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Etobicoke Exfiltration System
Water Balance Modelling

Introduction

Why did we use the Etobicoke Exfiltration System?
What modelling did we do?

Any obstacles we had to overcome?

What was the process for the approvals side?
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Etobicoke Exdiltration System |
Water Balance Modelling
Where is Barrhaven South? ‘ | {\

‘Ottawa Urban Boundary

Barrhaven South Expansion

» 121 ha expansion to the Urban Boundary
» Proposed 1200 residential units
* 14 ha of commercial, schools and parks
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Etobicoke Exfiltration System

Where is Barrhaven South? 5 | {\
| o

to Jock River

Aggregate
Extraction

R

to Rideau River

to Mud Creek
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Etobicoke Exdiltration System
Water Balance Modelling

Where is Barrhaven South?

I 3 ( e
j | \ !
i 1 ) L | |I
\ i i )
' N\ ’f | 1 |

 Large underground esker present
» Important to maintain water balance
* Infiltration measures required on site
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Etobicoke Exfiltration System
Water Balance Modelling

Water Balance Modelling - Inputs

.= Soll Infiltration Parameters identified by
Geotechnical Engineer -

| - Low
l 49 .9 mm/hr
V ‘j_" Medium |
| 51.6 mm/hr
> High
71 1 mm/hr

= Conversion from field measured hydraulic
conductlwty to Percolatlon Rate

www.jlrichards.ca



Etobicoke Exfiltration System
Water Balance Modelling

Modelling Processes

Precipitation —

— Initial Abstraction

l

Snowmelt —

Surface Runoff
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l

LD Controls

4

> Evaporation

— Infiltration

|

Groundwater

— Evapotranspiration

A

To the Esker
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Etobicoke Exfiltration System
Water Balance Modelling

Water Balance Modelling - Inputs

= Four Groundwater Aquifers to | e e i
. Aquifers: :
represent the four hydrologic et T
soil groups —A, B, Cand D [ SweeBosoni 1% )
= Values sourced from SPAW || om0 coenen s
B2 Exponent 1
= Two snow pack components A3 Coeficent 0 o | pov
Suface Water Depth m) 0.5 ::2
were created Threshold Water Table Elev -39 ¥
Bottom Elevation (m) -99 005
Intial Elevation (m) 95.5 0.00
= Groundwater components o ey B o
Lateral Flow Equation
added to each subcatchment e
Infiltration: Horton
o o Max. Infil. Rate (mm/hr) 20.64 P
Min. Infil. Rate (mm/hr) 24

Drying Time (days) 7

Decay Constant (1/hr) 414
Add ' Max. Volume (mm) 0 ancel
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Etobicoke Exfiltration System
Water Balance Modelling

Water Balance Modelling - Inputs
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Etobicoke Exfiltration System
Water Balance Modelling

Water Balance Modelling - Results

I E R R R R R R R R RN R RN R RN RN R R volum Depth
Runoff Qua System
AAAAANAARAR 00—
Initial Sn 44
Total Precg
Evaporatic s 20
Infiltrati ¢ 30
Surface Ru
Snow Remov 200
Final Snow
Final Stor g 150
Continuity § 100 A M /A

E

i 50—

, MA MJ'LMMLHJIH MMJ«A.A _mﬂﬂmfﬂj&ﬂ{ Mo
AAAAAARAAR
Groundwate 20 —
aunannung 15 |
Initial St 4o |
Infiltrati & 5|
Upper Zone ol
Lower Zone
Deep Perco 34
Groundwate .
Final Stor & 7
Continuity = 1-
0 H 1 |

AAAANAARAR
Flow Routi %%
AANKAAANNA § 002
Dry Weathe § ., |
Wet Weathe :
Groundwate 0
RDII Inflo 5
External I 5 44
External Q£ 3
Flooding L # 2+
Evaporatic £ 14
Exfiltrati 0-
Initial St 1960 1970 1980 1990
Final Stor Date/Time
Continuity Error (%) ..... 0.000
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Etobicoke Exfiltration System
Water Balance Modelling

