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Toronto Basement Flooding Capacity Assessment Studies (CAS)

Project Overview



The What, Where, When & Whye
The What?

 The Capacity Assessment Studies (CAS) are part of a larger

orogramme — the Basement Flooding Protection Programme (BFPP)

* Reducing surface flooding & stormwater entering all sewer systems

* ldentifying capacity shortfalls & recommending sewer system

Improvements / infrastructure upgrades

« The identification & development of Schedule A/A+ Assignments
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- [ Basement Flooding Study in Progress (started before 2019)
[> Basement Flooding Study in Progress (started in 2019)
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https://www.toronto.ca/services-payments/water-environment/managing-rain-melted-snow/basement-flooding/basement-flooding-protection-program/basement-flooding-protection-program-map/

The What, Where, When & Whye
The When?

e Schedule is a primary driver
* The primary goal is to upgrade infrastructure as quickly as possible

« The approximate timeline for each Project is expected to be 42

months (including study and pre-design components)

« Started CAS phase in Jan 2018, due date Sept 2021



The What, Where, When & Whye
The Why?

« The August 19, 2005 event
« 4,200 basement flooding complaints
« Creation of the BFPP in (2006)

* Develop comprehensive plans to reduce risk of flooding in 31 Study

Areas that experience flooding in severe storms

« Expanded in 2013 to 67 Study Areas



The Why, What, Where & Whene

Summary

“Solutions ... to increase the capacity of municipal underground and
overland drainage systems. The objective of this effort is to reduce the
risk of future basement and surface flooding, by reducing the risks of
flooding coming from shortfalls in the capacity of the municipal drainage

systems.”

And we need them NOW!



Toronto Basement Flooding Capacity Assessment Studies

The Problem



Programme
Question: How could we deliver this programme in the timeframe?

« Data Is key. However...

* Model calibration of a network this size can take years & cost $Ms
« Scale of survey programme would be enormous to plan & execute
 Calibration activities themselves would take significant resourcing

* There Is no quarantee of data guality & calibration output

* There simply wasn’t the time... so what was the alternative?

 RTK Approach (fairly common in N. America)



Resourcing - We're Better Together

With
programme
key,
additional
resources
were sought
to help
deliver
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Stantec Awarded Bundles

Objectives

Surface Risk

+ LiDAR Processing

+ High-Level 2D
Model with

» |dentify Surface
Flood Risk of
Inundation

Sewer Risk

+ Initial 1D Model
from GIS

+ Coarse
Engineering
Validation for
Connectivity

+ Design Storms

+ Identify Capacity
Constraints

Hydraulic Modelling Analysis

Data/Inputs

Qutcomes

Study Phase

Integrated Model-

Build & Definition

of Flood Clusters

= Increase 2D
I EN]
Resolution in
Clusters

* Roof Connectivity

» Catchbasin
Curves

* Flow Control
Structures

* Boundary
Conditions

* DWF

+ Capacity
Assessments

* Extreme Event
Validation

» Stress Testing

* F-5-5 Simulations

* Downspout
Survey

+ Drain C
* Hans

v Suwé_\f
* Smoke/Dye

TM#2

Solution
Development
» Sizing / Siting
of Feasible
Solutions in ROW
» |dentify Need for
Schedule B/ C
Solutions

Provisional B / C

Solutions

» Alternative
Solution
Scenarios

+ HGL and Surface
Depth Resul
+ Shallow Sewers
ructability
w
/1 Reduction

holder Input

+ Triple Bottom
i aluation

Preliminary Design

Detailed Surveys to Refine
Support Preliminary Preliminary Implement
Design Design

Assignment
Models
] * Incorporate SUE
(I-:Iydraull‘c‘ » Refine Study
onnectivity Solution

- Define itivi
T « Sensitivity
Assignments & Analysis

Priorities » Finalize PDR
Solution

Provisional
Sanitary
Recalibration

+ Rain >=40mm/hr
« 1/1 >3L/s/ha

* MCIC
+ Utility Mapping

Study

TM#3 TM#4 Report
1
1
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What did we do?
« Responsible for all Study Areas within Bundles F & D, TM1 -4

A total of 7 Study Areas, both STM and SAN

NZ team asked to assist with Bundle F Study Areas for TM2

Wellington team lead SAN, Auckland team lead STM

NZ team now responsible for all SAN activities within TM3



Toronto Basement Flooding Capacity Studies

Wet Weather Flows — The RTK Approach



Confirming the approach

Bundle F had no rainfall events of significance in 2020
Historic data was only in trunk meters, and of small events in 2019
Needed flows for large magnitude events

Develop ‘representative’ RTK parameters — not calibrated

The RFP called for a different approach to WWF modelling, whereby
calibration was eliminated in favour of using a 3L/s/ha value as a

representative extreme event ‘stressor’ of the SAN collection system
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The RTK Method #1 The RTK method generates a

hydrograph based on precipitation

and catchment data. The total RDII

Into the system Is determined by

-

combining triangular unit

Total RDII

Rainfall Intensity

Flow

hydrographs from 3 theoretical

characteristics of flow response:

RJ '

T 1. Rapid inflow

- - : 2. Delayed inflow

3. Slow Infiltration




The RTK Method #2 The parameters describe the shape

and volume for each component:

e ‘R’ is the proportion of rainfall

falling on the subcatchment that

-

directly enters the sewer system,

Flow

Total RDII

-— Rainfall Intensity

e ‘T’ is the time from the onset of
rainfall to the peak, and
e ‘K’is the ratio of “time to

R

recession” to the “time to peak” of

- - the hydrograph.




