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SETTING THE CONTEXT

The world iIs my representation
(The World as Will and Representation -1819)

NOUMENA
Facts as they are and
In themselves — Reality
PHENOMENA

What can be known
(our models)

SCHOPENHAUER
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SETTING THE CONTEXT

Optimal Solutions New paradigm
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SETTING THE CONTEXT

Usual Modeling — Hortonian flow



SETTING THE CONTEXT
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Partial Components of Hillslope Hydrology Adapted from Chorley (1978)

Reality much more complex —

different types of flow



SETTING THE CONTEXT

NEW PARADIGM

» Treatment train @
(55N

= Complete rainfall
spectrum

= Runoff volume reduction




SETTING THE CONTEXT
DEFINING OBJECTIVES

Enlarged target
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OUTLINE

2 Urban Runoff Quality Control In
Context

2 Approaches and Parameters for
Design Storms

a Designing and Validating Design
Storms with Continuous Simulations

2 Conclusion
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URBAN RUNOFF QUALITY CONTROL

Dorval Airport Station (Montréal)
Rainfall events with more than 1 mm (3386 events - 1943 to 1992)
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URBAN RUNOFF QUALITY CONTROL

1980 - 82 rainfall events
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URBAN RUNOFF QUALITY CONTROL

1983 - 94 rainfall events
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URBAN RUNOFF QUALITY CONTROL

* Recharge —5a 10 mm

Contréle quantitatif
(inondation/refoulement)

* Quality — 90 % of
annual runoff

= Channel protection —
1:1y with 24 to 48
hours

= Quantity —1:2y, 1:10y
and 1:100 y as for pre-
development conditions

lasalleonhe



DRAINAGE NETWORK COMPONENTS ARE
DESIGNED WITH DIFFERENT PARAMETERS

* Volume (retention basin, = Discharge (pipes, swale,
bioretention) hydrodynamic devices)
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APPROACHES AND PARAMETERS

Volume based treatment systems

Portion of storm volume greater than

Millillllllll treatment volume X
Runoff inter-event
flow rate
Treatment Volume Time

= treated runoff =0.90

= untreated runoff
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APPROACHES AND PARAMETERS

Rate based treatment systems

Runoff
flow rate

Treatment Flow Rate

= treated runoff

>=0.90

= untreated runoff n
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APPROACHES AND PARAMETERS

Volume based treatment systems
WQ Volume = R, x P X A

Where R, = Volumetric runoff coefficient

P = Precipitation for 90 % of the storms

A = Tributary area

= Basic assumption — runoff volume (and not
peak discharge) is the main parameter for
water quality control

= Application in design: retention basin; bioretention
lasalleodnhc



APPROACHES AND PARAMETERS

Uniform rainfall
Intensity

Rate based treatment systems

Simplest method

Doesn’t take into account
rainfall patterns or
statistics

Rational method

Simple method

Need specific IDF curves
(high occurrences)

Modelling with
design storms

Intermediate
complexity

Need to determine design
storms (could be different
for peak Q or Volumes)

Modelling with
continuous
simulation

Optimal approach,
both for volume
and rate based
treatment systems

Data might not be
available
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APPROACHES AND PARAMETERS

Example with uniform intensity

ag nnual Rainfall Volume BH 272004
, then averaged, Fancher

% Annual Rainfall

Volume

Rainfall Intensity Vs.

% Annual Rainfall Volume

90 % : 4.8 mm/hr
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Portland (Oregon) SWM Manual
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APPROACHES AND PARAMETERS

Use with rational method (Q = CIA/360)
High occurrence IDF curves

Dévoloppemant durable,

Environnement et Lutte
Smatigues o INTENSITE, DUREE, FREQUENCE (IDF) DES PLUIES DE GRANDES RECURRENCES
QUébEC ] n
Station : Saint-Jérome
99 7037400
80
70
60 Latitude :  45°48'23"  Altitude : 169 m
50 Longitude : 74° 02 22"
40 )
30 Période disponible : 1981-2010
20 1 P e r I I I O n t h Récurrence demandée : 1 fois par mois
Tableau des valeurs
1
% . Reécur. Int. In{Int.)
T Durée
= 6 e max. | (mm/h) | valeur |Emeurtype
E 5 5min | 875 | 3686 3,61 0,03
g 4 10 min 9,74 27,28 331 0.01
2 3 15min | 997 | 2227 3,10 0,02
a 30min | 1034 | 1486 | 270 0.02
o 2 3 1h 10,53 9,70 227 0,02
£ 2h 10,65 6,36 1,85 0,02
6h 10,77 3,11 1,14 0,03
g él 12h 10,79 1,79 0,58 0,02
0.7 ]
0.6 Tableau des parameétres de Montana
0,5
0,4 P g Valeur | Ecart-type
03 In{a) 4,76 0,10
’ b 0,620 0,018
0,2
Equation de la courbe IDF
01 Intensité (mm/h) = a - [Durée (min)]
5 min 10 min 15 min 30 min 1h 2h 6h 12h
Durée

Quebec Mlnlstry of Environment
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APPROACHES AND PARAMETERS

Selected approaches (Quebec Provincial
Guidelines)

« Small Systems
« Volume based WQ Volume =R, xP xA

IDF Curves (65 % of 2 yr IDF)

* Larger Systems

« Design Storms both for Volume and Rate
based SCM

Both approaches should give similar results !!...
lasalleodnhc



DESIGNING DESIGN STORMS

An old problem...
RELIABILITY OF DESIGN STORMS IN MODELLING

BY

BEN URBONAS
CHIEF, MASTER PLANNING PROGRAM
URBAN DRAINAGE AND FLOOD CONTROL DISTRICT
DENVER, COLORADO

SEMINAR ON THE DESIGN STORM CONCEPT

1979
ECOLE POLYTECHNIQUE, UNIVERSITY OF MONTREAL

MAY 23, 1979°
lasalleonhe



DESIGNING DESIGN STORMS

An old problem...

