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Abstract

Imagine a city that utilizes the rain that falls en i.t as a resource instead of managing it as
a waste. This city is planned designed and engineered in ways that vhelp to preserve and-
bolster the ecosystem within which it sits. The costs to the taxpayer are lower than other |
mumcipalities that have preserved the status quo of managmg their’ stormwater The city k
tself is less reli_ant on inputs of materials and energy from outside its borders. The
- people who live in this city are more cognizant of their natural environment, understand
the meaning of developing sustainably and experience less of the “concrete jlingle” than
-do people in other contemporary cities. The planneis de.'signers engineers and decision—'
makers use stormwater management as a tool to achieve a more sustamable 01ty that is-
reflective of local ecological functions, as well as. global materials and energy -
availability. In this thesis, tlie stormwater management contributions to achievmg sucha -
reality in Vancouver, British Columbia are investigated, while a framework for applying
sustainable stormwater management systems to this and .other' contexts is constructed.
Data and information are gathered throngh literature 'revie_w, case study and interviews.'
The results of the study- illustrate a more snstainable and 'integrated' stormwater
management framework and suggest that it is'.piossible to incrementally shift the system

towards this over time. The ,study also shows that '_i_t can be more ecolegically and.

' 'economically sustainable to do.so. While there appear to be many opportunities for 'this_ o

shift to sustamable stormwater management systems there are also s1gmﬁcant yet e

surmountable 1nst1tut10nal and epistemological barriers that must be addressed.
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1.0 Introducing Storm_watér Management in Vancouver

The overall purpose of this thesis is to determine how cities .in general and Vancouver in
‘particular can most effectivély ~and sustainably address the issue of stormwater
management. This thesis addresses the system requirements and features of. sustainable
stormwater management systems. As well, the - opportunities and constraints - to '
implementation are explored. The. discussion is centred on physical infraétmcture
planning, but also considers the interrelated responsibilities of decision makers, planners,
engineers and designers. To answer the research questions posed in thiS_thesis, the results
of interviews with relevant professionals and researchers ére combined with a literature’

review and case studies of two other North American municipalities.

The reality of rainfall is inescapable; it is an amazing natural process indispensable to life -
‘on earth. Rain/snowfall is. the ultimate source of freshwater here in southwestern BC, it
“infiltrates every aspect of our biological, cultural and spiritual lives” (France 2000).

However rainwater becomes an issue when it falls on a city’s impermeable surfaces and
| turns into stofmwater; a city generates and is the source of stormwater. Overland flowing
‘stormwater i1s a ‘problerh’; a costly inconVén_ience at best and at worst, a potential threat
to property and health of both humans and the natural environment. However urban -
. stormwater runoff is much more than these things; it has become a very expensive issue
. in cities and i4s a’ major pdllutant : s_oufc’e and ecolbgical contaminant. As a result,

stormwater management is an integral component to the‘sustainébility of cities.

Rainfall is a reality that we clearly experience here on the south west coast of Canada
more than any other-major urban‘ized region in the countfy. Of course rain also visits thé_
rest of Canada’s major 'cities“, but it does so with less frgquenéy than it does Vancouver.
This city sits, after all, where a temperate rainforest once grew.‘. What happens to all that
water that falls on Vancouver each year? Where does it now go, how does it get t_hcfe :
and how have the natural systems reéponded to the disruptions caused by urbanization?

These questions have sirhple answers, yet they are answers that lead to the much more

complex investigation that is the subject of this thesis.




Our world’s citles are highly rational in their functioning, organization and built forms
V(lekm 1989; Sandercock 1998, Iyer—Ramga & Treloar 2000). They are composed of
' asphalt steel and: concrete impermeable and impervious materials. Plcture Vancouver s |
landscape: the area is covered by streets and sidewalks, roofs, vacant lots, parkmg lots
- lawns and the occasional park'. “Generally, -city surfaces are resistant to rarnwater
infiltration and Vancouver’s 113 km? are no exception. As a result,'the 1,239.3 mm-‘_'on .
-aVerage of rain that falls per year on Vancouver® (Environment Canada 20'04)‘ has to go
somewhere now that the natural rivers, waterways vegetation and overall hydrologlcal

reglme are no longer intact. Stormwater management (SWM) systems must be bu11t

| By. means of technical engineering, stormwater in -Vancouver today is collected, piped

and transported off the city’s surfacés in a highly efficient, linear, unidirectional fashion -

(ULI 1975; 'Condon'& Isaac 2003) This water eventually ends up in either the Burrard

Inlet Fraser River, or Stralght of Georgla The methods of SWM are hlghly effectrve at

remov1ng water offsite, but because the system is des1gned for throughput of stormwater

both the “huge assocrated costs to the taxpayer and to the receiving ecosystems are

1gnored.- The linear des1gn of the system means .ral_nwater that falls on _the crty r1s_ o

- transported off the land without making use of it _ecologically, socially or mo:ne'_tarily.-_‘ B

.There has been movement in the right direction in Vancouver PI'OJCCtS such as the Raznf‘ '

' Barrel program Sump Exﬁltranon pllot project, the Crown Street Sustaznable

Streetscapes and Fish Habz_tat Enhancement Demonstration _PrOJ_ect, an lmpermeablllty:_ '. o

byl_aw'related to single V-family‘f"residential properties and the Roof -Léader Disconrtéction S

pilot project (Pedersen 2(_)00,' City of Vancouver websi_te 2005)>h'ave acknowledged the -

issue. These'inltiatives demonstrate that the stormwater issue is being taken seriously‘inv -
."some few areas of planning, design, engmeermg and decision- makmg These programs :

B ;: are 1ndeed a step:in the rlght direction, a foundatron that alone is not enough but upon

- wh1ch we must now contrnue to build towards a more sustainable system

! See table 2 0 fora breakdown of Vancouver’s land uses. S
2 On average. Measurements taken at City Hall on Cambie St. at 12" Ave. Average ramfall taken at UBC
is l 226.5mm, while the average at Vancouver harbour.is 1 479 9mm -




| Humans' have altered the landscape to build our,c.ities, resulting in disruption to the
natural 'systems’ methods of dealing with rainwater. Replacing natural systems with
scientiﬁcally engineer‘ed.systems of our own has changed forever the natural functioning
of the land‘scape and _created'a dependence on external inputs of materials and energyv
‘(Iyer—Raniga & Treloar 2000) 'Accompanying the hydrological changes (Boontilleke et.
~al 2005) are myriad other negative effects 1nclud1ng polluted water bodles loss of
marine habitat and blodlver51ty, loss of soils’ water-retention abllltleS and decreased
-_groundwater recharge. These are but a-few of the stormwater—related problems‘

accompanymg the increase in 1mpermeable surfaces of our cities.

Conventional, linéar throughput SWM systems Caney water. offsite r.ather’ than allowing'r
infiltration into the ground. The altered landscapes of our cities do not change localized i_
climatic patterns enough to.dramatically limit the rain that falls on them®, so we must
therefore find some way of mimicking- the.drainage capabilities and capacities of the
'displaced natural systems Countless ways of accomplishing this haye been attempted, |
many of . wh1ch have ended/are endmg in failure, yet some loom on the horizon as

potent1ally sustainable options.

“The pro'blems addréssed in this thesis_ are experienced directly in a 'c‘o'ntinuously
degradi'ng natural environment, high. ddllar colsts growing".sc‘arcity of materi'als: and.
_‘energy and an .overall loss of ecologlcal awareness in people. The root of the problem |
| however lies buried deep within: the Ol'lng of the path-dependent behav1our that we..'_.' ;
experlence today Though of noble or1g1nal 1ntent our present day SWM systems are nov 3

longer appropriate. The mid 19" century saw cities fraught’w_rth sanitary problems,
overcrowding, immenSe'localized pollution, disease_,' mobility and access i'ss.uesT SWM
engineering heroically answered the call and alleviated many of these immediate,urban ‘

{

problems by build_ing'extensiye sewerage and drainage systems.

* The urban heat 1sland effect has been shown to increase temperatures in and around large cities by a few )
degrees Celsius, accompanied by a corresponding increase in humidity. There is also an increase in . = -~
‘airborne particulate that can act as both reflective material to outgoing infrared radiation, as well as -

_ catalytlc particles for raindrop formation. Vancouver does not suffer from this problem as much as: many
: other large cities.




Bom out of the scientific revolution, the linear methods by which we engineered our
cities for the last 150 years have allowed us to live much cleaner and orderly urban lives.
Arguably though, the eventuall long-term costs of -the early systems will outweigh the
~ benefits. This eventuality could hardly be known at the-time. The associated negative
aspects were not immediately felt and day to day quality of ‘lif_e was greatly improved,‘ but
as time has passed, the lag between the building of the systems and the impacts of their
negative effects drmlmshes The ‘monetary and ecological costs catch up to us, begin to

accumulate and leave us w1th the problem of how to change our entrenched planning

behaviour, methods and tools to address them accordrngly.

Our current methods of SWM are not sustainable. They are accompanied by numerous
negative impacts including, but not limited to:

increasing and ongoingcosts in building, repair and maintenance of the system;
disruption of the hydrological regime, i.e. groundwater recharge, streamflow;
increased periods of peak stormwater flow and pollutant flushing off surfaces;
increased total levels of stormwater flows, causing the need for larger sized
infrastructure;
higher levels of pol]utant loadmg in waterways
loss of marine and terrestrial ecological integrity; -
loss of aesthetics and aesthetic potential,
increased heavy construction-and dlsruptlon to the use of pubhc space;
~ decreased environmental awareness in the public;
further entrenchment along the unsustainable path-of dependence.

(ULI 1975, Tjanlhngu 1995 Amold 1996 Drelsetl in Rowney etal 1997; Li et al 1998;
‘Burton et al 2002 Coppes 2002; Drersetl 2004)

Exammatlon of these negatrve 1mpacts shows us clearly what is unsustamable in our
current SWM system Recogmzlng this reahty is essential if we are to design and build
systems that take these potent1a1 1ssues into consrderatlon and limit the possible negatrve
- effects.- Dlscovermg a sustarnable system, the benchmark of which must be that.short and '

long term benefits exceed 1ts short and long term costs 1s at the heart of th1s research

* Chapter 4.0 provides the reader with a discussion on cost benefit analyses.




Why the focus on sustamablhty as a theoretical framework? The answers are simple:

A. The hlstoncal record5 clearly details the collapse of countless unsustainable
civilizations, a fate that, as a rational, educated and wise society, we would
logically strive to learn from and avoid.

B. In April of 2002, the C1ty of Vancouver officially adopted a series of pr1n01ples
and definitions of sustainability, by which future planning and decision-making
would be guided. Of note in these ptinciples are numbers 1, 2,4, 5, 7, lO. In
these principles lie the basis and rationale for a sustainable SWM system in this

- city and they are as follows:

~ Vancouver City Principles of Sustainability

1. Today’s decisions must not compromise the choices of our children and future
generations. - '
We are all accountable for our individual and collect1ve actions.
Resources must be used fairly and eff101ently without compromlsmg the susta1nab111ty
of one community for another.
4. Using renewable resources is encouraged and supported, while the use of non-
renewable resources should be minimized.
 Renéwable resource consumption should not exceed the rate of regeneratlon
6. Strong collaboration and open communications between the public, the business -
sector, and all levels of government is important.
We value cultural, economic, and environmental diversity. :
- 8. A community should provide a safe, healthy, and viable setting for human 1nteractlon
education, employment, recreation, and cultural development '
9. A sustainable Vancouver contributes to, and provides leadership towards regional,
provincial, national, and global sustamablhty
10. The Vancouver economy should move forward from its dependence on non- :
renewable carbon-based fuels, partlcularly for transportation, which are likely to
ﬂuctuate in price and supply.

Bl

hd

~

From the Vancouver City Website: http://vancouve’r.ca/sustainabilitv/

The very notion of ‘sustainability’ implies a conceptual framework that assumes planning _
and actions are undertaken for both the_ short and long-term betterment of human beings.

The phrase ‘sustainable development’ has become a catch-all, SUbjectively-deflned la_bel." :

* See Joseph Tainter’s The Collapse of Complex Societies; or Ronald Wright’s A Short History of

Progress, or Collapse by Jared Diamond.



http://vancouver.ca/sustainability/

Many ar.g‘uments are made on the grounds of suStainability that are not well thought-out,'
not steeped in historical knoWledge or systems’ understanding, nor based on real data.
Sustainability, simply, is the notion that we want our civilization to progress and develop-
far beyond our own generation’s brief time on the planet. I offer here a concise, working ‘
definition for sustamable development, one that is based in the related literature and upon _

which I will expand in later chapters.

The definition presented here is based in the UN Declaration of Human Rights .and
* Freedoms (1989). Sustamable development is dynamic and inclusive planning and
~actions for the betterment of all humanity that can be pursued only if these processes and
- outcomes are not at the expense of ecologi_cal, soclal, cultural, or human welfare. It must
be possible for every person on the planet to engage in any and all human activities,
“structures and systems; if one person is allowed an action, all should be allowed that
same. Per person shares of the Earth’s natural capital must not he spent such that the - -
spending reduces the possibilitiesfor future generations’ plan‘ning_and actions for their
own betterment. ‘Sustainable 'development defines the parameters for the egalitarian

distribution of the global aggregate of all human activities over time.

In the followmg chapters of this thes1s I address these three research obJectives
‘1.- To develop system requirements and criteria for the most sustainable means of
deahng w1th the rainwater that falls on urban centres in general and spe01fically in.
_Vancouver BC; '
2. To discover the opport_unities' for and constraints to implementing such systems,
. specrflcally in the City of Vancouver; | o o

3. To chart a course for addressmg these options.

- This thesis is a work of opt_irnism, hope and opportunity for city-building and the
‘movement to a sustainable erld. The fun_damental assumption herein is that though the

path ‘to the sustainable city is 'fraught with difficulty, succésSfully navigating it is

possible. The urgency‘With which we move forward cannot be stated strongly enough.




- 2.0 The Problems of Managing Urban Stormwater

- “Infrastructure - the substance, or underlying foundation, especially the baszc
installations and facilities on which the continuance and growth of a commumty or state
" depends”.
' Webster’s New World Di'ctlonary
The introduction of new land uses will inevitably change the permeability_of the land’s
' surface. When natural regimes are altered, the natural system of draining 'water'_off the
* land will be'changed,. resulting in some form of negative hydrological and/or ecological o
‘impacts (Schueler, 1987; Harbor '1994; Kolling, 1995; Li et al, 1998; Rowney et al,
- 1999). Even minor disturbances to soil and/or plant regimes will have an effect on the

- drainage characten’stics of the land The'vegetatio'n cover of an area perfOrms many,

hydrologrcal functions, 1nclud1ng drammg the land regulating locallzed humrdlty and o :

temperature protectmg from. wmd erosion, and provrdmg soil stability for groundwater

1nf1ltrat10n (IAHS 1977 Page 1987 Burton & Pitt 2002)

- How' much of a typ1ca1 c1ty 1s covered by 1mpermeable surface‘7 C1t1es are known as
concrete Jungles because they have given rise to What seems like a dangerous chaos -

.eovered not in vines, trees and plants but instead by i 1norgan1c non- feehng, human- bu11t

| hard 1mpermeable/1mpervrous mater1als As the percentage drstr1but1on of land uses-in’ _‘ -

_ Table 1 shows Vancouver 1s very much a typrcally 1mpermeab1e 01ty

In a natural undisturbed 'state the ground is almost eritirely pervious with occasional-_

'1mperv1ous rock outcrops In the natural system ramwater falls to the ground and o

follows its naturally developed and gravity-influenced course mto ‘the larger watershed

The water is taken up by plants and cools the site as it leaves through evapotransplrauonf" -

vor evaporatlon off surfaces and is fmally taken up into recervmg water’ bod1es through -

" channels,. streams rrvers and as groundwater In the natural system there is almost no. -

- such thmg as stormwater as th1s is the runoff phase of falhng prec1p1tat10n once 1t'-f R

* lands on 1mperv1ous surfaces and begms to ﬂow Indeed c1t1es are the very cause’ and‘ '

source Of stormwater




Table 1. Percentage-Larld Use in Vancouver by Type

The contemporary : —
: ‘Land Use Type Percent | Area (km®)
physical | Single family (see pg. 21-22) 25 28.14
mamfestatlon of the | Single family + suite T 7.91
land uses listed in | Duplex, Rowhouse 2 2.16
- Table 1 facilitates Apartment _ 3 329
o Apartment + Commercial 1 -1.13
7 the production (_)f Commercial 4 441
stormwater. Asa | Social or Public Servrce -2 20 .
landscape increases | School - 2 226
in impermeable Cultural or Recreational 2 2.25
of  tak . | Park or Other Open Space 10 10.8
it takes on
surtaces Golf Course 2 2.16
new mﬁltratlon Wholesale or Storage 2 2.06 -
dynamics, many of | Manufacturing 1 1.13
which are . Transport, Communications, Utilities 3 3.29 -
. . | Vacant or Under Construction ' 2 2.16
irreversible changes .
' . Streets, Lanes, Sidewalks 32 36.05
- to the regime. Total ] 100 111.2

Adapted from Pedersen, 2000 and Vancotiver Facts Sheet 2004

The diSturbances to the natural system caused by ‘the built environment will bev_ '
~ - manifested in var1ab1e rates and quantltles of runoff The system may typically look hkev'“
- the deprctlon in Flgure 2. Due to the mcreased area of i 1mperv10us “surface in urbani 3

settmgs there is greatly decreased 1nf11trat10n of premprtatlon into groundwater and an- _

- increase in surface runoff (Flgure 1.




Figure 1. Hydrologic Changes Associated with Increased Impervious Surfaces

NATURAL GROUND COVER 10-20% IMPERVIOUS SURFACE

15% EVAPOTRANSPIRATION

25% EVAPOTRANSPIRATION

Q.‘aoo.’Q '°°0Q

75-100% IMPERVIOUS SURFACE

35-50% IMPERVIOUS SURFACE

Adopted from Meadows in the Sky (Pedersen 2000).

Centralized stormwater facilities concentrate runoff from large surface areas and channel
it into stream flow. In many cases this leads to several outflow pipes at specific locations

where the water is released back into the system6. However this does not match the

% See the GVRD’s Inventory of Stormwater Outfalls and Discharges (1999).




natural system s abilities to mltlgate the energy that stormwater possesses nor the
results of that energy’s application to the landscape i.e. erosmn pollutant concentratlon

and transportation and collection of harmful runoff materials.

Figure 2. Changes in Hydrology After Development
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- Figure 2 depicts the natural system’s ability to even out the curve of stormwater flow
rates, while also demonstrating the peaks and valleys in flow rates caused by urbamzed_

1mpermeable surfaces

Net Area Available for Infiltratio_n, o .

Typically with urbanization comes an increase in paved surfaces, most dramatically in -
parking lots and streets. However impervious surfaces are not limited to pavement.
Housing and building footprints constitute area ‘that no longer receives any input’ of

stormwater 1nf11trat10n . When taken altogether, the net area that is avallable to recelve’

7 Erosive forces, material (i.e. soils) transportation, contaminant concentration, etc.
® Unpaved surfaces in a city often consist of compacted soils, which have a relatively high coefficient of
runoff when used in the Rational Method of computmg flow rates of runoff (Appendix I).
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rainwater infiltration is made up of lawns, yards, gardens, urban agriculture plots, rail
rights of way, parks, boulevards and vacant sites, i.e. brownfields. This does not even
include the unpaved sites with compacted soils that usually have a coefficient of runoff’

ranging between 0.4 and 0.8'° (Marsh 1998).

People prirnari_ly use priVate automohjles and truck transports to move themselves and
goods around 1n North A_fnerican cities. Paved road networks in cities are elaborate and
_extensive. As greater numbers of peoplé and larger quantities of goods require
" movement . within a city, more intricate and tightly woven networks of streets and
_ transportation corridors are built. "All of thisbamountbs to drastic overall fnereases in net
-imperviou_s surface area. - Unfortunately, paved streets generate most of the urban
stormwaterl runoff (Cond.on & Isaac 2003). As well as generating large quantities of
~stormwater runoff, hlghways are w1dely con51dered to be a major nonpoint source of

: pollutlon (Thompson et al 1997)

. Consequences of Increased Stormwater Runoff

: .Typlcally W1th urbamzatlon and densification (see section Low and ngh Densny
Developments . for further discussion) comes a correspondlng 1ncrease in pollutant
'coneentratlons in the urban stormwater runoff (Arno_ld & Glbbons, 1994, France, 2004).

" This is due to the increased_ presence of industrial equipment and.waste higher

automobile traffic, 1ncreases in human waste, presence of contaminants from garden/lawn -

- runoff _and commercral sources. The pollutant aspects of urban stormwater runoff are:

pathogens (disease- causmg mlcro organlsms)
*heavy metals;
‘ hydrocarbons and petrochemlcals
rubber; Co
chemical-contaminants;
fertilizers;
-pesticides;
sediments; _
other pollutants;
debris.

Accordlng to the ‘rational method’ as listed in the equatlon in Appendlx L
' See Appendlx I for table of coefficients of runoff.




These are inputted to receiving ‘water bodies (Schueler, 1987; Kollin, 1995; Lampe et al,
- 1996; Burton & Pitt 2002; Gaffield et al, 2003). -The type of runoff _colntaminativon o
| corresponds with the occupying land use and its -material composition. For instance,
petrochemicals from asphalt shingles on roofs Synthetic organics are most c'oncentrated 3
- in stormwater runoff from roofs CSOs, and local creeks (Burton & Pitt 2002). nghway :
surfaces streets and parking lots show highest rates of petrochemical and metal laden
: runoff (polycyclic aromatic hydrocarbons [PAH]) and also take up. relatively large.areas. _ |
‘ Because they stretch over vast distances, the aggregate effect of highways and 'freeways
' per capita is very high (Thompson et al 1997; Burton & Pitt 2002) This, however is
simply a reflection of our intense reliance on the automob1le See Table 2 for a. |

breakdown of pollutlon constituents form roadways v

Table 2: Pollutant Constituents of Stormwater Roadway Runoff .

. Constituents -~ - 'Prlmary Sources’ = : L
Particulates - | Pavement wear, vehicles, atmosphere mamtenance o
Nitrogen phosphorous Atmosphere, roadside fertilizer apphcatlon '
Lead" : : Tire wear, lead oxide filler material lubrlcatmg oil, grease L
. ' | bearing wear L

Zinc o | Tire wear (filler materials), motor 011 grease
Iron. = Car rust, steel structures, engine parts : =
‘Copper - | Metal plating, bearing and bushing wear; engme parts brake ‘

| . |line wear, fungicides, insecticides , B

| Cadmium -~ | Tire wear (filler material), irisecticide- applicatlon
Chromium =~ - | Metal plating, engine parts, break lining wear R ,
Nickel - | Diesel fuel, gas exhaust, lubricating oil, metal plating, bushmg 1

o ' - | and brake lining wear, asphalt’ pavmg : |

Manganese | Moving engine parts ‘ . - R
Cyanide ' _Anticake compound (ferric ferrocyanide, sod1um ferrocyamde :
o L yellow prussiate of soda) keepmg icing salts granular '
Sodium, calcium, - - - 'Delcmg salts .
chloride _ : -
Sulfate: s Roadway beds, fuel, deicmg salts _ . _
Petroleum - - - | Spills, leaks, lubricants, antifreeze, hydraulic ﬂuids asphalt o
o o ~ | surface leachate : : T
PCB .= o Spraymg, atmospheric deposition, catalyst in synthetlc t1res co

Adapted fr_om Burton & Pitt 2002_’ ‘
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During periods of high peak ﬂow off imperm'eable surfaces, or during “flash flooding”,
stormWater runoff will contain larger concentrations of pollutants, -combined “sewer
overﬂows“ are activated, yaluable fish habitat will be lost', natural pollutant recycling'
systems Willbe overcome and aquatic populations will be directly .threatened. Initial»

 rains also trigger the “first flush” of high concentrations of contaminants off surfaces.

