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To help me to understand your expectations,
let’s start with a conversation……


Prior to taking this course, were you interested
in hydrology and rainwater management?



Have you been inspired by what you have
learned to date in this guest speaker series?



What do you now wonder about?

About


The Partnership is a not‐for‐profit society



The work of the Partnership supports and adds depth
(working with practitioners) to the Living Water Smart vision,
Green Communities initiative, and Climate Leadership Plan



We share responsibility with government for
delivering Projects and Tools under the umbrella of the
Water Sustainability Action Plan for BC, released in 2004

OUR MISSION:

Develop Tools. Develop Talent.
Focus on Outcomes
Weekly e-blasts

The Partnership is responsible for delivering the
Georgia Basin Inter-Regional Educational Initiative….


Launched in 2012



Five regional districts are partners
“Through sharing & learning,
ensure that where we are going
is indeed the right way”

The lands draining into the Salish Sea
(Strait of Georgia & Puget Sound)



The Partnership is the secretariat



In 2015, the five Regional Boards
recommitted through 2017



By 2017, a program goal is that all local
governments would understand how to
achieve ‘Sustainable Watershed
Systems, through Asset Management’

Today’s Storyline


Rain Gardens in the Big Picture



Beyond the Guidebook 2015



Water Balance Methodology



Disconnect Between Information
and Application

Climate Change Adaptation
- It is all about water & the water-land connection

“Cities are all about choices – choices
that become reality very quickly, with
lasting consequences. Over the 21st
century – the urban century – much will
depend upon getting the choices right.”
Mike Harcourt
former Premier of BC
September 2003

INTRODUCING THE NEW PARADIGM –

“Watersheds as Infrastructure Assets”

The 3 pathways are:
• over the land surface
• shallow horizontal (interflow)
• deep vertical to groundwater

A watershed is an
integrated system.
The three pathways by which
rainfall reaches streams are
‘infrastructure assets’.
The three pathways provide
‘water balance services’.

Water Cycle / Water Balance
Understand how the components function
as a system & develop integrated designs
solutions

Land development and servicing practices can either
cause cumulative impacts or produce cumulative benefits

Watershed protection starts with an understanding of
how water gets to a stream, and how long it takes…

Surface runoff


from minutes to hours

Interflow


from days to seasons

Deep Groundwater


from years to decades or more

Maintain the proportion of rainwater entering the stream via each pathway!

Water Balance in a Watershed
Where the water goes naturally and how
urban development changes the distribution


Precipitation  100%



Losses 

20%

• Surface Evaporation
• Lost to Deep Groundwater
• Plant Transpiration



10%
5%
5%

Stream Flow  80%
• Direct Runoff
• Groundwater from Aquifers
• Interflow

10%
15%
55%

Development reduces interflow

What Interflow Disruption Looks Like:

OBSERVATIONS:
Slope from right to left is 2 to 3%.
Rainfall insufficient to create puddles.
Water observed coming out of ground
on right, crossing pathway and
disappearing into ground on left.

KEY MESSAGES:
1. Interflow movement parallels ground slope
2. Compacted gravel is not pervious
3. Compacted gravel is a barrier to interflow

To restore the Water Balance,
the process starts with Rain Gardens

“Everyone in the process, students,
designers, managers and contractors
must understand and care about the big‐
picture goal. This requires an ongoing
educational process that instils an ethic.
Creating a lasting change does require
constant reminders to staff.”
Hugh Fraser, P.Eng.
Deputy Director of Engineering
Delta Municipality

To manage watersheds as infrastructure assets,
apply Water Balance targets to design rain gardens

Visualize the three pathways by
which rainfall reaches streams…

This is a
“Rain Garden”

Design elements of a Rain
Garden:


Volume for Interflow Storage



Release to Sustain Duration of
Interflow (Shallow Groundwater)



Area to Allow for Deep
Groundwater Recharge
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‘Beyond the Guidebook 2015’ is the third in a series,
celebrates work by local government champions, and…

DEFINES three “cascading objectives” for
watershed‐based action
EXPLAINS three provincial
“game‐changers” that enable action
SHOWCASES five “regional stories”
as told in the words of the local champions
PREVIEWS the program for integrating
the water balance services provided by soil,
water and trees into asset management

Local government is moving along a continuum.
Knowledge is expanding and becoming clearer over time.

