harvesting

CIRIA (2015)

Gravity

Pumped
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SuDS components

Rainwater harvesting

Parameters for calculating size of storage are:

▪ Storm rainfall depth to be captured

▪ Average annual demand

▪ Daily demand for non-potable water

▪ Building occupancy

▪ Contributing surface area

▪ Runoff factor

▪ Filter efficiency factor

(See CIRIA Manual)

Toilet flushing? 
• 9 litre cistern, 50 l/c/d
• 6 litre cistern, 20 l/c/d
Washing Machine?
• 20 l/c/d
Commercial: 
• Dependent on use, e.g. 

schools, supermarkets, 
offices different. 



 ENV-222

SuDS components

Pervious pavements

▪ Pervious pavements are suitable for pedestrian

and/or vehicular traffic, while allowing rainwater to

infiltrate through the surface and into the

underlying layers.

▪ The water is temporarily stored before infiltration

to the ground, reuse, or discharge to a

watercourse or other drainage system.

▪ Pervious Pavements with aggregate sub-bases

manage surface water runoff close to its source:

• Intercepting runoff

• Reducing the volume and frequency of runoff

• Providing a treatment medium Source: Google Images
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SuDS components

Pervious pavements: typologies

▪ Porous pavements: infiltrate water across their entire surface material, e.g. reinforced grass or

gravel surfaces, porous concrete and porous asphalt

▪ Permeable pavements: are formed of material that is itself impervious to water. The materials are

laid to provide void space through the surface

Source: Google Images
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SuDS components

Pervious pavements: typologies

Source: Google Images



 ENV-222

SuDS components

Pervious pavements: typologies

CIRIA (2015)

Type A - Total Infiltration

• all the rainfall passes through

the sub-structure

• No discharge to a

sewer/river.

• An emergency overflow is

required

Type B - Partial Infiltration

• the proportion of rainfall that

exceeds the infiltration capacity

of the subsoils flows to the

drainage system (e.g., by

direct drainage or perforated

pipes)

Type C - No Infiltration

• the system is generally wrapped in an

impermeable membrane

• The water is conveyed to the outfall via

perforated pipes or fin drains

• Employed, e.g., when water is reused, or

site is contaminated
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SuDS components

Pervious pavements: design criteria

▪ Any pervious pavement (PP) need to be able to capture the required design storm event and

discharge it in a controlled manner to the subgrade/drainage system.

▪ pervious surface and sub-base to be structurally designed (vehicular loading)

▪ surface infiltration rate > design rainfall intensity (order of magnitude)

▪ temporary subsurface storage volume to meet requirements for infiltration and/or controlled

discharge

CIRIA (2015)
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SuDS components

Pervious pavements: hydraulic design

1. Adequate rate of infiltration of rainwater through the

pavement surface.

2. Storage volume required for design storm rainfall event

management.

3. Adequacy of outfall capacity to convey water from the

pavement structure.

4. Management of extreme events (excess of the design

storms – e.g., gullies slightly above the pavement)

See CIRIA Manual (Moodle)
Note: a safety factor of 10 is recommended to allow effect of 

clogging over the design life.
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SuDS components

Pervious pavements: hydraulic design

CIRIA (2015)
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SuDS components

Pervious pavements: hydraulic design

CIRIA (2015)
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SuDS components

Pervious pavements: hydraulic design

Pre-Design

Usually R = 1

CIRIA (2015)
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SuDS components

Pervious pavements: hydraulic design

Design storm

CIRIA (2015)
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SuDS components

Pervious pavements: hydraulic design

Maximum depth of water 
for plane infiltration

ℎ𝑚𝑎𝑥 =
𝐷(𝑅𝑖 − 𝑞)

𝑞

CIRIA (2015)
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SuDS components

Pervious pavements: hydraulic design

Maximum depth of water 
for plane infiltration

ℎ𝑚𝑎𝑥 =
𝐷(𝑅𝑖 − 𝑞)

𝑞

Storage = VOL rain – VOL Infiltration

Storage = Ab ∙ n ∙ hmax

VOL rainfall = AD ∙ i ∙ D

VOL infiltration = Ab ∙ q ∙ D

CIRIA (2015)
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SuDS components

Pervious pavements: hydraulic design

Iterative process 

(hmax → reSize)

CIRIA (2015)
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SuDS components

Pervious pavements: hydraulic design

8. Check half-empty time (<24h)
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SuDS components

Pervious pavements: hydraulic design (given the maximum depth)

CIRIA (2015)
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SuDS components

Pervious pavements: hydraulic design (outflow from pavement structure)

CIRIA (2015)
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SuDS components

Infiltration systems

Infiltrations Systems (IS) facilitate the discharge of

stormwater runoff to the ground and ultimately into

groundwater.

There are different types of drainage components to

facilitate infiltration:

▪ Soakaways

▪ Infiltration trenches/blankets

▪ Infiltration basins

▪ Others (bioretention systems and pervious

pavement)

Source: Google Images
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SuDS components

Infiltration systems

▪ Soakaways are excavations filled with a void-forming material that allows temporary storage of water 
before it soaks into the ground.