As,We now ’se.e, the consequences of impervious s‘urface runoff in urban watersheds are
felt in many different ways, many of which can be quantified”’, though of equal

importance are those that cannot14 "Harbor (1994) discusses some of the methods
" available to planners and designers 1 in predlctmg and estimating the hydrologlcal changes |

that certain types of land use will cause.

The downstream effect is usually the greatest, however the loss of the ‘Water-retention
functioning in the soils of cities is of great concern (BoOth & Leavitt, 1999). Not all soils
retain water in the same Way Some are highly effective at holding onto water, ‘while :
| ‘others are hydrophobic “Soils change over time With compactlon physrcal/mechanical
-.disturbance exposure to chemicals loss of orgamc components etc.. Many of these
changes are 1rrevers1ble others would at least require some form of remediation AsT -
_ will expand on later this 1nflex1b111ty of outcomes can be explained by a. discuss1on on

path dependent dec1s10n making based in a linear reductlonlst way of see1ng the World

" In the mid 1990’s, the United States Enyironmental 'Pr_ot_ection 'Agenc’y (EPA) reported: L |

that the diffuse form of urban water pollution Was the most severe'of all sources.. | The-- '

nonpornt source water contamination that is'a result of urban 1mperv10us surface runoff - |

_ Was the leading threat to Water quality. The contamination is attributed to surface runoff»

~ from stormwater flowing off i 1mperv10us Toofs, s01ls (compacted or otherwrse) concrete ‘l_'

~ pavement, asphalt etc (Amold & Glbbons 1996) By 1999 the US EPA put mto effect
its National Pollutant Discharge Ellmination System (NPDES) for smaller municlpal and

"' See section entitled Combined Sewer Overflows. - ‘
"'2 For example, salmon and trout spawning grounds in gravel beds.
13 Average contaminant volumes per ha of given' surface type. '
'* Non- quantiﬁable turbidity, transportation of materials, erosive potential w1th assocrated extemal’ costs
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large development SWM. The guidelines within this permitting system_are strict and
demand drastic decreases. in pollutant generation and discharge off city surfaces (Coppes

2002) and guaranteed protection of surface water and BC’s are not as comprehensive.

“Is this all really a problem?” you ask; why is it_irnpo_rtant for us to worry about the
precipitation that falls on our urban c_entres?' The answer lies partly in the rivers that flow
- through or under'® our cities, in those marshlands in the city’s lowlands that have not
been filled in, in our depleted‘ groundwater and in the coastal zones. that serve our
fisheries and act as such rich postcard material (Gootilleke- et al 2005). ‘When huge
~ volumes of water are 'annually' shed off the city’s irnperrneable surfaces, groundwater
infiltration is drastically d1m1n1shed natural waterways are the recipients of the increased

discharge and accordmgly, instances of flooding are on the rise (Li et al 1998; Rowney

- 1999). Think also of the polluted water bodies, the decreased groundwater recharge, the -

increased erosion of existing streams and rivers, the burying of fish-bearing streams, the
- rising levels of sedimentation and the 'decreases in fish stocks and other biodiversity in all
our water bodles (McHarg 1969 ULI 1975 IAHS 1977; Herricks 1995; Li et al 1998;
~ Pitt 2002 Rocky Mountain Instltute 2005)

These. pollutants are of 'major colncern,_ accounting for just under half of the conta'mjnat.ion
of US lakes and rivers in the _rnid 1990’s.  This nonpoint source 'pollutio‘n- from'
stormwater runoff has b'een identified as a major issue in' coastal regions, as the effect that
it has on these ecosysterns and: habitats is particularly severe (Ll et al 1998). Coastal )
waters and their riparilan zones though' “Servedl’ by regular tidal flushing, are highly '
- suscept1ble to mputs of sedlments and pollutants Beach closings particularly reﬂect this
l (Board of Engineers 1953 Clapham 1981) This prompted the US EPA to finally enact .:.

leg1slat10n enfo_rcmg clean water__standards for _Amerrcan cities (Coppes 2002).

_ In urban areas containing large amounts of impervious surfaces, a severe rainfall event

will typically cause a flash flOOding effe_'ct. " The sudden input of water_omo' the surface

'3 Though there is a movement in planmng and de51gn to “daylight” streams that were, in the past routed
underground many of the historic dramages streams and rivers that once ran through our North American
cities remain culverted underground ‘
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will coalesce into a receiving system that is unprepared for the quick and massive buildup
of stormwater flows'®. We have .to engineer 1arge diameter sewer pipes to deal with this
sudden onset of large water volumes.. The more sudden the onset of high volume-flows,
the larger and more expensive the sewer pipes. This phenomenon directly affects the
pollutant loading of water bodies, as the combined sewer overflow (CSO) effect will be
activated at this point. In a CSO, untreated sewage is added to the outflow during periods
of heavy rainfall. When capacities of the receiving SWM system are not great enough to
‘match the peak stormwater flows in a precipitation episode, the stormwater overflows in -

the pipes and mixes with the sewage, both of which then bypass treatment plants.

Combined Sewer.Overﬂows (CSO)

Many North American cities, especially older ones have combined sewer overflows
(CS0s)"". Up to the 1950s, cities were still mostly constructing their SWM systems with
CSOs (Pollutlon Probe 1996). These CSOs allow for the combination of stormwater with

municipal sewage (blackwater) whenever storm sewers are pushed beyond their lrmlted
| capacities (Clapham 1981; Moffa 1990) This occurs at a rate of roughly 200 episodes
per year in the Vancouver Regron Data for the GVRD show that there is somethmg on
the order of 36-62 billion litres per year of mixed stormwater and sewage that spills into |
our region’s receiving water bodies (Pollutron Probe 1996; Pedersen 2000). Moreover, if
‘end-of-pipe water_ treatment plants have to treat stormvvater volumes as well as sewage, |
purification efficiencies'are drastically lowered (Tjallingii 1995). Not only would we.
- experience much cleaner Water outflows from water treatment plants if the volumes they
had to deal with were decreased, but the fees pard to the GVRD would be’v

commensurately decreased as well (Crty of Vancouver Engineering Servrces 2005)

In order to separate stormwater from blackwater sewage Vancouver has been involved in
the “twinning” of the system for a number of years now, as per the Sewers Long Range :

Plan. Though this is a costly operatron it has been deemed cru01al in dealing with the

. ' This type of drainage activity is typical of arid desert regions, yet is apphcable here in Vancouver as our
urban surfaces have been given similar characteristics as those in deserts.
1 -Vancouver’s earllest sewer systems were initially built in the 1890s.
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health of coastal waters (Moffa 1990; V,a'ncouver City staff 2004). Though the City of
Vancouver engineering department isn’t sure of the exact numbers, roughly 50% of the
twinning has taken place, though in reality, this is likely much lower. By 1953, much of
the sewerage systems had already been laid for Vancouver, almost all of which were .
CSOs. This was done despite consulting a sewer specialist, eliciting the Lea Report of
l9l4, which recommended “the principle of the separate system of sewers be adopted in
the ‘areas draining to English Bay, False Creek, and Burnaby Lake” (Board of Engineers
1953‘ pg. 4). However it wasn’t until 1978 that Mayor and Council established a
~ program to change the CSOs over to separate drainage systems. This initiativ'e was for
. two of the three areas mentioned in the 1914 Lea Report, published 64 years earher

' (http'//www city.vancouver.bc. ca/en0svcs/watersewers/sewers/mdex htm)! Even today

- most twinned sections of pipe carry no guarantee that stormwater will not mix with
~sewage. The infrastructure is of such an age that it is d1fﬁcult to monitor for mixing (Clty '

: of Vancouver Englneermg Staff 2005)

Moreover, even if the City were to complete the twinning of the system, something they

are aiming to accomplish for 2050 there is still the matter of the countless private

c propertres that have combmed sewers These properties will be redeveloped over time, -

K durmg wh1ch the1r stormwater plpes w1ll be separated from the sewage lines.

- Low and High Density Developments - '

) Some people have pointed out that ther_e is a direct rel_ationship' between population
density and .increased perCentages of »impervioussurface coverage over a given area. .
Their conclusmns from th1s relat10nsh1p are - for more d1spersed low 'density _
development In many cases, the motlvatron behind such statements lies in the desrre to.
~develop greenfield sites.. However, it should not be believed that the per capita .
percentage of impervious 'surface is.higher in the more dense urban form (around 150
~ dwelling units per hectare) than 1t is in the less densev(Rowney 1999; Gafﬁeld et al 2003;
" Goont1lleke et al 2005). In fact within the city it 1s generally the oppos1te There is a

negative relationship between densrty and per cap1ta amounts of i impervious-surface. The



http://www.citv.vancouver.bc.ca/engsvcs/watersewers/sewers/index.htm

1mp11cat10ns are that lower density developments have a h1gher per caplta stormwater

generatmg potenual than do high density land uses (France 2002).

For instance, a typical suburban development of cul de sacs and large lot smgle famrly '

_ detached homes Maximum lot s1zes range from 785 m? to2, 023 m (Wexler 2004) The

dens1t1es may range from 2 5 to 9 dwelling units per hectare, or from 4'to 20 people per .

- -hectare. At ﬁrst glance it would seem that from a SWM standpoint, this type of land use

| ‘would "be highly advantageous there is ample open space for rainwater 1nf11trat10n

However, this suburban style of low densrty development is also accompamed by large .

malls, huge parking lots and vast kilometers of roads_ , etc. (Garreau l9_91, Duany 2004,
" Charter on New_ Urbanism 2005). : . o S o S

Per lot impervious surface percentages are roughly 40% or from 314 m2 to 809 m2'

Based on 8 metre road wrdths W1th 1 metre s1dewalks each hectare of lot development ‘ |

would be accompamed by 2 OOO m’ of adJacent 1mpermeable paving. At9 dwelllng un1ts .

per hectare there are roughly 222 m’ of adjacent paving per dwelhng Addmg both the_ S

local and reglonal road networks servmg the development and, dependmg on prox1m1ty‘_

. of nearest amemtles " there can be. many hectares of paved 1mpermeable surface per

‘person in this type of development This does not even consider the. typ1cal suburban' o

o 'style mall or. b1g box store prov1d1ng amemtles These development are a531gned a:,_
: _'coeffrcrent of runoff of 9 to 1.0, meaning that 90- lOO% of the rainwater fallmg on them

is tumed into stormwater overland flow or runoff (Marsh 1998)

" In h1gh den51ty developments of up to 150 dwellmg umts/hectare per lot 1mperv1ous;_ ': o

percentages are from 95 98%, or from 63 3 m? to 65.3 m? per unit. If we assume the
same amount of i 1mperv1ous adjacent paving for road and srdewalk there are another 13-

. m?of i 1mperv10us surface per dwellmg, brmgmg the total to 76.3 to 78.3 m2 per dwellmg - -',

- 'un1t in a more dense neighbourhood. This of course does not take into account other o

local or regional roadways, but because of business location analysis, guided typic'ally'by

Central’Place Theory (Von Tunen and Christaller in Pac'ione’ 2001), ar’nenit__ie's; aré

'® These, in turn are a serious nonpoint source of pollution. See Thompson et al 1997, for r'nore'details. :
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generally located much closer to high-density clusters. This decreases the amount of road.
space required per pyer’son All-in, the per person amount of impervious surface is

dramatically higher in low den51ty developments than in higher dens1ty neighbourhoods

All of these paved features are impermeable to rainwater, resulting in a larger impervious.

: surface area per capita at the regional level than the more dense urban form (Gaffield et .
al 2003) At the individual lot level, there is more pervious surface, however the nature
- of this type of built form dictates a much larger percentage of paved surface per person
than a more dense, tight urban fabric. There are much larger and longer roads that are
-~ constructed, as well as the hectares of parking lots for the corresponding commercial

activities.

It is true that in a sensmve watershed it is often better to have fewer people occupymg
the space at low densities (McHarg 1969).. That bemg said, it is also true that in a
sensitive watershed 1t is best to have no people occupying it whatsoever (Page 1987;
Grant et al 1996; France 2002). Many low density greenfield developments in this region
"take place in sensitive Watersheds thus nullifying the argument for the lower dens1ty built
form. The arguments from. people in favour of low density developments as attractive' -

SWM 51tes simply do not hold Water .

. 'Contemporary low den51ty developments require vastly greater amounts of 1nfrastructure
per capita. Because the 1nhabitants of this type of land use are more dlffuse across the"’i
'whole area, it is more costly to service the stormwater with a centralized treatment plant. 3
_'The_ cost per capita in. infrastructure provision (sée Chapter 21 section Costs for
- thorough breakdown) increase_s commensu"r_ate with overall length of sewer i_nfrastructure',» :
~as does the aggregate amounts of s_tormWater runoff and associated pollutant levels "

- (Grant et al 1996;_Rovvney 1999; Coppes 2002; France 2002).
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2.1 The Underlying Problems
“Doubt is not a pleasant situatiori, but certainty is absurd’.
Voltaire

The Mechanical Reductionist Worldview

The typical human response to managing stormwater has been informed by a Newtonian
A (reductiohist) ‘analytical framework (Capra 1982; Rifkin 1989; IyerQRaniga & Treloar
- 2000; Moffatt 2001). The worldview of mechanistic science comes out of Sir Isaac
Newton’s theories, but is based in thinking roughly 400 years ‘Qld. Probably the foremost
catalyst for the ,development of this worldview was Francis Bacon, whose work, the
: Nevum Organum of 1620, laid the~ groundwork for the movement away from positing the
world as chaotic and disordered. Everything, ‘it was argued, became vordered by
mathematics, as _Renee DeScart_es’ ‘work sh,ortly afterwards demonstrated to the world. -
- For Descartes' order and measurement were the ultimate ‘ways of seeing the world. He
.tells us that the general science that would address issues of order and measurement

..was called universal mathematlcs Such a science should contain the primary
’_’rudrments of human reason, and its provmce ought to extend to the ehcrtmg of true

~ results in-every subject” (Rrﬂ(m 1980 pg. 35).

Newton went further in de'velo'ping vhis three laws of mathematics (physics), which
described all material in'm(‘)tion 'in‘the universe|9 - Through these “laws”, human 'b‘eings _

were glven the ‘power’ to determme exact mechamcal motion of materlals (Rrﬂ(m 1980) -
Out of this belief in mechamstlc science grew a hubr1s that told us all thmgs in the natural
world could be reduced to numerical equatxons which could then be manipulated to our |
' advantage This belief i is st111 shared mostly unconsc10us1y, today by many of the people .

on th1s planet certamly the vast majorlty in the westem world

. Thus the nature of our - cities is. reﬂectlve of this fundamental aspect of our worldv1ews )

This extends into the Way that we approach SWM 1nstead of managing the source (recall

' Newton’s three laws are as follows: 1. A body. at rest remains at rest and a body in motion remains in
uniform motion in a straight line unless acted upon by an-external force.” 2. The acceleration of a body is
d1rectly proportlonal to the apphed force and i in the d1rect1on of the straight line in which the force acts 3.
For every force there is an equal and oppos1te force i in reactlon (Rifkin 1980, pg. 36)
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the sources of stormwater are our cities’ impervious sufféces), we try to mitigate the
outcome. Instéad of understanding the whole system, we try to control a single';
tfoublesome variable. Our COntemporary rational model of SWM dictates a linear
throughput approach to rainwater by engineering large scale pipe and channel networks
with high enough flow capacities to meet design storm criteria (Figure 3). The system is

based on throughput of the stormwater out of the city and views rainwater as a waste.

The City of Vancouver laid the earliest sewers in the region 1n 1890, fhough full-scale
development did not begin in earnest until 1914 (B'o‘ard of Engineers 1953). Though
intentions were admirable back in the early development 6_f sanitafy 'éewage a.ndi
wastewater systems (Clapham 1981), these large—scale'infr.astructure throughput systems
now cause problem.s that are beyond the capacity of-the riatural environment’s coping ,
“structures. To a degree this is an issue of scale and growth is an exacerbating factor.

Still, the reductionist, throughput framework itself .is' the root of the cause.

One of the moét interesting aspects of this dis'cussi‘(;n‘ is that a survey published in 1953:
for the Vancouver and Districts. Sewerage and Drainage Boards talks of the-
“inestimable value” of the recei\}inglwater rbodies _a.ro.und. Vancbuver and the “serious
pollution” threatenin‘g them (Board of Engineers 1953, pg. 2). FW_hen'_th,e réport W.as.
.published, the SWM conventibn was year-round cdrhbined sewérage systems. Even théh,
however, people were startirig to notice that the feéeiving waters could become polluted |
as population grew and sewer use increased. This 50 year-old survey describes thev
positive relétionship between rising amounts of impervibus surféces, population growth .
and densificafion to increases in stormwater r_'unoff.' Tcllihgly, the report advocates for an

increase in infrastructure spending and construction of end-of-pipe treatment facilities.

Linear Throughput SWM }
- The throughput model does indeed make SWM seem simple, as the goal of that exercise -

is to use simple parameters for the systems’ functioning, i.e. merely remove the water off
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the surface and dispose of it as quickly as possible®’. In order to achieve this
performance standard, a SWM system must be engineered precisely, at least capable of
dealing with a specific benchmark storm event. The City of Vancouver has different
storm event specifications for various land uses. Residential land-use is engineered for a
5 year storm, downtown/commercial/industrial gets a 10 year storm benchmark and trunk
sewers’' are engineered to a 25 year storm (Figure 3). Alternately, if the goal is to
mirror the complexity of the previously-existing natural system, then complex parameters
must be placed on the systems’ functioning. This would entail a thorough understanding

and inventory of the attributes and functions of the natural system, a near impossible task.

Figure 3: City of Vancouver Rainfall Intensities
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From City of Vancouver Engineering Staff 2005

% Though still a challenging task, these simple parameters do not take into the account the complex
interactions of the natural environment and any consequences outside of the parameters will go
unforeseen; an externality of the system.

1 A trunk sewer serves a tributary or catchment area greater than 100 acres.
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There are many high—performance demands on SWM in municipalities vVancouver

1ncluded Currently, these demands are based on the speed and ability of the system to o

~ remove the water that falls on the city’s surfaces as fast as- possrble The idea is to
eliminate as much risk as possible.  This task i is possible in the short term given the -

- money, energy and materials necessary, but what about sustaining those huge phyleal |
infrastructure networks upon which the system rests? ‘T‘ruly the engineering feats of the .
.' .2(_)th century are to be wondered . at. . No less wondrous are _the’ enOrmouscoSts'for
| ﬁnancing these same :en_gineering marvels. However huildin‘g it Once '.is one. thin'g,- but
maintaining it over the.lifetime of the city is another prospect entirely, assuming that we
intend to sustain cities beyond' our lifetimes. Malntalnmg the ‘system’s physwal
structures is absolutely dependent on continuous mputs of materials and energy wzth'
no end to the cycle. The diminishing returns in such a system lead to unsustalnable _
resource requirements | By defmrtron a system based on continuous growth is

b10phy51cally unsustamable on a resource ~finite planet let alone flnan01ally v1able |

Costs

_ ..k'Mun1c1pal1t1es bear h1gh costs of bulldrng, mamtammg and contmuously upgradmg_"».:

SWM 1-nfrastructure The C1ty of Vancouver, hke any other city, must address the'

susta1nab111ty of th1s 1ssue - The traditional systems of managmg stormwater are very""

expensrve rely on 1ntens1ve inputs of materrals and energy , and are 1neffect1ve at

m1t1gat1ng the destructlve potentlal of increased peak/overall ﬂows and the pollutant"_ -

contammatron of ra1nwater runoff Addressing the pollutlon requrres costly, large scale S

' end of-plpe treatment plants which the c1ty ne1ther needs if stormwater is managed at__- g L

' the source, nor ac_cordmg to clty of V‘ancouve_r staff (Anonymous 2004), can afford.

"~Currently in Vancouver 1nfrastructure renewal operates on_ a hundred year cycle -'

meanmg that every year 1% of the stormwater 1nfrastructure is replaced at a cost of o

roughly $36 mrlhon (Vander Ploeg 2004) Th1s means that, m theory, there is never any -

-2 Materlals whrch themselves are highly ordéred and require large ; amounts of energy to transforrn 1nto
useable forms, i.e. large-diameter concrete pipes, steel pipes, girders, asphalt and concrete paving, etc.. _
B Repamng large -scale pipes, gutters, dramages and the overlaymg roads are energy mtensrve processes ‘
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aspect of the infrastructure older than 100 years (see Table 3). By extension, it also
means that Vancouver will be renewing this physical infrastructure in perpetuity unless

more sustainable options can be developed.

Table 3: Age of Sewerage Infrastructure in Vancouver

Years of construction | Length (km) | Length (%).
Pre-1930 ' 675 A 38
1930-1959 1 565 - 31

1960-present . 565 ‘ 31
Total ' v 1,805 - 100

| Adapted from the City Of Vancouver Website

Will the money exist in the next several decades to perform this task? In the allocation of
scarce.res‘our'ce_s, it.is irrational to defend spending money'on problems that can be solved
' through alternative planning and design_. Will the fossil fuels required to do the work of -
 repair, rene'wal and expansion alyyays be' available and- affordable? No, fossil fuel -
energies are finite. Global sources of the ‘rnostcOndensed_ forms of fossil fuels, pe_troleum
and ‘natural gas, are peaking in -production and’ ar.e'iprojected to deCline in'production

within the next 10 years (Deffeyes 2001). On a finite planet will the raw material 1nputs

always be available? Rational analys1s tells us the answer is no. Though w1th recychng o

of materlals we can draw out the length of tlme that many of the requ1red mater1als wrll L

" be avallable the. second law of thermodynamrcs dictates that this is a losmg battle -
Mayum1 et al 1999). Every time materrals are recycled a percentage is lost through =~
_ energet1c inefficiencies in the restructurmg process™* Mater1als cannot be recycled in

p’erpetu1ty, as their structures will eventually break down (Mayumr et al 1999, pg. 143).

"Of course there is a direct correlatlon between dollar costs and- thermodynam1c f
".l1m1tatrons on recyclmg of mater1als Because new materials are needed for_' o
reconstruct1on and repalr of existing SWM 1nfrastructure costs are relat1vely h1gher than'- o

- if these mater1als could be reused/recycled

# There are also h1gh energy costs of recyclmg these materrals the source of energy for whrch is non- S
. renewable.
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With the SWM 100 year cycle of reconstructibrr, scarce resources (dollars) are allocat_ed
to this ongoing process on the assumption that the currentvSWM system is the most
effective method r)f removing the “wastewater” that falls on Vancouver as ‘precipitation.
This falls at an average rate of roughly 1,285.7.25 mm per year, 46.2 mm of which falls as
snow ‘(accordin_g to Environment Canada, t}re peak'sirigle day rainfall in Vancouver
occur_red'in 1935, where 94 mm of rain féll on the city).. Replacing municipal sewerage

’ infrastructure in 2002 alone cost $36,819,825 or 4.3% of the city’s total spending in that
year of $856,275,000 (Vand.er Ploeg 2004). The City of Vancouver projects that this
figure will explode over the next decade as rnbre and moré 6f the _aging infrastructure

_ comes online for replacement (see Table 3).

