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Presentation Overview

» Project Goals and Objectives

» Overview of Six (6) sites
> Trent Street - Victoria, BC;
> Trumpeter, Edmonton, AB;
> King Street, Kitchener, ON;
> Lakeview, Mississauga, ON;
- Habitation Jean—-Mance, Montreal QC,
> Winston Heights-Mountview, Calgary, AB

» Monitoring Results
» Monitoring Summary
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Project Goals and Objectives

Project Goal

> This study is to result in the research, monitoring and
documentation of six (6) Canadian water sensitive urban
design (also known as Low Impact Development or LID)
pilot projects in residential/mixed use developments.




Project Goals and Objectives

Project Objective
» TO examine:

1. The technical performance of bioretention and
bioswale along streets in regards to:

Water quality;
Water quantity; and
Vegetation health;

2. Capital and Operation and Maintenance costs as well
as cost trade-offs compared to conventional SWM

3. Regulatory and approvals considerations -

examined, compared and summarized.




Monitoring Program

» Performance Monitoring

- Water Quality - 4 season (spring, summer, sinter and fall)
- Total Kjeldahl Nitrogen (TKN);
Total Phosphorous (P);
Heavy metals (Full metal scan with emphasis on Copper, Lead, Zinc, Cadmium);
Total Suspended Solids (TSS);
Oil and Grease (hydrocarbons;
Chlorides; and

pH
- Water Quantity (flow)
> Vegetation Health




Media Testing

Infiltration Rate* 82-116 127-128 80-139 49-134 16-25* 230-249 4-144
i) (Avg. (Avg. (Avg. (Avg. (Avg. (Avg. (Avg.
99mm/hr) 127.5mm/hr) 104mml/hr) 91.5mm/hr) 21.7mm/hr) 236mm/hr) 62mm/hr)
% Sand
7 2 1 2
(2-0.05mm) 69 88 90 9 3 9 5
% Fines
1.8 10 21 77 9 48
(<0.050mm)
SlollReEESTileciifes Sandy Loam  Sandy Loam Sand Loamy Sand Clay Sand Sandy Loam
Compost
ic M
(Organic Matter 103 22.0 0.9 173 7.06 4.02 3.38
by Loss On
Ignition - LOI)
% Material
smaller than (75 354 18 10 1.22 5.53 20.2 n/a
micron)
CEC (meqg/1009) 31.2 34.1 5.52 14.6 29.6 14.6 18.6
7.22 6.78 7.42 5.26 6.60 7.21 7.5




Trent Street, Victoria BC




Trent Street, Victoria BC
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Trent Street, Victoria BC
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Trent Street,
Victoria BC

Heavy Metals

Cadmium

Copper

0.060
0.050
0.040
% 0.030 M Influent M Influent
> 0.020 M Effluent M Effluent
0.010
0.000 -
06/25/2013 06/25/2013
Date Date
Lead Zinc
M Influent M Influent
M Effluent | Effluent

06/25/2013
Date

06/25/2013
Date




Trent Street,
Victoria BC

Nutrients

Nutrients

1.600
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1.200
1.000

i

& 0.800
0.600
0.400
0.200
0.000

B Phos - Incluent
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Trent Street,

. . Chlorid
Victoria BC oriee

Chloride

Chlorides are not removed!
Peak shaving (concentration reduction only)

4.000 - . o
2.000 - L

0.000 :

06/25/2013
Date




Cl- Behavior

2 Phases

Cl-(9)
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Bioretention: Assessing effects of winter salt and aggregate
on plant health, media clogging and effluent quality

Denich. C., et. al., (2014) Water QualityJournal of Canada




Trent Street,
Victoria BC

TSS

TSS

06/25/2013
Date
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Trent Street,
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Trent Street,

Victoria BC
T Viewia |

Removal
Infiltration Rate* 49-134 Efficiency
(mm/hr) (Avg. 91.5mm/hr) Parameter Unit  Influent  Effluent (%)

Cadmium Total

Copper Total

% Sand (2-0.05mm)
Lead Total

% Fines (<0.050mm) Zinc Total

Total Suspended Solids
20l ClassliieElien Lo SR Phosphorus Total mg/L 0.256 0.106 58.6

Nitrogen - Total Kjeldahl
Compost (Organic (TKN) mg/L 1.5 0.7 53.3

Matter by Loss On . Oil and Grease - Mineral mg/L 2 1 50.0
Ignition - LOI)

Chloride mg/L 12.7 6.97 45.1

% Material smaller than
Q (75 micron)

| CEC (meq/100gq) -!l-

pH



Trumpeter, Edmonton AB




Trumpeter, Edmonton AB
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Trumpeter, Edmonton AB

» Multi-phased residential
development

» Constructed Fall ‘09
» Accepts road runoff

» Designed to retain & store
the 1:5 year event

.........




