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Presentation Outline

1. Floodplain Mapping (FPM) — What is it and why do
we do it?

2. FPM — How do we do it?
1. Hydrological Modelling
2. Hydraulic Modelling
3. Mapping

3. What have we done recently?

The information contained in this presentation is copyright © Toronto and Region Conservation Authority
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What is Floodplain Mapping?

Floodplain Map: Riverine flood extents of a storm event — most

commonly done for the Regulatory storm (greater of 100-yr storm or
Regional storm (Hurricane Hazel)
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Draft
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— Closed at Map Limit

— Updsts Pending
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Why do we undertake FPM updates?

» Provincially delegated responsibility to represent the province interests on natural
hazards which includes flood hazards

« Mapping and modelling must comply with standards established by the Province
« Determines regulatory flood hazard limits

» Informs municipal landuse, emergency management, and infrastructure planning

(®) Ontario

Technical Guide
River & Stream Systems:
Flooding Hazard Limit

LA

Provincial
Policy

<™\ TThe'Living City

Statement ; - 8 :.-: na . Policies

Under the Planning Act
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Recent FPM Updates

« Initiated in 2016 and further accelerated by National Disaster Mitigation Program
(NDMP) Funding

* Mapping updates involved a multi-phased approach

MODELLING MAPPING
Hydrologic Modeling ‘ Hydraulic Modeling » Mapping Component

// ////
// o

[T prm———

» These phases were undertaken over the last few years for many of TRCA'’s
watersheds
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Hydrology - Idealized Processes
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Hydrology - Idealized Processes

storage
depth
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Hydrology - Idealized Processes

precipitation

storage
depth
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Hydrology - Idealized Processes

precipitation evaporation
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Hydrology - Idealized Processes

precipitation evaporation/transpiration

infiltration
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Hydrology - Idealized Processes

precipitation evaporation/transpiration

» runoff

infiltration
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Basic workflow

Rainfall > Losses > Runoff

\V4

Design Calibration ]
Routing
Storms Validation
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Event Data — Point Gauges
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Terrain Data — LIDAR DEM
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Catchments and Drainage Features

Toronto and Region Conservation Authority | 15



Solils
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Soils (Supplemental
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Soils (Supplemental)
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Geological Features
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Geological Features
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Anthropgenlc Features
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Land Use and Natural Cover
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- SWM Ponds
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- Dams
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Conveyance Elements
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Model Build
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Calibration
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Validation
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Flood Frequency

Cion River at Todmaordan - WSC Station 02HC024
Fost-1973 Peak Instantaneous Flaws in Summer
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Design Storm Selection
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Hydraulic Modelling

Simulates the flow of water through a stream corridor &
associated floodplain

Representation of the physical characteristics of the stream
corridor

Provides water surface elevations for the various flows
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Inputs - Flows & Boundary Conditions

250.00

Peak Flow

200.00

150.00

100.00

50.00

0.00

Flow (m?3/s)

0 500 1000 1500

Hydrograph Time (min)