Let us look at infrastructure renéwal and spending requirements in the future. Rdughly
69% of all stormwater infrastruétu‘re, or 1;240 km will have to be replaced in the next 50
“ years, 54% of 'which' will have tovbe,.done in the next 25 years. Because the infrastructure
was not built at the incrementai rare of 1% per year, which, at a lifetime of 100 years, is
the annual rate at which it- must be replaced, we are now faced with an overload of
| crumbling stormwater ihfrastructure_:. If all factors remained constant at today’s Vélues,
natibnal annual inflation would be 2.4% (B»ank of Canada 2005)-and éonstrucﬁon costs
would increaéé,in Vancouver at roug_h,lyv 4% per year. Given this s_éenarid, if the city.
were 10 rnaint'ain infrastructure renewal plans at present ‘levels, costs will rise, at ’
minimum, some $2,250,QO9 next‘year alone. Howéver,’none of th¢ c_orrtributing factors
are actually constants. Percentages of irl_frastructure to be reneWéd will increase in the
near future, inflation is rising ,(thé- p_henome__noh of peak oil is projected to compound ’
. this), construction _costs’ in '_Va_ncouver have increased rapidly in récent years and
petrr)léum costs are a ma}lljdr:unkv'nowh. Of all of the aforementioned variables, the cost of .

fossil fuels is the most crucial tQ note. I will discuss this in the following Sec_tidn._

25 Measurements taken at Vancouver city hall. - _
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Figure 4: Vancouver Expenditures on Stormwater Infrastructure

City of Vancouver Annual Stormwater Expenditures
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From Vander Ploeg 2004, City of Vancouver, Engineering Department:
http://www.city.vancouver.bc.ca/engsvces/watersewers/sewers/index.htm and the

Consumer Price Index. Dollars are in 2005 equivalents.

To replace the stormwater sewer pipe infrastructure in Vancouver will cost the City’s
Sewer’s and Drainage department from $1,000 (residential, 5 year storm sewers) to
$2,400 (heavy commercial, downtown, 25 year storm sewer) per linear metre (Shiel
2005). This cost is for only the sewer trench and the laying of the separated storm and

sanitary sewers”® and does not reflect the costs of replacing road surfaces.

The overlying roads are paid for directly by the Sewers and Drainage department and
range from $22 m? and go up to $115 m* (residential is $46 m” next level up is 62 m’
and arterial roads are $115 m”). The cheapest option of $22 m” is based on a large scale
(>1,000 m?) operation, whereby the costs are shared between the Sewers and Drainage

and Roads departments. Furthermore, concrete sidewalks are an extra $55-$143 m’,

2% No CSOs are being installed at this time, only “twinned” sewers.
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depending on the job size." In the case of a newer street being dug up for stormwater
infrastructure maintenance, the Sewers and Drainage department is charged a “street

degradatlon fee” by the roads dept (Marino 2005).

Total costs of rep_lacing or installing the SWM infrastructure for a typical residential
street, 100 metres in length and 8 metres wide, including 3 metres for sidewalks on both
sides would be $100,000 for pipes, $368,000 for roads and $15,500 for sidewalks for a
total of $484,500. Let us then say that the 900 km of CSO were to be rebuilt as separate
‘sewer lines, the lowest possible cost, if done at present values, would be $9OO 000,000
_for the pipes alone. The cheapest road rebu1ld1ng overtop of the new twinned pipes
- would be $158,400,000, for a total_»of $1.584 mrll1or1 at today s costs! Keepmg in mind
 that this cycle of rebuilding 1% per year is repeated for as long as this system is in place,

~we begin to see the unsustainable costs incurred through this type of SWM system.

Peak Oil = ‘

There is an underlyihg issue of major importance to this research that will, in the not-so-
distant future -determine the outcome'of the debate on sustainable SWM lnfrastructure
. Th1s 1ssue is the approachrng peak of global oil productlon Thrs 1s not to say that global
' petroleum supplies (and productron) will run out next year but there is no questron that it

1s_-runnmg out. Many of the t_op petroleum geologists claim that global oil production is.
peaking right rr'ow will peak later this decade or will peak sometime within the neXt' 15

years (Deffeyes 2001; ASPO 2005; Goodstem 2004; S1mmons & Co. 2005) Regardless .

of the exact year in Wthh the peak (or plateau) wrll occur/is. occumng, 2005 has seen’ B

V huge leaps in oil prices. - A report issued by -investment firm Goldman Sachs in late ]
, MarCh, claimed that there is an::immanent “super spike” coming in the global oil market
- (BBC 2_005; Goldman _Sachs 2005) Most researchers link this to the lack of spare.
production’ capacity of the 'world’s major oil produclng regions. As a result, crude oil
prlces rose to $57 70 on March 25‘ topplng the prevrous hrgh mark set on March 17"
2006 of $57.60 (BBC 2005) '




The construction and maintenance of conventional SWM infrastructure requires- concrete
~and steel materials, as well as._the heavy machinery to perform the wo_rk._ The asphalt o
- roads overlying the SWM infrastructure in our cities must b'e'replaced after the
infrastructure below has been repaired or rebuilt. Many of the materials must'be shipped -
~to Vancouver, the costs of which are dependent on cheap oil prlces (Al of .the .
aforementloned materials and processes are extremely petroleum fuel- 1ntenswe As .
». ~global oil production peaks, the cost of mamtainmg the SWM‘ 1nfrastructu_re 1ncreases

commensurately with oil price increases.

There is clear consensus among those who are researching the issue that world oil Willnl_)e
 peaking sh'ortly | Knowing this, the further we' travel down the Newtonian' path of
dependence, while bu11d1ng the hnear throughput SWM systems the harder 1t will be for

us to change in reaction.to skyrocketmg petroleum pr1ces In a context where the future _

of 01l is as unknown as it 1s today, maintaining the status quo of SWM thinkrng not only o N

makes our crtles less secure and unsustainable it is 1rrat10nal

Path Dependence and Unsustalnability

. ".As noted earlier the current paradigm for managlng stormwater comes directly out of the -
ﬁ‘_ Newtonlan reductionlst way of thinking ThlS conceptual framework 1solates problems;_“ '
.:v"and deals with them through s1mp11ﬁed linear solutions (Capra 1982 Rifkin, 1989 Iyer-

V .'Raniga & Treloar 2000; Moffatt 2001). This way of addressmg the problem has been,}'

: entrenched through many years of similar decision making In short today S approach is -

- pa_th—dependent on a paradigm that shaped the earliest de01s1ons on SWM and 01ty3_. g o

building Over t1me the Newtonian worldv1ew contmued to guide people s v1s1ons and. B
‘.methods of crty bu11d1ng (Capra 1982; Rlﬂ(ln 1989) Habit has since reafﬁrmed and-
~ solidified . the traditional way of th1nk1ng, illustrating the self- referencmg nature of, -

_ 'contemporary decision- makmg structures and 1nst1tutions (Plerson 2000)

- The concept of path-dependence, also referred to as “increasingre’_turns’.", _describes__the'p.

inflexibility of the proc_esses in decision making that are based on incomplete knowledge;-: -
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vor '(initial) random actions (Pierson 20'00).1 1 Pierson sheds light on the nature of path-
dependent decision-making that leads to outcomes that are difficult and costly to reverse.
Path-dependence suggests that srnall, initial decisions, plans, etc. lead, over time, to
larger outcornes, through an almost auto-catalytic process of self—referenclng. Once -
‘certain conventions, “institutions”’,’ are in place, they guide de_cision—making‘down a path.
from which it becomes increasingly difficult to steer avyay. These deci_sions have

eventually lead to the city-building that we experience today.

As Pierson states “the costs of exit-of switching to some. previously plausible alternatiye
.'rise” (2000, p.- 252) as the ins.titutions become engrained, or, in the case of SWM,V the .
physical structurés of our cities fb.ecome entrenched.  This is not to ‘intimate a
deterrninistic_ outlook in planning, but is more to explain the institutional ‘inertia with_‘,
which we are faced in trying to rnove towards sustainability Change is possible, but |
cannot occur unt1l we have understood both the need for it, as well as the historical forces
(path dependence) that resist it. For instance, we already know that both the Lea Report "
| of 1914 and the Board of Engmeers Report of 1953 adv1sed that the storm sewers servmg
areas around False Creek and Enghsh Bay should NOT be CSO. Yet, all of those Sewers. ‘
burlt in those areas were 1ndeed CSO.: The City of Vancouver website states that “it was
: accepted pract1ce to construct comblned sewers which dlscharge d1rectly into Waterbodles
via outfalls (Clty of Vancouver Engmeermg Serv1ces 2005) Th1s is a clear example of -
b, _'the cost of exit of path- dependent planmng Though decision- makers were advised not to -
) construct CSOs they followed the 31mple conventlons at the time, ignoring better adv1ce '
We are now burdened w1th the cost of ex1t1ng the path. Today s costs of ex1t are
extraord1nar11y hlgher than they would have been to construct the separate system in the
first 40 years of the 20 Century. This should be a learning example for understandrng '

and breaking unsustamable path dependent dec1s10n mak1ng

7 Inst1tut10ns are the agreed upon rules of action w1th1n orgamzauons They can be explicit or 1mpl1cxt
formal or informal. _ ' : . :
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T. he Rattonal Comprehenswe Model

By predefining the problem of SWM through the path-dependent Newtonian worldview,

~ the rational comprehensrve planner, engineer or dec1S10n-maker,of today sees only the
‘optimal solutions’ that institutional inertia has placed before him or her. The rational -

comprehensive planning worldview is guided by logical steps-and separates analysis from
decision- makers (Wachs 1985) In this model the analyses of the SWM problem'are

| entrenched in the historical path of dependence and guided, logically, by institutional

inertia.

- The political decisiOn-maker 1s not likely,v unless predisposed, to -be aware of the
| parameters, or underlying institutional inertia that has guided the analyses put before
them and so cannot act :Outside of those constraints. Typically then, a decision-maker
will follow the recommendations from the analysts’ logical steps of problem definition
" and analysis (Wachs 1985). In turn, these analysts are confined by the “predefined”
problem, which has lead to increasing returns of SWM operational’. and .perform.ance
guidelines. The rational comprehensive planner then, sees only the alternatives suggested
_‘by these types of analyses, from which logically flows, the contemporary models of
SWM. "' o

Entropv and Dissmative Structures

But Why should we worry about having to rebu1ld that 1% of the SWM system every year | ,
in perpetuity? ‘What makes this unsustamabl_e? Well, a city is an open system insofar as
it receives both energy and material inputs frorn.beyond its boundaries. So long as there
is sufficient energy and n'iat_erials that can be brought in to act as inputs to the SWM -

system, the city can theoretically continue to function according to its ‘highly. ordered

~ system requirements. However, organization or structure in one anthropocentric system-

comes at the expense of disorganization elsewhere, i.e. imposing structure in one place
requires an energy input' from sorn'ewhere else; much like balancing a scale (Mayumi
1999) The second law of thermodynamlcs the entropy law, tells us that energy can only

go in the direction of useable to unusable So 1f energy is used to create order in one
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instance, it must come at the expense of disorder somewhere else (Clapham 1981 Rrﬂ(m

1989; Mackey 1992)

This can be termed “metabolism”, insomuch as a biological structure consumes energy
and materials in order to sustain itself, while also producing less- useable wastes .
(Clapham 1981). Giampietro & Pastore (in Mayumi 1999) go a step further, terming the
anthropogenic systems of consumption and waste production “exosomatic metabolism”.
Through the process of consumption, the energy and materials are dissipated. Biological
systems operate in this way, by taking energy and‘materials up from their surrounding
systems and outputting the dissipated materials and energy, f‘Wastesl’ bacl< into tholse'
same systems. Systems such as these are termed dissipative structures (Iyer-Raniga &
Treloar 2000; Rees.2003) and are differentiated by nature. Rees explains the second
law’s effect, stating that “any differentiated system has a natural tendency to erode,

unravel, and disperse” (2003, pg.6).

A dissipative structure, such as a city, is highly comple'x' and requires large quantities of _
energy to maintain that complex ordered structure. Natural, adaptrve systems are self-
_orgamzmg, ‘meaning that they develop complex1ty over time through a process of :
_ evolutron and continuous intake of energy, e.g. the natural system of managing
~ precipitation. Whatever system, e.g. stormwater mfrastructure is employed to replace
these naturally-ordered structures will require more energy 1nput to provide the same.'
functions than did the previous one (Iyer- Ramga & Treloar 2000 Rees 2003). However, |

it will fall on a spectrum of energy requrrements

For example, picture the sloping south west coast of BC At one timev pri'or to htlman. ‘
intervention, the mountains sloped gently into the ocean and were covered by mature
forests, many streams and several larger rivers 2 The watershed’s dramage and'
vegetation charac_teristics"were inﬂuencedA over time malnly‘by the area’s rainwater,

snow, and climatic factors. Tlre drainage patterns were developed by the frequency and -

*® These characterrstrcs developed over long periods of time in response to geomorphologlcal and chmatrc
forces. '
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amounts of rain that fell on them. The vegetation that grew there, matured in relation to
the local chmate developing in response to precipitation levels and temperatures ie.
storms, hours of sunlight, average rainfall levels, monthly temperatures, etc.. The
~geology of the area constrained the types of drainage that could take place, resulting in -
patterns of 'best fit determined by the landscape The energy that went into shaping these _
systems came from the sun (Vegetation and weather patterns), the falling prec1p1tat10n
(erosmn and sedlment transportation), geolog1cal process (orogeny, plate lifting). The
‘inputs of energy are continuous, providing the basis for the landscape’s dynamic

~ equilibrium. (Christopherson 1994)." -

“The anthropogenic substitute systems are ‘built, not to fit with the natural system
_parameters,. but to assist in providing the services that our cities_“require”, such as flat,
,drained and paved transportation corridors, appropriate building ‘si'tes and generally
| ordered impermeable surfaces. The ar_tiﬁcial substitute structures are vulnerable to
failure in instances of extreme fluctuations, tend towards diss‘ipated-st_ates (Rees 2003)

and are less adaptive to environmental change (Tainter 1995).

o A.relationship of dependence has been created, whereby the city_'requires a COnstant flow
of inputs _from' beyond its h_oundaries[ This dependency is notabsclute, as the component |
“parts of the city’s systerns determine the 'degree to which they. are reliant cn'external
~ inputs. Scme cities because- -of the sy'stems in them (transportation, SWM agricultural A
. etc.), require large quantlties of material and energy inputs for thelr proper funct10n1ng,

ﬁwhile others are capable of greater self—rehance For instance, if a c1ty has been designed

pr1mar1ly for transit use, the overall transportat10n system w1ll be less dependent on-

' energy 1nputs than if the 01ty Was 'more car-oriented (Duany 2002 2005 Calthorpe 2005)
. The same can be said for SWM (France 2004) If a city’s professionals design a SWM .
» system that requires less repair smaller pipes, fewer sewers and no end- 0f—p1pe treatment

plants that c1ty will have lower energy requ1rements in the SWM sector. Thus, a
particular city’ s_continuous_requirements of materials and energy inputs are determined

by the design of the syst'em‘ (Funtcwicz & O’Connor'in.Mayumi & Gowdy 1999). ..
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Though SWM alone will not be the deciding _factor of the sustainable functioning of a

city, it is one component part of overall sustainability.

The Green Building movement in Canada and the US. that has been g.aini'ng momentum
- for some time now »and the newer, less established idea of green_infr_astructure are based
on this concept of decreasing the reliance on materials ‘and energy inputs into built .
| -structures The USGBC and CAGBC acknowledge the importance of addressmg energy
requ1rements to bu11d1ng/des1gn1ng sustamably29 They have also deemed SWM to.be an, |
'1mportant aspect of sustainable design (CAGBC 2004): ' The certification system of _

LEED acknowledges SWM in bu1ld1ngs by assessmg LEED pomts for desrgn elements

 that mitlgate onsite stormwater (CAGBC 2004) '

To further define the situation ‘Cities function as complex systems insofar as they.ha_ye
negative and pos1t1ve feedback loops to deal With various stimuli. Through their '

functiomng, c1t1es disperse energy, take ‘in materials and produce waste. Without a-

contmuous 1nput of neg entropy, a crty s system Would see an overall i mcrease in entropy o '

Entropy is'a measure of disorder of dispersed or unavailable/unusable energy Neg-'_

: entropy then is the measure of usable/available energy in a system (Sllver 1971 Mackey_ E )

”1992) Entropic increase in a ‘system can have many effects one. of Wthh bemg o

'mefﬁCJent functlomng Ifa system was unable to receive extemal 1nputs of energy. and'l"

' 'materials for some reason, it would shortly be unable to functlon A system that relies on -

unrehable inputs of materials and energy is a relatively 1nsecure system It is- also;_ N L

1ndebted to paymg for these 1nputs and is at the mercy of cost 1ncreases materials/energy S

- shortages (Deffeyes 2001) and market scarcrty

Further, the city as functioning system is .em:bedded within l_'arger':and_more,complex-
natural ‘eco'Syste"ms‘ at_‘ many_ different levels, the Biosphere being the highest. As such,

the dissipated material that leaves the city system and is taken up by th'e:'surroundin'g_"_ ..

# To this end, the US Green Building Council (USGBA) estimates that approximately 2% of all new
buildings in major cities in the US and Canada are being built according to ‘green building guidelines’.”

% This type of dependence put cities at the mercy of market whims that, sometimes arbitrarrly, dictate .
energy and materials’ pricing. .
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ecosystem must be taken into consideration when analyzing the functioning efficiency of
a particular'city This can also be ‘looked at on a different scale similar. to the
relationship just mentioned That is. of onsite to offsitt SWM. There is a relationship
between the ecosystem functionmg at the two levels and the interplay between the onsite

and offsite SWM. There are inputs and outputs to both and inter-reliance between them.’

;De31gn1ng the Svstem

Ultimately then, the respon51b111ty for the system: of any g1ven 01ty lies in the hands of a
widely-varied group of professionals: the decision-makers, planners, engineers, and
designers, iv.e. architects, landscape architects, and urban designers. On one hand it is the
knowledge and.understanding employed by these individuals in their professions that_ _
guides the SWM systems. In another sense, it is the inertia from plath—dependent actions |
that an alreadyfdeveloped city presents to those actors wanting to change it. . The concept
of path dependence describes how the cost of exiting a certain “path” or series of additive
-decrsions goes up as time passes lLe. a certain way of doing things becomes firmly -
entrenched (an addiction, a habitual action), rendermg it very diff1cu1t to change the '

course, because no other way seems pos51ble

A 'contr'ibuting factor to the issue of choosing appropriate technology for urban rainwater‘ B
.'management systems in cities is the complexrty of  the .pre- ex1st1ng natural system “
Because much of the pre01p1tat10n that falls on a landscape as stormwater is typicallyj.'.f
taken up through 1nfiltration into groundwater itis very dlfﬁcult to model the locations
of outputs into the surroundmg environment. Consequently as surfaces are paved over,
_the results have been difficult to predict, leadm_g to S1mp11f1ed dec1s1on makmg. Paving, 8

- gutters, large-scale detention tanks, rainwater concentration and piping, are typical types.

. of urban mfrastructure These are typlcally reductiomst ways of taking the complex1ty

out of the system in an ‘attempt to 1ntroduce order and s1mplic1ty to it.. However as 1 ‘

suggested earlier any s1mp11f1cat10n to the system at one pomt w1ll result m negatlve .

*n typical precipitation events much of the ground i is capable of retaining most of the water. In extreme -
precipitation events, there will be overland flow of all water that does not infiltrate. The only other issue -
here is the potential damage to structures if the surrounding soil is not effective at infiltrating the water.
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impacts elsewhere. This is usually manifested in increased channel flow of streams,
concentration of contaminants in stormwater runoff, decreased infiltration capacity of
soils, lowermg of the water table increased eros1on and negatrve 1mpacts on marine life

(Rowney et al 1999; Burton & Pitt 2001 France 2004)

At the time of decision-making, all factors make it seem much simpler to opt for the
' SWM technology that appears on first glance through the reductionist, Newtonian path-
dependent lens, to be more ordered, -safe and primarily, reliable®. It follows the
entrenche’d—route-of increasing retums but at the cost of removing redundancy from the

complex system In a naturally -ordered brophysrcal system, one can find certain
- ’structures or mechanisms that have evolved over time to mitigate the energetlc effect of -
fallmg precrp1tat1on on that system The system is self-structurmg and has evolved over
many m1lhons of years into thestate at Wthh one sees it now. The precipitation 1nputs to
“the system are the direct cause of the specific structural designs in it that manage those
very.same water mputs. In essence, the rainwater itself plays a huge part in des1gn1ng the
‘rainwater management structures of the receiving system. ‘Because these structures have
evolved over time, theyare responsive to naturally occurring extremes and fluctuations in
conditions. . Redundancy in the natural system means that there are multiple structures of

mitigating precipitation inputs, allowing it to be more resilient.

Contrast this with today’s linear'throughput SWM conventions; vvhereby we apply a non-
adaptive system _Of pi_pes and sewers to a complex biophysical landscape. In a city, we
‘remove the redUndancy from the system and elimlnate' the ‘naturally evolved structures of -
' .prec1p1tat10n m1t1gat10n leavmg the area vulnerable to climatic. ﬂuctuat1ons There are
also a whole array. of new pollutant 1nput loads that we could not predict the sever1ty of |

and therefore build into our earlier SWM systems.

In managmg urban stormwater what looked early on to be the srmpler route is now
.Wmdmg up giving us unpredlctable and undes1rable consequences Confounding the

_issue further, many of the negat1ve impacts are felt in other locations, usually further

*? Engineering of pipes, drains, networks, etc.




downstream and from a nonpoint source that is difficult to pinpoint, though honetheless_
severe. The longer/further down a path of dependence our systems move, the more

| substantially we build on and around them and the more costly it is to detour from them.

There are fundamental issues of sustainability that musf be addfessed in the linear method .
of managing the rainwater that falls on the city. Some sustainability-based questioning
gives rise to the following queries: is the stormwater management system economically
~sustainable? Is it ecologically sustainable, i.e. does it minimize the impabt on the

surrounding natural environment? Does it make use of appropriéte and available
technologies? What pedagogical function does it perform }(L‘i et al 1998)? Are the
required levels and qualities of material and energy inputs available over the long term,

i.e. sustainable® levels of inputs from outside the system?

Most critically however, should be a question of whether or not this system could be
made more effective iat addressing all of the objecﬁves of managing stormwater, while at
the same timé being integrated into planning for larger sustainability initiatives within the
City of Vancouver at a minimal cost. Fundamentally, of course, it must meet economic
~ sustainability objectivés; a triple bottom-lihe assesément of thé SWM is integral to
sﬁstainability goals. .. This assessment takes into account social and ecologi‘cal‘ costs, és'
~well as the traditional economic ‘bottom line’. »vUpon. describing our presént,
unsustainable situation, the next challénge is to define ‘sustainable development’ and put

it into a local context for SWM.

 Deffeyes describes the coming decline in peak oil production in Hubbert’s Peak (1999).
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2.2 Defining Sustainability |

“While politicians, planner, and other write and talk about sustainability, they continue

practices that undermines the sustamabtlzty of landscapes”. _

Grant et al 1996, pg. 2
One fundamental goal of planning .is organizing for positive, dyn'amic response to the

-world’s complex problems. Essentially,'human beings want our civilizations to-endure
beyond our own years; we want them to be sustainable into the future. The specifics of
sustainable development have_euolved over time to.take on a complex nature of their
' /own3 4. As stated in the first chapter, my definition of sustainable development hegins
with dynamic and inclusive planning and actions for the betterment of all humanity‘ that'
~ can be pursued only if these processes and outcomes are not at the expense of ecological,
'vsoc1al cultural or human welfare. It must be possible to appIY'any and all human
y activities to every person on the planet Per person shares of the Earth’s natural capital -
‘must not be spent such that the spendmg eliminates the possibilities for future
generations’ planning and actions for their own betterment. The»egalltarian distribution
~ of the global aggregate of all human: activities over time is defined by the parameters of

sustainable development. -

"The historical records 'ofi homo sapiens vand indeed our predecessor homo erectus have
‘been marked by periods. of conﬂict- over natural resources’ (Wright 2004) In many.
“cases, it has been access to available energy through natural resources that has allowed a -
_civilization to order its mtemal structures. Building a civilization on available natural |
"resources ‘has been. historically followed by diminished resource stocks and local
envrronmental resﬂience This is espec1ally the case when a civilization had access only
to locally- _available resources. An unsustamable civilization bu1lds 1tself through overuse

" of available resources and collapses when those resources run out (Tamter 1988 Wright :

- 2004; Diamond 2005).