Trumpeter, Edmonton AB

» Water quality and flow monitoring is underway and

will continue through 2014

= Trash Grate -
Proposed surface
runoff sampling
location

Catchbasin 4A -
Proposed control
sampling location

Bioswale #1




Trumpeter,
Edmonton AB

Heavy Metal

Cadmium Avg. Copper Avg.
24% 29%
m Influent H Influent
| Effluent M Effluent
06/25/2013 10/02/2013 06/25/2013 10/02/2013
Date Date
Lead Avg. Zinc Avg.
32% 32%
5
4
.3
?sn ) B Influent B Influent
M Effluent M Effluent
1

06/25/2013 10/02/2013

06/25/2013 10/02/2013
Date




Trumpeter,
Edmonton AB

Nutrients

Nutrients

Avg. P: 43%
Avg. N: 19%

1000 ~

900

800
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100
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o
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Trumpeter,

Edmonton AR Oil & Grease

Oil & Grease

500
450
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350
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—
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Trumpeter,

Edmonton AB 155

TSS Avg. 34%

2500 -
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—
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Trumpeter,

Edmonton AB Chloride

Chloride Avg. -29%
180000
160000
140000
120000
= 100000
‘é" 80000 H Influent
B Effluent

60000

40000

20000

A

06/25/2013 10/02/2013
Date
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Trumpeter,

Edmonton AB
| Emomon |

Re moval
o . 16-25* Efficiency
Infiltration Rate (Avg. Parameter Unit Influent Effluent
(mm/hr)
21.7mm/hr) Cadmium Total ug/L 9-14 5-12
% Sand (2- ’a Copper Total pg/L 2-5 0.5-4
0.05mm) Lead Total ug/L 25-69 13-58
%o [FTIES Zinc Total ug/L 25-69 13-58
(<0.050mm)
Total Suspended Solids mg/L 2230-1590 1830-788
Soil Classification
Phosphorus Total mg/L 210-80 120-80
Compost Nitrogen - Total Kjeldahl
(Organic Matter o6 (TKN) mg/L 940-700 640-660
by Loss On ' Oil and Grease - Mineral mg/L 200-500 200-300
Ignition - LOI)
) Chloride mg/L 3000-3700 5200-17800
% Material
smaller than (75 5.53
micron)
CEC (meqg/100g) 29.6
6.60

T



King Street, Kitchener, ON




King Street, Kitchener, ON




King Street, Kltchener ON

» Constructed in
2009 - City
Centre

» Integrates on-
street parking,
stormwater and
aesthetics

» Numerous cells
distributed
along King St.

» Has unique gate
system -
prevent chloride
introduction




King Street, Kitchener, ON
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Street, Kitchener, ON
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King Street, Kitchener, ON

» Water quality monitoring not possible;

» Flow monitoring is ongoing
> Ultrasonic device and weir installed Nov, 2012

Flow Monitoring

Off-line condition (gates closed)
» November 18, 2012 to June 9, 2013

On-line condition - May 2013
» June 10, 2013 to November 12, 2013

Results normalized/mm rainfall
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King Street, Kitchener, ON

Storm Sewer Flow Rate (I/sec)




King Street, Kitchener, ON

Kitchener - Offline - May 2013
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King Street, Kitchener, ON

Flow Total Rainfall Peak Outflow Avg.
Conditions (mm) L/s/mm L/s/mm
12.954 0.88
Offline 9.398 0.03 0.31
5.08 0.04
17.53 0.03
5.08 0.04
Online 15.748 0.05 0.03
8.128 0.01
24.384 0.02
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Habitation Jeanne-Mance,
Montreal QC
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Habitation Jeanne-Mance, Montreal QC

Stationnements écologigues aux Habitations Jeaanne-Mance pa.s
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Habitation Jeanne-Mance, Montreal QC
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Media: Heavy Metal & Chloride
Accumulation