River Reach RS REG 100 50 25¢ 10v SY 2

1|Brougham Creek |Reach 4 5024.9 |12.97 2.64 227 1.92 1.48 117 0.73

2|Brougham Creek |Reach 4 3303.71 | 18.43 3.75 322 273 21 1.66 1.03

3|Brougham Creek |Reach 4 2020.84 |21.18 4,31 3.7 3.14 241 1.9 1.18

4|Brougham Creek |Reach 3 51.92 35.52 7.43 6.39 5.41 4.16 3.28 2.04

5|Brougham Creek |Reach 2 580.4 [48.75 9.91 8.53 7.22 5.56 4.38 2.73

6| Brougham Creek |Reach 1 1545.81 | 72.04 15.88 13.67 11.59 8.94 7.06 4.4

7|Brougham Creek |Reach 1 990.45 |75.38 16.61 14.3 12.13 9.36 7.39 4.6

3|Brougham Trib A | Trib A1 2159.01 |29.11 6.74 5.82 4.94 3.82 302 1.89

9|Brougham Trib A | Trib A1 1540.34 | 29.11 6.74 5.82 4.94 3.82 3.02 1.89
10| Brougham Trib A | Trib A1 770.82 |29.56 5.7 5.78 491 3.8 3 1.87
11{Brougham Trib B | Trib B1 41748 | 1.45 0.29 0.25 0.21 0.17 0.13 0.08
12|EDuffins Trib A |EastAl 515.88 [148 0.3 0.26 0.22 0.17 0.13 0.08
13| E Duffins Trib B EastB1 1888.94 |2.41 0.42 0,42 0.35 0.27 0,21 0.13 :
14|EDuffins Trib C |EastC1 1364.13 |3.72 0.73 0.67 0.57 0.43 0.34 0.21 B X
15|EDuffins TrbD  |East D1 647.41 |0.77 0.16 0.14 0.12 0.09 0.07 0.04 ; 3 From 2D MOdeI
16|EDuffins Trb D |EastD1 282,55 |1.18 0.25 0,21 0.18 0.14 011 0.07 3
17|EDuffins Trib E | EastEl 3170.84 [6.92 1.36 119 1 0.76 0.6 0.37
18| E Duffins Trib E EastE1 1947.71 |8.97 176 1.54 13 0.99 0.77 0.48
19| E Duffins Trib F EastF1 955.93 |1.12 0.22 0.19 0.16 0.12 0.1 0.06
20|EDuffins Trb F__ |EastF1 669.16 [2.14 0.42 0.37 0.31 0.24 0.18 0.11
21|EDuffins Trib G |East G1 2020.55 |6.28 1.23 1.08 0.91 0.69 0.54 0.34
22|EDuffins TribH | EastH1 2726.99 |33.25 6.54 5.6 473 3.61 2.83 174
23| E Duffins Trib I EastI1 516.74 [8.98 1.74 15 1.26 0.57 0.76 0.47
24| E Duffins Trib J EastJ1 1004.75 | 16.96 3.2 2.83 2.39 1.83 144 0.88
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Drawing layer: | Default Drawing Layer
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Inputs - Channel Resistance

Standard Manning's Roughness Coefficients
for TRCA Watershed Hydraulic Modelling

e

n
Land Use Description and Conditions Value’

Channel Component

Watercourse/ | + low flow channel 0.035
Channel + extends typically from bank to bank
Hydraulic + culvert crossings (e.g., corregated metal, concrete Variable *
Structures open/closed footing etc.)

+ bridge crossings

Floodplain Component

Urban Uses * Road crossings, existing parking lots or any large 0.025
(Impervious) impernvious surfaces etc.

typically located within valley and stream corridors

Does not include structures or buildings (to be modelled
using available ineffective flow area options)®

Urban Uses + Existing uses including municipal parks, playing fields, 0.050
(Pervious) golf courses efc.

typically located within valley and stream corridors
Regular maintenance of area is required

Matural Areas | + Pasture, meadow, agricultural, riparian vegetation, brush 0.080
and forest

located within urban and/or rural land use setting
typically located within valley and stream corridors

Mot subject to regular maintenance

Assumes regeneration of open space type uses induding
pasture, meadow and agricultural uses within floodplain
areas (Consistent with TRCA's VSCMP and Natural
Heritage Strategies)

Flood Control | *+ Flood control channels and associated works designed Variable *
Channels specifically for lood flow conveyance (eg., trapezoidal
lined and un-lined channels etc.)
* “n" value based on original design or maximum allowable
value determined through a sensitivity analysis
* Regular maintenance of area s required

MNotes: 1. Manning's “n” values represent average values based on i d. ing flooding
2. Refer to HEC-2 and/or HEC-Ras User's Manual for further details.
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Inputs - Hydraulic Constraints

BRIDGE AT URFE CREEK
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Hydraulic Modelling — 1D Models

Flow is one-dimensional

« Ultilizes cross-sections to represent ground
and structures

« Fast and relatively straight forward

«  Vast majority of TRCA floodplain mapping
donein 1D

488
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Building the Model Skeleton

0 1,750 3,500 7,000 10,500 14,000
T EE—— s/ cters
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Adding Cross Section Detalls

Rroot'Crescent;

Cross Section Data

Select Cross Section Cross Section Plot
River name: | Millers Creek
Reach name: | Reach 1 A T
Ll E _ 10.08 0.08 | 0.05]  0.08
River station: | 6086.306 - Conveyance Obstructions
- |:| Ineffective Flow Areas
Mode name: | O | Mew Copy Delete | h 108 Ground Geometry
© Levees
Cross Section Specifications Geometry Data A @ ® Overbanks
A Reach Centerline
Cross Section Geometry [213 Points ] @ T T
Horizental Ground Horizontal -~
Station {m) Elevation (m) Roughness Ea 106
1 0 10193 0.035 %
2 089 10192 E
o | =
187 10191 I 2
4 2.86 1019 g
fAd
5 334 101.89 + 104
6 493 1019 f'; o
7 582 10191 f i g
" r : |
8 658 10191 v | .H'\-\. |
Other Cross Section Data I+ 4 e | 2, -
er Cross Section H - .
102 fome e h""l L L ﬁ'\u--\.-.__h_ “_'-.'-'-"
Left Channel Right ' + . e
Bank stations | 52.09 | | 94.09 | | F + »
D Manning's: 7‘
]
Flow length {m: WEQB‘JJZ 75.13|I| . L e e L e B B s e B L e s S B B B S S B B B B B S e e
]
] ) ﬂ 0 20 40 60 20 100 120 140 160 180 200 220
Centraction: | 0.1 E Expansicn: | 0.3 E Skew angle: E Horizontal Station (m) 13210815
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Ing Structures