'Today sustainability vhappensa?at different is'_cale's, all of which contribute to global

sustainability. Cities aré the locus for.resour_ce consumption today. At the city scale

' 3 See appendix V for a timeline of sustainable development definitions.
33 Resource wars are only one factor of many behind human conflict.
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then, if internal functioning is unsus_tainable,b_.that city contributes to a - globally

-unsustainable system of natural resource consumption and waste production.

The natural/biophysical capital of the planet is capable of produ_cing _‘lnterest;, the fre_e36- :
-goods and services that humans live off. This natural _lnte_rest_ can be "consumed
suStalnably only if the processes of consumption can be shared by all humans, i.e. it is hot .
Sustainable to have one fifth of . the planet’s human populatiOn cons’ur"ne' an.
' mcommensurate amount of the planet’s natural 1nterest even if- the aggregate of natural, |

" resource consumptron doesn t eat into the natural cap1tal

~ One of the free ser'vices provided by the biosphere is wastewater recyclivng 'ECOsystems
“have limited recycling capacmes for dealmg w1th contammated water (Clapham 1981)
The bases of ecosystems are “adaptive cycles set” w1th1n h1erarch1es (Iyer Ran1ga &
Treloar 2000 Hollmg 2001) These are mechamsms in healthy systems that deal w1th

dynam1c types and levels of - 1nputs 1nclud1ng waste products (dissipated mater1als) The .

h1erarchy of cycles allows for ¢ ‘communication” between levels, such that the lower o

, levels react qu1ckly to dlsturbances and allowmg the hlgher levels to be relat1vely statlc i

N The mechamsms and redundancy in ecosystems allow for dynam1c 1nputs of wastes but“'- -

these structures are f1n1te in their capac1ty to as51m1late wastes. Bas1cally, ecosystems
: "funct1on by havmg rap1dly ‘innovating and smaller levels below larger, ‘more slowly'

1nnovat1ng higher levels. The larger level above is kept in a dynamrc state that allows for,

change by the smaller and more innovative levels below' There 1s a sort of back and _—

' forth between the levels that allows for a “leammg w1th cont1nu1ty to take place (Holhng___- 1 .‘ -

2001, pg. 390)." Sustamab1l1ty in such a system is obv1ous the system 1s adaptable -

.evOlutionary in nature and self-orgamzmg, brmgmg structure. In such an, instance, there

~is fit within the constramts of ‘the larger system. When human bemgs stretch the S

o 'parameters of an ecosystem by 1ntroduc1ng new waste products and consummg_»

3 These goods and services are free only insomuch as the planet does not have a m'on'etary price: tag
attached to dumping raw sewage into an ocean. Sometimes there is a dollar pricé.to pay, but it 1s the Y
human economic systems that charge that by way of 1nternahz1ng an‘ externahty -
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bi_ophysical products, the ecoSystem, though dynamic, doesn’t have time to adapt to the

new environment.

"Sustamabrhtv of SWM in Vancouver

. In- the case of SWM, the rapid paving and 1mpermeabhzat10n of cities has drastlcally -
1ncreased the wastewater inputs into receiving water bodies. In many cases, this has led
“to the disturbance or killing of lakes and rivers. Vancouver is lucky in that one of the
receiving water bodies of our city’s Wastewater, the P_acif_ic Ocean, rs enormous, havijng.a
. correspondingly large capacity to assimilate waste stormwater runoff. There is howe‘v'er.,
a huge local impa'ct on local marine ecosystems rn the region. If VancOuver were the
only city in the world mputtmg stormwater to the Pacific and 1f there were no other. ;
‘ constralnts on the natural resources of the ocean, the only impacts would likely be felt by
the local ecosystems However as noted earlier, the global aggregate of impacts of waste
“inputs mto and resource extractron out of the Pacific. Ocean will eventually overwhelm
| local marine systems, pushing them beyond their historic boundarles and sendmg them

into a _strange attractor”, which m_ay not be amenable to human existence (Rees 2001). -

- The particular structural features of the-‘_SWMsystem chosen by a municrpality will
determine the ecological cons'equenc'es " The SWM cOmponents will also determine
i .Adollar costs to the mun1c1pal1ty and whether or not the system is ultlmately sustamable -
" These are cru01al aspects of the overall sustarnabrhty of the 01ty For 1nstance the systemv .
cannot be sustamed if it is-both growing and dependent on 1nputs of frmte non- _renewable
resources. Either of the above issues should be enough to promote development of more
approprrate -and dynamlc/responswe systems Indeed these issues are emerging sources '
of concern for mumclpahtles across Canada and the US. The past several decades have.
seen some 1mpr0_vements to urban -SWM.systems, but without wrdespread structural

changes.
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The Present Contemporary System: v

In sustainability planning, we try to grasp why things have gone wrong in our previons
~ attempts at city -building, assess the uncertainty and unsustainability of our cities and

suggest the framework for sustainable planning (Iyer—Raniga & Treloar 2000). In our

present system:

a. The required physical inputs in our status quo SWM are based on dwindling
supplies of non-renewable sources of'energ.y »(_Deffeyes 2001) and materials. The
structures of the SWM system dictate that developi_ng‘ snbstitutes for the materials
and energy inputs is problematic and expensive;

: b. ‘We use the natural recyclmg ‘capacities of the ecosystems within which the c1ty is
embedded to dispose of the stormwater outputs (waste products). The recycling
and dispersal capacities of these local natural systems can and-will be overcome
by the large amounts of waste outputs to them (Board of Engineers 1953; Burton
& Pitt 2002); o | R |

 ¢. The value of the natural recycling capacities in point b. above are considered
economic externalities and are not given a cost value when: determming the
bottom line of a SWM framework

d. The stormwater sewerage infrastructure and indeed all,_structures within the city

| ~are subject to the laws of physics especially the entropy law, which dictate that
in the absence of contmuous Tepair (1nputs of energy & materials), they will move '
from order to disorder from high to low energy states These structures will also

- be affected by breakages ‘backups, res1zmg needs and d1sturbance through road
-construction and new building, tend1ng towards high entropy (Rees 2003); V
~e.. Our present system of dec1sron -making is path-dependent, set in motion by its- -
| origins in mechanistic New_tonian th1nk1ng.- The Newtonian paradlgm goes '
c_ontrary to complex -systems" theory.and concepts of self-ordering 'ecosystems.' It
is self-referencing.in the ways that it influences the decision-makers who'work |
within the system. The .resnlt is institutional inertia and it stands in the way of
- updating the paradigm to reflect new knowledge and runderstanding of

complexity;
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f. Inlight of more viable alternatives; allocating scarce resources to an unsustainable

system that will only grow in size and.demand is irrational.

Appropriatehess _ | B

Because urban regions have widely differing ecological, climatic and cultural
characteristics there is no universal approach to SWM that is appropriate to all conteth :
Different mun1c1pal1t1es may requlre very. different SWM systems each designed to meet
particular needs. Determlmng what is most approprlate for a given location 1nvolves a
‘detailed examination of the local context (McHarg, 1969; Marsh 1998 Moffatt 2001
France 2004) with a. multi- criteria. framework guiding the dec1s1on making that is built" :

around principles that are the focus of this thesis.

Every time humans imp0se ourselves on the landscape, we disrupt the functioning of the
natural systems previously at work in that location. - Good planning‘can minimize the
disruptions. SWM systems enc.ompass different - spatial levels: the .reg.ional, the
watershed and the local, or micro.' scales »(Shamsi, 1996, Gaffield et al, 2003)." The. _ '
local/micro level is then broken into two areaS' .onsite and offsite management If the
- local level is the city, then onS1te management takes place at the bu11d1ng or parcel level |
while offsite management encompasses roads srdewalks parks, etc.. Integrating onsite’

 with offsite management schemes in Vancouver is difficult because of the separate

- departmental jurisdictions, though under one comprehensrve plan is ent1rely poss1ble-". o

We must 1dent1fy potential alternative SWM features analyze their. relative effectiveness
discover opportunities and constraints to 1mplement1ng them and then determme the

,31mplest and most cost- effectwe optlons

As d1scussed earher tradltlonal SWM has been. done through engineering the | proper
sized pipes, so that the water can be transported off site as qu1ckly and effrcrently as '_
. possible (ULL 1975; »Hammer & Hammer 200l, France 2002). Stormwater was thought. :

of solely as a waste and the capital costs of the system to deal ’With these wastes have' -
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been deemed worthwhile37. Only recently have the simpl_e engineering approach and the
rubric of minimum engineered standards been questioned by practitioners. The “Factor
- Ten” movement in 'engineering, pioneered by the Rocky Mountain Institute researches
where contemporary engineering has tackled performance ob]ectlves w1thout realizing

the consequences of the actions (Rocky Mountain Instltute 2004).

Perception: Rainwater as Resource ‘ _
TypiCally decision-makers see falling precipitation as a Waste instead of as a resource
(Rowney et al 1996; Coppes 2002). Of course, viewing it as such is squandering a huge
| pOtential resource. I argue that the shift in perception from seeing rainwater as being
potential stormwater (with its.associated problems) to seeing rainwater as being a
valuable natural resource is the base upon which sustainable thinking develops. Often,
" sustainable options are based in simple technologies that, once introduced, seem intuitive.
For example, green roofs, rainwater detention ponds, cistems, porous pavements, etc. are

simple technologies that come out of a different way of constructing the problem.

The cases of Los Angeles and the State of Massachusetts show a change in the perception'
of stormwater from waste to resource.' The State of Massachusetts sees rainwater as a
source for irrigation, While Los A’ngeles now uses stormwater to recharge its groundwater .
for later use in irrigation_38(Coppes 2002). Simply recognizing that stormwater can be
used as an inexpensiv'e_‘ way of recharging diminishing groundwater resources is a
-fundamental shift in perception (Li et al 1998) 'Once this shift in thinking has occurred

the benefits®® of the resource start becommg clear and alternative methods of dealing with -
it become moreobv1ous an_d‘defensible. The supply of fresh water through devices,

designs and structures of rainwater collection/retention costs very little compared to the

dollars spent on trunk Water-pro'yision (Moffatt'2001).

7 See the Lea Report of 1914 and the Board of Engineers report to the Vancouver regional seWerage and
drainage board in 1953 for a historical view of the esteem with which we have viewed these methods.

8 Also, to ameliorate groundwater contammatlon through lowering pollutant concentrations.
% Perceptions of stormwater as resource can lead to many benefits, including, but not limited to: acsthetic
water features, tools for ecological awareness and education, for use in buildings in flushing toilets; for
cleaning, eventually for drinking (after onsite treatment), passive cooling, urban agriculture, etc..
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Crumbling Cities

All cities’ infrasrructure is deteriorating at a rate that depends on several factors®. As the
costs of construction rise, so do the costs of infrastructure renev'val.‘ The municipal
spending on infrastructure in Vancouver, of which SWM systems are an integral part, is
second only to that spent on “protective services” énd is higher than that spent ,dn ;
transportation (Vander Ploeg, 2004). Much of this spending goes into maintenance of the
existing system (Dreiseitl, 2004), but is also greatly affected by upgrading and upsizing

requirements to keep pace with development.

The water falling on land has erosive and transportation poten_tial. Grévity pulls tnat
water towards the lowest altitude. As it flows over land it moves material, etches the land
with its passage and is purified in the process, leaving behind the landscape that we
“experience. In an untonched area, these forces have been balanced out over millennia in
order to achieve the dynamic equilibrium that is present today. Disrupting the system
requires that an input. of energy equivalént to or greater than that stored/répresented in the
physical str‘nctnres of the natural system. So long as the disruption continues, the input of
. materials and energy is necessary. - Moreover, the new system must estajblish a new

“equilibrium with the energy potential of the stormWater coursing through it.

40 Levels of usage, construction materials, design, and environmental factors such as soil conditions,
temperature fluctuations, presence of freezing, thawing, etc.
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23 Limitations & Scope |

“Theory as such is of no use except in so far as it makes us believe in the coherence of

~ phenomena”. = o . Goethe

- This research began out of a desire to pursue an understanding of hovur the cbncepts of
‘impermanence’, ‘entropy’ and thus biophysical ‘sustainability’ are brou.gh'tzvinto’ei‘ty-'
building by planners, decision—makers,’architects,.engineers and ,designers. I decided on |
the City of Vancouver as a model city in which to illustrate these ideas. There was onev
’central question that evoked the 1nvest1gat10n into sustamab1l1ty here. Readlng current
h1storlcal 1nvest1gat10ns prompted me to ask “what compels us to ignore the h1st0r1cal

record, makmg decisions that, eerrly, are larger scale repetrtlons of previous mistakes"”

Lookmg at blophysrcal sustamab111ty in the context of urban planning, I saw that in -

infrastructure decision- makmg, it is. well known that ‘the system ‘falls apart over the . -

‘years unless it is repalred Y th1s concept is understood it would stand to reason. that .
Laws of Thermodynam1cs would be a major exphclt cons1derat10n for the long- term_

design of urban systems though they are not - The ‘human time horrz_on of several._

decades does not allow room consrderatlon of systems of city-building “that can be =

sustamed beyond the next generatlon The more path dependent our methods of . 3
- _1nfrastructure design are, the more d1fflcult it will be to take alternative d1rect10ns R see;'
‘this as an oppor_tumty to .begln the shift now and want to know where and how that shlft -

o may take place. -I’bring these concepts.into the ‘dis‘cussi_on in the Findin’gs chapter.' N .

Working from 'broad cOncepts- of s'ustainability, I narrowed the research to 100k at one .

'speC1f1c aspect of 1nfrastructure in Vancouver SWM. This component of urban plannmg-'

s a good case study of potentrally sustainable crty bu11d1ng, particularly related to my

o early work i in that it deals essentlally W1th energy in systems. What is water fall1ng fromv

the sky 1f not potent1al energy” And that water, when on the ground, holds tremendous .

energy as it ﬂows across the landscape as stormwater. SWM systems must be des1gned'

} with a comprehens1ve understandmg of this.

! An implicit input of energy and 'materials .
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Because SWM is $0 highlv connected with almost all aspects of how cities are buil,
where cities are located, how transportation. is planned and managed, the predominant
building materials used, the dominant paradigm of decision makers, thev ages of cities and
S0 many other variables, the task of detennlning a sustainable SWM system for the City .

“of Vancouver, or any city for that matter, is multi-faceted.

In order to bound the thesis, I touch on several issues that warrant further exploration. I
- have identified these as: organizational change sustalnablllty -based decmon -making and

politics, the role of SWM features as pedagogy, the role of cultural ep1stemolog1es in
. Vdetermmmg path- dependence how path-dependence has affected Central Area Plannmg |

practices.

Research Questions

The foregoing problem deﬁnition led to 'the’following research questions:
| 1. What criteria should be used to assess the sustamabrhty and effectrveness of .
stormwater management systems" ' 4
2. What sustamable and effective stormwater management optlons are avallable to |
the City of Vancouver and what are the opportumtres and constramts to |
: 1mpl_ement1ng them? _ _ o
3. What are the best means of implementing sus_tainable.and effective stormwater

‘management options in the City of Vancouver?

I will focus malnly on onsite SWM. -Onsite management is one aspect of the complex
SWM system for Vancouver but one ‘that-was highlighted through various conversatlons : :
and 1nterv1ews in the development of thls thes1s The onsite management approach is one -

' 1ntegral aspect of a larger hOllSth strategy and focuses on the lot or parcel level of SWM
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3.0 Methods
a) Literature Review - , _
- T conducted a thorough literature review of the current qualitat1ve research in these fields
of inquiry to begm answering the research questlons. Of most use was the inquiry into
the problems and best management practices. This provided me with a strong
understanding of the problems facing municipalities, which led to defining the most
appropriate questions (research and intervievv) to pose. Without the background literature

review, I could not position the problem in such a way as to ask effective questions.

I purcued a further literature review in order to provide partial answers to my research
' questions. This investigation was uéed primarily to f_ollow'—up on the answers provided to
me during the interviews, aS'We_ll as’to position the interviewee responses within a larger,
shared context of other muni'cipalities and research. Thelinkavges and c.ommonalities
vbetween the Vancouver context and those of other juriSdictions was of great value to

understanding the solutions that would best address the research questions of this thesis.

b) Informatlonal Interv1ews

In order to conduct the 1nterv1ews I contacted municipal offices in several municlpahties
through an mtroductory letter explammg the nature of my study and its application In
~ the letter I requested volunteers for- participation in my thesis research. I received very .
positive feedback from staff in the City of Toronto the City of Vancouver and Portland
Oregon Using the volunteer contacts, I coordinated w1th the 1nd1v1duals w1111ng to be,
'1nterv1ewed and subsequently condicted 21 1n1t1al telephone and in-person 1nterv1ews

~ with professmnals workmg in:

- Planning (2 in Toronto 2 in Portland 2 in Vancouver); -
Design (1 in Vancouver, 1 in Toronto); -
Engineering (4 in Vancouver; 1 in Téronto);
Research: NGO, professronal and 1nst1tut10nal 5);

: Archltecture (41 in Vancouver) '

> See Appendix III for a interview protocols.‘
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I chose the Cities of Toronto Ontario and Portland Oregon because they have both taken
strong steps towards understanding large-scale, integrated SWM. Investigating the
 practices undertaken by those cities shed light on many of the options that exist for

Vancouver. Though not ‘in-depth case studies’®

, the overview of the SWM management
strategies, best and worst practices and policy options for these two rﬁanicipalities is an .
effective way of gaining insight into the SWM problem (Stake 1‘995). These interviews
provide information about organizational directions, best/poor practices, policy

implementation and the processes of change and adaptation (Robson 2001).

Because there are many aspects of SWM that typically go uaquantiﬁed in municipal
planning, the values that professionals place on certain outcomes and strategies are
important transferable lessons. These data are often fQund in anecdotal format. This is
especially true in the realm of political decision-making; the expenditure and éavings of
“political capital” are of great concern to pOliticians (Price 2005). Key anecdotai and
narrative persuasion issues in the interviews (Brandell & Varkas in Thyer 2001) are
obviated through this research by the relatively high value of anecdotal information in
this field and by the structure ef the interview questions. ‘I was sure to make special note
of the narrative and how the anecdotal infdrmatibn_ related to the direct answers to the

interview questions. .

These interviews were crucial to building an’understahding of how the professionalsv
working in the field actually deal with the issues of SWM, both in Vancou_ver‘and- abroad.
Interviews with professionals working outs.ide of Vancouver proved especially useful in

determining best practices and organizational learning “frolm oth_er contexts.

I emplbyed three types of interviews, depending on the situa_tion. They are.the 6pen-
ended interview (used least often), focused interview and structured interview. The opeﬁ-
ended interview was geared towards :investi'gation into an individual’s perceptions of the -
SWM problem. This style is useful to this study, as it facilitates the discussion around

organizational opportunities and constraints. Focused interviews were used in all cases

* Case studies from the clinical and apblied sciences follow this in-depth frafnework. '
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ekceptv with the researchers In this 'interviewv style, questions were based around ‘a
specrﬁc guiding framework There were several instances where a structured interview
was used, though this was done only to draw comparisons between specific areas in the ' :
case studies (Robson 1993). The 1nterv1ew styles were adapted to the situation -
reflexively as I, the interviewer responded to the interviewees (Brandell &Varkas' in -

Thyer 2001).

Follow -up mterv1ews were conducted with the four planner respondents in Portland and |
Toronto. 1 conducted these to pursue the spec1f1cs of green roof prOJects and related
- policy-development in those two cities. These’ 1nterv1ewees were chosen by reason “of
| their 1nv01vement in relevant programs I also conducted one follow -up with engmeermg

staff in Vancouver to clarrfy the cost changes in SWM in recent years.

In" order to ensure anonymity of the respondents, I do not quote directly from the
interview transcripts' "I produced an ethical review prior to. the study and. had 'those :

| respondents with whom I had in- person 1nterv1ews s1gn a release form statmg that they _

understood the. study in wh1ch they. were partrclpatmg and agreed to take part in it. I also B B

g ensured them that they could at any time and w1thout penalty, wrthdraw from the '

1nterv1ew or refuse to respond’ to.a quest10n I kept the 1nterv1ew tapes and transcr1pt'~_ N

. ‘results of the 1nterv1ews locked i in my ofﬁce ina drawer in my personal desk until such"

~“time that they will all be destroyed

Durmg the 1nterv1ews T took- extens1ve notes that'1 used to gu1de my reportmg on the c

ﬁndmgs from the transcr1pts I also took note of some of the main non- verbal : i L

commun1cat1ons gomg on, such as hand gestures (Forester 1999). It is 1mportant to note o
'_here that the 1nterv1ews were all taped m therr entirety, w1th the except10n of those .

s conducted over the phone These were for 1nformat10nal purposes only and transcrlpts.: ‘

-~ were not produced For the relevance of the information bemg collected the 1nformali o

telephone interview was just as effectlve at gathenng data as the in- person 1nterv1ew '
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In situat"ions involving these professionals and the discussion on sustainability, I found it
more effective to conduct the interviews in person, as it allows for a more. relaxed
atmosphere between the intervieWer and the respondent. The value to the interview
results from this relaxed context is that interViewees are more likely to share personai,
stories and experiences with you. Though not of critical relevance to this thesis, the
anecdotal - information is a great entry- pomt into the larger dlscuss1on around o

sustamablhty in the respondents’ respective practices. .

| Analytic Framework

The Sustainability Framework of Analysis listed in the following chapter flowed out of ;
the broader analytic framework, which is summed up in System‘Condit.ions also in‘ the
followmg chapter The analytlc framework that I employed consisted of the eight main
factors influencing sustalnable SWM development I dec1ded on this type of framework .
| as 1t is supported by the concept of susta1nab111ty that I def1ned in chapter 2.2. Indeed the ._
analytic framework and principles of sustamablhty informed each other as the thems |
.developed The prmcrples behind the analytrc framework are based in the findings from
the case studies, 1nterv1ews and literature review. The System Condltwns framework is
also. transferable to any mun1c1pa11ty 1n North Amenca for assessmg ex1st1ng SWM'_
_ tructures and determlmng areas for change in- shlftmg to more sustainable systems. The. )
same holds true for the Sustamabtltty Framework of Analysis and the Catalogue of -

' 'Contextual Condttlons both of Wthh are found in the follow1ng chapter.

'Biases_ and Beliefs

As a community planner myself, I have taken'part in the discussion with municipal staff
‘and deeision—makers around capital -allocation - Working in First Nations pianning =
allowed me to see how alternatlves are welghed accordmg to capltal budgetmg In my ;

" work - with NGOs ‘I have witnessed ‘and fed the vast clearmghouse of 1nformatlon-" |

'ayallable to mun1_c1pal staff and decrslon-makers- around alternative options to tradlt_lonal '
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_infrastructure and energy planning. This pcsition er(tends to the insight around the
difficulties that decision-makers face in choosing between -options, especially those that
are not standardized‘. Of course risk and insurance come into play, but even beyond 'thcse ‘
considerations, there is a great deal of reticence in 'municipal\ planning and politics in
}moving out of the status quo and onto the “cutting edge”, as -sustainabillity planning .is 'sd
often labeled. These ’experiences and perspectives kindled my inte_res,t'in discovering
some of the barriers and opportunitres to implementing sustainable alternatives. I believe
that there are tangible reasons behind the inertia of the status quo. I also beheve that
cities as the locus for populatlon concentratron are headed in an unsustainable direction;
 that the 1nfrastructure and land use plannmg and. development are counterproductlve to
moving in a sustainable drrectlon My work in planning is based around the
understanding that time is limited i in making the shrft to sustainable systems and the
_research we do at' present is critical to informing decision-making in the future that is -

more fiscally and ecclogically—constrained.