Design Storm Events for Urban Drainage
Based on Historical Rainfall Data: A Conceptual
Framework for a Logical Approach

Gilles Rivard

...1996
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DESIGNING DESIGN STORMS

An Old prOblem o Design Storm Events for Urban Drainage

Based on Historical Rainfall Data: A Conceptual
Framework for a Logical Approach
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DESIGNING DESIGN STORMS

Many conceptual difficulties...

Different hyetoegraphs

Design Storm Pathology

Different 60 o
average ni

intensities 50~ L,
e Barry J. Adams' and Charles D.D. Howard?

gé;z S J— Different

TIME {hr) TIME (hr) . .
rainfall with
L ] BT same
ldentical catchment & Antecedent conditions
catchment

conditions

RAINFALL INTENSITY {mm/hr)

& wm

o = M W

DIRECT RUNOFF RATE (m%s)

e o e (o) lasalleonhe



DESIGNING DESIGN STORMS

Many conceptual difficulties...

RAINFALL INTENSITY (mm/hr)

DIRECT RUNOFF RATE (m%s)

Same hyetogra'ph

_ /—— Same average gg

Design Storm Pathology

Barry J. Adams' and Charles D.D. Howard?
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DESIGNING DESIGN STORMS

Suggested design storms for water quality
= New Jersey, USA (2004)

= Calgary, Canada (2011)

1 HOUR - WATER QUALITY DESIGN EVENT
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DESIGNING DESIGN STORMS

QUEBEC APPROACH

» Total rainfall quantity: 22 to 26 mm for different
regions (90 % of annual rainfall)

» Chicago-type Design Storm Total Rainfall Quantity:
for time distribution 22 t0 26 ;nm

; _ ) /

* Duration: 6 hrs //

° ?atIOTimeToPeak r= 0-45 I //
. . 1/

« Peak intensities to be | yﬁhﬂﬂ

adjusted e LA e s

.............
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DESIGNING DESIGN STORMS

CONTINUOUS Rainfall series

MODELLING
Continuous Simulation

Simulated Hydrographs

Discharge series Volume series

Statistical analysis Statistical analysis

DESIGN STORMS VALIDATION
lasalleonhe



DESIGNING DESIGN STORMS

CONTINUOUS
MODELLING
Event Date

2 2001-05-12 13:10
I 2001-06-02 4:45
10 2001-06-04 4:10
17 2001-06-22 8:25
18 2001-06-22 20:10
47 2001-08-20 4:35
48 2001-08-20 23:15
50 2001-08-26 17:15
60 2001-09-20 13:10
72 2001-10-17 3:30
75 2001-10-23 15:30

Duratio
n (h)
11.75
10.58
22.5

5

28.67
5.33
2.83
13.75
26.33
29.25

11

IDF Analysis for actual
storms with less than 25 mm
(and higher than 10 mm)

Maximum
Rainfall
(mm/hr)

4.8
8.4
22.8
25.2
10.8
13.2
50.4
14.4
10.8
7.2
9.6

Mean Rainfall |Total Rainfall

(mm/hr)
0.9702
1.606
0.88
2.96
0.8198
2.119
4.588
0.9164
0.5203
0.3521
1.345

(mm)
11.4
17
19.8
14.8
23.5
11.3
13
12.6
13.7
10.3
14.8
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DESIGNING DESIGN STORMS

EXAMPLE - 2004
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DESIGNING DESIGN STORMS

Analysis of rainfall events

100 Average : 76 events

90

80

70

60 Events with more  Events with more
50 than 25 mm than 15 mm

40
20 Average: 16.4 %

20

10
: lenmstnt sl

Total No. of events Events wih more than 25 mmEvents wih more than 15 mm

Average: 9.3 %

Number of rainfall events

W 2000 = 2001 = 2002 = 2003 = 2004 = 2005 m 2006
W 2007 m2008 2009 m 2010 m 2011 = 2012 m 2013
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DESIGNING DESIGN STORMS

Generic types of land use defined

« Small Parking Lot
 Medium-size high density residential

 Medium-size low density residential

Continuous modelling used to adjust
the shape of the design storm
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DESIGNING DESIGN STORMS

Parking_Lot

Shape of deS|gn storm adjusted
~ for rate-based systems
(consmiermg results from contlnuous
S|mulat|ons and ratlonal method) |

Runoff (m3/s)

0,02 |

0'01 Il [ “Hﬂh't\.‘lu M .

000 L= \‘IHLM{ Hn JMI |]| | ‘

Jun Jul Aug Sep Oct Nov

2006 Date/Time i 0 nhc




DESIGNING DESIGN STORMS

Design storm adjustments for rate-based systems

40

/ 75 % of 10 min peak intensities
35 -

30

Rainfall Quantities reallocated
2 before and after the peak
(to maintain the total 26 mm)

20 / N

Rainfall intensity (mm/hr)

15 —

10 -

{oeeeeT ||| TP

0
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SUMMARY - THE WAY FORWARD

Urban Runoff Quality Control

Small Storms

Design Tools adapted to types of SCM (Volume
or Rate Based)

Design Tools adapted to scale and complexity
of project

ldeally use actual rainfall series where available

lasalleonhe
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