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Personal Background

= Day-to-Day Responsibilities at City of Calgary:
= Evolution of Calgary’s Stormwater Management & Design

Manual
" Practicalimplementation of LID by developmentcommunity

= Supportto LID initiative by Water Resources / Services
" Trainingand mentoringof junior and intermediate staff

" |nternaland externaltraining
" Founding member and Past-President of the
Alberta Low Impact Development Partnership

= (used to be) “Adjunct Professor” at the University of
Calgary, Schulich School of Engineering, Department of

Civil Engineering
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Differences between Ontario and Calgary

* Climate and topography differences
 Low drainage density

— wetlands are our equivalent of your streams
e Organizational Structure

— Provincial level

— Conservation Authorities vs. WPACs
— Role of non-profit organizations such as ALIDP
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Annual Precipitation
= Calgary
= 410 mm
= Edmonton
= 450-500 mm N
= Grande Prairie 0350
= 450-500 mm 205
= Semi-arid conditions = 0o
with moisture in the o0
Rockies Lot
= For comparison
purposes:

= Toronto 793 mm

= Ottawa 944 mm AII’_BI’TCI

Environment

= | ondon 987 mm MEAN ANNUAL PRECIPITATION
(mm per year)

; Dala coverage provided by Albera Agriculiure, Food & Rural Developmant
and Alhara Sustainabla Resource Developmanl.
; : Bsad on 1571-2000 data Fom Enviorrent Canada, Albara Endronment
and thi: L5, Natioral Climale Data Canlm,
Pracipiation for mouriain amas ans for genaml mifamnos only - lotalzed
Page 4 procipitation is adremely variabie,




Annual Lake
Evaporation

= Calgary

= 700-750 mm
= Edmonton

= 650-675 mm
= Grande Prairie

= 625-650 mm
= For comparison

purposes:

= Toronto ??7?

= QOttawa 7?7

= London ?7??

Environment

MEAMN ANNUAL
CALCULATED LAKE EVAPORATION
(mm per year)

Derived using Morion's CRLE Evaporation Model,

Geneml esimales for mountain amas (shown in whil)
ang nod vailable due o lack of data




Annual

Runoff Depth
= Calgary
= 5-20 mm Madian Annual Runaff Depth
B Less than 2 mm
= (2 to 5%) it
= Edmonton | Eﬁﬁ
= 20-30 mm '—EEEE
= (51to 7%) . 100 150 mn
= Grande Prairie 250 300
= 50 -100 mm :;‘f';aﬂﬂ"ﬁm
= (12 to 20%)
= For comparison
purposes:
= Toronto ???
= Ottawa 330-420 mm AIbGﬂCI
. London "9 Environment
Fr MEDIAN ANNUAL UNIT RUNOFF

(mm per year)

Dl oG prowited by Praing Fam Refabillaion Adminssinilion ([PFRAL
Basad on FFRA Hydmiogy Repor #1135 (Februany 1904),




Average water-year flow (m?/s)

The Prairies are subject to extreme
variability in water supply ...

FIGURE 3. Historic Drought and Flood Record g

Source: David Sauchyn, University of Regina)
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Streams and Wetlands




Streams and Wetlands M

Southern Alberta has a low drainage density but many wetlands

Wetlands are largely owned by the
crown, and one needs to (a) avoid, (b)
minimize, or (c) compensate forimpacts




Organizational Structure |+ <0 L BRE

e Albertaisserviced by 11 o (e ST oy
Watershed Planningand Advisory S | |
Councils (WPACs) : e

e Theyhavenoreal powerandare
largely a watershed-based
discussion forum with consensus-
based decisions

e Main partiesare the local
jurisdictions and Alberta
Environmentand Sustainable
Resource Development

e Watershed Stewardship Groups
provide community-level action

* Numerous non-profit
organizationsincludingthe

“Alberta Water Council” and the
“ALIDP”
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In practice, this means that we are on I

@ our own with respect to stormwater _
il management [ =
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Who is the ALIDP?

