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Rational method - introduction

« Sizing of a sewer network with 2 equation:s:
rational method and Strickler
« Simple methods but not simplistic!

« This approach is still being suggested by several cantons...
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Rational method - intfroduction

Q=C:-i-A

Design discharge (I/s)

Runoff coefficient (dimensionless)
Design rainfall intensity (mm/h or I/m?/s)
Watershed drainage area (ha or m?)

Z 00

« Need information on rain intensity/frequency and
imperviousness of the watershed

« Valid for small, urban, homogeneous watershed

* Only for estimating peak flows

« Numerous concepts integrated in a simple formulal
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Rain intensity (mmfhour)
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The Rational Method
Rainfall infensity

Key parameter: rainfall

Variable rain in space and time...

Climate change®¢

Return period ¢ 5 yearse 10 yearse 20 years?
“Alea du ruissellement”: 300 years !

800 — 1400 mm rain/year
80 — 160 events/year
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The Rational Method

Rainfall intensity
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The Rational Method
Rainfall infensity

Design rainfall:

« Synthetic rainfall

« Simple shape

« Integrate statistical rainfall information

* Must reproduce the same hydrological response as
real rain events

Intensité

Im

fC Duree
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Rational method
Rainfall intensity

« Based on IDF curves (intensity/duration/frequency)
« A dedicated return period must be selected (typically 5 to 20 years)
« Local conditions must be considered

Courbes IDF - Proposition
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Figure 2 : Courbe IDF pour chacune des régions du Valais (CREALP, 2016)
T Return period
t: duration of the rain event

a,b,c: local coefficient
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Rational method
Rainfall intensity

i=— - /;:,J ; @g

Design rainfall intensity (I/s ha) b

f(return period, location) ' ;{ wd 7 ST
rainfall duration (min) M N al

. L K.
Local constant (min) aLALS 2

Example: Zone W, return period 1 year, rain duration 60 minutes:
2700/(60+12) =37.51/s/ha =13.5 mm/h

Zones d'intensité | Valeur de K pour fréquences n= | jusqu'a n= 0 Valeur de B
I A 5 0
v 1050 1359 1700 2100 6
G 1900 2450 3000 3750 10
W 3500 4300 5400
X 4050 5250 6500 8100 12
S 6000 7800 9600 12000 25
Autres domaines 3400 4400 5400 6750 12 5




Rational method: rainfall intensity
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Rational method: rainfall intensity

Le bassin versant - Isochrones

Temps de concentration & Hydrogramme de crue :

Une pluie homogene (invariante par translation) et

uniforme (invariante dans le temps) incidente sur

le BV va engendrer une croissance des debits a

I’exutoire jusqu’a une valeur maximale pour

laquelle tout le bassin contribuera au debit a

I’exutoire. Une fois le débit maximum atteint,
ternml"hydrn:)gramme reste sur cette valeur plateau tant
Piie constante etinfinie | due la pluie constante incidente dure.

exutoire

pluie

i 4 Temps d’équilibre = Tc
débit Qp

exutoire

temps

https://www.youtube.com/watch?v=BZK5isMxVBY Urban Hydrology Course, LR, 27.03.2025



https://www.youtube.com/watch?v=BZK5isMxVBY

Rational method
Rainfall intensity

« How fo estimate “1" 2 . K
« Crucial point in the rational method 1=
\ o t+B
« Basically: t = concenftration time t_
fe = oo + 1

C runoff transport

\ Via iterations knowing Q
/ and V (flow velocity in
the sewer system)

Empirical formulafions :
f(slope, size of the watershed, rain infensity...)

Or global estimation:

Dense urban area: 5 min
Sub-urb: 10 to 20 min
Dispersed habitat: 20 to 30 min

Limitations:
No storage capacity in sewers
No spatial variability of rain events

Urban Hydrology Course, LR, 27.03.2025



Rational method: Rainfall intensity

How to estimate “1" ¢

branche 1

branche 2 (si la pluie avait duré
- N assez longtemps)

branche 2

Urban Hydrology Course, LR, 27.03.2025



Rational method
Rainfall intensity

Very simple method to evaluate stormwater flowrate

i) 1
Q)

Q=C: i-A
Design discharge (l/s)
Runoff coefficient (dimensior ___,

Design rainfall infensity (mm/h or |/m?2/s)
Watershed drainage area (m?)

Z 00

Hypothesis: Qo IS Observed if rain duration =2 concentration time 1.
Qrnax IS Proportional to i,
Qo ONd i, hOve the same return period
C = constant
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The Rational Method
Runoff coefficient

Runoff coefficient accounts for:
« Initial losses at the beginning of a rain event (1-5 mm: storage,

infiltration...)

