
Lower Hunter Valley & Central Coast Lower Hunter Valley & Central Coast 
Environmental Management StrategyEnvironmental Management Strategy

Water Sensitive Urban Development On Single LotsWater Sensitive Urban Development On Single Lots

Applying the Applying the ““Soft OptionsSoft Options”” for for 
EcosystemEcosystem--Based  Based  Stormwater Stormwater Management: Management: 

Canadian  Case StudiesCanadian  Case Studies
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Lower Mainland region Lower Mainland region 
of British Columbiaof British Columbia

City of SurreyCity of Surrey

United StatesUnited States
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North Shore Mountains



Relevant Information for Relevant Information for 
Burnaby Mountain & East ClaytonBurnaby Mountain & East Clayton

Start of Construction: Start of Construction: June 2001?June 2001?

TimeTime--frame to Complete: frame to Complete: >25 years>25 years

Design Populations: Design Populations: 
–– 10,000 for Burnaby Mountain (multi10,000 for Burnaby Mountain (multi--family residential)family residential)
–– 13,000 for East Clayton (single family residential)13,000 for East Clayton (single family residential)

Planning Framework:Planning Framework:
–– Burnaby MountainBurnaby Mountain: : Sustainable Urban  Mgmt System (SUMS)Sustainable Urban  Mgmt System (SUMS)
–– East Clayton: East Clayton: CondonCondon’’s Seven Principles for Sustainabilitys Seven Principles for Sustainability

Dominant Issues:Dominant Issues: StormwaterStormwater (#1) & Transportation (#2)(#1) & Transportation (#2)



Responsible jurisdictions acceptResponsible jurisdictions accept
the need for a change in approach:the need for a change in approach:

from one that only from one that only Deals with the ConsequencesDeals with the Consequences
(This is the traditional end(This is the traditional end--ofof--pipe engineering approach pipe engineering approach 
that is reactive in solving problems)that is reactive in solving problems)

to one that also to one that also Eliminate the CausesEliminate the Causes --
(This(This involves an integrated approach to sourceinvolves an integrated approach to source--control control 
that prevents problems from occurring)that prevents problems from occurring)



How does the How does the ““integrated approachintegrated approach””
compare with a traditional approach?compare with a traditional approach?

INTEGRATED:INTEGRATED:
EcosystemsEcosystems
MultiMulti--disciplinarydisciplinary
ConsensusConsensus--basedbased
PartnershipsPartnerships
HolisticHolistic

TRADITIONAL:TRADITIONAL:
Drainage SystemsDrainage Systems
EngineerEngineer--drivendriven
BureaucraticBureaucratic
City OwnershipCity Ownership
NarrowNarrow



To solve a problem, we first need To solve a problem, we first need 
to understand the root causeto understand the root cause

Development Alters the Natural Water BalanceDevelopment Alters the Natural Water Balance

When forest cover is replaced by roads and buildings,  When forest cover is replaced by roads and buildings,  
less rainfall infiltrates into the ground, less gets taken less rainfall infiltrates into the ground, less gets taken 
up by vegetation, and more becomes surface runoff. up by vegetation, and more becomes surface runoff. 

The result of water balance change is erosion and floodingThe result of water balance change is erosion and flooding



Estimated Annual Water Balance for 
Natural Forested Conditions

Estimated Annual Water Balance for Estimated Annual Water Balance for 
Natural Forested ConditionsNatural Forested Conditions
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Impact of Increasing Impervious Area Impact of Increasing Impervious Area 
on Runoff Frequency and Magnitudeon Runoff Frequency and Magnitude

Impact of Increasing Impervious Area on
Runoff Frequency and Magnitude



What does this mean for an What does this mean for an 
Urban Watershed?Urban Watershed?

More surface runoff More surface runoff 
increase inincrease in total runoff total runoff volumevolume
increase inincrease in peakpeak runoffrunoff ratesrates

More and Faster from the UplandsMore and Faster from the Uplands
Flow Concentration in the LowlandsFlow Concentration in the Lowlands
Water Trapped by Highways that Act as BarriersWater Trapped by Highways that Act as Barriers



The result is annual flooding...The result is annual flooding...