= Non-profit society working in the province of Alberta
= Municipal, industry, academic, and non-profit members

= Focus is urban growth issues that have watershed
Implications
= Some of our members, for example:

Poparia e 'exp -~

1915-2013

@i, AIRDRIE  @ionton ;Z
Council
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Calgary has seen tremendous Urban Growth
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Traditional Stormwater Infrastructure







requiring irrigation infrastructure

Photos top: MPE
Engineering Ltd.

Source: Peel Library, University of Alberta



and large pipes and Iarge storm ponds
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But what did Calgary actually do?

In 1890, the first In the 1920s, In the 1960s, the
underground Calgary started storm and
drainage pipes constructing sanitary waste-
were constructed. separate storm water systems
and sanitary were completely

drainage systems separated

And in the process, we got rid of
sumps in catchbasins too
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and the last couple of decades

1980s sees the
implementation of 1990s and early Now!
the dual-drainage 2000s focus moves Low Impact
principle and ponds to water quality Development
to detain peak flows
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Current Design Targets: Regulatory Requirements

= 85% Total Suspended Solids removal on annual basis for particles
thatare 50 to 75 microns or greater <

= AESRD (Operating Approval) Total Loadings objectives (kg/day)
= TSS <«
= Phosphorus

DISCONNECT

= Reduce sediment loadingto the Bow Riverto or below the 2005
level by 2015 (through stormwater retrofits and LID in greenfield)

= Watershed plans

" |rrigation Districts in Southern Alberta
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Cross Section - Lower Golf Course
Station 3838.72 dow nstream of Beddington outfall
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1.00%
Percentage of Exceedance

(Period: April to October 1982-1987)
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ing
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Nose Creek Targets

 To achieve intermediate and high flow instream objectives, the
current Maximum Allowable Release Rate of 2.6 L/s/ha for the 1:100
year return period should be reduced to 0.99 L/s/ha on West Nose
Creek and to 1.257 L/s/ha on Nose Creek for the period April
through October, based on gross catchment area

Table 8.1. Implementation schedule for reduction in Runoff Volume Control Targets.

Runoff Volume Control Targets //\
Date of Implementation m Jan 2010 Jan 2013 Jan 2017

Nose Creek main stem Target mm (50 mm) 30 mm i6mm /| 11mm
Weslt Nose Creek Targel 90 mm (50 mm) 20 mm 26 mm 17 mm
% Precipitation Volume Capture 75%-85% 85-90% 93-95% 95-97%
% Increase in Channel Width ~ 100-200 % ~100% ~50% 0-25%

Target Impacts on Creeks High / High Moderate \Lcr_w}_é
" The 50 mm Runoff Volume Control Target s apphcable 1o country residential developments and low

density industnal, commercial and institutional developments from 2007 1o Jan 2010

Nose Creek Watershed Water Management Plan (2008)
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Bow Basin WMP

 Bow and Elbow River WMP plans approved by Council in
September 2008.

« Key Recommendations from Phase 1

— All new residential and commercial developments should
Incorporate elements of low impact development beneficial
management practices into the overall design.

— Municipalities need to ensure timely responses when dealing
with approval requests from developers wishing to incorporate
low impact development methodologies.

— Develop effective impervious targets for all new developments
based on the overall goal of trying to achieve pre-development
rates and volumes entering the streams and rivers.

}E‘ CALGARY



Interpretation as part of
Calgary’s Municipal Development Plan

" Figure 5.2 — Core Indicator #12 - Watershed Health
Indicator:

" Long term goal for entire City of Calgary is an
imperviousness of 10% to 20%. Current
imperviousness of the City of Calgary is
approximately 32%.

" |nterpreted as effective imperviousness

" May be interpreted as average annual runoff volume
target of 40 — 90 mm

%‘ CALGARY



Some of the Irrigation Districts have even
stricter targets

Target
Parameter )

Short-Term Policy Long-Term Goal

Limit to 2.0 L/sha from primary Limit to 2.0 L/s/haor less, if
Runoff Rate facilty into WID facility required.