« Imperviousness of a watershed (at maximal development)
« Effective contribution of runoff

Surfaces imperméables Ol Surfaces perméables Ol
Eternit 0.95 Jardins, prés ~0
Tole, verre 0.95 Parcs ~0
Tuile 0.90 Foréts ~0
Asphalte 0.80 Prairies escarpées
Béton 0.80 sol trés perméable ~0
Pavage 0.50 moyennement perméable ~0
Toits plats recouverts de gravier 0.25 peu perméable 0.3-0.5
Tout venant compacté 0.25 Vignobles 0.3-0.5
Pavé gazon 0.15

Urban Hydrology Course, LR, 27.03.2025
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n
Vs = ZY/ ‘U gj

=1

type de surface o surface effective v.
[m’] v [7%]

toits:

toits plats recouverts de gravier 0.25 3'795 16.5 0.04
rues:

asphalte 0.80 2253 9.8 0.08
parcs-auto, places, acces:

asphalte 0.80 2'734 11.9 0.10

pavage 0.50 1204 5.2 0.03
espaces verts et surfaces non drainées 0 13'028 56.6 0
total 23'014 100.0 0.25
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The Rational Method
Runoff coefficient

Approximation for the runoff coefficient:

City center, highly urbanized: 0.6-0.9
Sub-urb: 0.2-0.6
Industrial area: 0.4-0.8
Roofs, streets: 0.8-0.9

0,9

Effective conftribution
“coefficient d'écoulement’:

0.7

0,6 ——

e =0.85-y >

v[-] : total impervious fraction of the
considered catchment

itants /ho

T
0 100 200 300 400




The Rational Method
Runoff coefficient

Estimation of impervious surfaces with spectral imagery

i~ ﬂ ‘.. 7 I ;. -:- '-.’ h
https://learn.arcgis.com/fr/projects/calculate-impervious-surfaces-from-spectral-imagery/
https://eijournal.com/print/articles/changing-the-landscape-of-impervious-surface-mapping
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The Rational Method
Runoff coefficient

CR A Contribution des
zones permeéables

—— CR max
% imperméabilité totale
Contribution des zones
imperméables non connectées
o | directement au réseau
Variabilité I
extréme | T
| I
|
| % imperméabilité effective ou des surfaces
| impermeables directement connectées au
| réseau
| I
| | Pluie totale [mm]
. | I >
I 5 20 |
. " [
Domaine | Analyse de la qualité des eaux Gestion des crues
d'application et gestion en temps réel | |
< >l< >
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Measurements
of runoft
coefficient
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Rational Method - Table of content

Runoff in sewers: Strickler formulation
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Rational method
Calculation of stormwater flowrate

Manning-Strickler formulation.
Uniform and permanent flow as hypothesis |

Q=K-S-R2/3 - J1/2

Design discharge (m3/s)
Roughness coefficient (m!/3/s) S~ P (m)
= Strickler coefficient, 1/n Manning coefficient
Wetted surface (m?)
Hydraulic radius (m)

Slope (-) 5/3
Wetted perimeter (m) D= 4 . Q
Tt K. ﬁ

Urban Hydrology Course, LR, 27.03.2025




Calculation of stormwater flowrate

Rational method

'] - - - Rt - RTEMENT DES INNERN
MITTEILUNGEN
y l ] l ] DES AMTES FUR WASSERWIRTSCHAFT
Mmus:tgt:e: nnnnnnn -rrl.zew:n;;an

Beitridge zur Frage
der Geschwindigkeitsformel und der
Rauhigkeitszahlen fiir Strome, Kanéle und
geschlossene Leitungen

von
Dr. A. STRICKLER
Chef der Sektion fiir Niederdruckanlagen und Schiffahri

Dr Jean-Louis Boaillat - -
Dr Michael Pfister o

ZU BEZIEHEN

Laboratoire de constructions hydrauliques (LCH)
Ecole Polytechnique Fedérale de Lausanne (EPFL)

Preis Fr. 5.—

Bern 1928 ———

Les jonctions avec des ¢coulements torrentiels

Dr Michael Pfister & Timur Gokok

o
E sse nil a Il b Ui. n Oi Laboratoire de constructions hydrauliques (LCH)

considered for this

class !

Ecole Polytechnique Fédérale de Lausanne (EPFL)

Prof. Dr Corrado Gisonni
Department of Civil Construction and Environmental Engineering and Industrial Design
(DICDEA), Seconda Universita di Napoli (SUN)




Rational method
Calculation of stormwater flowrate

Oc = 45/ aK\f J,D*’ Eq. 6 A:iDz}ﬁ” 1_Y_4Y‘ Eg. 15
3 4 25
1= K\/FDSH Eq. 14 O=AV Eq.1
/2 K.J D"°
¥ =0.926|1-1-3.11¢ | * 013 5 ="V Eqi. 22
N
h Y. =0.92-30J J,<0.0125
Y=— Eqg.12 ” 0 pour Jo=U.0 12
D * Y. =0.55 pour J,>0.0125 £q. 16, 17

F= O Eq. 18 4mmm) 0.80<F<1.20

Urban Hydrology Course, LR, 27.03.2025



Rational method

Calculation of stormwater flowrate

Limitations regarding flow velocities:

\

max-

4 m/s (to avoid abrasion in the pipes, = 15 km/h)

For stormwater and combined sewer systems (to avoid deposits):

\VANS, 20.6m/s, Q=0.1 Qo
>20.3m/s, Q=0.01 Qmox

For wastewater in separated systems:

Vi >0.5t00.7 m/s, Q=0.510 1 Quqy
203 m/s, Q=0.01 Cchx

N in- > 0.2 @ for average actual flowrate

Urban Hydrology Course, LR, 27.03.2025



Rational Method - Table of content

Building a sewer network - basics
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Building a sewer network

Coos s S

Combinedsewer system Separatea sewer syste

CSOs @

tormwater discharges

Urban Hydrology Course, LR, 27.03.2025



Morphology of a sewer network

Sewer
network

All sewers
and
channels

+

Special
structures

* Primary drainage (sewers)
* Inferceptor, collecting sewer

* Discharge pipes

e Link surface — underground
(collecting and visiting
structures)

e Link sewer — environment
 Treatment structures

Urban Hydrology Course, LR, 27.03.2025



Morphology of a sewer network

Flow conditions:
« Gravitational flow
* Free surface flow
 Transition flow
» Possibility of exceptional pressurized flow conditions
» For wastewater, rare cases of pressurized flows

Sewer structure: \/
 Ramification network \L

(réseau ramifié)

*Mesh network
(réseau maillé)

*Unique or multiple outlets

Urban Hydrology Course, LR, 27.03.2025
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Example of the
intferceptors system
for the CUM

- (Communauté

o urbaine de
Montreal)
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@ Structures de régulation (36) STRUCTTRE K
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——— Conduites de raccordement % ; : A CLAPET ) ExISTANT
e Egout collecteur de la ville de LaSalle k ‘ g 4 | i =
~——— Réseau des intercepteurs (89,5 km) EINSS

Emissaire : embranchements est et ouest (8,8 km)

VERS LE COURS D'EAU

STRUCTURE DE
REGULATION

STRUCTURE DE
CHUTE ET D'ACCES

INTERCEPTEUR VERS LA
STATION D'EPURATION
DES EAUX USEES DE LA CUM



Type and shape of sewers:

 Circular (from @ 10 cmto >4 m)
* Egg-shaped (ovoid) (height 1 to 2 m)
» Special profiles (sewer inspection)
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Morphology of a sewer network

Expected characteristics for sewers:

« Watertight (exfiltration / infiltration of wastewater)
* Inert regarding pollutants

 Structural stability for pressurized situations
* Low rugosity

Materials

« Cast-iron (“fonte ductile”) (special
* Plastic (PVC, PE, PP... <@ 50 cm)
 Fibrociment (asbestos ciment)

« Concrete (prefab)

» Reinforced concrete (big sections)

‘ban Hydrology Course, LR, 27.03.2025



Special structures
Link surface - underground
» Collecting structures
« Connection of households
* Intake screen
* Visiting structures
Link sewer system —receiving waters
» Discharge pipes
« Combined sewer overflows
Storage structures
* Detention basins
» Af-source storage
Structure linked with sewer functioning
 Flush gates
« Sand trap
* Siphons
« Pumping stations
* Pre-treatment

Urban Hydrology Course, LR, 27.03.2025
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Morphology of a sewer network

Collecting structures |

— Beuche sans décantation P - | i —_
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orphology of a sewer network

https://www.vsa.ch/fr/domaines-cc/assainissement/evacuation-des-
eaux-des-biens-fonds/film-dinformation/

.

Urban Hydrology Course, LR, 27.03.2025
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Morphology of a

Cadie &t lampon
métalligus
\ !
IIEJMD 2 1ypes de rehausses
—BF : z
B
1 E
- | e
i L GBED0 |k o E
ke BI04 o

Fig. 57 - Repard de visite & seetion diripladre die [ m
de dipmitre, 0 qeets Infdrel en dérntion J'ume
cunclmton de dismetre pominal ueperiear @ 0,80 m.
Verignier: asee dehalle envasirde,
nrer échelony soillamrs,

T SECURITY !!!

Urban Hydrology Course, LR, 27.03.2025



Morphology sewer network




Building up a sewer network:

generalities
Variables:
1. Watershed characteristics
e Rain

« Topography

 Hydrography

« Geology
2. Urban characteristics

« Size and typology

* Imperviousness

« Existing drainage system

« Future expected developments
3. Constraints linked with sewers

« Transport conditions (slope...)

« Maintenance conditions

« Reduction of nuisances

Urban Hydrology Course, LR, 27.03.2025



Building up a sewer network:
generalities

Procedure:

Selection of the type of drainage system
Selection of the type of network

Localization of discharge points

|dentification of environmental requirements
Need, type and localization of storage capacities
Implementation of freatment plants

Mapping of the network

Sizing of the network

No global rules, no unique solutions !
Different scenarios must be considered !

Urban Hydrology Course, LR, 27.03.2025
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