Upper Media Profile Chemical Characteristics Summary for HIM, Montreal, QC

Parameter Result
Chloride <2 ug/e
Sodium 113 pg/g
Heavy Metals
Arsenic 1 pg/g
Cadmium <0.5 pg/g
Copper 11 pg/g
Lead 6 ug/e
Zinc 33 pg/g
Qil and Grease
Animal/Vegetable 800 pg/g
Mineral 580 pe/g




Habitation Jeanne-Mance, Montreal QC

» Flow monitoring completed
> Pressure transducer and weir installed July, 2012 -

Feb 2013
o 204 events - Maximum event 38.9mm
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Habitation Jeanne-Mance, Montreal QC
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Habitation Jeanne-Mance, Montreal QC
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Habitation Jeanne-Mance, Montreal QC
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Habitation Jeanne-Mance, Montreal QC

0.1

- 0.08

(w) yadagiosuas Ajleg obesaay

N
S e < 9
o o o

o | | |

- 0.06

(o]

o o
o o
1 1

0
e
it

70

o o o o
LN < (28] o~

(wd) uone|nWNIdy Mous

Date

I Snow Accumulation

Flow (mA3/s)




Lakeview, Mississauga ON




Lakewew M|5$|ssauga ON




LAKEVIEW, MISSISSAUGA

» Lakeview District (Mississauga)

- Residential ROW utilizing bioswales and permeable
pavement




LAKEVIEW, MISSISSAUGA
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Lakeview, Mississauga ON

BIO-SWALE UNIT

Wooden Flow Barriers
To Be Installed and
Secured During
Construction
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(If Required)
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Lakeview, Mississauga ON

» Monitoring both pre and post construction by
CV(C;

» Precipitation, flow and water quality;




Event Response: 20 - 78mm

Peak
flow
(cms)
Ditch
(Eastmount) 0.007
Stormsewer
(Northmount) 0.008
Bioswale
(First St.) 0.0001

9 April
7-hr storm,

19.8 mm

Peak flow
(I/s/ha)

3.3

6.6

0.2

Lag to
peak
time

5 hrs

5 hrs

12 hrs

Peak
flow
(cms)

0.008

0.023

0.0004

10 April
10-hrstorm,
25.4 mm

Peak
flow

(I/s/ha)

SH

19.0

1.0

Lag to
peak
time

6.5 hrs

6.5 hrs

6.5 hrs

Peak
flow
(cms)

0.026

0.03

0.0003

Peak flow
(I/s/ha)

12.1

24.8

0.7

Lag to
peak
time

12.5 hrs

12.5 hrs

16.5 hrs

Peak
flow
(cms)

0.397

0.804

0.07

8 July
2-hr storm,
78 mm

Peak
flow

(I/s/ha)

185.5

664.5

170.7

Lag to
peak
time

30 min

40 min

40 min



Event Response: 19-33mm
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Event Response: 78mm

8 July Storm

m Ditch
B Stomsewer

m Bioswale



65 mm 9 -12 April 2013

Two consecutive storms
- 7-hr storm, 19.8 mm (9 April)
- 10-hr storm, 25.4 mm (10 April)
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= 0.005 A\ 140 &
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4/9/2013 4/9/2013 4/9/2013 4/10/2013 4/10/2013 4/10/2013 4/10/2013 4/10/2013 4/11/2013
----- First St. Observed Flow Post LID (cms)

Northmount Storm Sewer (cms)

Eastmount St. Ditch and Culvert (cms)

Precipitation (mm|




Flow Rate (cms)

0.8

8 July 2013 (2 hrs)

/78 mm

0.7

0.6

0.5

10

15

0.4

0.3

20

25

0.2

Precipitation (mm)

0.1

30

35

16:19

16:33 16:48

First St. Post LID (cms)

17:02

17:16 17:31 17:45

Eastmount Ditch and Culvert (cms)

18:00 18:14 18:28

Northmount Storm Sewers (cms)

- 40
18:43

Precipitation (mm)



Water Quality Composite samples (mg/L)
LV1: Stormsewers, LV2: Ditch, 15t Bioswales

: 10June
10 April Influent (mg/I)
_ (20 hr-storm, 33 8 July : g
(10-hrstorm 25.4 mm) mm) (2 hr-storm, 78 mm) (Residential

Land use from

V2 VI Ist Lv2  LVI  Ist Lv2 Lvl st  -iterawre)