Infiltration / LID Options

Pervious Catch- Basin

Catch-basin I

A S A S S LSS AL

200 mm Perforated pipe

200 mm Storm Sewer

| Standard Goss Trap

]IMin. 300 mm |

=8 P, - A |

[ 150 mm sand filter ]\ \\/

Non-woven filter cloth

| Min. 1000 mm |

| 50 mm clear stone |

‘wEﬂEEI{iAGED jlrichard
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Etobicoke Exfiltration System
Water Balance Modelling

Infiltration / LID Options

Outcome of discussions with the City:

= Should achieve distributed infiltration across the three
subwatersheds

= Should be accessible to the City at all times — not through
private property

= Not dependent on private maintenance
= Not infiltrate salt runoff

= Etobicoke EXxfiltration System
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Etobicoke Exfiltration System
Water Balance Modelling

Etobicoke Exfiltration System 101

CATCHBASIN CATCHBASIN

............................................................. XXX,
................. :’:’:’:’:’
Jatetatete!
................... Patetetes
......... ’-%-%-%
G
............... s
............. s
S
....... Netetete
.............. R
....... R
LS
S
ROAD GRANULAR BASE aletetetete
LSS
LSS
—— NATIVE MATERIAL LSS
........ MANHOLE K&K
N INITIAL BACKFILL MATERIAlbw.m y
- Va8l TRADITIONAL STORM P \EEEC : e T
B l L _ L~ SEWER (SIZE VARIES) bty 3::
: COMPACTED ¢:¢:
600mm MIN. FILTER GRANULAR ‘A &
CLOTH OVERLAR / GEOTEXTILE FILTER &5
CLOTH 270R OR o3
&

4

APPROVED EQUIVALENT

300mm@ SDR-35 PVC
PERFORATED PIPE

4-16mm PERFORATION WRAPPED 0.10m
WITH GEOTEXTILE SLEEVE 270R 0.30m
OR APPROVED EQUIVALENT g i
s . I T ], 4 i SO i 0'40m
somm WASED. — |NDTEZ NOTE 2
CLEAR STONE

PIPE DIAMETER
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Etobicoke Exfiltration System

Water Balance Modell

ing

Etobicoke Exfiltration System 101
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Etobicoke Exfiltration System
Water Balance Modelling

Applying EES to the development

The Master Servicing Study outlined servicing for
the development

= Only use EES in local road catchments

= Size EES to capture 22mm rainfall event

= Commercial and Schools to infiltrate up to 22mm event

Additional benefits of EES

» Satisfies MOE water quality volume requirements
= Reduction in downstream quantity controls

= However — no reduction in sewer sizes
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Etobicoke Exfiltration System
Water Balance Modelling

Modelling EES - How?

= Hydrologic or Hydraulic?
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Etobicoke Exfiltration System
Water Balance Modelling

Modelling EES - How?

Precipitation —

— Initial Abstraction — =

Snowmelt —

l

Surface Runoff

—
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Evaporation

Infiltration

|

Groundwater

Channel, Pipe and

— Evapotranspiration

Storage Routing

To the Esker

—— Seepage
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Etobicoke Exfiltration System
Water Balance Modelling

Modelling EES - How?

= Hydrologic or Hydraulic?

= Applied Seepage Rate to storage nodes

= Constant Seepage Rate
= Factor of Safety Applied

.
LA

Swrage Cunves W=_118

71 ‘Lhm/ﬁ?* 28.4 mm/hr

51.6:mm/hrs 20.6 mm/hr
49.9:;mm/hAr: - 19.9 mm/hr

L2
WAL N2
WA ey W

=~ e -

ey Aanyte thvape ML 1NE Cavre
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Storage: MH_318

Name
X-LCoordinate
Y-Loordinate
Descrioti

Tag

Inflows
Treatment
Invert Blev. (m)
Rim Elev. (m)

Depth (m) fx

Initial Depth (m)
Surcharge Depth (m)
Ponded Area (m3
Evap. Factor fraction)
Storage Curve
Curve Name
Inflows

Seepage

Suction Head (mm)
Conductivity (mm/hr)
Initial Deficit

~ -

MH_318
364867.998
5010929.863

EES_Manhole
99.042

105.3
6.258

TABULAR

MH_318

0
20.64
0

www.jlrichards.ca



Etobicoke Exfiltration System
Water Balance Modelling

Modelling EES - How?
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Etobicoke Exfiltration System
Water Balance Modelling

