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= Background: Vegetated Roof Assemblies

Extensive Green Roofs:

——— Vegetation

< Planting Medium

*———— Geotextile filter

¥~ Drainage/retention layer

v
. Waterproof roof
membrane

Research Aim: Evaluates the hydrologic performance of various vegetated roof
assemblies (VRAs) that use ultra-lightweight and soilless retention/detention
materials over the course of the growing season under the natural rainfall
conditions to see which is most suited for the Toronto, Ontario climate.




] Project Objectives

Retention (%)

Peak Flow
Attenuation (%)
Discharge Duration
Discharge Delay

1. Quantify the stormwater
benefits of ultra-lightweight
mat and soilless
retention/detention
materials for extensive
green roofs.

2. Develop runoff
coefficients and curve
numbers for ultra-
lightweight green roof
and hybrid green-blue
roof systems in
Toronto, Ontario.
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=t Methods: Site Setup

Location: Green Roof Innovation Testing Laboratory

RN W

#1 (GRITLab1)

Y ilacy)

g

Layer Material Depth [mm]
-] Stone %" Stone 50
Vegetation Sedum Mat 30
= Growing Media | Extensive-Mix 130
;ﬂl Drainage Fabric+Plastic 11.43
- Drain/Retain Plastic 38.1
Vegetation Sedum Mat 30
Retention Fleece 8.5
Retention Fleece 8.5
Drainage Fabric+Plastic 11.43
Drain/Retain Plastic 38.1
Vegetation Sedum Mat 30
Retention Mineral Wool 26
Drainage Fabric+Plastic 11.43
Drain/Retain Plastic 38.1
Vegetation Sedum Mat 30
Growing Media | Extensive-Mix 75
Retention Mineral Wool 26
Drainage Fabric+Plastic 11.43
Drain/Retain Plastic 38.1
Vegetation Sedum Mat 30
Growing Media | Extensive-Mix 75
Retention Mineral Wool 26
Storage Honeycomb 25
| Detention Polyester Fabric 5
Drainage Fabric+Plastic 11.43
Drain/Retain Plastic 38.1




=t Methods: Data Collection

 Weather station records 5-min intervals of
air temperature (°C) and rainfall (mm) via
Campbell Scientific datalogger

» Additional QA/QC with rain gauge at GL2

(260m Nw) and ECCC ‘Toronto City’ Station
(950m N)

* Frequency of tips recorded at 5-min
intervals via HOBOware loggers

* Tipping bucket with 6.28 mL tip capacity




=t Methods: Data Analysis Rain Event Creation

e Start: >1 tip (0.2mm) recorded
* Minimum parameter: discharge

5000 0
1500 U\_\JL/\\/\ s event2 . from grey bed
\ \ (Large) ~~ <+ End: when >1 hr between tips
4000 | 1
— 3500 | 1.5
)
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00 L .
© 2200 *> = Event-Based Analysis
@ 2000 32 Parameters
2 1500 35 e Rainfall depth (mm)
1000 4 e Peak rainfall (mm/min) (L/min)
e Total rainfall volume ()
500 4.5 .
0 : * Bed discharge volume (L)
2 2 20 20 20 2 20 * Peak bed discharge (L/min)
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/ 7/ 7/ 07/ 07/ 07/ 07/
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=t Methods: Data Analysis

Volume of Water

Retention (%)

tp I tcr  Time

< » a»
» Y < »

DDeIay Duration

* Significance Testing using Tukey
HSD provided by R-coding software

_ Rainfall (L) — Testbed Discharge (L)
N Rainfall (L)

Curve Number (NRCS)

(P — 0.25)2 oy 25400
j— - J—
(P + 0.85) 254 + S

Runoff Coefficient Q = discharge depth (mm)

C. . = ) Q/ P = precipitation depth (mm)
vol 2P S = storage (mm)

Detention

e Peak Flow Reduction (%)
 Discharge Delay (min)

e Discharge Duration (min)
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 Study Period: July-Nov. 2022
e Total No. Events: 17 events
e Cumulative Rainfall: 220mm

Discharge Frequency

1000
* Fleece = 44%
 MWWGM =41% = 100
e GRC =35% £ 10
=
* CRD = 35% >
* MWwoGM = 26% % 1
= 01
0.01

£-| Results: Weather Conditions

Event Range Avg Size
Class (mm) | Frequency (mm)
A Small 0.2-4.8 5 3.2
B Medium 5-20 9 10.4
€ Llarge >20 3 36.6
N ‘
——2-Year ‘
——5-Year A l ¢
10-Year A My B M *
25-Year N
——50-Year
A
——100-Year
¢ Rainfall
10 100 1000 10000

Duration (minutes) 11



-] Results: Retention

Rainfall ranged from 2.0 — 50.8 mm
* Grey = 48%
* Fleece = 92% 7 without Mineral Wool
* GRC =94% (*fp<0.1)
* MWwoGM = 95%
e MWWGM = 95% with Mineral Wool
(*p < 0.05)
* CRD =95%

