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Mike Gregory, P.Eng., P.E. ðComputational Hydraulics Intõl

5th Intõl Conference on Natural Channel Systems     Niagara Falls, ON 

Session T3B Stormwater: Tuesday September 27 (2:00-3:30pm)

Designing StormwaterManagement Facilities to 
Minimize Downstream Watercourse Impacts 



ET

I

Q

P

Evapotranspiration, ET

Infiltration, I

Runoff, Q

Rainfall, P

ÅNaturalConditions

2

Hydrologic Impacts Due to Development

ÅDevelopedConditions

URBAN
DISTURBANCE



ÅSource controls: Capture the runoff before it gets into the collection system

ÅGreen infrastructure, LID

ÅConveyance improvements: Move runoff quickly and efficiently through collection system

ÅPipes, culverts, pumps

ÅStorage improvements: Hold runoff within collection system before discharging downstream

ÅPonds, tanks, cisterns

ÅFloodplain management: Redirect damaging flows and get out of its way

ÅLevees, berms, preserve floodplain storage areas, purchase flood-prone structures

ÅSome combination of the above
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StormwaterManagement Solutions



ÅSource controls: Capture, use, and treat 
stormwaterprior to discharge into 
collection system or receiving waterbody 

ÅConveyance controls: Transport, use, 
and treat stormwateras it travels along 
the system

ÅEnd-of-pipe controls: Store, use, and 
treat stormwaterprior to discharge into 
receiving watercourses or waterbodies
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Classifying StormwaterFacilities ðBy Location

Point of 
Origin

Pathway

Receptor

Green Roof Swale

Naturalized Channel Infiltration Gallery

Regional SWM Facility Wetland/Pond



ÅHazard protection: manage peak flows and velocities to protect people and property from 
flooding and erosion hazards

ÅQuality treatment: manage sediment, pollution, and temperature to protect public health, 
habitats, and aquatic/terrestrial resources

ÅVolume reduction: manage stormwaterin a way that mimics pre-development conditions to 
preserve the natural environment

5

StormwaterManagement ðDesign Objectives

Control Analysis / Design Risk Mgmt

Variables Approach Priority

Flood Control Pipes & Ponds Peak runoff flow & flood depth Event-based hydrology Highest

Erosion Control Watercourses Peak velocity & shear stress Event-based hydrology Medium

Quality Treatment BMPs & Ponds Long-term removal efficiency Continous simulation Medium

On-Site Retention Green Infrastructure Runoff volume Continous simulation Lowest

Minimize Impacts Grey & Green Flow frequency & duration Continous simulation (increasing)

Design Function Assets
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Systematic Performance Assessment

ÅEvaluate stormwaterimpacts

Stimulus Response

ÅUsing these indicators

Intensity

Duration

Frequency

ÅAnd in a watershed context

Source Pathway Receptor

Stormwatermanagement facilities Receiving waters

Outfall

ÅUnder various land use conditions

Pre-

Development

Post-Dev'pt 

(uncontrolled)

Post-

Development
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Traditional StormwaterManagement

Rainfall Stimulus

I Intensity

D Duration

F Frequency

qp = 22.7 

Runoff Response

I Peak Flow, qp

F Design Storm

Regulatory Control

qp post-devôpt Ò qp pre-dev'pt
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Traditional StormwaterManagement (continued)
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Event-Based Hydrology

Long-term 

rainfall dataset

Design storm 

hyetographStatistical 

analysis

Stormwater

model
Event runoff 

hydrograph
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Continuous Simulation
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Risk Management ðApplication to Quantifying Impacts
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Response Functions

ÅIn a catchment contexté

ҥ òwater balanceó

ÅIn a watershed contexté

Ҧ etc.

Response

Indicator

Magnitude Discharge Depth Velocity Shear Stress Concentration

Peak Value qP dP vP P̱ cP

d × v = flood hazard  

v × ̱  = erosion hazard

D Time of Exceedance tD җ qCrit tD җ dCrit tD җ vCrit tD җ C̱rit tD җ cCrit

Receiving Watercourse Impact

F
Recurrence     

Interval

Evaluate range of return periods: design storm events (event-based 

hydrology) or based on flow frequency analysis (continuous simulation)

Total Amount / 

Cross-Product

I

qT = volume cT = loading

Response Climatological

Indicator Stimulus

Magnitude Precipitation Runoff Infiltration Evaporation Storage

Rate p r i e s

Volume P R I E S

Surface Water Hydrologic Response

I

F
Recurrence     

Interval

Evaluate range of return periods: design storm events (event-based 

hydrology) or based on flow frequency analysis (continuous simulation)



Magnitude Discharge Depth Velocity Shear Stress

Peak Value qP dP vP P̱

d × v = flood hazard  

v × ̱  = erosion hazard

D Time of Exceedance tD җ qCrit tD җ dCrit tD җ vCrit tD җ C̱rit

F
Recurrence     

Interval

Total Amount / 

Cross-Product

I

qT = volume

Select appropriate design storm event(s)

qP= 0.023 m3/s 
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Flow Rate & Volume Impacts ðEvent-Based Hydrology

qT(i.e., volume) = 26.9 m3

= ᷿ ήὸ= Вqavgĭǂt

Pre-development conditions (100-year/4-hour design storm)

tDÓ qCrit= 9 min 

qCrit= 0.015 m3/s 
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Flow Rate & Volume ðContinuous Simulation

Post-development conditions(18 years of rainfall)

ÅTotal volume = 5,992 m3

ÅExceedance duration = 5 min

ÅPeak discharge = ?? (overall max. 
value is 34.9 L/s, but there are 
hundreds of eventsé)