Modelling EES - Results

AAAAAALNANARNAAA AR AR AN A

Runoff Quantity Continuity
AAAAAA AN A A AN A AN A AR AR

Volume Depth
hectare-m mm

RIS LAY T

R I Y T T T O e o e o 0.000 0.000
Continuity Error (%) ..... -0.198

Parameter __Pre | Post

Evapotranspiration  60% 21%
Infiltration 40% 22%
Surface Runoff 0% 29%
Precipitation 100%  100%

2BEST
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AAAAAAANAN AR A AR AR A A Volume Depth
Groundwater Continuity hectare-m mm
AAXRXRRRRRAKARARARARARRARARAR mcmececeeeme 2 —scoceee
Initial STOrage ....scaase 431.528 5723.318
 Infiltration 155 646 10022 064
Upper Zone ET ..c.cesssnmse 3159.550 4238.162
PEEL. st T AL L O T e L) U000
Deep Percolation ......... 57.067 756.877
Groundwater Flow ......... 374.887 4972.09¢6
Final Storage .....cescess 435.653 5778.031
Continuity Error (%) ..... 0.001
ARANAAAARAAANAAAAANAAAAAAALR Volume Volu_'m,e
Flow Routing Continuity hectare-m 10~¢ 1ltr
REREREEXEEEEEREEEAREEEEEREREEREER 3 —macmecaoaa’ cossasemesaassss
Dry Weather Inflow ....... 0.000 0.000
Wet Weather Inflow ....... 965.292 9653.021
Groundwater Inflow ....... 374.88¢6 3748.903
RDEI InE oW . e s anananen 0.000 0.000
External Inflow .c.ccscsse 0.000 0.000
External OUtflow .c.ssenes 901.452 9014.¢615
Flooding LOSS ..cceceanasns 0.000 0.000
i 0 _0an 0. _oan
........ 441.475 4414.793
- U. ooy U.00u0
...... 0.000 0.000
..... -0.205

www.jlrichards.ca
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Etobicoke Exfiltration System
Water Balance Modelling

Operations and Maintenance

tad

:

Buy-in from the City’s operations staff
Spoke to TRCA and MOECC (now MOECP)

CATCHBASIN CATCHBASIN

.............

i

ST L L (D PR LR SLE (D ER PR LR LENA VLR RS
MAN H o L E STO RM S EWE R '.o'.o'.o'.o'.o'.o'.o'.o'.o'.o'.o'.o'.o'.o'.o'.o'.o'.o'.o'.o'..o'..o'..o'..o'..o'..o'.. '.-'..-'..-

MANHOLE

P T e e N A R T R T I

A e S T S g E g R R g R g g B g g g P P P T T AT T
- T T : SR

.........

MANHOLE
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Etobicoke Exfiltration System
Water Balance Modelling

Operations and Maintenance

;’g PM Water Level Drawdown Rate in 1998 ;

Queen Mary Water Level Drawdown

and 2013 (MH 72) Before and After Maintenance
500
;::?:n SRR \ Storm + Average water
400 (=pmmmmmsssssssssss E—— level drawdown
_ £ 380 Septomber 6, 1998 _ invert rate roughly
- Sill £a00 doubled after
infiltrating 3 maintenance
well after 14 ~ §250 July 7, 2013
years $200
2 150
100
g0 Juad _ Perforated
pipe invert 0
0 0 20 40 80 80 100
0 20 40 60 80 100 Time from end of rain (minutes)
Time after peak (minutes)

Tim Van Seters, Etobicoke EXxfiltration System, Ryerson University July 24, 2015
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Etobicoke Exfiltration System
Water Balance Modelling

Construction
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Etobicoke Exfiltration System
Water Balance Modelling

Next Steps

Monitoring of system
* Three flow monitoring locations for three years

Expansion to next phases within the urban
expansion area

FE"IEELAGED .I . h d
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T | Thank you

B\ | asbidbtbidd ababbdds
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PRairatL

IHHIII.IHIHHIHIHH Contact Information:

g - Bobby Pettigrew P.Eng.
Senior Water Resources Engineer
613-728-3571
bpettigrew@)jlrichards.ca
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Water Balance Modelling

Where is Parrhaven Squth? ahe - /\

Ottawa Urban Boundary

",

<

S\
. Barrhaven South Expansion
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Etobicoke Exfiltration System
Water Balance Modelling