Culvert vulnerable to blockage Culvert vulnerable to blockage 

...and ravine erosion...and ravine erosion

Tree undercutTree undercut



ScienceScience--Based Understanding has Based Understanding has 
Changed the Way We Think in Changed the Way We Think in 

British ColumbiaBritish Columbia

Washington State research findingsWashington State research findings
released in 1996released in 1996 (Richard Horner & Chris May)(Richard Horner & Chris May)

Correlated stream health with     Correlated stream health with     
impervious area and riparian corridor impervious area and riparian corridor 



We now know thatWe now know that thethe
Environmental Health of Streams Environmental Health of Streams 

in  the Suburban Environmentin  the Suburban Environment
depends on these Limiting Factors:depends on these Limiting Factors:

(listed in order(listed in order--ofof--priority)priority)
Changes in hydrologyChanges in hydrology
Disturbance to riparian corridorDisturbance to riparian corridor
Degradation of aquatic habitatDegradation of aquatic habitat
Deterioration of water qualityDeterioration of water quality



Impact of Increasing Urbanization Impact of Increasing Urbanization 
on Stream Corridor Healthon Stream Corridor Health



Master Planning Levels:Master Planning Levels:
A Framework for DecisionA Framework for Decision--MakingMaking

Translate scientific findings into a Translate scientific findings into a 
graphic decisiongraphic decision--making tool for making tool for 
selection of a guiding philosophyselection of a guiding philosophy

Reference to  impervious area thresholdsReference to  impervious area thresholds

Define strategic objectives and Define strategic objectives and 
identify management practices to achieve identify management practices to achieve 
those objectives through an integrated planthose objectives through an integrated plan



ALTERNATIVE VISIONS FOR THE ALTERNATIVE VISIONS FOR THE 
LONGLONG--TERM ENVIRONMENTALHEALTH OF STREAM CORRIDORSTERM ENVIRONMENTALHEALTH OF STREAM CORRIDORS

Conceptual Framework for Selection of a Planning Level



Creating Stormwater Plans that are Really Community PlansCreating Stormwater Plans that are Really Community Plans

Lets talk about sustainable communities and why 
we don’t have any:

The Real Dirt!
by

Kim A Stephens
in collaboration with Patrick Condon, 

University of British Columbia

Lets talk about sustainable communities and why 
we don’t have any:

The Real Dirt!The Real Dirt!
byby

Kim A Stephens
in collaboration with Patrick Condon, 

University of British Columbia



A big soil 
sponge leaking 
clean water 
into streams. 
Urbanization 
stops water 
from getting to 
the sponge.

A big soil A big soil 
sponge leaking sponge leaking 
clean water clean water 
into streams. into streams. 
Urbanization Urbanization 
stops water stops water 
from getting to from getting to 
the sponge.the sponge.

What is an urban watershed . . 
. . . . Really?

What is an urban watershed . . What is an urban watershed . . 
. . . . Really. . . . Really??



Solution? 
Infiltrate, infiltrate, infiltrate
Most storms are small storms.
Small storms account for most of the rain.   
Capture the first inch of all storms and you 
capture about 90% of all rain.

Solution? Solution? 
Infiltrate, infiltrate, infiltrateInfiltrate, infiltrate, infiltrate
Most stormsMost storms are small storms.are small storms.
Small storms account for most of the rain.   Small storms account for most of the rain.   
Capture the first inch of all storms and you Capture the first inch of all storms and you 
capture about 90% of all rain.capture about 90% of all rain.
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Burnaby Mountain Rainfall Analysis
Average Intensity of Sm all Events
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Streets and Streams.    The two 
linked elements of the watershed 
system.

Streets and Streams.    The two Streets and Streams.    The two 
linked elements of the watershed linked elements of the watershed 
system.system.

Local street right 
of ways 
constitute over 
25 percent of 
the typical 
urban 
watershed!

Class A, B, and C 
streams with 
buffers would 
constitute 
about 7 percent 
of this sample
watershed.

Local street right Local street right 
of ways of ways 
constitute over constitute over 
25 percent of 25 percent of 
the typical the typical 
urban urban 
watershed!watershed!