Aim for an achievable average

annual runoff imit of 120 mm. Limit to pre-development levels or
Runoff Volume Decrease in future as 20 mm to 80 mm on annual basis

performance and design

techpi i

Adopt a multi-train treatmen

approach to improve likelihood 0
reducing post-development TP

loads to 0.1 mg/L or less. ThIS ShOUId be
Secondary WID wet pond seen W|th|n the

required to allow further treatment

and storage to facilitate timed 003 mg/D context that our

release, including off-season

release. EM CS are

Vintenance and a fee for any considerably higher

stormwater released with water

Total Phosphorus

qualty not meeting WID

gui .
Total Suspended Solids € 20 to 40 mg/Jon annual basis. C 10 mg/L )
Bacteria Continue monitoring 100 per 100 mL Fecal Coliforms
Salinity Continue monitoring 0.6 mS/cm Electrical Conductivity

Source: http://www.wid.net/library.html
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Other drivers and initiatives

 Regulatory environment

— Western Headworks Canal Direct
Discharge Area (net-zero impact)

* Mandates, policies, and plans
— Stormwater Strategy

— Development & Building Approvals
Sustainability Best Practices Project

— Complete Streets initiative

| = Question: how do LEED
targets fit within our
watershed objectives?




What LID is potentially attractive in Calgary?
Absorbent Landscapmg

Even in Calgary one can
have attractive landscapes:
give it decent topsoiland
some water

Qirdo



What LID is potentially attractive in Calgary?
Rainwater Harvesting

closely worked together in
establishingrainwater
harvesting guidelines.
Here is an applicationina
high-end community in
Calgary
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What LID is potentially attractive in Calgary?
Stormwater Capture and Re-Use

i . —

Our Parks department loves
stormwater capture forirrigation
purposes:a paybacktime of

3 —5 yearson investment



What LID is potentially attractive in Calgary?
Rain Gardens on Private Lots

LY.

Trumpeter at Big Lake, Edmonton




What LID is potentially attractive in Calgary?
Bioretention Areas / Biofilr

i,

iy
|||||||
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What LID is potentially attractive in Calgary?
Suspended Pavement Structures




but what about green roofs?

Green roof systems are possible with the proper selection of
vegetation. The implementation may be limited; however, we
want it done correctly so thatthere won’t be nutrient leaching
challenges




or permeable pavement?

X o e

avement can be donein Calgary
too. However, the conditions need to be right
due to our extensive winter sanding practices

:
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What have we learned?

=S

© i

' ~ " Challengeswith

S s
T

e & multi-disciplinary
approaches

g

Alberta Low Impact Development Partnership




xxxxxx

Interaction needed with Operation & Maintenance
.~ for asset life-cycle management
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Analysis

Construction




What else have we learned?

As challenges suchi

as above are the
direct result of
practices such as
to the right

. We need to do a much better job

on Erosion and Sediment Control




Research Activities

e Stormwater reuse
study

L
Tk om
i
B .

 Permeable pavement

 jum

* Bioretention/
biofiltration

 Green Roof systems E__-";:___f:

* Potential association & |
with Olds Collegeand = = & %
the ALIDP

B omer
Taka? CALGARY
7



e Research consists of combination of installations in the
field as well as laboratory set-ups

e The latter are used to get a better appreciation of
potential long-term performance as function of I/P ratio

H'F::E",. e .
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Structure for Drainage Management in Calgary

 Water Resources: planning, analysis and design; and
customer relations and billing services

e Water Services: construction services; and
Operations and Maintenance

 Submissions by consultants are made to Urban
Development Business Unit, which circulates
drawings to various Business Units
— E-construction drawing submission implemented as of

January 1, 2013 for all new submissions

e Stormwater Reports are directly submitted to Water
Resources. Automated submission and review
process (partially) active as of February 1, 2013

..-‘:P.‘."ﬂ T
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Interaction between submissions