Construction

Where there are multiple connections the perforated
pipes had to be squeezed up with Y connections to
fit into the manhole

Contractor had concerns laying pipe on the clear
stone and so Granular A was added to the top of the
layer of clearstone

www.jlrichards.ca



Etobicoke Exfiltration System

Water Balance Modelling

Modelling EES - Results

AAAAAAAA A AN AN AR AR Volume Depth
Runoff Quantity Continuity hectare-m mm
KAKRXRARKRARXRRRARRRAREARARRRARRNRRR  <ccccccees == ccccces
i £ ver 0. 000 0000
Total Precipitation ...... 1962.321 26026.100
ﬁ! ......... 215.039 2891.83¢2
Infiltration L1OSS ...scess 755.¢64¢6 10022.064
Sarface Bunoff ...vcceessn 965.292 12802.588
SnoW Removed cisinsnsananns 27.221 361.025
Final Snow Cover ......... 0.000 0.000
R I Y T T T O e o e o 0.000 0.000
Continuity Error (%) ..... -0.198

Parameter _Pre | Post

Evapotranspiration
Infiltration

Surface Runoff
Precipitation

2BEST
‘%MANAGED
COMPANIES

60%
40%
0%
100%

100%

AAAAEAARNAAAAAANANALA A AR N LA

Groundwater Continuity

AAAAAAANAAANAANAAN A AR AN A AR
IREC I SLOrAgE o e aas
IRELLErALION o5 o v anssnmas
Upper Zone ET ..c.cesssnmse
Lower Zone ET ...cceevcnes
Deep Percolation .........
Groundwater Flow .........
Final SLOTAgE o iraancennae
Continuity Error (%) .....

AAXARANNAAAAAAAAANAARAAAALD

Flow Routing Continuity

ARAAAAAARAAAANANAAAAARANAAAARA
Dry Weather Inflow .......
Wet Weather Inflow .......
Groundwater Inflow .......
RDET InfIoW . oaccannsansan
External Inflow ..........
External Outflow ....ccess
Flooding LoSS ...cccceueee
Evaporation Loss .........
Exfiltration Loss ........
Initial Stored Volume ....
Final Stored Volume ......
Continuity Error (%) .....

Volume
hectare-m
431.528
755.¢64¢6
319.550
0.000
57.067
374.887
435.653
0.001

Volume
hectare-m
0.000
965.292
374.88¢6
0.000
0.000
901.452
0.000
0.000
441.475
0.000
0.000
-0.205

www.jlrichards.ca

5723.318
10022.0¢4
4238.162
0.000
75€.877
4972.09¢
5778.031

Volume
1046 1ltr
0.000
9653.021
3748.903
0.000
0.000
9014.¢€15
0.000
0.000
4414.793
0.000
0.000




Etobicoke Exfiltration System

Water Balance Modelling

Modelling EES - Results

AAAAAAAA A AN AN AR AR Volume Depth
Runoff Quantity Continuity hectare-m mm
KAKRXRARKRARXRRRARRRAREARARRRARRNRRR  <ccccccees == ccccces
Initial Snow Cover ....... 0.000 0.000

|Evaporation LOSS secvennsee 218.039 2891.832

-------- FUJ-C‘O AVVLL VO

Sarface Bunoff ...vcceessn 965.292 12802.588
SnoW Removed cisinsnsananns 27.221 361.025
Final Snow Cover ......... 0.000 0.000
R I Y T T T O e o e o 0.000 0.000
Continuity Error (%) ..... -0.198

Parameter _Pre | Post

Evapotranspiration
Infiltration

Surface Runoff
Precipitation

2BEST
‘%MANAGED
COMPANIES

60%
40%
0%
100%

1%

100%

AAAAEAARNAAAAAANANALA A AR N LA

Groundwater Continuity

AAAAAAANAAANAANAAN A AR AN A AR
IREC I SLOrAgE o e aas
IRELLErALION o5 o v anssnmas
Upper Zone ET ..c.cesssnmse
Lower Zone ET ...cceevcnes
Deep Percolation .........
Groundwater Flow .........
Final SLOTAgE o iraancennae
Continuity Error (%) .....