Moving Towards
“Sustainable Watershed Systems,
through Asset Management”

1997

2002

“Context for Rainwater Management
& Green Infrastructure in BC”

2007

2010

2015

“Implementing a New Culture for Urban
Watershed Protection & Restoration in BC”

Released in 2002, the Guidebook is embedded in
Liquid Waste Management Plan requirements

BC was the 1st jurisdiction in North America
to adopt the ‘Water Balance Methodology’

The Guidebook resulted in a set of “firsts” 

Translated Science-Based Understanding



Introduced the Rainfall Spectrum



Introduced “Retain, Detain, Convey” Strategy



Formalized Performance Target Approach



Established Adaptive Management Precedent



Initiated Paradigm-Shift to Rainwater Management

Guidebook Premise:
Land development and watershed protection
can be compatible. Science-based understanding
bridges the gap between Policy and Site Design

Policy Level Development Objectives
Science-Based Understanding
of Development Impacts

Site Design Practices that achieve Objectives

The Stormwater Guidebook is the provincial
foundation for the rainwater component of LWMPs
& the Partnership is the “steward for the Guidebook”

Beyond the Guidebook 2015 is structured
in 4 parts for different audiences

What Happens on the Land Matters:
Of the three drivers for action,
the BC Framework is the lynch‐pin because….
…it provides local government with the
financial incentive for integration of
watershed systems thinking into asset
management

INTENT Over the next two years,
the IREI program will add
to the BC Framework by
showing how to integrate
watershed systems
thinking, including
adaptation to a changing
climate, into asset
management
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Key Message:

British Columbia’s Watershed Health Goal
differs from other regions because…..

In the 1990s, the salmon crisis
was a catalyst for action in BC

An “Ah‐Ha Moment”
in our understanding
In 1996, Richard Horner and Chris May
provided us with this road map for
“Integrated Watershed Management”:

1. Changes in Hydrology
2. Disturbance to Riparian Corridor
3. Degradation of In‐Stream Habitat
4. Deterioration of Water Quality

“Hydrology remains a hybrid between the art
and the science,” wrote Robert L Smith in 1990

“Hydrology remains one of the
few opportunities in technology
where one's diagnostic
capability is put to the test of
both theory and experience."
Robert L Smith (1923 – 1995)
Professor, University of Kansas
Presidential Science Advisor for Water Resources
1990 Ray Linsley Award

In 2000, we went back to basics and developed the
concept of a Rainfall Spectrum.
We demonstrated the achievability of “rainfall capture”.
This helped overcome fear and doubt.

Days

Volume

In 2002, the Province embraced the
Water Balance Methodology because:


There was a clear need to ‘re‐invent urban hydrology’




The primary catalyst for a fresh approach
was the ‘salmon crisis’ in the 1990s
Also, what we do in the urban uplands
affects the agricultural lowlands



Traditional approaches, methodologies and tools
were not providing solutions that worked



An ‘Aha Moment’ was first recognizing the need & then
understanding how to manage ALL the rainfall‐days in a
year (Rainfall Spectrum)

Linking Rainfall, the Landscape, Streamflow and
Groundwater has been a Building Blocks Process


2002 – How to reduce runoff volume
(Province - Stormwater Guidebook)



2007 – How to mimic flow-duration
(City of Surrey - Fergus Creek Plan)



2012 – How to sustain deep infiltration

Jim Dumont

(Parksville – Englishman River Research



2013 – How to integrate performance targets
(Cowichan Valley & North Vancouver - case studies)
Dr. Gilles Wendling



2014 – Water Balance Methodology
(downscaling of watershed targets to a site level)



2015 – Beyond the Guidebook 2015
(foreshadows integrating watershed systems thinking into asset management)

Ultimately, the goal is to replicate INTERFLOW
and mimic flow discharge-duration in the stream
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Science-based principles as applied in BC (since 2007)
for restoring hydrologic integrity are now required in
Washington State (2012) and in California (2015)

1.

Address the impacts to the stream

2.

Use “Flow‐Duration Analysis”

3.

Apply continuous simulation to
model the entire hydrologic cycle
for multiple years

4.