Class A, B, and C Class A, B, and C 
streams with streams with 
buffers would buffers would 
constitute constitute 
about 7 percent about 7 percent 
of this sampleof this sample
watershed.watershed.



Rule #1:
The Street System and the 
Stream System are One 
System!

Rule #1:Rule #1:
The Street System and the The Street System and the 
Stream System are One Stream System are One 
System!System!

Local 
streets are 
the branch 
tips in the 
tree of the 
watershed. 
Treat them 
as one!

Local 
streets are 
the branch 
tips in the 
tree of the 
watershed. 
Treat them 
as one!



Rule #2:

Design 
streets 
that 
infiltrate 
every drop    
. . 
naturally!

Rule #2:Rule #2:

Design Design 
streets streets 
that that 
infiltrate infiltrate 
every drop    every drop    
. . . . 
naturally!naturally!



Develop Develop ““Green RoadGreen Road”” StandardsStandards
(based on maximum 50% impervious(based on maximum 50% impervious r/w)r/w)

Roadway width can vary Roadway width can vary 
from 6m (for 2 travelling lanes only)from 6m (for 2 travelling lanes only)
to 11m (including 2parking lanes)to 11m (including 2parking lanes)

3m wide3m wide biofiltration swalebiofiltration swale
(each side or one side only)(each side or one side only)

c/w infiltration trench and pipec/w infiltration trench and pipe

CurbCurb--less orless or
Curbs c/w openings Curbs c/w openings 



SwaleSwale & & 
Lawn BasinLawn Basin

NarrowNarrow
No CurbNo Curb

Tree CanopyTree Canopy

1960s Mountainside1960s Mountainside
SubdivisionSubdivision



Rule #3:

Make 
parking 
lots that 
store and 
release 
water  . . .
Slowly!

Rule #3:Rule #3:

Make Make 
parking parking 
lots that lots that 
store and store and 
release release 
water  . . .water  . . .
Slowly!Slowly!



Rule #4:

Design 
yards that 
infiltrate 
water   . . 

Internally!

Rule #4:Rule #4:

Design Design 
yards that yards that 
infiltrate infiltrate 
water   . . water   . . 

Internally!Internally!



Integrate anIntegrate an
Urban Forestry StrategyUrban Forestry Strategy

••40% Tree Canopy over Residential Lots40% Tree Canopy over Residential Lots

••60% Tree Canopy over Road Rights60% Tree Canopy over Road Rights--ofof--WayWay



Urbanized UplandsUrbanized Uplands

Agricultural LowlandsAgricultural Lowlands East ClaytonEast Clayton



East 
Clayton
13,000 
Residents
550 Acres
10 Dwelling 
Units per Acre

Interconnected 
Street System
Pedestrian 
Streets
40% fewer car 
trips
90% less 
downstream 
impact

East East 
ClaytonClayton
13,000 13,000 
ResidentsResidents
550 Acres550 Acres
10 Dwelling 10 Dwelling 
Units per AcreUnits per Acre

Interconnected Interconnected 
Street SystemStreet System
Pedestrian Pedestrian 
StreetsStreets
40% fewer car 40% fewer car 
tripstrips
90% less 90% less 
downstream downstream 
impactimpact



How did we get there?  
Implementation  
Charrettes!
Goal: People working 
together to overcome 
institutional impediments to 
change.

How did we get there?  How did we get there?  
Implementation  Implementation  
Charrettes!Charrettes!
Goal: People working Goal: People working 
together to overcome together to overcome 
institutional impediments to institutional impediments to 
change.change.



What still stands in the way?
Need for backup in first systems
What still stands in the way?What still stands in the way?
Need for backup in first systemsNeed for backup in first systems

What? You want me to install an 
infiltration system AND a regular 
system? At MY cost?

What? You want me to install an 
infiltration system AND a regular 
system? At MY cost?



Uncertain Support from Elected OfficialsUncertain Support from Elected OfficialsUncertain Support from Elected Officials

Look Mr. Mayor, When we go back into 
chambers you better have a something 
to say to Mrs. Bradley about her puddle 
problem - or you can forget re-election 
next term

Look Mr. Mayor, When we go back into 
chambers you better have a something 
to say to Mrs. Bradley about her puddle 
problem - or you can forget re-election 
next term



Lack of authority for City staffLack of authority for City staffLack of authority for City staff

PLEASE Mr. Campbell!   I’m only the city 
planner! 