WATER MANAGEMENT PLAMN

AREA STRUCTURE / REDEVELOPMENT PLAN
COMMUNITY PLAN MASTER DRAINAGE PLAN
REGIOMAL CONTEXT STUDY

(=]
=
[
=
E @
= 0
=
LAND USE AND STAGED MASTER W <
OUTLINE PLAN DRAINAGE PLAN z5 ~
L
- = 4
Higher-level targets and o2 4
A assumptions need to be met ESC PRELINTUY PORD CONSTRUCTION DRANINGS gd E
- - L=
H FOND - N = 73]
They are fine-tuned or re- REPORT = ~ EE j
interpreted for subsequent FINAL PORD CONSTRUCTION DRANTAGS < S &
R . ] e
v design or studies i - 2
Lil
~JBDIVISICN STORMWATER =
TENTATIVE PLAN MANAGEMENT REPORT - g
= *
e ey ? 3
[ ]
ESC ESC jl
=
SITE-SPECIFIC STORMWATER DEVELOPMENT SITE ]
DEVELOPMENT PLAN MANAGEMENT REPORT SERVICING PLAN | -
PLANNING TYPE CIRCULATIONS WATER RESOURCES SUPPORTING STUDIES

i R ETS ST AR R

At the higher-level planning levels, one needs to give adequate thought to “if”
and “how” a system can be built, operated and maintained. If we cannot

construct it properly, or protect it during the construction process, something els:
needs to be done!



Potential Comments

438B Master Drainage Plan (LID Developments)
Department Responsible: Urban Development
Stage of Development (File Type): QOutline Plan
Type of Condition or Comment: Prior to Council
A-hydrogeology report is required for Low Impact Developments pnor to land use.
5t. Percolation rates and

hydrogeology report is to be prepared by a qualified hydrogeologi
regional groundwater analysis is required to demonstrate the underiying soil can
odate stnrmwater mﬁftraﬁnn Gnntamnabun of gmundhﬁter Is pmh.-bffed 2

m L
Safety Management}

Commentary:
This condition is intended to supplement the Source Control Practices Handbook (2007).
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Potential Comments

409A Stormwater Easement Registration (LID)

Department Responsible: Urban Development

Staqge of Development (File Type): Tentative Plan

Type of Condition or Comment: Condition of Approval (Concurrent with Registration)
Wording:

asements (Low Impact Development) — Stormwater Easements a '
o protect Low Impact Development features such as Bioswales, Rain Gardens, Rainwater >
sterns, efc. Any required easements and caveats shall be registered on the affected

with the final instrument.

Commentary:
The intent of this comment is so LID measures remain on pnivate property in perpetuity.

a
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However, all of this should be seen within the context
of the following Water Resources Commitments:

e Water Resources will review and approve, as appropriate,
the incorporation of LID facilitiesin new or redeveloped
areas

e Extended guaranteesfor performance will not be sought
beyondthe FAC period nor will the FAC period be extended
for LID facilities

 Internal City issues with LID facilitiesfrom other City business

units should be reviewed jointly with Water Resources and
the developers

Letter from Directors of Water Resources and Water Services to other Business Unit
Directors and cc’d to UDI (Feb 2008)
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On-Line Materials

e Available at the Urban Development website, see

http://www.calgary.ca/PDA/DBA/Pages/Urban-
Development/Publications.aspx:

— 2011 Stormwater Management & Design Manual
— Erosion & Sediment Control Guidelines

e Available at the Water Resources, Development

Approvals webpage, see

http://www.calgary.ca/UEP/Water/Pages/Specifications/Submission
-for-approval-/Development-Approvals-Submissions.aspx:

— Various checklists

— Variousreporttemplates

— Climate database

— Water Balance Spreadsheet

:% CALGARY



Checklists

®

i Project:
e These checklists are

The City of Calgary
Development Approvals, Water Resources

Checklist for « STORMWATER SOURCE CONTROL PRACTICES
BIORETENTION AREAS

preliminaryand

Developer:

subject to change as
detailed guidelines,
etc. are prepared

e We wantthe
designer to also
think of what may go
wrong, and
demonstrate what

has been doneto

preventthis from
happening

ooad

OooOoao

YES MO M

O O O 1 Forench bionetention sres, provide o table summanzing

Lescation

+ Size of bioretenbon area {Le., surface aren of media) plus pre-reatment sysiem, i amy;

L &m-ﬂnmﬂhumu.lw,mumm-ﬂ.