Recognize that single‐event
modeling does NOT work

Where does the groundwater go, how does it get there,
and are there any impacts along the way?



Knowledge expands and becomes clearer over time



The headwater streams in BC have forced us to expand
our view from the site to the watershed and stream



Shifting the focus away from the site to the watershed
and the stream brings a new perspective



Including the knowledge of soil science allows us to
create a new understanding of the physical processes



Unintended consequences can be costly

The Partnership will have a family of three Water Balance
tools that meet the needs of different user groups at
different scales and for different purposes:



Water Balance Model (2003): planning function at
neighbourhood and individual property scales



Water Balance Express for Landowners (2014):
landowner application at individual property scale



Water Balance Expert System (Advanced User Interface):
engineering function at watershed and neighbourhood scales

In November 2015, Metro Vancouver hosted a Water Balance Partners Forum
North Van District, Surrey &
Coquitlam – the first municipalities
in Metro Vancouver region to
operationalize Water Balance

Water Balance Express
complements ISMP
implementation

Express for Landowners

The Express is an online tool that
helps landowners SLOW, SPREAD &
SINK rainwater runoff so that their
properties comply with Water Balance
Targets established by an ISMP

Interfaced with Google Maps / Earth,
the Express quantifies how well properties
meet pre-set watershed targets
We all live in a watershed.
How well are you doing?

 Click and drag gray, blue and green
components
 Calculator engine generates a
weighted score

RESULTS –
The Express integrates and balances three
watershed-based targets corresponding to the
three pathways by which rainfall reaches streams…

This is a
“Rain Garden”

Visualize the design elements of
a Rain Garden:


Volume for Interflow Storage



Release to Sustain Duration of
Interflow (Shallow Groundwater)



Area to Allow for Deep
Groundwater Recharge

An illustration of how the Water Balance Methodology
can be applied to establish targets for design of
rainwater capture and flow release systems…..

Water Balance in a Watershed
Understand where the water goes naturally
and reproduce those conditions


Precipitation  100%



Losses 

20%

• Surface Evaporation
• Lost to Deep Groundwater
• Plant Transpiration



10%
5%
5%

Stream Flow  80%
• Direct Runoff
• Groundwater from Aquifers
• Interflow

10%
15%
55%

Restore interflow to maintain hydrologic integrity
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Andy Reese coined the term Voodoo Hydrology
in 2006 to describe the misapplication of science
that characterizes drainage engineering and
stormwater management practice

“The rise of Green Infrastructure

and Resilience Planning opens
the door for newer Voodoo like
never before”
Andy Reese
Water Resource Engineer, Writer, Speaker
Co-author of “Municipal Stormwater Management”

Guidebook Premise:
Land development and watershed protection
can be compatible. Science-based understanding
bridges the gap between Policy and Site Design

Policy Level Development Objectives
Science-Based Understanding
of Development Impacts

Site Design Practices that achieve Objectives

AN ENGINEER’S ASSUMPTIONS
 Engineers do not write good reports and one of
the biggest gaps is the missing assumptions.
 These assumptions establish the thought
processes, for the report and analysis.
 Without a clear statement of the assumptions,
readers must make their own assumptions about
what has been done and what is important.
 The assumptions are the short cuts that are taken
to simplify and shorten the analysis.
 If there is any question about the critical
assumption, then the whole report is open to
question and may not be valid.

Why These Assumptions?
 Need to standardize methods
 Need to obtain similar results from a wide range of ‘experts’
 Need to provide public with a standard level of protection
Municipalities and all regulatory agencies need certainty and the ability to
quickly review any submissions, particularly engineering designs.
The easiest way to obtain this is to mandate the methods and data used in
any assessments.
For most engineering designs such as structural or mechanical, and even
most civil infrastructure this works out fine and to their advantage.

Assumption 1 ‐ Standards
Engineering standards of approving agency will apply to
all projects
• Design standards and calculation methods applied to pipes
will be applied to ponds and wetlands
• Design standards are created to assure similar results and
sizing for every project – everyone gets a similar level of
flood protection
• Watch those estimates of predevelopment discharge

A set of standard methods and data are typically listed in municipal bylaws.
Each municipality has its own bylaw regime and two adjacent municipalities
may have different standards.
Both can be correct but they will be different and the designs will be different.