For the most .part, my SCARP coursework revolved around social and ecological
‘sustainability planning. ‘My bias in planning is explicit;_I think that ‘sustainability’ is not
a special interest corner of a planning department, but that it weaves throughout every
aspect of municipal functioning, be ‘it social p1anning, engineering, or youth services. For
this reason it was difficult to narrow the scope of areas into which this _invest'igation. '

delved.

‘My research is also 1nf0rmed by my belief that individuals within a bureaucracy can
affect a great deal of change in shifting the path-of dependence. Wrthout the ability of the
individual with his/her b_ackgrcund, expe_rlences and education, organizations and
.bureaucracies would be entirely entrenched within the unsustainable path ’ This bias
informed a great deal of the the51s research as I focused on the interviews and how they '
helped me mterpret the ways the vast array of alternatlve strategies out there are and can

be 1mplemented through mumcrpal plannrng.
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I bring my theoretical background into nly planning practice to a great extent. Taking
lessons from the literaturel, I have found many ways that they can be enacted through
planning. This includes the Thermodynamics theory. Increasingly, I sée opportunities to
apply this understanding of heat energy in systems a‘t the urban p]anning level. This bias
towards sustainability through“the lens of thermodynamié application runs throughout my .

thesis and is reflected in my planning practice.

There are also other areas of this investigation where I was snre to be upfront with my
biases, especially during. the interview process. This is nnt to say that I engaged in a
discussion about thermodynamics at each stage of intervieWing, but I voiced my

sustainability beliefs at the outset of each interview. Indeed, it was often part of the |

discussion with the respondent before and after the interview.
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4.0 Findings

s Sustainable Stormwater Management Systems

“Stormwater is the result of how land is developed and managed at every point above

where it becomes a problem” - - Rocky Mountain Institute 2004 -

: Keeping in mind the first research question in this thesis,bI offer up‘her'e in this F.indi_.ngs
' chapter the criteria that grew out of the interview responses and the literature review. I

develop these over the course of this chapter as categorlcal guldehnes for determining

‘optimal system frameworks and criteria. These criteria are then used to generate specrﬁc.
: programmmg opportunities for sustamable SWM elements. The eight general system_
conditions create an analytlc framework through wh1ch SWM system elements are
assessed They are each general categories,’ but from them flows a sustamablllty

framework of criteria for sustamable SWM features I argue that if a SWM system fails

in any of these categorles 1t cannot be consrdered sustamable There may be aspects or

features: that. are more- sustamable in and of themselves but I am assessmg the

sustamablhty of a crty S ent1re SWM system. I go on- to prov1de an answer to’ the second' -

,research questron of this. thesis in Chapter 5.0 Results ‘and Conclus1ons -The final -

B quest1on which poses the challenge of deﬁmng the path forward is answered in Chapter. :
-5 T

By | analyzing the problem extensively througho'ut‘ chapter 2, I develope_d K an

.understandmg of how and why contemporary lmear SWM systems functi’o'n'"'f

unsustalnably I used the 1nterv1ew responses and llterature to bUIld the dlagram of
necessary system condrtlons found below. By defining the funct10nal parameters and E

'performance objectwes of a sustamable SWM system I then saw the emergent system o

~ condition requlrements found below Though the 1nterv1ewees were not asked outr1ght o

- about their thoughts on thermodynamrcs in SWM I did ask about sustamabrlrty -<1n'v_' .'

+ general and then probe further to determrne their understandmg of how systems materlal -

degrades over t1me and the cost in energy and dollars to repair and replace
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The méjérity of the following aépeCts came from either the literature or the interviews
(most pianning respondents spoke about all eight of these implicitly or explicitly).. All of
the engineers spoke at- length of mitigating risk and fiscal susta’inability.. All the pianneré
interviewéd méntibﬁéd political feasibility in one form or another and a great deal of »
emphasis Wés placed on this aspect of viable sustainable SWM options by my second

o reader. Truly,'without political acceptability, sustainable SWM is dead in the Water.
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. ManagefMinimiie Risk _
Hydrological mode_ling and GIS are routinely ‘employed to predict runoff increases from
increasing impervious surface area (Yu 1993; Arnold & Gibbons 1996; Shamsi 1996;
Hammer & Hammer 2001; Grigg 2003 BC Water Balance Model 2005) Though not

ideal, the modehng and computer-aided mapping systems used today should be employed
in momtorlng changes to runoff rates, increased infiltration, quantity of water taken up in

sewer infrastructure and interaction/dynamics between integrated SWM features.

While moving‘ towards more integrated SWM requires less reliance on large-scale
: infrastructure this does not mean that there will be more risk of system failure. In fact,
integrating and overlapplng SWM features increases redundancy in the system, reducmg
risk of failure. So long as the hydrologlcal momtormg systems continue to prov1de the
same quality of data and SWM features functlon accordmg to these data parameters, the
- system will carry less overall risk "(-France 2002). - All interview 'respondents said that

such a system will be more socially, eConomically and politically sustainable.

. Mlnrmlze D1551pat1ve Structure _ _
Highly-ordered physical structures of a system are typically more d1ss1pat1ve in nature
than those that are less ordered : Decrsron-makmg processes must analyze the SWM.
alternatlves according to their relatlve tendencres to d1351pate materials and energy.
When analyzmg the d1fferent1ated nature ofa SWM feature or system one must take 1nto |
account the amounts and types of materlals and energy that go into its repalrr

"marntenance and constructlon When,comparmg altematlves, the system requiring ’

relatively more frequent repalr and material and energy inputs in order to maintain its

ordered state is the more differentiated- structure (Iyer Raniga & Treloar 2000).. If the =

two systems perform within the same funct10na1 parameters and one is more d1s51pat1ve
E (drfferentrated) in nature, it will be less biophysically sustainable. This component.was“
developed, not through rnterview responSes at all,-but solely through the literature. This
in itself is an interesting finding; that practitioners do not think to bringth’is concept into

 their responses around sustainability of the system.

* Of the same input types.
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e Rainfall as Resource and Minimize Throughput
1f cities’ impermeable surfaces are the generators of stormwater, then altering urban
surfaces to catch and store rainwater .will decrease .the amount of stormwater generated.
Similarly if rainwater is allowed to infiltrate into groundwater, stofmwater_ throughput
creation will decrease. Rainwater is a potential resource in both these examples. While
infiltrated rainwater into groundwater is integral to proper hydrological and ecosystem
functioning (McHarg 1969; Page 1987; Burton & Pitt‘2002), captured rainwater can be
used for anthropogenic processes such as small scale urban agriculture (Maltory' 1973;
Rowney et al 1999), for use onsite in aesthetic features, or 1n building funetioning (Yeang
2004). The more quantitatively and qualitatively effective a SWM system of.feature is at

performing any® of these functions, the more biophysically sustainable it will be.

o Lifetime/Long Term Cost Affordable A
Lifetime costing of a system or feature (ideally costs will include an emergy*® analysis)
will produce a metric for comparison with other alternatlves A sustainable SWM system
must be economlcally feasible. The system is more politically sustainable if it is less
expensive than alternatives that adhere to the same performancestandards. -Essentlally"
- this comes down to long—term forecasting' on cost vand revenue increases. If a city is
- having difficulty financing its infrastructure at presentf, it 'will only get_worse as costs of

~ repair and construction increase (see section on Costs in chapter 2.0).

e Integrated W1th1n C1ty-Bu11d1ng
There are numerous ways that SWM feettures either are or are not well integrated w1th
city-building schemes and processes. A SW_M features that is synergistic with a
sustainable local transportation plan for instance, will ﬁt'into larger planning systems
‘much better than one that stunds aloneA‘(Moffatt‘ZOOI; -Moffatt.2004), ie.a large—volurne'
underground detention pond that heavily disrupts land use or street trafﬁc when ‘r_epa'ir 1s :
needed. Design guidelines that masshge SWM features into all aspects of the landscape |

are a required component of integrated city-building. Combining aesthetic or recreational

S A combination of features, each performing one or more tasks will provide complimentary functions.
a6 Emergy is an embodied energy analysis, accounting for energy costs of manufacture/constructlon
transportauon repalr maintenance and renewal.
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- features W1th SWM/ramwater features also serves a learnmg function, transforming the
landscape into a pedagoglcal tool (Van Der Ryn & Cowan 1996, Rowney et al 1999;
Dreiseitl 2004).

e Naturalized SWM Elements

As Kellog (2002), Van Der Ryn (l996), Cowan (1996) and others discuss, cities’ built
environments perform a (mostly unconscious) teaching function. " The natural ecosystems
‘that were once in place prior to city- bu1ld1ng must be brought back to light for the c1ty
denizens to experience. People’s quality of life has been found to be srgmﬁcantly
~ improved Wh'en exposed to natural elements such. as green plants, trees, streams,r

forest/ocean views (McHarg 1969;'M0ffatt 2004)_.- The_. hard materials and angular
,constructions of buildings, infrastructure and aesthetic features must be softened to
p.'ermit the natural world back into the experience of the city. -'SWM features that are-

made visible will serve a pedagogical function, as well as increasing aesthetic potential.

Vancouver’s storm sewer markmg program engages school groups and volunteers 1n. _
paining a yellow ﬁsh in front of nelghbourhood stormdrains. This serves to educate :
people about the ecosystem in which stormwater flows. This would be done more
effectlvely through des1gn of SWM features with streams or other runoff - elements. i
Whenever possible, SWM decrs1on makmg should analyze the proposed feature/system

in light of this type of sustalnably social functioning.

. Context -Appropriate, M1n1m1zed Ecolog1cal Impact o
All respondents agreed that the quality and quant1ty of pollutant loadmg in stormwater:
| runoff must be assessed before determining a SWM feature/system It is crucial to know
':_the amount of water shed off the landscape that goes untreated into receiving Water '
bodies. - Many SWM features Wlll elther decrease stormwater generation, retain the
-excess stormwater, or mrtlgate the stormwater s pollutants.. The context will dictate the
.brophysrcally sustamable performance requrrements (Kellog 2002; Rowney et al 1999).

Mostly, the engineer respondents corroborated the literature in that the analysis of the




- available alternatives must include the potential to mitigate pollutant loading of receiving

- -ecosystems (IAHS 1977; Grant et al 1996; Rowney et al 1999; Burton & Pitt 2002).

_‘o Pohtrcally—Feas1ble ,
: Because phys1cal process and functional changes are requ1red in the, move to sustamable ’
cities, p011t1cally-acceptable solutions are requlred_-(Pnce 2005):- , Smce»major so_c1al
-'(parad‘igm) shifts have tended to occur incrementally over time, or. through some type of |
‘ma_jor event (Pierson 2000), rapid change of city structures/functioning is either very |
slow or extremely rapld -Human civilizations have typically been 'reactive instead of
_ proactive to gradual (measured in years) env1ronmental changes (Tamter 1988 erght
2004). This is problemat1c for the present day poht1c1an who wants to. shift to sustamable‘
SWM systems that dlffer from ‘contemporary methods unless there is a large and obv1ous

monetary beneflt with no outrlght r1sk attached. All of the - planner respondents cla1med

that because of the need to conserve “political capltal” a poht1c1an must be able to make -

SWM dec1s1ons n such a way as to be acceptable to the pubhc without major shockmg_ .

changes (Prlce 2005)

Stemming out of the analytic fr'amework' above, Which is' based 'almOstentirely mthe .

d1rect fmdmgs from the literature review and 1nterv1ews 1 have assembled what I beheve o

- to. be a comprehenswe llSt of sustamable SWM system criteria to be employed in the
. decmon “making and design processes For ease of analys1s 1 have grouped these cnterla o

together into the standardlzed framework in the next section. These criteria w1ll funct1on )

as a checklist so the planner/deS1gner can assess the relative strengths and shortcommgs T

'iof the overall management strategy “This 1s a s1mple way of determmmg where the,_-i i

. 'opportun1t1es and constramts lie, as ‘well as where the 51mplest gains can be made the
' “low hangmg fruit” of susta1nab111ty There are ‘some 1nstances where 1 combmed the
o practltloner responses w1th relevant hterature fmdmgs to create a new component that I»‘, ,

- would argue reflects the sustamable SWM requlrements most effectlvely
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SWM SnStainability Comparative Framework of Analysis

..we are acting and observing from within complex natural-social systems, and these .
are not amenable to control along the lines of classical paradigms of mechamcs
engineering deszgn or even cybernenc regulatton

Funtowrcz & O’Connor in Mayuml 1999

| I built this assessment tool through review of the literature, interviews, online research :
B and assessment of ex1st1ng frameworks through the susta1nab111ty lens. The framework 1S

vfundamentally based in the “drscovery of regularrtles” (Robson 1993, pg. 372) between
“the interviews and literature review. There are many commonal1t1es that come out of the
.' llterature and the experiences of profess1onals working in th1s area. By matchmg the
corresponding data from the interviews with information from the l1terature, plausible i
outcomes can be determined. This iterative approach is a form ofexplanation building :
(Robson 1993) that gains va11d1ty through matchlng 1nterv1ew and case study data in this

case comparing municipal practlces with data and mformatlon from the literature.

The following checklist (Figure 5_) is similar in function and style to the one developed
by the American Institute of Ce‘rtiﬁed_ Planners (AICP) through the AmericanPlanning v
“Association (APA) .for guiding Sustainable urban development The . AICP checklist,

called the Actions for Sustainability Checkhst has become a useful tool for planners 1n_‘ S

the assessment of planmng actions (APA 2003) Th1s SWM Sustamabzlzty Comparatzve B
Framework of Analysis will not prov_1de -optrons in and of itself, but will guide and focu_s_i 5
 the analysis of system components in orderto generate more sustainable options Tt is
fundamentally a comparat1ve framework for assessmg strengths and weaknesses of
‘optrons As well, ‘the sustarnablhty framework is used in the assessment of phys1cal
SWM structures and not in the . policy or plan components which are 1ntegral toa -

sustainable SWM system
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Figure 5: Sustainable St.ormw;iter Compérative Framework of Analysis

Criterion

Strength of
component

Performance
Standard

Weakness of

| component in

context

Lifetime of the SWM compbnent '

in context

E.G.P.

E: excellent; G good P poor -

sy

“1 For a discussion on Adaptive _Maﬁagement in SWM, refer to Appendix II.

1
2 | $ cost of building the component
3 | $ cost of annual repair/maintenance
4 .| $ cost of monitoring for repair and
performance
5 | Types of material and energy inputs ,
required for criteria 2, 3 & 4 ‘ L
6 | The level of integration with existing HEEER
) aspects of SWM planning/design . ‘
| 7 | Utilization of aesthetic potential HEREEE
8 | Hydrologic appropriateness o
9 | Contribution to using :
rainwater/stormwater as a resource
10 | Ease of future integration into
stormwater recycling
11 | Level of component facﬂltatlon of HEREE
' smartgrowth and/or urban : '
sustainability (i.e. AICP checkhst)
12 | Conduciveness to/facilitation of
| green building integration/design 5 _
- | 13 | Goal/Performance-orientation Appendix III
| 14 | Appropriateness for the contextual O] OO |
1"~ | urban natural history (next section). - | e
| 15 | Facilitation of and sensitivity to ] 1 O
|| natural functioning of the ecosystems | - '
16 | Replication of natural ecological =~
~ | and/or hydrological systems . _
17 | Evocation of natural ecological HERERE
_systems, i.e. SWM as pedagogy - :
18 | Relative risk : :
19 | Existence of feedback loo 4ps to allow .
_ for adaptive management ,
-1 20 | Indictors for measurement of success |
Key




Figure 5: Sustainable Stormwater Comparative Framework of Analysis_

Criterion

S.treng‘th of
component

in context

Performance
Standard
E.G.P.

Weakness of
component in
context

E: excellent; G: good; P: poor.: )

1 | Lifetime of the SWM component
2 | § cost of building the component
3. | $ cost of annual repair/maintenance
4 | $ cost of monitoring for reparr and
performance
5 | Types of material and energy inputs _
required for criteria 2, 3 & 4 -
6 | The level of integration with existing 1] O 0O
aspects of SWM planning/design : ' .
7 | Utilization of aesthetic potential C] O]
| 8 | Hydrologic appropriateness ‘ :
9 | Contribution to using :
rainwater/stormwater as a resource
10 | Ease of future 1ntegratlon into”
| stormwater recycling : :
11 | Level of component facilitation of L] O
smartgrowth and/or urban
sustainability (i.e. AICP checklist) -
12 | Conduciveness to/facilitation of
| . | green building integration/design : :
13 | Goal/Performance-orientation Appendix III
14 | Appropriateness for the contextual - EEEEEE
| urban natural history (next section): - '
15 | Facilitation of and sensitivity to L] [ l____| ‘
natural functlonmg of the ecosystems
16 | Replication of natural ecologrcal
} and/or hydrological systems ,
17 Evocatron of natural ecologlcal g
systems, i.e. SWM as pedagogy -
18 | Relative risk . :
19 | Existence of feedback 100 4;7)5 to allow |
for-adaptive management R
1 20 | Indictors for measurement of success | °
Key

*’ For a discussion on Adaptive Ménagemerlt _i.n SWM, refer to Appendix II.
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The particular physical features of a SWM system to be analyzed in the Sustainability
- Framework should be chosen based on their appropriateness of fit to the second

framework the SWM Catalogue of Conditions.

e  The first element in the framework defines the range of years of functionality that .
can be expected from the system before it must be repaired or replaced. Longerrelative .'
lifetimes are more sustainable. Because all elements are not built the same year, the
_annual rate of deterioration will be unfixed. This allows for dedication of a smaller
annual budget for the upgrading/renewing of _the system, but it also means that a
municipality is beholden to allocating these- annual costs in perpetuity (Hammer &

Hammer 2001; Grigg 2003).

e The fifth criterion relates to the type and origin of the materials/energy inputs. As |
noted earlier, a city is a dissipative structure, the maintenance of Whi‘Ch_ requires inputs -
from outside its boundaries. If the materials and energy are non-renewable and are
- sourced from great d1stances the overall system is relatively insecure and ultimately not

sustainable (Rifkm 1989 Iyer-Raniga & Treloar 2000)

* Because one of the initial objectives is to graclually shift existing SWM structures
‘towards more sustainable designs, the practitioner must analyze how the new feature will
fit into the. functioning of the existing structure. ‘T:he sixth criterion examines the
integration of a new feature into the larger system.. This is fundamental to ensuring
| redtmdancy‘ and riecreased overall risk in 't_he system. If there var‘e multiple str.uct'ures,v
especially at the local level, working synergistically, the entire system will perform to a
higher standard (Moffatt 2001). This will also assist the interdepartrnental integratiOn of
SWM planning into a mumcipahty s overall holistic SWM strategy (City of Olympia
2003, Miller 2004)

e Water design features are an aspect of landscaping found scattered throughout ‘

North American cities, Vancouver included. - These landscape design features are
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" typically constructed strictly for aesthetics, built of concrete and draining water resources
instead of being functional. ~ They should idecreas'e ‘impervious surfaces, mitigate '
stormwater creation and increasel available water resources (McHarg 1969, Marsh 1998; -

Dreiseitl 2003' Moffatt 2005). - Criterion seven relates to how well the feature isused to -
1ncrease the natural beauty of the built landscape while also performing the prev1ously- _

mentioned functions

o . The eighth criterion defines how well a SWM feature fits into the local
hydrological context, for example, in many instances it is inappropriate to infiltrate
‘rainwater into the ground (France 2002). Because cities have SOmetimes been built in.
‘unsuitable locations such as river deltas, on unstable slopes ﬂoodplams and sensitive
"ecosystems it is often 1nappr0pr1ate to increase groundwater levels, introduce
’contaminants to the soils, or overload the hydrologic reglme (Marsh 1998). An example
of this is ‘Vancouver’s Roof Leader Disconnection Pilot Project, whereby a technician
performs a site visit to determine if the hydrology of the site is ahpropriate for infiltration

of the stormwater runoff gen_erated by buildings on that site.

e Shifting people S perceptions from rainwater-as-waste to ralnwater -as-Tesource is
-i_fundamental to sustainable SWM. The ninth criterion takes into account the 1mportance
'of having a SWM feature that fac111tates the practical use of rainwater, This would
"~ include Water for use | in buildings ﬂushing toilets, cleamng, cooling, heatmg_‘..
-(geothermal) etc (Hamzah & Yeang 2004 CAGBC 2004) as well as outside for
'::recreational or aesthetic water features irrigation, g‘roundwater recharge, urban
agriculture, wetlands, regulating stream ﬂow-; etc. (Rowney et al. 1999; Dreiseitl 2003;
 City of Vancouver 2004). - - o

o Recalling that path—depe_ndence entrenches future decision-making, criterion ten .
:assesses whether aSWM.featurebuilt into the system now limits future opportunities to
" move tOWards an optimal’ goal such as rainwater recycling. No feature should, by way of
| de51gn or construction hmit the p0351b111t1es for developmg future more sustainable -

* options (Rowney et al 1999)
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o _YThe eleventh criterion determines level of 'i'ntegration of the SWM component

-Wi_th smart growth, the NaturaZ Step, or.Sust'ainability Principles of Deuélopment. The
| goal of this criteri.on is' to integrate SWM with other sustainable city—buifding tool_s' |
(Miller 2004). | ' I

e ' As cities move into new development paradfgms in the futu'r_e_',i "g're_'en buildings'
will be front and centre. Because these types of _buildings_are .inCrea‘sin-gl':y: being :
designed to. fit into local ecological contexts,. criterion t:Welve'focuses on SWM features_
‘that should be designed for future integration into green buifdings This includes
' _structural features (Best Management Practlces will be dlscussed in the followmg
| chapter) such as rainwater detention ponds; infiltration ponds swales constructed-
- wetlands, etc. that can be extend'edto new areas, be‘-shared by other burldmg dramages? |

_or des_ig_ned in concert-with_:new.buildings (Condon 2004; Hamzah & Yeangr2(‘)0‘4.): :

.. By way of de51gn some SWM features will outperform others at m1t1gat1ng

stormwater others are focused on dealing with sedlment or contammatlon Crrterlonr o

: thrr,te_en assessesﬂhow well a feature performs its spe_crflc,_task (see Appendrx_ IV).-

. Once’ an Urban Natural History assessment’ (Urban Natural Hlstory W111 be S
' .A_drscussed later in this: chapter) has been performed criterion fourteen analyzes how well:,

the SWM feature fits into. the local historic mterplay between the natural and bu11t

o env1ronments (Kellog 2002)

9' The f1fteenth cr1ter10n assesses how well the SWM component works'.-:' S

symblotlcally with local ecolog1ca1 functrons ThlS w111 1nc1ude chmatrc vegetatlon and : ‘_

riparian concerns.” The monrtormg of these functlons can ‘be done through a Water'

' i:'Balance Model (www waterbalance. ca ), 1ntegrated GIS hydrolog1ca1 monltormg/water_'- :

testing.