AAXARANNAAAAAAAAANAARAAAALD

Flow Routing Continuity

ARAAAAAARAAAANANAAAAARANAAAARA
Dry Weather Inflow .......
Wet Weather Inflow .......
Groundwater Inflow .......
RDET InfIoW . oaccannsansan
External Inflow ..........
External Outflow ....ccess
Flooding LoSS ...cccceueee
Evaporation Loss .........
Exfiltration Loss ........
Initial Stored Volume ....
Final Stored Volume ......
Continuity Error (%) .....

Volume
hectare-m
431.528
755.¢64¢6
319.550
0.000
57.067
374.887
435.653
0.001

Volume
hectare-m
0.000
965.292
374.88¢6
0.000
0.000
901.452
0.000
0.000
441.475
0.000
0.000
-0.205
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5723.318
10022.0¢4
4238.162
0.000
75€.877
4972.09¢
5778.031

Volume
1046 1ltr
0.000
9653.021
3748.903
0.000
0.000
9014.¢€15
0.000
0.000
4414.793
0.000
0.000




Etobicoke Exfiltration System
Water Balance Modelling

Modelling EES - Results

AAAAAAAA A AN AN AR AR Volume Depth
Runoff Quantity Continuity hectare-m mm
KAAAAAARNANARRNRARAARAANARARNRARY mmccmeememe 2 —ecoeee-
Initial Snow Cover ....... 0.000 0.000
Total Precipitation ...... 1962.321 26026.100
3 218 N4 =
Infiltration LoSS ...cecee 755.¢c4¢ 10022.0¢64 }-"
3 ST L s s TZ802.35¢0

Snow Removed .....cocvenese 27.221 361.025
Final Snow Cover ....cecee 0.000 0.000
R I Y T T T O e o e o 0.000 0.000
Continuity Error (%) ..... -0.198

Parameter __Pre | Post

Evapotranspiration  60% 7%
40% 22%
0%
100%

Infiltration
Surface Runoff

Precipitation 100%

2BEST
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AAAARAAAAA A AR AR AR AR A AR VOlume Depth
Groundwater Continuity hectare-m mm
EEXEREEEEREEREEEREEREEEEERER 3 —coeccoeoessses = ssosscosessses
Initial 'SCOXAQge .cecucinans 431.528 5723.318
 Infiltration 155 646 10022 064
Upper Zone ET ..c.cesssnmse 3159.550 4238.162
PEEL. st T AL L O T e L) U000
Deep Percolation ......... 57.067 756.877
Groundwater Flow ......... 374.887 4972.09¢
Final Storage .....cescess 435.653 5778.031
Continuity Error (%) ..... 0.001
ARNAAAAAAAAAAAAAAA A AR AR Volume Volu_'m,e
Flow Routing Continuity hectare-m 10~¢ 1ltr
EXXEEEXEEEERRERRRRZERERREAEEE 3 mnmeemememasemsm 090909090 ssesssaeasesees
Dry Weather Inflow ....... 0.000 0.000
Wet Weather Inflow ....... 965.292 9653.021
Groundwater Inflow ....... 374.886 3748.903
BDIT INflOoW ....c.cacsanesn 0.000 0.000
External Inflow .......... 0.000 0.000
External Outflow ......sss 901.452 9014.¢615
Flooding LOSS ..cceceanasns 0.000 0.000
Evaporation Loss ......... 0.000 0.000
Exfiltration Loss ........ 441.475 4414.783
Initial Stored Volume .... 0.000 0.000
Final Stored Volume ...... 0.000 0.000
Continuity Error (%) ..... -0.205

www.jlrichards.ca




Etobicoke Exfiltration System
Water Balance Modelling

Modelling EES - Results

AAAAAAAA A AN AN AR AR Volume Depth
Runoff Quantity Continuity hectare-m mm
KAKRXRARKRARXRRRARRRAREARARRRARRNRRR  <ccccccees == ccccces
Initial Snow Cover ....... 0.000 0.000
Total Precipitation ...... 1962.321 26026.100
Evaporation Loss ......... 218.039 2891.832

. - e I 4 ‘Af 1009 0284
Sarface Bunoff ...vcceessn 965.292 12802.588
Final Snow Cover ......... 0.000 0.000
R I Y T T T O e o e o 0.000 0.000
Continuity Error (%) ..... -0.198