* VRA completely retain small events and
majority of medium events
* Large events is where difference is seen

Discharge (mm)

100%
__90%
S 80%
S 70%
T 60%
[
3 50%
< 40%
§30%
> 20%
< 10%
0%

A AB AB BC BC BC
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Small (n=5)
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A
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C
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Medium (n=9) Large (n=3)

m Grey m GRC = Fleece ®" MWwoGM m MWwGM m CRD
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=) Results: Detention

E 0.6
Rainfall peak flow ranged from 3 i ' '
0.15 - 5.95 L/min 5 o ‘
Rainfall Peak Reduction (%) E e
Bed PF Avg | PFR Avg | PFR Range | Sig Level 0.0
Grey 0.28 71 17-99
GRC 0.13 95 58-100 A A
Fleece | 009 | 95 61100 | p<0l  g'owe T as A
MWwoGM | 0.07 96 84-100 z o . :
MWwGM | 0.05 98 84-100 | p<0.05 % oy é
CRD 0.05 98 82-100 % o
* VRA completely reduced small events = 10%
and majority of medium events E " gnall=5)  Medium (=) Large (n=3)

* Large events is where difference is seen = Grey mGRC mFleece = MWwoGM = MWWGM & CRD
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£-] Results: Detention

Event 11 (Large)

—Grey Control
—Green Control
—Fleece

MWwoGM
—MWwGM
—CRD

Discharge (mL)

(00]

(wuw) |jejurey

=
o

12

14

Discharge Delay (hours)

e« GRC=24

* Fleece =5.7

* MWwoGM = 8.7
* MWwWGM =6.5
CRD=9.6

Discharge Duration (hours)

GRC=12.4
Fleece =11.8
MWwoGM = 10.3
MWwGM = 8.8
CRD =14.7
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E Results: Curve Number and Runoff Coefficient

Curve Number

Event Breakdown Grey Green Fleece MWwoGM | MWwGM CRD
n Discharge Events | _ 17 _ _ 6 8 l__5__|l__7__1__6__
Prﬁclz: uljcliicgh:\l;iits :! 96 84 87 i 81 7 82
Small(n=5) | 98 | o4 ND ND ND ND
Medium (n =9) 96 77 87 93 83 90
Large (n = 3) 93 86 86 75 69 74
m Runoff Coefficient,C,,
: 1 l
Prﬁgu[?:';cghz\r/geits i 05 | 02 0.2 02 ! o1 0.1
small(n=5) | 02 | 0.04 ND N> | ND | ND |
Medium (n = 9) 0.6 0.1 0.1 0.2 0.1 0.1
Large (n = 3) 0.6 0.3 0.3 0.2 0.1 0.1

* ND = no discharge
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Conclusion

GRC Fleece MWwoGM | MWwGM CRD
Retention 2 3 1 1 1
Peak Flow Reduction 3 3 2 1 1
Discharge Delay 5 4 2 3 1
Discharge Duration 2 3 4 5 1
Curve Number 2 2 1 1 1
Runoff Coefficient 2 2 2 1 1
‘18 7 ', 12 12 6

Due to the additional reservoir detention layer, the CRD system
hydrologically performed the best with one of the greatest retention
levels and the greatest discharge delay and peak flow reduction.



Conclusion

GRC Fleece MWwoGM MWwGM CRD
Cost 1 2 2 3 4
Installation 1 1 1 2 4
Maintenance 1 1 2 2 2
Life Cycle 1 2 2 2 3
Building Load Stress 3 1 1 2 3
77 8 11, 16 1
L e — — < — = - r

The VRAs with manufactured retention/detention layers preformed
better than the natural system hydrologically, but raise the concern of
cost, labor, durability and imbedded pollutants.

As a designer, product selection is critical.
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- | Future Steps

Data will be collected over the winter
period and another growing season to
identify their seasonal performance

Bare roof membrane testbed.
New manufactured retention/detention
mats to be tested.

18



Acknowledgements:

Thank you to all the members of Professor Jennifer Drake’s research
group that aided with the bed construction, data collection and
analysis.

Virinder Sidhu, Wenxi Liao, Jad Saade, Hafsa Momin

=
=
< =

f
sempergreen’ . Z I\Iext I_eve[ -

NSERC
CRSNG




Giuliana Frizzi
E.IT., LEED GA

giuliana.frizzi@mail.utoronto.ca
(973)856-9017

&

¥

Starmwater 2023
Te Roopu Wai Awhatanga

UNIVERSITY OF TORONTO Water A\\

@ FACULTY or APPLIED SCIENCE*"ENGINEERING b —
NEW'ZERLAND T
The New ZealandWateM& Wastes Assoeiation Waioks Ac

otearoa

3



mailto:giuliana.frizzi@mail.utoronto.ca

References

Abualfaraj, N., Cataldo, J., Elborolosy, Y., Fagan, D., Woerdeman, S., Carson, T. & Montalto, F.A. (2018) Monitoring and Modeling the Long-Term Rainfall-Runoff Response of the Jacob K. Javits Center Green
Roof. Water, Vol. 10. Retrieved from https://doi.org/10.3390/w10111494