Baseline RTK & Adjusting R1

Time (hrs)

R1 T K1 R2 T2 K2 R3 T3 K3 Total R
0.020 0.750 1.000 0.015 1.000 2.000 0.005 0.020 0.750 4.0%
80.00 R-T-K Response
—Inflow
70.00 A = Mid Response
Slow Response
60.00 Total
50.00
;é;dl].[][]
_l?:U.OU
20.00 /
10.00 / \\
0.00 . ; — . .
0 1 2 3 4 5 10




Application

within The models

Evaporation profile Trade profile RTK hydrograph 5PR calculation

1 Area 3 HOST_Soils

] . w 1 Area 3 HOST_Sails

] 2 Area 3 HOST_Saoils

m 1 Area 3 HOST_Sails

- 1 Area 3 HOST_Soils

1 Area 3 HOST_Sails

1 Area 3 = . HOST Soils

1 Area 3 HOST_Sails

1 Area 3 HOST_Sails

1 Area 3 HOST_Soils

1 Area 3 HOST_Sails

1 Area 3 HOST_Soils

1 Area 7 HOST_Soils

1 HOST_Soils

1 HOST_Sails

1 HOST_Saoils

1 HOST_Sails

1 HOST_Soils

RTK hydrograph 1D R1 T1 K1 K2 T3

West Point 0.035 0.750 1,000 0.015 1.000 2,000 0.005 3.000 3.000
sland Road 0.032 0.750 1,000 0.015 1,000 2,000 0.005 3.000 3.000
irea_9 0.034 0.750 1,000 0.015 1,000 2,000 0.005 3.000 3.000
‘rea_a 0.033 0.750 1,000 0.015 1,000 2,000 0.005 3,000 3.000
\rea_g 0.032 0,750 1,000 0.015 1,000 2,000 0.005 3.000 3.000
irea_5s 0.023 0.750 1,000 0.015 1,000 2,000 0.005 3.000 3.000
irea_4 0.032 0.750 1,000 0.015 1,000 2,000 0.005 3,000 3.000
rea_2 0.050 0,750 1,000 0.015 1,000 2,000 0.005 3.000 3.000
yrea_10b 0.045 0.750 1,000 0.015 1,000 2,000 0.005 3.000 3.000
yrea_10a 0.031 0.750 1,000 0.015 1,000 2,000 0.005 3,000 3.000
yrea_1 0.026 0,750 1,000 0.015 1,000 2,000 0.005 3.000 3.000
irea 7 0.024 0.750 1,000 0.015 1,000 2,000 0.005 3.000 3.000
irea 3 0.030 0.750 1,000 0.015 1,000 2,000 0.005 3,000 3.000
yrea 11 0.030 0,750 1,000 0.015 1,000 2,000 0.005 3.000 3.000
\56_RTK_0.03 0.030 0.750 1,000 0.015 1,000 2,000 0.005 3.000 3.000
L56_|InitialRTE 0.020 0.750 1,000 0.015 1,000 2,000 0.005 3,000 3.000
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Legend
[ stwdyArea
B Sanitary Pumping Station
wsmee Trunk Sanitary Sewer (z 600 mm)
Trunk Sanitary Sewer (< 600 mm)
@ Link Used for Flow Rate Calculation
XX Area Used for Flow Rate Calculation

RTK Subwatershed Area Area 15
Area 1 Area 16
Area 2 Area 17
Area 3 Area 18
Area 4 Area 19
Area 5 Area 20
Area 6 Area 21
Area 7 Area 22
Area 8 Area 23
Area 9 Area 24
Area 11 Area 25
Area 12
Area 14

0 500 1,000

e J— {1\
1:35,000 (At oniginol document size of 11x17)

Notes
| Coontinate Syvherm: NAD 1983 CSES MIM 10
2 Contuins niematon kcumud urcur lommo Wate: At Maspng Use
Aguement
3 Contors niemaion made avaltle under the Toono and Region Conservation
Authotty Open Data Licence v | 0. Open Goverman! Licence - laonio. one Open
Covemment Licence - Ontano.

|
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Project Location
City of Toronto

165660138 REVA
Frepored by EH on 20201002

Chent/Project
CITY OF TORONTO
BASEMENT FLOODING CAPACITY STUDIES
BUNDLE F - STUDY AREA 60

Fgure No.
4.5

Tae

Sanitary RTK Subsewersheds




Toronto Basement Flooding Capacity Studies

The RTK Approach — Results & Discussion




RTK —
Results
(Study
Area 60)