#  Comeaponding |/ P rabo for biomtention area;

a  Sire and type of ofal area draining inlo basredenticn anea;

»  Dasgn saturabed hydraulss condacinily of mesdia;

» Design sadety facior for long-term performance

*  Dedign senphying Gme of icreleniion ared for 1 Rour wals? guality evenl and 24 how, 1100 year
e gioem avent;

= Permissible and actual discharge rae into subsdrain | storm sewer sysiem for 1100 year svent
and typee of fow control, if any:

& Tangel and anScipaied waler gually enhancement provided (with supporting information];

= Thickness and composition of media, induding type of vegetation and rocting depf of vegstaton
whan vegelabon s mature,

* Anficipaied life cupeciancy of he borsienion area based upon desion sssumplons, normal use
ard normial ervironimaninl conditions — provide supporting information or prodes sional
certfication, as requered);

& Madian snrual rundl? woliane convyed 1o Subsrain | B SewsT §yalem andiod madan BNl
spiliover volumes.

. Bupponting Frydrokoges { hydraulic computabions of Te operalion of the bicretention area, ncuding

arfual rurdll volaes, peak inflow ard spdiaver Tows, and annil RpEver voluinés, afe Biovadad.
Thir vhatd for e safurabed hypdnaalc conduectndty of the madia, and the mlraton rabe inle the
saubacds, if any ard supporbed by Sl lesls, and pasmed svapoITRRERraicn rAbeS Arg provided s
wedl

. Confirmatacn Tl e enlne runcll volume generaied by the 1 howr, waler qually design aven] i

traabed by S Diorelenlion &red withou! surfads overfiow, if nd Sscondady Peaiment (in &.0. & slom
pond)) & proveded

. Deseription of failune mecharsm and cormedquences of tailate wilh fespect b kel of service is

ey

For each bioretention area plan view and cross-section detads included on construction drwings
el

] Flat botiom with mindmwm 800 mem width (3000 men predemsd),



____wwl_nter months




Computational Procedures

e Typically, HYMO or SWMM families of models are utilized,
using guidance provided in the 2011 Stormwater
Management & Design Manual

e Water Balance spreadsheet available for LID features and
evaporation facilities. Features of this spreadsheet include:

— Flexibility of re-direction of flows from one type of surface to the other, or to
water reuse tanks, or to storm ponds

— Rainwater harvesting and re-use of accumulated stormwater forirrigation and
other uses

— Replenishment of soil moisture due to irrigation. Tracking of soil moisture
fluctuation over time.

— Improved representation of reduced infiltration during winter months

— Reduction of infiltration capability as a function of clogging over time

— Enhanced statistics and graphical representation of source control practices
and stormwater management

:% CALGARY



Water Content {mmj}

Sample Moisture Levels in a Bioretention area

500.00 -

450.00

400.00 -

350.00 4

|
I
t

300.00 -

250.00

200.00 -

150.00 -

100.00

50,00

.00 - L i L 1 B T i T R . SN i - i . L 1
01/01/1997 02/03/1997 01/05/1997 30/06/1997 29/08/1997 28/10/1997 27/12/1997

Plotting of the moisture
fluctuationswithin
Ny | Bioretention Areas / Biofilters
allows for better
communications between
stormwater and landscape

| professionals

Date



Opportunities to downsize infrastructure

e One candownsize the minor system if it can be demonstrated
that the runoff volume for a 1:5 year event is reduced:

~ '

K VLJD

< >

F

LAJLIELRIJEJ B DARRC onventional :

RV .
" Conventional |

— Truncated to 45 L/s/ha
— Similar number of catchbasins

e The Water Balance Spreadsheetis to be used to analyze the
impact of runoff volume reduction on stormwater
management facilities

e However, if a pond or conveyance system is downsized with
the introduction of LID features, these features MUST be built
as intended!