Total

Phosphorus 0.6 0.37 0.29 0.28 0.48 0.35 0.36 0.4 0.76 0.50
Total
Suspended 270 160 10 85 59 23 85 170 60 273
Solids

C?Cplf)er 0.027 0.029 0.018 0.014 0.014 0.016 0.013 0.024 0.026  0.015

Zinc(Zn) 0.19 0.188 0.014 0.058 0.065 0.016 0.055 0.113 0.026 0.10




Removal (%)
LV1: Stormsewer, LV2: Ditch, 15t Bioswale

10 April 10 June 8 July fl I
Storm (10-hr storm 25.4 mm) (20 hr-storm, 33 mm) (2 hr-storm, 78 mm)  Influent (mg/l)
(Residential
Land use from
Literature)
Road LV2 LV1 1st LV2 LV1 1st LV2 LV1 1st
Total No 26.0  42.0 44.0 4.0 30.0 28.0 20.0 N 0.50
Phosphorus removal re moval
T°ta'ss:ﬁg:”ded 1.1 41.4 96.3 68.9 78.4 91.6 68.9 37.7 78.0 273
Copper(Cu) __ N° nE - 6.7 6.7 e g | DE NG 0.015
removal removal removal removal removal removal
Zinc (Zn) e e 86.0 42.0 35.0 84.0 45.0 No 74.0 0.10
removal removal removal

.



Winston Heights - Mountview,
Calgary AB

Photo; Courtesy of the City of Calgary




Winston Heights - Mountview,
Calgary AB




Winston Heights - Mountview,
Calgary AB

Photo; Courtesy of the City of Calgary Photo; Courtesy of the City of Calgary

Before After




Winston Heights - Mountview,
Calgary AB

» Constructedin 2011

» City of Calgary initiative -
part of the City’s Broader
SWM Strategy

» The majority of Winston
heights flows to Nose Creek
untreated

» Community Engagement -
Winston Heights Community
Association

» Maintained by the City of
Calgary

Photo; Courtesy of the City of Calgary



Winston Heights - Mountview,
Calgary AB

» Monitoring is ongoing by the City i =
of Calgary: s e
» 2 year program (May- Sept)
» Flow out of the systems;
» Water quality (automated)
» Goal - 10 samples/yr

» TSS, TP, Ammonia-N,
TKN, NO2/NO3, pH,
Anions & cations,
Conductivity and total
metals

» 1/year - pesticides, E.coli,
total coliforms and
dissolved metals

Photo; Courtesy of the City of Calgary



Monitoring Program

» Coordinated Site Inspections;
> Infiltration testing (Guelph P);

> Physical inspection of media profile
(soil coring)

- Media samples;

- Grain size analysis (% weight sands l
(2 to 0.05mm o) @

- % weight fines (<0.050mm o)
- % weight organics

. pH

- Cation Exchange capacity (CEC)




Monitoring Summary

Site Water Quality Water Quantity Infiltration Media Vegetation
(Flow) Testing Composition Assessment
(Lab analysis)
King St N/A Completed Completed Completed Completed
(Kitchener, ON])
Trent 5t (Victoria,
B::E]n (Victoria Underway Underway Completed Completed Completed
Habhitation Completed
Jeanne-Mance N/A (Soil chemical
(Montreal, QC), No systems outflows Completed Completed analysis also Completed
performed)
Trumpeter
(Edmonton, AB) Underway Underway Completed Completed Completed
Lakeview
. Underwa Credit Underwa Credit
Neighborhood ¥ by . ¥ by . Completed Completed Completed
- Valley Conservation Valley Conservation
(Mississauga, ON)
Winston Heights _ _
(Calgary, AB). Underway by City of Underway by City of Completed Completed Completed

Calgary

Calgary




Project Deliverables

Deliverables

> Monitoring Results;

- Capital vs. long-tern cost comparisons;
- Regulatory approvals considerations;

> Six case studies; and

- Research report and highlights document.

Expected completion date - Summer 2014




QUESTIONS ?

Chris Denich. Msc., P.Eng
denich.c@aquaforbeech.com

Aquafor Beeﬁg @

Kingston - 920 Princess Street Ph: 613-542-1312
Guelph - 55 Regal Road Ph: 519-224-3744
Mississauga - 2600 Skymark Ave Ph: 905-629-0099
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