. The sixteenth criterion looks at how well the natural systems are bemg mrmrcked'x -

by the SWM feature. Bzomzmmzcry isa concept in Natural Capztalzsm bemg studled and
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.used in business: practices, whereby a system of production mirrors natural ‘ecosystem
processes (Lovins 2004) SWM features  should adopt, as close as p0551ble the
functlonmg of the local natural hydrologlcal regime (Page 1987; Dreise1tl 2003)

o "The environment in which people live teaChes them lessons about the world. .
Sometimes these lessons are very subtle, others are not, such as filling in wetl_ands or the
canalization ‘of streams and rivers. Criteri_on seventeen examines how effectiv_elyv the.
SWM feature teaches people about the ecosystem and rainwater management functioning .
of the natural environment. If the inhabitants of a..city are not -aware of the natural
functionsof the ecosystem within which t_hat city is built, those people are less likely to
understand the importance of minimizing stormwater impacts to that natural system.
Public participation in SWM planning and design has been proposed by. practitioners of B
sustainable SWM, who also advocate for a teaching component in the final built feature

(McHarg 1969; Rowney at al 1999§ France 2002; Dreiseitl 2003).

X No SWM system elimmates rrsk ent1rely The City of Vancouver has different
SWM performance standards for different land uses. Even the ‘most ambitious _ |
engmeermg goal for stormwater mitlgation is the 25 year ‘storm event (see' Graph 1 fo,r'

- rainfall 1ntens1t1es) Thrs is the performance standard for trunk’ sewers which‘ c.0ver' a-
trrbutary area greater than 100 acres (City of Vancouver engineering staff 2004) Shrftmg' _-

. to an’ 1ntegrated system should reduce I‘lSk from its prevrous level, but it cannot entrrely

eliminate it. Criterion eighteen assesses how well a SWM feature addresses risk of '

failure ie. overwhelmed mitigation capacrty, floodmg, property damage The rea11ty of -
life in a city is that there is always risk of a natural event beyond the scope of our

.preparedness. Risk management is unders_tandlng and accepting realistic risk.

e A SWMfeature should be adaptable to changing conditions and new input 'from
practitioners. Cr1terron n1neteen determmes -the presence of feedback mechamsms from- .

| both a component’s performance and _}plan_ner/desrgner input. The clearer the feedback 1,:

“8 The performance gurdelmes for resrdentral land use is the 5 year storm. For downtown/commercral and
. mdustrlal areas it 1s the 10 year storm. ‘
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loops, the more effectively the data will be cbmmunicéted and built into the SWM

system, i.e. through iterative adaptive management.

e The twentieth criterion determines indicators of a feature’s success. Recall that
performance goals are different for different features, i.e. some mitigate flow, others
mitigate pollutants, others deal with sediment. The features work in concert to address all

the overall management objectives.

Catalogue of Context Conditions

Figure 6: SWM Catalogue of Conditions

Natural Element Description Data SWM Performance
' Objective

1 | Annual average amount of
rainfall :

2 | Annual peak rainfall

3 | Average monthly

temperatures
4 | Days of sub-zero °C
temperatures
5 | Geological substrate ' L1mestone|:|
| | Tells ]
Sandstone D
Shale ]
Riprap L]
Hardpan [ ]

site[ ][]

6 | Presence and type of

riparian zones - .

Anthropogenic Element | Description | Data | SWM Performance
- ' ' Objective

1 | Roads, sidewalks, parking
lots, impermeable surfaces
2 | Presence of contammants ,
Land use type

4 | Building types, locations

98]

Adopted from IAHS 1977; Page 1987; Rowney at al 1999; Burton & Pitt 2002;-

personal telephone interviews with designers and engineers.
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loo'ps, the more effectively the data will be:communieated and built into. the SWM

system, i.e. through iterative adaptive management.

e The twentieth criterion determlnes indicators of a feature s success. Recall that
performance goals are dlfferent for different features, i.e. some m1t1gate flow, others
mitigate pollutants, others deal with sediment. The features work in concert to address all

the overall management objectives.

Catalogue of Context Conditions

Figure 6: SWM Catalogue of Conditions

~ Natural Element- | Description |  Data | SWM Performance
i Objective

1 | Annual average amount of
| rainfall -~

2 | Annual peak rainfall

3 | Average monthly

temperatures :
4 | Days of sub-zero °C -
temperatures 1
5 | Geological substrate - | Limestone [_]
| Tells ]
'| Sandstone [ ]
Shale [ ]
| Riprap  []
Hardpan [}

Asie[ 10

6 Presence and type of : :

riparian zones _ :

Anthropogenic Element | Deseription - |  Data SWM Performance
. : ‘ Objective

1 Roads, sidewalks, parking o
lots, impermeable surfaces |
2 | Presence of contamrnants
, Land use type _

‘4 | Building types, locatlons ,

w

Adopted from IAHS 1977; Page 1987 Rowney at al 1999; Burton & Pitt 2002

: personal telephone interviews. wrth deSIgners and engmeers
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Appendix IV offers a list of SWM structural Best Management Practices (BMPs)
components, though any othersv that the planner or designer_ discovers can also be
assessed.in the following framework. By using the general range of Excellent, Good and
Poor, the planner/designer can use the groups to qhickly eliminate those features that

clearly do not fit.

‘Natural History Assessment ‘ _

As well as a revue of the location at present, a temporal assessment should be carried out.
An appropriate decision-making process must take into account the historic mterplay of
the dynamic shaping forces at work between cities/urban areas and the natural world. At _
certain points in the process of urbanization it is very difficult to discern the contours,
drainages and characteristics of the ecosystems49 that were once in place before humans
began shaping the natural environment. . As Kellogg (2002) demonstrates, the form of a
city is molded by such natural factors as its location, topography, soils, hydrology,
~ climate, geomorphology and sometimes plant and ammal life. The natural history of a
city can tell incredible, often hidden stones about the forces at work in shapmg that

~ location’s specific path of development (Kellogg 2002)

Conversely, the hlstory of a city can demonstrate the ln_fluences that human developmerrt
have had on the natural features and systems within which it is built. Fundamentally it is

the people-and their values and abilities that affect these changes; their perceptions that _r
determine the dec_isions, designs and plans. There is an interplay between the two
shaping forces that results in the present day urban form'of acity. A sustainable SWM‘
_system should have a natural history study commissioned for the speeiﬁe locations lj_nder

consideration.

“ Also lost are the aesthetics and visual understanding of the pre-existing natural landscape.
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Cost Benefit analysis _ _
An integral aspect of decision-making in plannlng and'politics,'a cost/benefit analysis of _
the ‘sustainable SWM features within the entire system would be beneficial to the
-decision making process. Typically in performing such a measure of analysis as a
cost/benefit process, planners have had difficulty in measuring and monetizing many
ecological and social- costs/beneﬁts If there is to be a relative measure from which

comparisons can be made in a cost/beneflt then it is usually a monetary metric (Lindsay

etal 1995)

- The cost/benefit analysis would be effective at evaluating the relative benefits of a more
sustainable SWM system to the City'of Vancouver. A system cannot be considered
sustainable if it is not affordable so those systems that are Abuilt for longer relative.
,workmg lifetimes than those typ1cally built nght now in the crty will show up in the
cost/benefit analysis. This w111 however take a lifetime accountmg method to embrace
the true costs’ of a system. In new developments with effectrve SWM design features

developers have seen decreases in costs of overall construction (Condon & Isaac 2003). |

The Oregon Museum of Science and Industry (OMSI) development 1s such a case,

o whereby the cost savmgs from constructlon of sustainable best management pract1ce

. structures Vs. tradrtlonal stormwater sewerage facilities lowered the overall development

'costs s1gmf1cantly, even after hrgh-cost design fees were included (France 2002).

. There are,.,as noted above' many aspectsof ‘the cost/benefit that lie outside of the
monetary ‘metric. Surprlsmgly, only five of the 1nterv1ewees (planners) mentioned
externalities in the d1scussron around cost/beneﬁt This was of. surprlse as 1t is a widely- - -
~ discussed factor in most of the recent llterature The values of non- eroded stream beds,
"mamtarmng effective groundwater 1nf11tratron/proper levels and channels of surficial
" runoff are all benefits of the coSt/henefit 'equation yet none carry monetary values in the
‘current market system (L1ndsay et al 1995; France 2002) Similarly, the costs of
‘environmental remedratron to the rece1v1ng ‘water bod1es are external to the typical
~ economic .framework. Th_ese extemahtres ‘make a thorough evaluation of a SWM system,

“one that takes into account the value of the'ec'ological framework in which the system is
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embedded, problematic. An evaluation technique. that includes those benefits and costs
that are not valued in the typical framework of the .cost/benefit should be used. The
| technique of ‘contingent valuation’ is one way in which these aspects of decision-making

can be valued within the framework of the current market system (Lindsay et al 1995).

.I»nterestingly, City of Vancouver staff commented most frequently and in depth on -the -
| external components to ‘a cost/benefit analysis in SWM. | With the Crown Street
| ksustainable Street projec_t designed and built by the City of Vancouyer, the COncept of
“sustainable SMW is b_e'coming more common knoyvledge; At the time of this research,
the Crown Street project was just in its initial development stages Perhaps 'the‘vhigh
| respondent rate amongst Crty of Vancouver staff was due in part to the relatrvely high '

proflle of this project.

(http //vancouver ca/engsvcs/streets/deslgn/rmaoes/CrownStr eetSummarv pdf )

. Wrap-u

Keeping' in mind that stormWater is-the ¢ phy51ca1 phase of precrprtatron” (France 2002 y o |

pg: 125) generated by human built 1mpermeab]e surfaces , the. 11terature and mterv1ew'

. responses mamtam that management of it can be done e1ther at the source or at the end o

’Managmg the source was. -described by one respondent as akin to “demand s1de_'_-> -

' ’management in transportatlon planmng Th1s is.a management approach desrgned to
"decrease the load on the system by removmg or. decreasmg the causal agents of o

stormwater, resulting i in decreased requirements for system capac1ty One component of

this is the rethinking of ramfall and thus stormwater, as a resource If, for example at -

'the bu11d1ng level ralnwater was deemed a resource buildings Would be more hkely to_- : -

-have some catchment and storage system to make use of the precipitation that fell on 1t

50 Asrde from instances of exposed rock, or desert contexts of flash floodmg, stormwater is non- exrstent m
the natural environment. - S :

"' By decreasing the number of people dr1v1ng smgle occupancy vehicles, demand:- 51de management

- reduces the amount of road capacity that must be supplied. The parallel in this case would be decreasmg
the amount of water that must be dealt with through the current piping system. .
52 Vxewmg and treatmg rainfall as a. resource necessarlly decreases amounts of stormwater. o
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There .arve .relatiVe costs and benéfits to e'_very»pOSsible feature in a system that are
dependent on location. All p_lanners, designers-and several engineers asserted that the
fundamental metric for comparison between SWM options is the suitabiiity- of the
management ‘com'ponent to the specific city’s context. The system should also be -
composed of features allowing ‘it to be dynamic, _so' it can respond and be easily and
cheaply adapted to new circumstances (Iyer-Raniga & Treloar 2000). For example, new
conditions sUch as extreme precipitation events leading to water ‘_shortages or ﬂooding,'
-changing demands on water resources through agriculture, overuse, construction,of water
features,.vetc.. Because climate has been changingi rapidly in recent years, typ'ified
| globally by unseasonable t_emperatures and precipitation, and more drastic storm events
(Rifkin 1989; Funtowicz & O’Connor in Mayumi & Gowdy 1999; Rees 2003), SWM
systems will have to be dynamic enough to re.spond to increasinély extreme: parameters.
For instance, the GVRD’s most recent climate projections '_‘show a 10-30% increase in
regional preerpitation in the fall and. spring seasons ~oyer the next 80 years. (Connoly
2005). - o | |

A sustarnable and effective SWM system requires that all of the many components be,

not only location- specific, but desrgned with best fit into the regional watershed France

- (2002) demonstrates the 1mportance of watershed planmng to sustamablhty by lookmg at -

hydrologlcal carrying capac1ty of the watershed 1e determlnrng the maxrmum amount of
v.‘stormwater that can be assrmllated -by the watershed’s water bod1es * This would .
vdetermme the parameters for hydrologlcal modehng and plannlng of new developments -

Slnce there is no. smgle ultimate human- made answer for managmg- stormwater o
determmmg which tools are most approprlate for a partlcular system requlres a

framework by whrch de0151ons can be gu1ded »

' ?3 There is no single physical structure of anthropo'ge_nie origins that will address all of the aspectsofa -
sustainable SWM system. The bést systerm for managing stormwater is that which came about through .
millennia of structuring from energetic processes in the natural environment.
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5.0 Results and Conclusions

Stormwater Management Options for Vancouver

“If the built environment isa powe}'ful silent teacher, we can change the message people
get from it. It can be redesigned so that people are richly mformed about their place and

the ecological processes endemic t0it”. ' Van Der Ryn & Cowan 1996

The interview responses and literature review lead me to conclude that Vancouver needs
~ to develop an integrated management scheme for stormwater. Integrated management
requires an _understanding of the interrelationships between:

land use;

architecture;

transportation networks street layouts and des1gns pedestrlan/cychst networks
materials in constructron/usc

construction practices;

open spaces; :

parks; '

riparian areas;

physical engineering standards. ‘

It appears that planners, designers decision—makers and engineers in Vancouver most
often enter 1nto the d1scuss10n through the Mmlstry of Water Land and Air’ Protectlon S

Stormwater Plannmg A Guidebook for British Columb1a I argue in this thesis that all

planners designers and englneers need to go much further beyond this. It is crucial that |
SWM be recogmzed as an. umbrella system, overlapping many other areas of city-
,bulldmg This concept is not. the entlrety of sustainable SWM, rather it is the initial - -
3 pr1ncrple of leammg Moreover it 1s the place -‘where we can see the beglnmngs of
changmg perceptlon among dcc1s1on makers ~The City of Olympia’s SWM ‘guidebook is |

‘an encouragmg document that takes the dlscuss10n a step further in their Draft Storm and

- Surface- Water Plan. In thls document are- several references to sustamable SWM

systems, though it stlll attempts to work within a flawed framework of _low densny
' development - The C1ty of Toronto is 1mp1ement1ng “innovative” SWM' policies in

several of its mumcrpahtles

(http://www.toronto.ca/Water/protecting- quali't\'//stormwater management/watershed.htm
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| The City of Toronto is faced with massive costs to repairing one major component of
their SWM system. The city has constructed a massive catchment s110 oriented
'vert1ca11y below grade. The energy, materials and dollars spent on this structure annually
amount to roughly four million dollars (City of Toronto engl_neerlng staff). By most
estimates, the maintenance of this structure will continue to 'increase at 5% annually. No °

one was prepared to comment on the inevitable dollar costs of replacing this structure.

Integrating SWM into aspects of city-building and management such as lot permeability,
environmental site remediation, transportation planning, development approval process,
zoning, design guidelines and more is a key aspect in the future sustainable city. I will

expand on these concepts in the following sections with Onsite and Offsite Planning.

- Onsite-planning

- Onsite SWM addresses lot, parcel and building conditions. The factors controlling runoff

at the lot level include:

landscaping elements such as Vegetatlon
‘building envelope desrgn '
constructed-drainage infrastructure.

e percentage of impervious surface
* overall average coefficient of runoff54
e soil and geological substrate;
- e topography; :
e ot size;
[ ]
e
[ ]

' The. examples of »Pcrtland and Toronto vdemonstrate that municipal govemments can
exercise a great deal of control over these factors thrc__)ugh zoning, dcvelopcr educatiodn,
" density bonusing, design gljidelines, development.'guidel’ines and alternative buiiding-
incentives. Thro'ugh careful'planniug it is possible'to ch'arrge policy and zoning. such that
there are higher overall percentages of porous materlals covering the ground, greater
contamment and reuse of rainwater and decreased amounts of stormwater leavmg the

site.

>* As determined through the rational method.
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- The City of Portland established, a green investmen‘t fund through the Office of
Sustainable Development and has allocated funds to green building and green roof
projects. The G-Rated FAR fund has only been used twice since its inception in 1999, .
though this small number is related to lack of developer exposure (Miller 2004). Portland ’
also uses a series of educational tools for developers and property owners around ,

stormwater management, with the goal being zero discharge into the Colombia River.

In a contemporary example of following path-dependence, Portland is considering their
$1.4 billion Big. Pipe Project in which city engineers will design a single, giant

stormwater pipe to “eliminate” all .CSOs and Stormwater problems (Portland staff, 2005).
| Ironic though it may be, -Portland will be faced_ in the future with tragic costs of
_‘_repair/maintenanc_e and increased »rlsk from reliance on this single pipe. By conSolidatlng
the network into one trunk sewer pipe; there is no redundancy in the system. In the event
of fallure damage or needed repa1r downt1me the entire system is placed at risk, as there
are no comparable backups. This is the ultimate offsite solution ‘and carries zero of the
benefit generated by the dispersed' network of onsite options, in wh1ch-redundancy isa
central component This option was commented on by several of the City of Portland
interviewees To ensure anonym1ty, no quotes will be used here though all of the =

: respondents spoke at length about the many poor elements they saw in this pI'Q]CCt

 Onsite Options . |

- Not only is the SWM goal to decrease overall stormwater flow, but the sustamable
'system would decrease contammant concentratlons in rece1v1ng water bodles lower total :
amounts of suspended sohds ‘and decrease peak drscharges off a site (Burton & Pltt'_
2002). ‘The city of Malmo, Sweden relres on onsite retention of stormwater to decrease
_ ~ CSO activation, risk of ﬂoodin'g and to bolster- natural hydrological regimes (Rowney et
| -al 1999) vClea'r'ly‘ there are multiple performance objectives and goals of onsite SWM,
-many of which must be fac1l1tated by pohcy, bylaws or gu1del1nes (Rowney 1999;
:France 2002) Taklng feedback from interviewees and comb1n1ng it with lessons from
case. stud1es. in the hter_ature,_l developed the follow1ng standards for Vancouver’s

sustainable SWM system components. ~ Unless Vancouver relies on' costly and
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unsustamable end of p1pe treatment fac111t1es effective pollutant removal processes and
features should be held to certain standards, including:

" e Stormwater detention times must be at least 24hrs, dependrng on 1nf11trat10n rates

e Stormwater must not be concentrated in one area, but distributed throughout the
network of SWM features;

¢ Depending on runoff source, minimum annual ramfall of lOO mm- (for dllutron of
pollutants) is required, :

o Stormwater (generating) sources to a features should be varied to d11ute the more .
polluted with relatively clean water; : :

- e There should be as many pretreatment features as poss1ble such as setthng and
~ constructed wetlands before stormwater is infiltrated to groundwater;

‘e Vegetation used to treat stormwater should be hrghly tolerant of pollutants
typrcally found in that context.

Typrcally referred to as BMPs by SWM professronals Best Management Practrces are
individual aspects of the larger management processes for stormwater, samtary sewage
groundwater preservatron drmkmg water and other utilities provrsron BMPs 1nclude' -
policy, des1gn process and structural elements. Structural BMPs are desrgn elements that . =
address - the most appropr1ate physrcal elements of the landscape that need to be - |
1ncorporated mto the development of a- site. 'BMPs are schedules of activities, - B
proh1b1tlons of practices, mamtenance procedures' 'managerial practices-' or structural :
B features that prevent or reduce adverse 1mpacts to waters” (C1ty of Olympla 2003) Each {' :
e .-SWM objectrve should be matched up with the ons1te structural BMPs that: are de51gned-~ :

: _to address the desired task. Optlons for Vancouver 1nclude

Site impermeable Surface allowances zoning;,\' »
Roof leader/drainage connection to infiltration beds;
Roof leader disconnection from stormwater 1nfrastructure
Stream dayhghtmg and r1par1an conservation; - e
Coordination programs between landowners/developers for educatlon about SWM =
Onsite structural BMPs; - : ’ '
Retention ponds/basms
Cisterns; o
Constructed wetlands;
- Infiltration beds berms, swales
Green roofs.
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Offsite-planning’

All the aspects of the urban fabric surrounding a site comprise the offsite aspect of SWM.
This area of SWM is extensive and typical ‘considerations are cross—departmental and
include: - ' | ' |

. Connect1v1ty from s1te to offs1te SWM infrastructure;
e Type of SWM system, i.e. CSO, straight to treatment plant, swale, curbless gutters
ditches, gravity-fed straight pipe to receiving water body, etc.;

Situation/location within the watershed;

Transportation infrastructure, i.e. road and street charactenstlcs

Land uses (re51dent1al commercial, trunk); :

Runoff types and constituent pollutants from different land use types;

Densities;
- Structural urban design elements such as s1dewalks :
‘Characteristics of surrounding land uses, such as type of surface coverage,
percentage of surrounding impervious surfaces, proximity to water courses such as
stream, rivers, lakes, oceans (beaches) and other dramages

Permeable paving systems; -

Swales, 1nf11trat10n beds berms, non- structural BMPs such a as riparian protect1on
polrcres

A key objective of offsite SWM is increasing the overall 1nf1ltrat1on potent1al of c1ty
'surfaces Permeable paving technologres have been around for decades and are currently
being tested out in var10us locations around the world (Rowney et al, 1999; Booth &
. Leavitt, 1999) The most effective method of reducmg impermeable surfaces in urban
areas is to reduce the overall amount of pavement ded1cated to road. networks Th1s'» :
‘works i in concert with Smart Growth pohcres ‘New Urbamsm pr1nc1p1es and the Natural |
, Step framework Very s1mply, Vancouver has over 36 km? of roads lanes and 51dewalks -

almost all of which are 1mpermeable I these areas could be addressed through

_ .mtegrated transportatron and SWM planmng, Vancouver would see drastic 1mprovements
in SWM, but also in walkability, bike transportanonvcorrrdors, transit,” air quallty,_'_j

dense/complete neigthurhoods/communities and proactive planning for peak oil.

. Offsite Opt1ons o _ _ : _
: The goal w1th the offs1te SWM scheme 15 :to mrtrgate the peak discharges, deal wrthv

: _1nc_reased overall flows from 1nd1v1dual S1tes vmto..the system and contammatlon‘_.of ‘the




stormwater entering receiving water bodies. The mult_iple ways of addressing these
objectives include offsite non-structural and structuralBMPs (Rowney 1999; France
. 2002; GVRD 1999). They are“most co'mmonly employed for stormvvater retention, but
often also work to increase the overall amount of permeable surface. They. work most
- effectively at retaining stormwater in order to alleviate the load on‘peak stormwater'
discharge, though they should also be employed to decrease contaminant loading and
overall stormwater flovvs (Page 19l87; Rowney 1999). Designing with an integration of
these features requires a rethlnklng of urban .aesthetics Because these options can depart
from the linear, hard- edges that we are so accustomed to in cities (France 2002, Drerse1tl

. 2003) they tend to “soften” the urban landscape

Urban Stormwater BMPs

It is typlcally much easier to de51gn BMPs into new. developments as BMPs can
sometlmes be poorly suited for redesrgn into exrstmg urban areas. -This is especially true
of those sites in Vancouver that are already well established. -Structural and non
: structural BMPs are very well suited to addressing greenfield55 site development. Indeed
it is always easier to address a problem from the beginning, instead of after a behaviour is

entrenched ora 01ty built (Prerson 2000)

BMPs can be grouped into categorles of a) managing the volume and d1scharge times of

stormwater ﬂows 'b) managmg pollut1on sources c) managing the treatment of .

stormwater runoff quallty (GVRD 1999 C1ty of Olymp1a 2003)

Types of offsrte structural BMPs

e Minimized Connected Impervrous Areas (MDCIA)
Coalescing Plate Separator/Interceptor (CPS/CPI)
Extended detention basin;
Retention pond;
-Wetland basin;

B “Greenfield” development refers to those prOJects takmg place in rural, or non- urban areas that have no
pre existing structures on them.
>% See appendix B for table on uses, apphcabrhty, and approprrateness of each of the BMP opt1ons




Porous pavements;
Infiltration basin;
Wetland channel;
Media filter; _ :
Grass swale (typically roadside);
Grass buffer strip, grass filter strip (typically roadside);
Percolation trench; -
Swirl-type concentrator;
Dry well;
Water quality inlet.