Assumption 2 ‐ Runoff
All discharges are from surface runoff
• Subsurface flows and groundwater are
not important to pipe design
• For any questions see Assumption 1
Source USEPA SWMM Manual

Because most bylaws are in place to regulate storm pipe design,
the surface runoff assumption is acceptable for sizing purposes.
A disconnect results when designs must account for groundwater.
In that case, methods are rarely if at all provided in bylaws.
Even more important is the lack of guidance in bylaws to account for
environmental issues, hence they are often IGNORED by engineers.
Engineers typically include work by biologists as an appendix to an
engineering report but the significance of that work is not reflected in
the engineering calculations.

Assumption 3 – Design Storm
Use a “Design Storm” rather than real rain
 Even though design storms are hypothetical




 they do not really exist
 you will never see one fall from the sky
Assume duration from 30 minutes to 24 hours
 Does this describe all rainfall or causes of flooding?
Use an average shape but extreme size
 This sounds a bit odd as an extreme shape would be more in
keeping with the intent

• For any questions see Assumption 1

Storm pipe design when done with computer models will use a
synthetic design storm rather than recorded rainfall.
There is no provision in the bylaws for streamflow analysis using
continuous simulation so it is not done, even though important
environmental information can be obtained using this method.

Assumption 4 ‐ Frequency
Return Period of the Design Storm is equal to the Return
Period of the flood event
• This is not true but this assumption will provide:
• Uniform answers for each project
• Pipe sizes which provide standardized levels of flood protection in
urban areas

• Will NOT address environmental issues
• For any questions see Assumption 1

This assumption is a big one and the public is often reassured when it is
stated that the engineer has used a 100‐year storm in the analysis.
What the engineer does not say is that the return period of the storm does
not equal that of the flood event, in part because it is difficult to select the
one type of storm that might apply.
Neither is it stated that the model used by the engineer was not calibrated,
and actually could not be calibrated, because a design storm is not a real
event and therefore cannot be calibrated with real data.

Assumption 5 – Safe Discharge
Assumes a 1 in 2 or a 1 in 5 year return period discharge
is safe for a receiving stream
• Perhaps even the 100 year predevelopment rate in some
jurisdictions
• Proven to be incorrect but
• For any questions see Assumption 1

There is no single safe rate of discharge to a stream.
This has been demonstrated repeatedly yet bylaws all state that there
is one acceptable discharge rate, or range of rates, so the bylaw
criteria are used by designers.

Assumption 6 ‐ Operation
Drainage system is empty before the storm and will
empty before next storm starts
• Not valid due to
 Multi‐day events, and
 Back to back storms

Solution:
• Longer design storms, or
• Continuous simulation is preferred

For any questions see Assumption 1
This assumption is difficult to disprove when work is completed in
accordance with requirements specified in a bylaw . Those methods
make this basic assumption.
In real life this assumption can be disproven quite easily but, when in
doubt see assumption 1.

Opportunities for misuse?
 A wide range of methods and results if possible
 To read what Andy Reese has to say about
“Voodoo Hydrology”, visit waterbucket.ca
http://waterbucket.ca/rm/2016/01/11/voodoo‐
hydrology‐annual‐webinar‐series‐january‐2016‐
the‐rise‐of‐green‐infrastructure‐and‐resilience‐
planning‐opens‐the‐door‐for‐newer‐voodoo‐like‐
never‐before‐observes‐andy‐reese/
 Or ‘tongue in cheek’ – “How to get any answer
you want”

VOODOO HYDROLOGY: “In the absence of flow data,

we make the Big Assumption”, says Andy Reese

“Perhaps, if we make enough
estimates of enough factors,
the errors in estimation, high
and low, will average out to the
right answer. This is where
voodoo really comes in handy."
Andy Reese
Water Resource Engineer, Writer, Speaker
Co-author of “Municipal Stormwater Management”

IN CLOSING Looking ahead, another IREI deliverable will be
“Water Balance Methodology Accreditation” to……

Bridge an existing gap in
practitioner education and
professional development
 Create a pool of trained and
qualified practitioners of the
Water Balance Methodology
 Provide assurance that
analyses using the Water
Balance Methodology are
being completed correctly