Parameter __Pre | Post

Evapotranspiration  60% 27%

Infiltration 40% 22%
Surface Runoff 0% 29%

Precipitation 100%  100%

2BEST
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AAAARAAAAA A AR AR AR AR A AR VOlume Depth
Groundwater Continuity hectare-m mm
EEXEREEEEREEREEEREEREEEEERER 3 —coeccoeoessses = ssosscosessses
Initial 'SCOXAQge .cecucinans 431.528 5723.318
INEY LEPALION o s e aeaanan 755.¢64¢6 10022.0¢64
Upper Zone ET ..c.cesssnmse 3159.550 4238.162
Lower Zone ET ....cccccee. 0.000 0.000
Deep Percolation ......... 57.067 756.877
Groundwater Flow ......... 374.887 4972.09¢
Final STOFAgE Joiaacessnds 435.653 5778.031
Continuity Error (%) ..... 0.001
ARNAAAAAAAAAAAAAAA A AR AR v°lume Volu_'m,e
Flow Routing Continuity hectare-m 10~¢ 1ltr
EXXEEEXEEEERRERRRRZERERREAEEE 3 mnmeemememasemsm 090909090 ssesssaeasesees
Dry Weather Inflow ....... 0.000 0.000
Wet Weather Inflow ....... 965.292 9653.021
Groundwater Inflow ....... 374.886 3748.903
BDIT INflOoW ....c.cacsanesn 0.000 0.000
External Inflow .......... 0.000 0.000
External Outflow ......sss 901.452 9014.¢615
Flooding LOSS ..cceceanasns 0.000 0.000
i 0 _aan 0 000
........ 441.475 4414.793
== U.000 U.000
...... 0.000 0.000
..... -0.205

www.jlrichards.ca




Etobicoke Exfiltration System

Water Balance Modelling

Modelling EES - Results

AAANAAAANAR R A AR R AR AR AR Volume Depth AANAANAN AN AN AN R AR A AN AR AN LA Volume Depth
Runoff Quantity Continuity hectare-m I Groundwater Continuity hectare-m mm
ARAAAARAAAAALRAARRAARARAAL mmmm————— —e———— AAXRXRRRRRAKARARARARARRARARAR mcmececeeeme 2 —scoceee
égtziatjzgl‘:gﬁ;n ------- 1953'222 26022'233 Initial STOrage .......... 431.528 5723.318
Evaporatioe fooslhiiuii i 218.039 2891 .832 IR I EPrALIOnN ool e A 755.64¢6 10022.064
Infiltration LOSS ........ 755.646 10022.064 Upper Zone ET ......-=-=~- 312.550 4236.162
PPT IR e Lower 2one ET ....cccceeee 0.000 0.000
SNOW REMOVEd «.vvvennennn. 27.221 361.025 I Deep Percolation ......... 57.067 756.877
......... — —— Groundwater Flow ......... 374.887 4972.09¢
Final STOYage .eveeeeeeons 0.000 0.000 Final Storage . .c.ccca.d. 435.653 5778.031
Continuity Error (%) ..... -0.198 Continuity Error (%) ..... 0.001
ARNAAAAAAAAAAAAAAA A AR AR v°lume Volm
Flow Routing Continuity hectare-m 10~¢ 1ltr
EXXEEEXEEEERRERRRRZERERREAEEE 3 mnmeemememasemsm 090909090 ssesssaeasesees
Parameter mm Dry Weather INflow ....... 0.000 0.000
. . . o Wet Weather Inflow ....... 965.292 9653.021
Evapotranspiration 60% 27% Groundwater INflOW ....... 374.886 3748.903
_ _ o RDET IDETOM) o~ onmcnnianns 0.000 0.000
Infiltration 40% 44% External INflow .......... 0.000 0.000
External OUtflow .c.ssenes 901.452 9014.615
Sur—face RU noff O% 27% Floodmg‘ P p e e s s 0.000 0.000
Evaporation Loss ......... 0.000 0.000
R—F . 0 0 Exfiltration Loss ........ 441.475 4414.783
PreCIpltatlon 1 OO A) 1 OO A) Initial Stored Volume .... 0.000 0.000
Final Stored Volume ...... 0.000 0.000
Continuity Error (%) ..... -0.205
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