Industrial Ecology

The SWM system for the City of Vancouver should be designed in such as way as to
provide benefit to other, c'omplerrtentary systems, i._e."tr.ansportation, aesthetic. The larger -
systems’ functioning of the city Vwould be made more effective and efficient. In working
towards a larger, holistic management plan for dealing with the stormwater that falls on
Vancouver as a resource instead of as a waste to be removed as quickly as possible, an

industrial ecology framework should be applied in the decision making process.

De51gmng SWM features to take advantage of ralnfall 1nstead of just 51mp1y shunting 1tv,‘
off the (typlcally 1mperv10us) urban surfaces would provide cost savings in the provision
~of those services. Here in Vancouver, we experlenced record drought in the summer of
2003 and 2004, yet the city receives an annual rainfall of close to 1,300 mm. The SWM'»
: plans for the city should be taking this.into account. F‘or e'xa'mple by using stormwater in

buildings to flush t011ets run heatmg/coolmg systems or cleamng There would be:

significant cost savmgs in many departments (Pratt in Rowney at al 1999)

SWM is moreover, dealt with in isolation. That is the system of stormwater manageme_n_t
is looked at in and of itself in planning, engineering,' -and design57. As we lean on
technical engineering as the only solutions for our urban issues, our systems of

management grow in complexity. Systems’ complexity also means more extensive

*7 Looking at stormwater management is a growmg theme among progressive urban designers and
landscape archltects
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- bureaucracies are'required_to maintain them, as well as higher associated costs and
diminishing returns (Tainter 1995). In place of technical, linear and one-dimensional _
engineering, we need is a systems science that takes into account social and ecosystemic -

realities.

Qpportunities
~The British Columbia Local Government Act places the responsibility of SWM squarely
‘on the shoulders of municipalities. (MWLAP 2002). The tools and impetus are there for
Vancouver to move forward on'this yet implementing’SWM options for the city requires
: ded1cat1on from the leadershlp, planners engineers, and designers. The Local
’ Government Act dictates that municipalities must produce a Liquid Waste Management
-Plan (LWMP), of which a SWM plan is a required component. The LWMP is developed |
through p.ublic participation"and green roofs have been brought up‘by'the public on a
} regular basis in this (Theaker 2004; Mlckelson 2005). The present political social and
development climates in Vancouver present an opportunlty to 1mplement sustainable
-prmcrples of de51gn and plannmg Though a more in-depth analy31s 1s needed, the ‘red
hot” bulldmg and construction industries right now, especially in: market housing, affords

' greater leeWay in municipal dealings with developers There is opportunity to leverage

sustainable pohcy concepts into market housmg and developments for both the above

stated reason and the shifting demands of Vancouverites

I would argue that a sustainable SWM-system absolutely requires that a maximum
, stormwater discharge bylaw be implemented Many European examples such as Malmo -

' (Sweden) Stuttgart (Germany) have zero stormwater- discharge bylaws whereby any

' stormwater commg offsite into the SWM network is charged a fee (Rowney et al 1999;

‘Von Hausen 2005) Comblnlng thlS w1th alternative development incentives, developer/
public education and cost-sharing measures prov1des a solid system for shifting the
decision-making, develop_ment"and planning milieus to be more amenable to sustainable o

SWM.,
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Roofs generate a great deal of stormwater flows in a city. . Greening of the rooftops is a

- viable aspect'of SWM in Vancouver. By this I refer to a living system placed ontop of =

either a pre-existing or new structural roof (see next chapter for full discussion of green

roofs).. A green roof is related to the design of a building envelope.and I have grouped it -

- into onsite options, as its performance is very much related to SWM goals. Compared to 'A

many other’ options, a green roof can be a relatively low-cost and attractive component .

- for controlling-the source of stormwater. _

* The benefits of the green roof option are felt beyond just SWM, makjng thern an _optimal
design feature. Long accepted in Europe, green roofs provide multip‘le benefits and are

| part -of the future of sustainable SWM in North -America. Germany' already. has an'

extensive green roof program and a related multi rnlllion dollar industry (PederSen 2000)’

Related benefits 1nclude reduct1on of the urban heat island effect decreased ground level ._ .
airborne pollutants 1ncreased green space ‘and commumty garden opportun1t1es bulldmg ‘
'1nsulat1on decreased summert1me bu1ld1ng coolmg costs and shlfts in the percept1ons of
urban_ dwellers_;,away from the str_rctly ‘rational™® city- towards a more natural aesthetic. 1

- will pursue the -implementatlon of green roofs in Vancouver further in the next chapter. - S

‘COnstraints .

.The ma1n issue in sustamable SWM plannlng does not seem to be Whether or not the
technology, des1gns or best pract1ces exist, but rather the soc1al development and
pohtrcal determlnants of the system These play the largest role in determmmg SWM_:: -
| des1gn and plannmg and 1nclude polrtlcal will, pract1t1oner knowledge of/exposure to:‘f -
, SWM alternatwes capltal allocat1on pr10r1t1es perceptlon/acceptabrhty by the publ1c By
‘local ownershlp of the process local1zed des1gn “planning m111eu and developer
cost/benefit sharmg and above all the impetus behind dec1s1on makmg (Condon 2004 '
. HKamstra 2004; Miller 2004 Theaker 2004) A

%8 Highly linear, hard edged, non-organic, engineered.
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As discussed earlier, we have elevated rationality’ % through technical engineering, above
all other bases of decision-making in our city-building (Friedmann 1973, Friedmann
1987, Sanderéock 1998)_. At any time in modern history, the rational comprehensive
model of planning has been based on the paradigm-driven (path—"dependent) ‘
'understanding_»of a p_roblem‘atthat particular time. Because the Newtonian paradigm o'f..
scientific reductiOniSt thinking has been the dominant worldview "throughout
contemporary pl'anning, it has become the ultimate arbiter of our decision-makjng'ln.
- much of municipal SWM. This has become a major constraint to planning and building

sustainable SWM systems.

One could also say that in urban SWM lies the embodiment of rational_ hubrisT Our'
streets are perfectly engineered for traffic flows at high speeds to~accommodate specific
sized vehicles of different uses and to ‘shed the _stormwater-equiValent of the rainwater |
that falls durlng a twenty—five year storm (for large catchment basins and trunk sewers).
This further entrenches the 1nst1tut1ons of engineering standards, actmg as pos1t1ve."‘
feedback and taking us further down the path dependence model.. The path becomes '
cemented in place and so to do our c1t1es (Pierson 2000). A simple illustration of this is
found by plckmg up a stormwater infrastructure gurdebook such as Hammer and Hammer'
- (2001) 0r Gr1gg (2003) The posrtlve feedback loops in the path of dependence also
remforce other land uses that take advantage of the output of the linear model mcludmg |
- road -paving, car oriented development loss of green space for parkmg lots. As' 3
_.mentloned in the Peak 0il chapter, there w1ll soon ‘be a reckoning of how the related
mfrastructures of stormwater, transportatlon trunk water and ut111t1es are dehvered and -

: constructed in Vancouver and all c1t1es

. A prominent and highly- revered de51gner once told me - and I paraphrase here - that it
- would take a monumental paradlgmatlc shift to even begin to address the sustamablhty :
of SWM in Vancouver At heart, that’s what th1s ‘thesis aims to address. “The.

~ investigation 1nto tl’llS dilemma tumed up an encouragmg aspect of the surface water '-

% Thls is often referred to as the sphere of the techmcal planners who have gu1ded the hand of the
rational comprehenswe model of planning.




management strategy for the City of Oiyrhpia. In the plan, the Public Works Départment
staff included a' statement about‘ how addressing the issue of SWM will require a re-
envisioning of solutions, previously viewed as “radical”. According to their strategy,
“the best way to manage urbanization impacts on éurface waters is to eliminate them
before they occur. This is difficult for new developments, and requires radical thinking .
for existing ones. But, if protecting'Water resources is important and to be successful, it
will take a per‘céption change-that which is not radical must become mainstrearh” (City of
Olympia 2003, City of Olympia staff 2004). This statemént is very much in line with
what this thesis has béen arguing for: a perception/paradigm shift and the accompanying

design, plan and engineering changes.

From a sustainabilify standpoint,'planhing and building a system now that binds future
generations to dealing With_ an annual cost of replacement or repair that the municipality
~ may or may not be able to afford is an unsustainable plan.. Steps that can be taken now,
lowering the costs of expansion, upkeef), and repairs to the SWM system will result in a

more sustainable system.

~Though politicaliy difficult, decision makil-lgrin the p__résent that is .weighted more heavily. .
on benefits to the future is the mark of sustainability. The often narrow timeframe 6f'
political office ténds to shorten the horizon of'co__'ns"iderations for }d_ecision makihg,
leaving future problems to future politicians. Gréidef'in Pierson 2001 (pg. 261) recounts. |
that_'in 1981, David Stockmén, who was thebudg‘e.t' director for. thé Reagan administration |

| in the US, when “‘as.k‘ed by an advisor...to .ad.dre'ss Social Security’s severe long-.ter'm |

A financing probierﬁs, Stockman dismiSsed the ideé ouf of hand. '_ He explained that he had“

little interest in wasting -‘a lot of political capitéi on some other guy’s problem in [the

y‘ear] 2010°”. | | " | | |
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‘_5.1 Green Roof Implementation Strategy: A Framework
“We do not seek to imitate nature, but rather to find the principles she uses”.

Buckminster Fuller in Oberlander et al 2002.

Fleshing out a sustainable SWM system in Vancouver requires the application of policy, -
bylaw, planning guidelines, design innovation and education of the public, decision-
makers, designers and architects. Beeause they must integrate With existing city-building
processes and plans, 1mplementat10n strategies specific to Vancouver for each - SWM
techmque feature or component are requrred As an example of such an 1mplementat10n_
: strategy, green roofs are one of several effective startmg pomts in- shifting perceptlons
“and addressmg larger problems of sustainability. Green roofs are a key aspect in
: mtegratmg ‘water with site and archltectural_ design” (Franee 2002, pg. 126), which
.shonl_d be the paradigm that gui.des onsite SWM and design in general. Tintend to use the
following'.Green Roof Implementatioﬁ Strategy as an example' of the key elements that
| _ should be contained in such implementation'frameworks This strategy acts as a model

for 1mplementmg other elements of sustainable SWM in Vancouver.

' The followmg sect1ons of this chapter. outlme a strategy, in the form of a Staﬁ‘ Report to
: Counczl for 1mplement1ng green roofs on a city-wide level. T his chapter provrdes a

detailed background on green roofs, d1scusses researched beneflts to them and provrdes'

‘data on costs, benefits and obstacles There is discussion about the best practlces learned' L

from other Canadlan and US mumcrpal case studres as well as relevant global examples
Green roof retroﬁttmg and new burldmgs strategres for mtens1ve and extensrve green

roofs, costs,‘con51derat10ns_and aspects of eon_s_tructlon_are also discussed.

81 follow this format, as it is used for policy recommendations to council for consideration-and approval.

79




Green Roofs

A green roof is several layers of organic and non-organic material placed on a water and

root-proof membrane on an existing roof, either below, at, or above grade. We determine

a green roof to be either extensive or intensive, depending on the depth of the growing

medium and sometimes the intended uses and planting types.

Figure 7: Components of Green Roofs

Principal Green Roof
Infrastructure Components

N Y d

Light weight growing medium
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VA

2 Water/root proof membrane
 — thermal insulation

- - : — vapour control layer

Source: NRC, Institute for Research in Construction

membrane (inert chemical or metallic lining).
From Petersen 2001

Components

Plants (low,

hardy alpine and
dryland

species®);

e Growing
media®;
Landscape or
filter cloth (for
roots & growing
medium, allows
water runoff);
Drainage Layer

(gravel,
polystyrene and
may be formed
with reservoirs);
Root repellant

In the Vancouver context of development there are few incentives to the building

developer to incorporate sustainable SWM features into a site. In the following chapter, I

outline a strategy for implementing the green roof component of onsite SWM in

Vancouver. A key consideration of this implementation plan is addressing the developer

incentives and disincentives for SWM and building-performance through design and

construction of green roofs.

%! Depending on: climate and growing media depth and roof loading capacity.

= Usually lightweight, mineral based: either sand, gravel, crushed brick, pumice, organic matter and soil.
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i. Without'(dis).incentive, the added cost of a 'green roof would not usually be made part of
a developer”s pro forrna63. “There is li_t_tlev$ impetus .in the marketplace right now for-a
developer to incorporate s’ustainable SWM or other features into their projects Pending
data from an 1mportant green roof study underway in Vancouver at present the benefits -
of green roofs are arguably experienced more offsite than they are in the burldlng, l.e.
.. stormwater reduction, improved air quality and environmental aesthetics vs. increased
‘R’_ rating, better cooling in summer, availability of rainwater for building use", in._crea‘sed‘

g roof lifespan and increased green space for building occupants.

... Typical Benefits:
e Increasing the amount of space occupied by photosynthesrzmg plants by 1.5 m2
can remove up to .3 kg/year of particulate matter from the air; :
Dramatic decreased peak stormwater flows durrng growing season;
‘Dramatic decreased overall flow of water offsite during growing season;
Filtration of airborne particulate and contaminants; . - :
‘Increased evapotransprratron from photosynthetic plantrngs leading to onsite and
offsite cooling; :
e Local environmental cooling and decreased urban “heat island” effect from
reduced albedo, leading to a decrease in volatile organic compounds (VOCs);
® Regulation of building heat exchange through roof (research-on the quantifiable - .
* energy exchange benefits of green roofs is ongoing in Vancouver , the data from -
which will be available before the end of 2005); : '
Improved quality of stormwater runoff in general;
‘Community food-growing and amenrty park space;
~Aesthetic improvement in views; :
© Habitat for birds and pollmating 1nsects
Acoustical beneflts _ o :
Improved experience of natural elements in the c1ty,
Greatly increased roof llfespan through protectlon from heatrng/coolrng, UV

'Sources Beckman et al 1997; Paloma Del Barrlo 1998 Pedersen 2000; Nlachou et al
2001; Oberlander et al 2002; Peck & Khun 2003; Ecoroofs Everywhere 2004 '
Mutton 2004 Connoly 2004 & 2005; GRHC 2005

G The cost and profit accountmg analysis for a future pro;ect A '
6 BCIT’s-Great Northern Way Campus green roof research facrhty, headed by Maureen Connelly
65 BCIT green roof research station.
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Figure 8 shows a comparison between the flow of stormwater off a green roof and a
“reference”, or ‘control’ roof. Runoff-R is stormwater from the reference roof and
Runoff-G is from the green roof. The graph shows a 15 hour period of time, during
which 34 mm of rain fell on the two roof structures in Ottawa Ontario in October, 2001.
The 4.5mm “Reduced Runoff Volume™ is rainfall depth equivalent of flow off the roofs.

Figure 8: Green Roof and Reference Roof Stormwater Flow Comparison
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Source: NRC’s Institute for Research in Construction.

Green roofs have been an accepted aspect of European development now for many years
and are just beginning to catch on in North America. The cities of Atlanta, Portland, and
Seattle in the US have installed green roofs on their city halls and counties in Maryland
and Vermont have built green roofs on some of their county buildings (American city and

County, February 2004). Toronto Ontario has a demonstration green roof on its city hall.

Increasing numbers of Canadians are turning to “green design” in their homes (CAGBC
2004; Theaker 2004). More analysis is needed, but the shift in consumer preference

towards green buildings, energy efficiency standards and sustainable design should be

82




e The depth and properties of the materials regulate the temperature such that the
roof itself will experience reduced fluctuations in temperature;

e The plant layer will keep wind off roofs, decreasing heat flux;

e The substrate and well-established plants add an insulation value up to R20.

Adapted from Oberlander et al 2002; Peck & Khun 2003

Green roofs alone carry no single outstanding benefit, but the emergent property of the
green roof is far more advantageous than the sum of its parts. Of course, the greatest

benefit is the reduction in peak and overall stormwater flows off site (Figures 8 & 9).

Figure 9: Peak Discharge Differences; Regular and Green Roof
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Adopted from Pederson 2000.

A green roof will trap and store rainwater that will either be returned to the local
environment through infiltration, evapotranspiration/evaporation, or will be released to

municipal stormwater sewers slowly over the course of days instead of minutes, the rate
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of which will be parti“ally dependent on the depth of the roof’s soil and the time of
year/product1v1ty of the vegetatlon This will decrease the need for large diameter
stormwater pipes. Portland’s Office of Sustamable Development is ‘quantifying more
precise numbers of green roof- depth to pipe-diameter equlvalents 1n response to the

proposed “Big P1pe project (Mlller 2004)

Portland Oregon, ex’periencing sirnilar climatic conditions as Vancouver, found similar
stormwater mitigation results in \ Fi igure 9. These data and those from Figure 8 clearly
show the reduction of both overall flow and peak runoff from the green roof. These
_ outcomes are seasonally- dependent Due to the high rates of rainfall and low rates of
evaporatlon during Vancouver’s Wmter months there would not be an average reductron

of overall flows to the extent of 55% shown in Flgure 9

'. Context of Green Roofs in Vancouver ‘

Emergmg from the Canadian Govemment s ratification of the Kyoto Accord is
Vancouver’s “Cool Vancouver” initiative, led by a task force for both corporate and
' ‘community initiatives. Gr_een.vroofs will improve air quality, decrease ambient air
temperatures (urban heat island) lower collective roof albedo and remove Vairborne
particulate that adds to the reﬂect1v1ty and trapping of heat within the Earth’s atmosphere,
: (Pedersen 2000; Oberlander et al 2002 Peck & Khun 2003; Connelly 2004)

The‘s'ustainability. 'goals: of the '2010 Olympics will bé partially met by initiatives such as
the green buildings and progressive desfgn gui’delines in "Southeast False Creek, as well as
* the green buildings’ and green roofs strategles for the rest of the city. Smce they can be
h1gh1y visible, ‘green roofs offer hlgh profile aesthetic value for sparkmg interest,

-generating dialogue and 1ncrementally sh1ft1ng perceptlons

‘The C1ty of Vancouver has a Green Bu11d1ng Pohcy of LEED rated Gold for all
 institutional bulldrngs over 100, 000 f’. Green Roofs. can earn a building up to 8 LEED
pomts towards the Go_ld rating requlrement_s of 39.points (CAGBC 2004).




Attributes
Attributes of Extensive green roofs:

¢ relatively shallow soil horizon/planting medium;

e typical substrates from 8-20 cm;
¢ limited plant types, i.e. grasses, mosses, sedums;
e controls stormwater runoff through retention, filtration, evaporation, and
evapotransipration;

relatively low maintenance requirements/costs;

relatively low structural loading, with fully-saturated weights’' ranging from 115-
300 kg/mz;

can be pre-cast from plastic molds;

can be designed for and built on roofs with up to 45 degree slopes;

not typically meant to have human traffic;

relatively low-cost addition to existing or typical roof.

Attributes of Intensive green roofs:
e deeper soil and planting horizons’? from 20-120 cm;
e plant types can range from sedums, to shrubs, to food-growing plants, to small
trees;
usually designed by landscape architects;
potentially high roof-loading potential, with fully saturated weights” ranging from
125-2,000 kg/m?;
often requiring structural retrofit or initial structural design of building;
won’t sustain as great a slope as extensive green roofs;
greater expense to builder/developer;
can sustain human traffic;
high maintenance requirements;
greater benefits to direct and indirect users, i.e. people in contact with the roof, the
local users of the environment, anyone who breathes air, or uses water.

Recent GVRD Directions
The GVRD has developed their Buildsmart program, which includes green roofs, green
buildings and green design. Their list of components of building green includes energy

and water use efficiencies, building orientation, materials choice and sourcing, design

process and SWM.

' Roughly 23-60 Ibs/ft>.
™2 Up to 48 inches.
73 Roughly 25-400 Ibs/ft>.
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Vancouver s Experience With Green Roofs

There are many green roofs in the city, some that have been around long enough to
demonstrate the effectiveness of the technology. The more high proﬁle examples include -
UBC’s downtown Robson Square campus, which is an on-grade »mtenswe green roof that .
provides valuable green space to the downtown area. The roof of the. Downtown
Vancouver Public Library, designed by Moshie Safdie has an extensive green roof that
some of the cuStodial staff say has significantly reduced runoff since its construction
_(Pede:rsen 2000). Arthur Erickson’s Waterfall building has a 150,000 ft® extensive_ green

' roof that has received accolades from the design community and consumers alike’*.

'Constructzon | ‘_
.A green roof sits on top of an ex1stmg structure. There is a water/root proof membrane
situated between the green roof and the structural roof 1tself. Though there is some added
‘weight to the structure, man)-/: buildlngs do not have to be altered because of the presence
of the green roof. Many buildings can be retrofitted with an extensive green roof with no
 structural mod‘ifications (Peck &Khun .2003' Connoly 2004)' Intensive green roofs ]
usually requlre a structural upgrade but this again depends on the ex1st1ng bu11dmg s .
: 'materlals and design, (Wexler 2004). This does not preclude the construct1on or redes1gn o
| of dramage elements on the roof that brmg the stormwater runoff into the bu11d1ng itself

~ for use in several app11cat10ns or for p1p1ng into the ground for 1nf11trat10n (Yeang 2004). .’

Structural engineers divide loads into two' categories: dead ‘loads and live loads The
,dead load refers to the welght of the roof structure itself and any permanent funct1onal -
elements. The live load mcludes elements such- as human occupants snow, rain,
maintenance equrpment and other tran51ent items: Structural con51derat10ns must be
" ‘made for both the weight and d1mens1ons of equipment and materrals that may be used at -

"-,varlo,us stages of constructlon and maintenance of the roof (Wexler 2004).

f the green roof is de51gned mto a bu1ld1ng from the outset, the structural considerations

- can be made with httle or no cost whatsoever dependmg on. the type of green roof. The

LT See‘ also Canada Harbour place, Waterfront Hotel herh:garden. i
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costs with deVeloping new buildings with green roofs are accrued throughthe necessity
of “special d'esign considerations” (Wexler 2005) and materials and labour associated o
with the green roof‘v only. These costs will be dependent on factors such as: _extensive or
intensive green roof, depth of planting medium, type of pre-cast rnold, plant 'types., design -

- fees, maintenance requirements and irrigation systems (urban agriculture in the summer).

In many cases, green roofs may be installed on existing buildings with no structural

retrofit or changes. Anytime a green roof is added to an existing building, a structural

“engineer must assess the potential loading and determine the specifics of the design and

construction.  Vancouver’s building codes have de'te'rnrined “the load- bearing
' characteristics of existing roofs 1n the city. . Sometrme there is lrttle allowance for the"
' added welght of a fully saturated green roof though for extensive green roofs this is not

~ the case (Wexler 2005) Intenswe green roofs however can carry structural retroﬁt costs o

that are consrderable

There are many. 1nstances where the ex1st1ng materrals on the roof can be removed o o

N : allow for the werght of the green Toof 1nstead Take for example concrete roofrng tlles ’

. v._'whrch have a dead load of roughly 70 kg/m (14 lbs/foot ): Another example of gravel L

. '_ roofs shows a dead load of approximately 20- lOO kg/m (4- 20 1bs/foot? ) dependlng on- ,‘

| 'gravel depths (l -5 cm respectwely) In these cases, removmg the exrstmg load and."_"

' 1nstalhng a low- werght extensrve green roof would not requrre any structural

~*_enhancement (Peck & Khun_2003, Connoly 2004) and could decrease net welght.A

The roofing mernbrane guarantee issued by ‘the R‘oofing Contractors Association of L

" British Columbla (RCABC) does not preclude the installation of green roofs. So long as o
| ‘vthe membrane’s manufacturer guarantees its work Wthh most now do and the bulldlng"
~ owner accepts responsrbrlrty for the assocrated costs of removmg the green roof in the .