Source: Google Images CIRIA (2015)
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SuDS components

Infiltration systems

▪ Infiltration trenches are simply linear soakaways. They can be shallower and they distribute the 

infiltration area so that the impact of less permeable areas of soil is lower

Source: Google Images CIRIA (2015)
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SuDS components

Infiltration systems

▪ Infiltration basins are flat-bottomed, shallow landscape depressions that store runoff before

infiltration into the subsurface soils. Generally vegetated and with sediment and contaminants

treatment.

CIRIA (2015)
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SuDS components

Infiltration systems: design criteria

▪ It is crucial that any runoff be clean before entering the IS to avoid groundwater is not put at risk of

contamination.

▪ The performance is dependent on the infiltration capacity of the surrounding soils and the depth

to groundwater (a minimum 1 m between the base of the IS and the Groundwater level is usually

adopted)

▪ The bottom should be flat and the side slopes should not be steeper than 1H:3V (for vegetative

stabilisation and public safety reasons)

▪ Infiltrations Systems should manage storms up to the design standard of service: T = 10 or 30

years (but the 100 years performance also needs to be known)

▪ The IS should discharge to half empty within 24 hours

▪ Overflow pipe should convey exceedance flow downstream (in case of extremes)
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SuDS components

Infiltration systems: hydraulic design (3D systems)
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SuDS components

Infiltration systems: hydraulic design (3D systems)

10. Check half-empty time (<24h)
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SuDS components

Detention basins

▪ Detention basins (DB) are surface storage basins/facilities that provide flow control through

attenuation of stormwater runoff (settling pollutants)

▪ DB are normally dry (certain situations: recreational facility)

Source: Google ImagesCIRIA (2015) Watersquare, Rotterdam (Google Images)
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SuDS components

Detention basins: design criteria

▪ detention volume to manage design storms via constrained outflow

▪ minimum length:width ratio of 2:1 (3:1 to 5:1)

▪ maximum side slopes of 1V:3H for maintenance and safety reasons, (steeper slopes only in special

situations)

▪ Maximum depth should not exceed 2m.

▪ Bioretention and/or wetland/micropools at outlets is desirable for enhanced pollution control

Bioretention areas are shallow landscaped depressions,

typically underdrained and rely on engineered soils and

enhanced vegetation and filtration to remove pollution and reduce

runoff downstream.

Water Quality Treatment (not covered in this course) 

Source: Google Images
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SuDS components

Ponds: design criteria

▪ permanent pool volume for water quality

treatment

▪ temporary storage volume for flow attenuation

▪ sediment forebay or upstream pre-treatment

▪ length:width ratio between 3:1 and 5:1

▪ minimum depth for open water areas of 1.2 m

▪ maximum depth of permanent pool of 2 m

▪ side slopes > 1V:3H for slopes.

Source: Google Images
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Today’s session

Outline

▪ Conventional drainage

• Example

▪ Sustainable urban drainage

• SuDS components

• Example
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Sustainable Urban Drainage (SuDS)

Example (University College London)

Status quo (developed conditions)
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Sustainable Urban Drainage (SuDS)

Example (University College London)

Proposed interventions (SuDS)
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Sustainable Urban Drainage (SuDS)

Example (University College London)

Proposed interventions (SuDS)

See calculations in Moodle
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Sustainable Urban Drainage (SuDS)

SuDS Design Process

CIRIA (2015)



 ENV-222

Sustainable Urban Drainage (SuDS)

SuDS Design Process

CIRIA (2015)
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Sustainable Urban Drainage (SuDS)

SuDS Design Process

CIRIA (2015)

Identify flow paths Define sub-catchments Define green spaces
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Sustainable Urban Drainage (SuDS)

SuDS Design Process

CIRIA (2015)

Define roads Define exceedance
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Sustainable Urban Drainage (SuDS)

SuDS Design Process (case studies)

https://www.susdrain.org/case-studies/case_studies/lamb_drove_residential_suds_scheme_cambourne.html

https://www.susdrain.org/case-studies/case_studies/lamb_drove_residential_suds_scheme_cambourne.html
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Sustainable Urban Drainage (SuDS)

SuDS Design Process (case studies)

https://www.susdrain.org/case-studies/case_studies/moor_park_blackpool.html

https://www.susdrain.org/case-studies/case_studies/moor_park_blackpool.html
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Sustainable Urban Drainage (SuDS)

SuDS Design Process (case studies)



Appendix: SuDS
hydraulic design

Prof. Gabriele Manoli

gabriele.manoli@epfl.ch
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https://www.architecturaldigest.com/story/architect-new-yorks-central-park-incredibly-unexpected-legacy
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Appendix: SuDS Hydraulic design

The following slides provide additional material on the hydraulic design of SuDS

components (to complement the CIRIA manual)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Basics (I)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Basics (II)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Green roofs (I)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Green roofs (II)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Green roofs (III)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Green roofs (IV)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Pavements (I)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Pavements (II)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Swales (I)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Swales (II)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Swales (III)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Swales (IV)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Swales (V)
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Appendix: SuDS Hydraulic design

Source: Zevengergen et al. (2010)

Swales (VI)
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