Future on-line Materials

e Updatesto and expansions of the 2011 Stormwater
Management & Design Manual, checklists and templates

e Sample rainfall-runoff model datafiles
 Frequency Analysis Procedures manual

e LID guidelines, specifications and standards including

sample Operation & Maintenance guidelines

— Geotechnical and Hydrogeological Considerations

— Vegetative and Absorptive Practices: (a) Bioretention/Biofiltration
areas, Bioswales; (b) Absorbent Landscaping; (c) Suspended Pavement
Structures

— Green Roof Systems

— Stormwater Capture and Re-use

— Rainwater Harvesting

— Permeable Pavement Structures

:% CALGARY
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Ongoing challenges and direction

e |nterpretation of setback zones
e Ponds and pipes

— Excessive sedimentationin our conveyance system and ponds

— Poor access to ponds and lack of emergency overland escape
routes

— What does functionality mean from a wetland preservation
perspective?

e Decisions to be made

— Whatis the appropriate split between private and public
drainageinfrastructure investment?

— Do we wantto implement a variablerate drainage fee
structure?

— How much and what kind of LID should be done where?

We are workingon a Drainage Financial Plan

:% CALGARY




Setbacks: Example of Three-Zone System

Challenge: the Municipal Government Act in Alberta only allows
setbacks for access and maintenance. Itignores habitat and
biodiversity.

Property Boundary
Bed and bank Zone | Zone |l Zone || J

v

of the stream
—
// \ Private Land
(Terrestrial) Access A biofiltration swale could
FIIOOSIV\I/a.y Biodiversity | Maintenance | Provide necessary water
Floodplain Water Quality | quality treatment and
Meander- belt Treatment introduce moisture as
(Aquatic) interflow
Biodiversity 4
Using Zones | and Il for water quality treatment
This is how far has drawbacks
the stream e Zones are inherently compromised
could come at * No one ever talks about fate of contaminants
some point in e Treatment concepts are based on sheet flow

the future conditions which do not exist in reality



" Elliston Park (68th Street SE) Pond

| Even though “sediment traps”
‘|demonstrated presence of sediments,

L very little was ultimately found in the

Credit: Stephen Goudey, LIMNOS '5. .',_ N _' \\{_-—*Lrt-'i'_@ﬂ(t eartn '




While this may have a certain artistic “beauty”,
we don’t want to go there ...

We are now also runninginto issues with
algae and odour complaints
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Considerations for improvement:

TR

Better pre-treatment:
e Oil/grit separatorin lieu of forebays

e Qil/grit separators/ catchbasins with sumps
in upper catchment

Better erosion and sediment control

Divide the ponds into smaller, more
manageable cells

Utilization of more sophisticated design
methods

Developers responsible for removal of
sediment in excess of ESC targets

: . g i ’
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Interaction Parks & Water

e Open Space & Green Space Planning for stream
corridor and wetland protection

e Considerations:

— Retention of drainage courses is importantas they also act
as emergency overland escape routes

— Itis IMPOSSIBLE TO AVOID wetland impacts when land is
developed because the watershed and the hydrology of
wetland get altered! However, we can minimize impacts
by:

1. Createastormpond besidethe wetland that feeds
the wetland

2. ImplementLID in the upstream catchmentto control
the runoff rate, volume and water quality into the
wetland
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Interaction Parks & Water

e Stormwater Capture (or rainwater harvesting) with
re-use for irrigation of
— Playfields and sport fields
e to saveon potable waterdemand
— Trees along roadwaysboulevards
 maintainthe urbanforest
— Environmental Reserve

e to make up for moisturelost due to catchmentchanges
e asfire protection

e and, of course, it has benefits in reducing the runoff
rate and volumes, thus reducing impacts on the
downstream receiving water bodies
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Interaction Parks & Water

e Rain Gardens on private property

e Bioretention / biofiltration within roadway
boulevards, MR & ER lands

— Options for runoff rate and water quality control
— Increased biodiversity

 Water people need assistance from Parks people in
selecting appropriate media and vegetation, as well
as doing maintenance activities

— Hot potato being the functionality, ownership of and credit
mechanism for especiallythe MR and ER lands

— There needs to be clear agreement where, when and how
these features can be implemented and how Parks is

reimbursed for its efforts
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 Last message: our
consultants are still
looking for fresh blood!
The “Go West, Young
Man” adagium still
applies in their mind.

e Bert van Duin, M.Sc.,
P.Eng.

— Senior Development
Engineer

— Water Resources,
Infrastructure Planning,
Development Approvals

— (403) 268-6449
bert.vanduin@calgary.ca