Contrib. Peak Pipe DWF Total May Total WWF

RTKID Area R1 Total R DWF Rate 2000 Pipe Rate Rate

(ha) (m¥/s) (L/s/ha) (m3s) (L/s/ha) | (L/s/ha)

A60_Area_1* 118.22 0.048 7% 0.039 0.33 0.364 3.08 275
AB0_Area 2 17.95 0.025 5% 0.012 0.66 0.062 3.47 2.81
AB0_Area 3 39.50 0.040 6% 0.034 0.85 0.151 3.82 2.96
AB0_Area 4 24 .64 0.030 5% 0.017 0.71 0.090 3.65 294
AB0_Area_5 23.36 0.042 6% 0.006 0.29 0.073 3.67 3.37
AB0_Area_6 48.66 0.030 5% 0.038 0.77 0.177 3.64 2.86
AB0_Area_7 17.47 0.025 5% 0.006 0.37 0.052 2.98 2.61
AB0_Area 8 22.28 0.033 5% 0.012 0.55 0.081 3.62 3.07
AB0_Area 9 155.90 0.044 6% 0.060 0.38 0.514 3.29 2.91
AB0_Area_11 42.06 0.030 5% 0.024 0.57 0.152 3.62 3.04
AB0_Area_12 38.36 0.040 6% 0.030 0.78 0.139 3.64 2.86
AB0_Area_14 14.07 0.020 4% 0.003 0.21 0.044 3.13 292
A60_Area_15 16.26 0.022 4% 0.009 0.57 0.058 3.56 298
AB0_Area_ 16 84.57 0.041 6% 0.042 0.50 0.284 3.36 2.86
AB0_Area 17 13.76 0.024 4% 0.009 0.63 0.048 3.47 2.84
AB0_Area_18 18.66 0.022 4% 0.006 0.32 0.059 3.15 2.83
AB60_Area_19 38.41 0.037 6% 0.016 0.41 0.129 3.37 2.96
AB60_Area_20 17.66 0.033 5% 0.029 1.64 0.083 4.68 3.04
AB0_Area_21 32.74 0.050 7% 0.031 0.94 0.121 3.69 2.75
AB0_Area 22 53.51 0.050 7% 0.029 0.54 0.154 2.87 2.33
AB0_Area 23 12.64 0.035 6% 0.027 2.13 0.063 499 2.86
AB0_Area 24 4143 0.022 4% 0.019 0.45 0.142 3.42 2.96
AB0_Area_25 28.04 0.020 4% 0.008 0.28 0.088 3.15 2.87
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Legend
[ swoyArea
Hansen Flood Records
® May 12,2000
® August 19, 2005
® July 8,2013
HGL Freeboard (m)
e  AtorAbove Surface
Within Basement Level (Within 1.8 m of Surface)
Pipe Surcharge State
~——— Bottleneck (Undersized Sewer)
Backwater Condition
Free-Flowing Condition

0 300 1,000

m
1:35,000 (At orignal document dze of 11x17)
Notes

1. Coordincte Syvam: NAD |13 CSES MIM 10

2 Contoirs niommation kcumed unce fonnia Waler At Mapong e
Agruamant

3. Comfors niosnation made avalkcble uncer the Toonto and Region Corm vaton
Authority Open Dato Lcence v |0, Open Govermani Lcence - arcnto, and Open
Covemmunt Ucenca - Onforio
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165660138 REVA

Project Location
Frepored by KD8 on 2020-11.18

Chty of Toronto

Clhent/Project
CITY OF TORONTO
BASEMENT FLOODING CAPACITY STUDIES
BUNDLE F - STUDY AREA 60
Figure Na.
4.13
e
Future Sanitary Design Storm - May
12, 2000
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Legend

D Study Area
B Sanitary Pumping Station
------- Forcemain

Hansen Flood Records PURDLEE
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RTK — Discussion # 1

 The RTK method allowed the project to progress much quicker than

a traditional flow survey & calibration approach would have

« Resulted in significant cost savings as well

* Allowed the client to meet key drivers around programme & develop

Schedule A/A+ Assignments



RTK — Discussion #2

There were also limitations. The approach often created overly

conservative flows and predicted flooding where there were no flood

records to validate against. In several instances we were unable to

achieve the target flow of 3L/s/ha without increasing the ‘R1’ value
significantly. Issues found were:

1. Flow being lost from the system via bifurcations or surface flooding
2. Incapacity in the receiving trunk sewer or pumping station

3. Incapacity in the “local” sewer i.e., pipe incapacity



RTK — Discussion #3

Some good correlation, some over, some under

Stage 1 did not reveal many systemic issues in Study Area

Difficult to perform RTK analysis given the sensitivity of the network
to flooding to the surface

Even with modifications to account for these, results were ‘mixed’
Without FM data or further investigations, there is little to go on to
deviate from the selected parameters

These are deemed conservative RTK values



DIscussion #4




Questions?