Arkar, C., Domjan, S., Majkovi¢, D., Sumi, J. & Medved, S. (2019). Hydrological and thermal
response of green roofs in different climatic conditions. Sustainable Environment Conference. Retrieved from https://doi.org/10.1088/1755-1315/323/1/012063

Berndtsson, J. C. (2010) Green roof performance towards management of runoff water quantity and quality: A review. Ecological Engineering, Vol. 36, pp. 351-60. Retrieved from
https://doi.org/10.1016/j.ecoleng.2009.12.014

Carson, T.B., Marasco, D.E., Culligan, P.J. & McGillis, W.R. (2013). Hydrological performance of extensive green roofs in New York City: observations and multi-year modeling of three full-scale systems.
Environmental Research Letters, Vol. 8. Retrieved from https://doi.org/10.1088/1748-9326/8/2/024036

Credit Valley Conservation and Toronto and Region Conservation Authority. (2010). Low Impact Development Stormwater Management Planning and Design Guide. Toronto. Retrieved from
https://cvc.ca/wp-content/uploads/2014/04/LID-SWM-Guide-v1.0_2010_1_no-appendices.pdf

FLL. (2018). Green Roof Guidelines: Guidelines for the Planning, Construction and Maintenance of Green Roofs. [PDF]
Government of Canada. (2022). Daily Climate Data. Retrieved from https://climate-change.canada.ca/climate-data/#/daily-climate-data

Hakimdavar, R., Culligan, P.J., Finazzi, M., Barontini, S., & Ranzi, R. (2014). Scale dynamics of extensive green roofs: Quantifying the effect of drainage area and rainfall characteristics on observed and
modeled green roof hydrologic performance. Ecological Engineering, Vol. 73, pp. 494-508. Retrieved from https://doi.org/10.1016/j.ecoleng.2014.09.080

Hill, J., Drake, J., Sleep, B. & Margolis, L. (2017). Influences of Four Extensive Green Roof Design Variables on Stormwater Hydrology. American Society of Civil Engineers. Retrieved from
https://doi.org/10.1061/(ASCE)HE.1943-5584.0001534

Kostadinovic, D., Jovanovic, M., Bakic, V., Stepanic, N. & Todorovic, M. (2022). Experimental investigation of summer thermal performance of the green roof system with mineral wool substrate. Building and
Environment, Vol. 217. Retrieved from https://doi.org/10.1016/j.buildenv.2022.109061

Li, Y. & Babcock, R. (2014). Green roof hydrology performance and modeling: A review. Water Sci. Technol. 2014, 69, 727-738. Retrieved from https://doi.org/10.2166/wst.2013.770

Montalto, F., Behr, C., Alfredo, K., Wolf, M., Arye, M. & Walsh, M. (2007) Rapid assessment of the cost-effectiveness of low impact development for CSO control. Landscape Urban Planning, Vol. 82, pp. 117-
31. Retrieved from https://doi.org/10.1016/j.landurbplan.2007.02.004

R Core Team (2021). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/

Rowe, D.B. & Getter, K.L. (2022). Improving Stormwater Retention on Green Roofs. Journal of Living Architecture: A Green Roofs for Healthy Cities Publication, Vol. 9, No. 1, pp. 20-36. Retrieved from
https://doi.org/10.46534/jliv.2022.09.02.002

US EPA. (2002). Urban Stormwater BMP Performance Monitoring: A Guidance Manual for Meeting the National Stormwater BMP Database Requirements. Retrieved from
https://www3.epa.gov/npdes/pubs/montcomplete.pdf

Vacek, P., Struhala, K. & Matejka, L. (2017). Life-cycle study on semi intensive green roofs. Journal of Cleaner Production, Vol. 154, pp. 203-213. Retrieved from https://doi.org/10.1016/].jclepro.2017.03.188

21



	Slide 1: HYDROLOGIC IMPACTS OF RETENTION LAYERS WITHIN EXTENSIVE VEGETATED ROOF ASSEMBLIES
	Slide 2: Outline
	Slide 3: Background: Urbanization and GI
	Slide 4: Background: Vegetated Roof Assemblies
	Slide 5: Project Objectives
	Slide 6: Methods: Site Location
	Slide 7: Methods: Site Setup
	Slide 8: Methods: Data Collection
	Slide 9: Methods: Data Analysis
	Slide 10: Methods: Data Analysis
	Slide 11: Results: Weather Conditions
	Slide 12: Results: Retention
	Slide 13: Results: Detention
	Slide 14: Results: Detention
	Slide 15: Results: Curve Number and Runoff Coefficient
	Slide 16: Conclusion
	Slide 17: Conclusion
	Slide 18: Future Steps
	Slide 19: Acknowledgements:
	Slide 20: Giuliana Frizzi E.I.T., LEED GA
	Slide 21: References