I simply don’t have the authority to lower DCC 
(Development Cost Charge) rates, no matter 
HOW laudable your goals. 

PLEASE Mr. Campbell!   I’m only the city 
planner! 

I simply don’t have the authority to lower DCC 
(Development Cost Charge) rates, no matter 
HOW laudable your goals. 



Lack of Provincial and Federal 
Support for Early Adopters
Lack of Provincial and Federal Lack of Provincial and Federal 
Support for Early AdoptersSupport for Early Adopters

Ordinarily we wouldn’t be asking for 
support from your Ministry madam. 
But we find ourselves in an, err, 
somewhat embarrassing position!

Ordinarily we wouldn’t be asking for 
support from your Ministry madam. 
But we find ourselves in an, err, 
somewhat embarrassing position!



Applying New Approaches to Land DevelopmentApplying New Approaches to Land Development
Case Study on Model Sustainable CommunitiesCase Study on Model Sustainable Communities

Burnaby Mountain Urban Community Burnaby Mountain Urban Community 
at Simon Fraser Universityat Simon Fraser University

Resolving Stakeholder Fear and Doubt, and Resolving Stakeholder Fear and Doubt, and 
Managing Managing Stormwater Stormwater at the Sourceat the Source

byby
Kim Stephens in collaboration with David ReidKim Stephens in collaboration with David Reid



SimonSimon FraserFraser University University 
on top of Burnaby Mountainon top of Burnaby Mountain



High ExpectationsHigh Expectations

Simon Fraser University Simon Fraser University 
““intends to design and develop a model intends to design and develop a model 
community integrating residential, community integrating residential, 
commercial and academic uses in a manner commercial and academic uses in a manner 
that will bring international acclaim, both to that will bring international acclaim, both to 
the University and the City of Burnabythe University and the City of Burnaby””..



Competing ExpectationsCompeting Expectations

10,000 people concentrated on 20% of the 10,000 people concentrated on 20% of the 
original land area.original land area.
densities of 40densities of 40--80 units/acre, FSR 1.7 80 units/acre, FSR 1.7 
a sustainable, compact and complete a sustainable, compact and complete 
community.community.
no increase inno increase in stormwaterstormwater runoff.runoff.
no decrease in fish habitat.no decrease in fish habitat.





The #1 Barrier:The #1 Barrier:

Trust  . . . Trust  . . . 

. . . that this could be achieved.. . . that this could be achieved.



The #1 SolutionThe #1 Solution

Earning trust through a process . Earning trust through a process . 
. . . . 

1. True interdisciplinary teamwork1. True interdisciplinary teamwork
2. Introductory forum2. Introductory forum
3. Stakeholder round tables3. Stakeholder round tables
4. Technical sessions4. Technical sessions
5. Assured delivery5. Assured delivery





What is the appropriate What is the appropriate 
balance for stormwater balance for stormwater 
management?management?
Among:Among:

OnOn--Parcel StrategiesParcel Strategies
OnOn--Street StrategiesStreet Strategies
Stormwater Detention StrategiesStormwater Detention Strategies

How much of the problem is addressed at the How much of the problem is addressed at the 
source (the impervious surface), and how source (the impervious surface), and how 
much is passed downstream (to detention much is passed downstream (to detention 
ponds)?ponds)?
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In Conclusion, the Benefits in In Conclusion, the Benefits in 
Implementing the 50Implementing the 50--Year Vision for Year Vision for 

Watershed ProtectionWatershed Protection

If we can approximate the natural runoff pattern If we can approximate the natural runoff pattern 
through through sourcesource--controlcontrol, then:, then:
–– runoff frequency and magnitude reducedrunoff frequency and magnitude reduced
–– risk of flood overflow reducedrisk of flood overflow reduced
–– erosion and sedimentation minimizederosion and sedimentation minimized

And the aquatic habitat would also benefitAnd the aquatic habitat would also benefit