» 'event of a membrane fallure the RCABC will guarantee the roof

A roof w1th l1tt1e or no slope (<5 degrees) requires some type of ass1sted dramage system‘ o

to ensure that the roof does not retam water 1n puddles s1tt1ng on the waterproof .
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‘. membrane (Connoly 2004) A sloped rolof greater than 10 degrees requires special
construction techmques and features in order to ‘ensure against slipping. Typically thls

would 1nclude installing a raised gr1d horizontal slats, or some anchoring techmque

"‘When a green roof is designed. for a building, the civil/mechanical engineer will -
.. determine the flow rates and volumes of runoff in order to size the piping that will drain
the overﬂow from the roof into the storm sewer or ideally, infiltrate into the ground.
: (Wexler 2004). Because of this necessary consideration, it is impossible to produce a

normative statement on runoff pipe and/or drainage requirements for green roofs.

There is a worksheet in LEEDs that -has the flow and perviousness. characteristics of
different site and roof surfaces. This sheet is used to determine the net effect of various
areas for green roofs, though this info_rmation will be made regionally—speciﬁc only '_after

the results of the BCIT study are published.

| Costs _ _ _
. Costs of mstalhng green roofs vary greatly, dependmg on numerous factors. - Chieﬂy ‘
among these considerations is the structural aspect This requires a bulldlng by building
o ’_approach to retroﬁttmg, as each structure wrll be specific in both its ex1st1ng load- bearmg |

capa01ty and the de51gn of the green roof 1tself (Oberlander et al 2002 Wexler 2004)

, Though the green roof market is changlng contmuously and there are many dlfferent:_'; e

products available, the costs of the pre- cast green roofs vary from $7 $25 ft* (Soprema -
2004). This cost reﬂects a typlcal extensive system and does not take 1nto account
. ‘specrflcally des1gned intensive green roofs In these latter roofs, hrgh costs can be

‘ accrued through the fees of landscape desrgners (CMHC 2004). Extens1ve green. roofs“ "
. will add no more than 30% onto the. costs of the roof. These costs are the up- front |

’development costs and reflect only the bottom 11ne and not the tr1ple bottom l1ne the
- hfetlme costs of the roof nor the operatlng costs of the bu1ld1ng If the potentlal energy.. .

»savmgs from the 1nsulat10n and longer 11fespan for the roof are taken 1nto account the "
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annual cost over the lifetime of a green roof may only be half that of a conventional

assembly (Peck & Khun 2003).

A conventional roof ¢osting $100,000 with a lifetime of 24 years, depreciates at $4,200
annually. A similar extensive green roof would cost up_$_l35,(_)00 and last about 36 years,-
providing an energy savings of up to $70,000. The annual. depreciation of this roof
- would be about $1,800;. These figures do not reflect any potential repair costs that may

result from improper installation or maintenance.

Current Challenges and Consrderattons

a) regulatory: The City of Vancouver requires that developers must get all buildings
insured against potent1al leaks Since the “leaky condo crisis”, developers and insurers
" have been loathe to take on new pI‘O_]CCtS where there is the slightest chance that the

building might leak. Addressmg these concerns can be done at several levels.

" In the rezoning costs to a‘de_veloper_, roughly 50 cents p_er square foot goes to municipal
sewerage costs. /Green buildings and. green roofs can see distinct decreases in'sewerage
requirements of the building; i. e. decreased water use in the building and lower amounts
of stormwater runoff off the buildmg into SWM infrastructure from the green. roof As
stated earlier overﬂow from the green roof would 1deally be infiltrated either into the
ground, c1stems retentlon ponds/beds or constructed wetlands (51te permitting for all).
These overﬂow_ options would be relied on pr_edominantly_durmg the winter months, but

are necessary requirements nonetheless. .

It is imore difficult to-irnplernent a 'regulatory‘ regime on smaller and: lower density
resrdentlal housmg structures than it is on commerc1al civic, mixed-use, or 1ndustr1al--
buildings as per square foot costs go up as building FSR goes down. H1gher densny
res1dent1al structures, on the other hand, offer. no such issues, as relative costs go down as .

- FSR goes up. -
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b) non-regulatory: The development industries in Canada and BC are not educated in the
fields of green roof design and construction, insurance, maintenance, costs, benefits and
product availability. There are currently few firms offering knowledgeable green roof

services in Vancouver, resulting in relatively higher costs for design and construction.

In retrofitting buildings for green roofs, there are structural issues that need to be
researched. Since very little has been done on this in Vancouver, there is no formulaic
way of determining structural changes that are necessary for green roof retrofitting. This
is a hindrance to the process of project assessment. An intensive green roof with a
horizon of 10 inches can weigh roughly 70 Ibs/foot’ when fully saturated. Over the
whole, s.a'y, 10,000 feet_z-of a green roof, that can amount to 700,000 fully saturated
pounds. As stated earlier, typical roofing materials such as eoncrete tiles or gravel carry
“associated weights that can be eliminated and eXchanged for the green roof, thus lowering

the net weight gain of adding the green roof.

Within the context of the LEED system, green roofs..garner relatively few points towards
certification of a building75 . The cost beneﬁt tradeoff to the developer going for LEED -
certification is balanced towards the cost 31de at present This is changmg as the CAGBC

overhauls the1r reg1onally spec1ﬁc LEED point system

Clearly the biggest challenge aSsocisted with green roofs is coming up with ways to-
overcome the costs. Because the benefits of a green roof are spread between energy |
savings 'in bu1ld1ng ‘operation, stormvvater mitigation 'comrnunity acceptance . and
“ enjoyment, air quality 1mprovement and local env1ronmental heat reductlon it is difficult -
to monetize them and pass the value back to a developer. -Us1ng a contlngent valuat1on» '
method WOllld. place‘é nlonetary value on these benefits (Lindsay et él 1995), which could
then be part of the negotiations over Development Cost Charges (DCCs) and commumty |

amenlty packages

7 Credits 6.1 & 6.2 under ‘Sustainable Sites and credits 1.1, 12,2, 3.1, 3.2 under water efficiency & 7. 2
under stormwater. - .
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: Likewise with the costs, as it is diff_ic_ult to quantify the .costs of a lack of green space in a
lheavily urb'anized area, or the costs of the extra-reﬂected shortwave radiation off typlcal"
high-albedo roofs, or to agglomerate the costs (listed earlier in Chapters 1&2) drrectly
.related to roof runoff. Agaln the contlngent valuation method could be used to quantify -
and ‘monetlz‘e these costs . (Lindsay et al. 1995), which should be included in the

development permit applieation, zoning variance application and proforma.

‘The overarching challenge to private and public sectors’ widespread implementation of
green Toofs is the general lack of understand and knowledge about green roofs. There ls
~a lot of m_ispl_aced skepticism_oxler. the integﬁty/ability of the green roof systems at
| preventing leaks, damage to roof/bjuilding, associated costs;v etc.. This rnost often comes

down to an issue of liability, but is also just a problem with perceptions.

.vS'inoe a green roof is typically installed on top of a conventional roof, it'will protect that
roof from the sun, freezing, thawing, wind, thermal exchanges, etc.. Though a properly |
installed and rnalntained green roof may h‘a.ve a lifesp‘an longer than even that'of _many.'

contemporary bnildings (Oberlander et al 2002), there are several ways that the roof .

", could possibly fail.

'The most common concem in ensurmg the integrity of the green roof is 1ts 1nstallat10n
There are StI‘lCt guldellnes to be followed for what types of materials can be used in the._
: 1nstallat1on whit types of footwear the installers can wear and the disposal of refuse A
J green roof will keep the roof wet for long periods. of time. If the 1nstallat10n is flawed in
~any way, the result will be serious leakmg and require 1mmed1ate malntenance' g

- (Oberlander et al 2002; Peck & Khun 2003)
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Recommended City Directions and Actions -
Recommended 'research directions are as follows:

o Affordabihty, i.e. lack of market avallabihty of products in and around

Vancouver76

* Structural issues; :

Envelope issues such as leaking caused by poor installation, des1gn guldelines
etc.; :

Benefits to the developer, such as cost/beneﬁt sharing, -
Determine which manufacturers could very simply retool their processes to
manufacture the green roofing materials;

Context of the LEED system, i.e. there should be more emphasrs on the green roof
as SWM feature in assessmg LEED pomts? S :

' Currently a major development in Vancouver carries a DCC of $O/fE%. Of that mne'

~dollars, 30% goes to. mumcipal mfrastructure charges Of that $3 20% goes. to

, stormwater 1nfrastructure costs (Mlckelson 2004) That 60 cents/ft* could be partlally _ _.-

returned to the developer for decreasmg the load on the stormwater 1nfrastructure through
a combination of green roof below grade c1stem detention pond, bu11d1ng use of

stormwater or mﬁltratlon pond/trench

_“In' addre'ssin'g the‘two aspects of the liability issue, the City must use the re'sea‘rch’ that h’a’s"__' o

'-already been conducted to demonstrate best practices of construction and de51gn and . -

'address the lack of famiharity w1th green roofs Withm the development 1ndustry Agaln
: in Germany, there are examples of green roofs that have been in operatlon for over 17' .

years, With no maintenance or repair

The development archltecture and desrgn commun1ties must- be educated before. L )

"_'-widespread acceptance will, begin to take. place In accordance w1th this, the supply:"

) ';market-should be expanded through education to manufacturers of s1m1_lar, products.

: .There must_be clarifi_cation_andeducation to’all‘ parties involved aboutthe-_,lia_bility-: and = .

78 There are no supphers in BC of the pre- form molds requ1red for the extensrve green roof system There Lo

are ‘industrial sites on Vancouver Island that have the capacity to begm injecting plastlc molds to produce

- the prefab materials, but who aren’t doing so at present. -
77 See the Portland, Oregon publication entitled Green City; City of Portland’s Green Burldmg Program :f
Ouarterlv Newsletter fora dlscussmn on. thlS case study. - :
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‘insurance issues.” Clearing up misconceptions about these issues will shift green roofs

into the mainstream of accepted buiiding and design practices.

Changing ‘zo_'ni'ng' b’ylaws. to. include. a stormwater runoff allowance is the crucial .
“disincenﬁveif_or implementihg green roofs at the commercial, industrial aﬁd residential .
.. scales. By instituting a maximum stormwater mnéff volume, beyond which the property-
owher is chargéd a fee, the onus for SWM is shifted to onsite management. This» would.
- shift the responsibility away frdm the municipality and ensure that innovation take place
during construction of new facilities. Theseibylaw_ changeé should be grandfathere_d in

. over time to allow for site owners/managers time to implement incremental changes.

All new institutional and governmental buildings/sites should meet a zero stormwater
discharge requirement, méaning no stormwater leaves a site.~ The bylaw for commercial
and residential buildings shojild be developed in dialogue with developers and architects,

~ but should include a very low maximiim allowable discharge.
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6.0 Concluding Remarks
~After assessing the inherent limitations of SWM systems that rely on continuous and
growing energy and materials 'in_puts, it has become clear that the sustainable city must
come to grips with the increasing scarcity of the non-renewable energy and materials
upon which it is dependent. As many as possible of the systems of a sustainable city’s -
functions must be. shifted to new parameters, intensities and sources of materrals and

energy requirements.

Regarding municipal SWM, it turns out that biophysic_al and economic sustainability are
very closely linked to one another. A sustainable system of SWM is comprised of low
energy features, which decrease both short an.d. long-term costs. At the same time as .
being more affordable, the sustainable system of SWM decreases impacts to local -
‘ecosystems and bolsters natural environmental functions such as hydrological regimes. -
.v Developing local production ability and skills around sustainable SWM alternatives adds
redundancy to local economies and creates impetus for further research and development.
Decreasmg a crty s reliance on foreign energy and materials lowers risk of disrupted .

flows of inputs, while also ensuring a more secure local economy

. Sustainable allocation of scarce resources to SWM requires rethinking the system
parameters, pr1or1tles and objectives. Simply, a -city should not sink money into
bottomless pits of unsustamable 1nfrastructure especrally not in . hght of better-'_-

_ ‘functlonlng and cheaper alternatives.

Vancouver can begin to incrementaily shift the ways. that _Stormwater is viewed in the
city. Rainwater. should be utilized as a resource to bolster local.ecosystem_integrity,
lower demands on re‘gional ‘water provision, decrease amounts of urban runoff to Wéter
bodies, be used in bulldlngs functrons make the c1ty more aesthetlcally enjoyable and
teach people the value of local ecosystems. The Local Govemment Act gives Vancouver
impetus to develop an 1ntegrated SWM system The development market and pubhc ‘

opinion in the city have made fertile ground for shifting to “greener”, more sustarnable
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solutions. Vancouver’s surrounding. water bodies require restoration and conservation,

both of which can be partially accomplished through sustainable SWM.

As one component of an integrated network of features, green roofs offer the possibility
for Vancouver to lnitiate the shift to'sustainable development in SWM. The benefits
from green roofs are numerous and extend to multiple user groups who would otherwise
not be involved in or aware of SWM issues.. Green roofs offer a teaching opportunity and
entry point for people into the discussion about'urban’sustainability through SWM. The
‘multiple benefits from green roofs offer an opportunity to reposition SWM as not merely
a process to get rid of surface water, but a Way to use the rain that falls on Vancouver to
‘the advantage of local ecosystems our expenence of the 01ty, better desrgn and to our

_ pocketbooks

As yve move into the end of globally cheap oil and gas, the infrastructure that we lay
‘today makes future generations beholden to increasing costs'and diminishing returns.
. Below-street _networks of large-scale stormwater pipes entrench the path of dependence‘
in our current paradigm of city-building, especially the car-orientation There is no point
in bu1ld1ng today what we cannot afford to pay for in the’ future both ecologically and
: econom1cally The social aspect is crucial as well. Convenuonal SWM entrenches the
‘belief for city den1zens that our lmear and ‘hlghly organized’ methods of c1ty building - |
- are above and beyond the- constramts of the natural world. That we have separated. - :
-ourselves from rel1ance on natural processes through technically- engmeered substitutions
for complex natural systems is a fallacy, but one that we ‘have been’ able to ma1nta1n for

some time, though are not able to sustam 1ndef1n1tely

Instead of seeing constraints from SWM issues, this is an opportunity to rethink and -
redevelop our cities in sivmplyr better ways. Sustainability brings with it increases in .

| Aquality of life, especially through better- SWM methods and solutions.
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Appendlces

‘Appendlx ) Coefﬁcrents of Runoff and Flow Rate Calculatron

Flow is calculat_ed through the following equation: q=CiA

q = peak runoff rate in cubic metres per second

C = the runoff coefficient ‘
= rainfall intensity in cm/hour for spec1flc de51gn storm frequency
- A = the catchment area in m

Soil Texture ‘Coefficient of Runoff |

Concrete or Asphalt
Gravel-Compact. 7]
CIay-Bare _ : ' 0.75

: Gravel nght Vegetahon

ez wwmw

Gravel DensessVeqetatuon‘
Loam Bare .

Sand- nght Vegetatnon '
1SandiDen é“\?eii‘ at
Grass Area

Appendlx il Elements of Adaptlve Management

The followmg is a list of traits and components of surface water adapt1ve management as
- compiled by the City of Olympra ‘Public Works Department (Appendlx C: Summary of
: Adaptzve Management Techmques)
- e Isanongoing process for contrnually 1mprov1ng management polrcres and
o practices by learning from the outcomes of program activities; S _
..o Treats'those policies and practices as. experiments, and improves surface water
e management by learmng from the ecosystems being affected. o o
. . Relies on scientific methods to evaluate how well regulatory and non- regulatory ’
actions achieve their obJectlves : : : »
-e  Links best avallable science, commumty values, staff experrence ‘and measured
~ outcomes; ‘ ’
e  Recoghizes and allows for the uncertamty and 1ncomplete knowledge that typ1fy
complex ecosystem dynamics; : :
‘e Results in timely and appropriate management dec1s10ns affectmg the Utrlrty s
flood preventlon water qualrty maintenance, and aquatlc hab1tat protectlon ’
responsrbllltles :
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The principal Components of an ‘ada'ptive management approach are (modified from
Nyberg and Taylor, 1995, and Institute for Agrlculture and Trade Policy website, 2002)

. Establrshmg a responsrble entlty committed to managing the ecosystem The
Utility is the entity responsible for managing Olympia surface waters; _

» Assessing (modeling) the ecosystem, identifying possible management actions,
desired outcomes, and information gaps or uncertainties. The Utility assesses what

s needed to prevent ﬂoodmg, maintain water quality, and protect aquatic habitat;

¢ Assembling one or more management plans and monitoring programs that _
maximize results, optimize measuring and learning, and incorporate best available
science. These plans and programs are built around the Utility’s elght Core

~ Services; :

e Selecting and implementing the best plans and programs based on its cost, r1sks
likely outcomes, performance measurability, and other factors;

e Monitoring the key response indicators, thereby measuring performance;

e Evaluating outcomes versus ‘what was expected, and 1dent1fy1ng reasons for any

- differences; : : : -

e Communicating results to managers and stakeholders and receiving feedback; .

e Adjusting the management plans and monitoring programs to reflect what was
learned.. - : '

- Appendix TII Interview Protocol

Question #1 , .
What is your role in the plannmg, design, development or engmeenng of the stormwater
. management for the c1ty of _ _ ? .

Quest1on #2 S o ‘ ' ‘
What are the elements of your SWM plan i.e. des1gn gurdelmes BMPs, plannmg
pr1nc1ples engineering constramts development approval processes"

C Quest1on #3 : : :
Are there aspects of sustamablhty pr1nc1ples 1n the plan" Are they stated explicitly or are -
- they implicit? : : :

Question #4 = » s : _
_ Are there discussions about susta1nab111ty, ie. what it means and how it apphes in general a
and to your mumc1palrty‘7 ' :

Quest10n #5 : S
© What strategies do you find are most efflc1ent and effect1ve at 1mprov1ng developer to
* city-staff relations in the realm of stormwater management” Do you have any set .

_ _strateg1es in place to address this area?
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Questlon #6

What groups have been 1ncluded in the implementation of the stormwater strategy" Has
it been beneficial to include NGOs in the development of a knowledge bank on

- sustainable SWM? What about at the building envelope and functioning levels?

Question #7 : -

What has been the easiest to implement of all of the aspects of the stormwater

management strategy? Do. you think that is transferable to other dlstrrcts and
. mun1c1paht1es‘7 : - :

Question #8
- How has the development commumty responded to the stormwater policy? Has it been
easy to address their concerns and if so how has it been done?

Questlon #9 :

- Do you find green buildings/green roofs to be effective at addressing the i issues of
sustainable stormwater management” Are these structures transferable across regions, or
are they site spec1frc to your mun1c1pa11ty"

‘Questlon #10 . :
Do you include green buildings as an 1ntegrated aspect of the SWM plan"

Question #11
‘Does this plan include provision for green roofs as ar aspect of it?

Question #12
Has your strategy managed the 1mplementat1on of the green roofs7

Question #13 . .
- What does the strategy look like and would it be possible for me to get a copy of it, if it is
pubhcly access1ble‘7 How else would Taccess 1t‘7 ' '

Question #14 - :
How has your strategy dealt w1th issues such as development cost levies, benefit- shanng,
. Ccost- shar1ng, developer- 1ncent1ves strata corporat1ons‘7

- Question #15 - -

Has the plan addressed the concerns of developers around development proformas" Has
~ there been a drop or rise in construction of new ‘buildings related to the 1mplementat1on of
th1s or other sustamablhty/green plans"

Quest1on #16

~ In what direction do you see the future of SWM planning and design in your municipality
going? Is it headed in a sustamab1l1ty based direction, or is it going to stay fairly stable
in the direction it is now headed? What do you thmk if anythmg, will affect the d1rect1on
that future plannmg will take" : :

101




Appendix IV Assessment of Potential ‘EffeCtivenesé of Stfuctural BMPs
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.Legend
A: Porous Pavement; Modular with underdram '

B: Porous Pavement; Modular with Infiltration

C: or Grass Filter Strip

D: Porous Pavement; Morolithic

0 to 5: Positive aspects’ ranking, where 5 is the most posrtrve

~. -1 to =5: Negative aspects’ ranking, where -5 is the most negative.
* Costs are relatlve to each BMP.

Appendix V Timeline of Sustainable Development

O

1962-Silent Spring is published by Rachel Carson. Includes work on toxicology,
Ecology and epidemiology in relation to pesticides accumulatlon in the
environment to “catastrophic levels”’;

' 1968-Population Bomb published by Paul Ehrlrch Connectmg human populatlon _

expansion with resource exploitation;

" 1969/70-Partners in Development/IDRC. Consrdermg anew approach to
~development with specific interest in impacts on Third World countries;

1971-Founex Report from the Swiss. Calls for the need to integrate -
environmental issues into development;

1971-Only One Earth written by Dubos and Ward Common F uture objectwes in

the face of i mcreasmg global deterioration;

1972-Limits to Growth published by the Club of Rome. Predrcts the
consequences of projected world population growth;

1974-CFC report from Ro]and and Molma Lrnks CFC productlon wrth ozone
depletion; ,

1974-Latin American World Model. Third World response to the L1m1ts to
Growth. Stressing the need for greater equity;

" 1978-OECD Directorate of the Environment. Linking economy and env1ronment. - :

1979-IIED report ‘Banking in the Biosphere. Exploring reform; o
1980-Jimmy carter authorizes report. in B10d1vers1ty and 1nternatronal _
development studies;

-1980-IUCN releases World Conservatron Strategy Redressmg mequrty, frghtmg _ )
poverty; :

1980-Brandt Report North-South, A programme for Survrval Reassessmg

- development;

1982-Un Charter for Nature. Lmks human survival on natural ecologrcal
systems. Espouses the need to curb human exploitation of these resources;
1987-Brundtland Report: Our Common Future. Report on WCED popularrzes
‘Sustainable Development; :

1992-Changing Course pubhshed by the World Business Council for Sustamable '
- Development. Links business interests with Sustainable Development;-

1992-Earth Summit. UNCED in Rio e Janeiro. Agreements on Agenda 21,

. Convention on Blologrcal Diversity, Framework conventlon on Cllmate Change
‘Rio declaration; - : :
1993-UN Commrssron on Sustamable Development follow -up to Rio;
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o 1993-World Conference on Human Rights. Reaffirming governmental
commitments to all Human Rights; ’

o 1994-NAFTA. Including North American Agreement on Environmental
Cooperation, establishes the Commission for-Environmental Cooperation (CEC);

o 1995-World Summit for Soc1al Development. International community vows to
eradicate poverty;

o 1996-Summit of the Amer1cas on Sustalnable Development in Santa Cruz -
Bolivia;

o 1997-UN General Assembly special session. Little progress has been made
towards 1mplement1ng Agenda 21. Produces a programme for further.
implementation;

o 1997-Signing of Kyoto Protocol Delegates to the UN Framework Convention on

- Climate Change 3" Convention of the Parties (COP-3) sign Kyoto. Developed
- Nations commit to reducing several greenhouse gases by at least 5% below 1990
levels between 2008 and 2012;
" o 2004-Vancouver adopts the Cool Vancouver Task Force to develop communrty
~ and corporate action plans for reachmg Kyoto targets.
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