»

5863

Bridge & Culvert Data

Select Roadway Crossing
River name: | Stouffille Ck v | | duf 183 - Park Drive -
Survey data and field data used as
Reach name: | Reach 1 w | | primary source of information.
Concrete bridge H 1.4m W 20.67m.
River station: | 5925.984 - ,}’ Floodplain culvert - 3.75 m dia CSP. -
Node rame: | O | New Copy Delete |
Roadway Crossing Specifications Deck Roadway -
Deck Roadway Geometry [ 174 Points ]
Upstream I Downstream l Copy to Downstream Cross Section
Horizontal B High Chord Low Chord -~
Station {m) Elevation (m} Elevation (m)
1 -10 263.888
2 -8.34 263.821
3 -8.17 263.813
4 -4.7 263.773
5 -2.35 263.742
13 1.24 263.721
7 3.63 263.662
8 5.39 263.647 -
Draw High Chord ‘ ‘ Draw Low Chord
Roadway Structure Dimensional Specifications
Distance between bounding cross sections: 2707 m
Roadway width (parallel to flow): 19.9 m
Distance from railing to upstream XS: 4 m
Upstream embankment side slope (ViH): 1:0 mim
Dewnstream embankment side slope (ViH): 1:0 m:m
Roadway Weir Overflow Specifications
hd

Roadway Crossing Plot

AANINARX DN 9@

Elevation [m}

Elevation (m)

Upstream Cross Section (5939.518)

1 3 |
2 4
265 e
e i
260
e L B e e e e L e e e e e e L B e m e py e
0 50 100 150 200 250 300
Downstream Cross Section (5912.451)
370 T —_— —_—
| 3
Roadway Geometry 4
[ Conveyance Obstructions
D Ineffective Flow Areas
Ground Geometry
# Overbanks
265 4| & Reach Centerline m | o/
oot
T T T T T T
0 50 100 150 200 250 300

Horizontal Station (m)

D Use constant vertical & horizontal scales Display roadway cross sections: | Upstream & Downstream ¥
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Elevation (m}

Elevation (m)

Special Cases — Complex Structures
PCSWMM
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T T T T T T T T
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Downstream Cross Section (706.4681) Frofile: Not Selected -
95
J\ River Name Reach Name River Station Profile Change Type Value (m) -
A A 5 1 Millers Creek Reach 1 2841763 100¥ KnownWSEL ¥ 8333
IR e & Millers Creek Reach 1 8841763 10¥ KnownWSEL ¥ | 5266
ST
ll 7 e 3 Millers Cresk Reach 1 8841763 25¢ KnownWSEL ¥ 8294
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sl @ §°adwayGe‘z)";eT’5’ = 5 Millers Creek Reach 1 8841763 0¥ Knewn WSEL ¥ 8314
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Ground Geometry ¢
& Overbanks Other Data [0 Profiles |
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T T T T T T T T T
0 50 100 150 200 250 300 350 400

Horizontal Station (m) 140.21, 78.24
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Special Cases — Routing & PCSWMM
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Adding Flows

5
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Example: Rouge Update
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Hydraulic Modelling - Outputs

« Expected elevation of the river at various points
« Water depth, velocity, other hydraulic outputs
« This gets mapped to determine the extent of flooding

Flooding Hazard Limit &
(development prohibited or restricted) i |

Flooding Hazard Limit w

Toronto and Region Conservation Authority | 45



Hydraulic Modelling — 2D Models

*  Flowis 2D and is fully hydrodynamic
*  Dense network of grid or mesh describes ground
« User does not dictate flow direction

* Long run times, can be unstable

* Niche skillset to setup and modify models
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Hydraulic Modelling — 1D vs 2D

1D appropriate in most cases

2D good for: Situations where flow direction is unknown, complex interactions, flood
characterization and visualization

2D also good for: enhanced risk characterization for Special Policy Areas (SPAS)
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Some Example Outputs

1D & 2D modelling

(| EREUEEE R

I o
SO opy

Productof Depth and Velocity > 0.37 m? /s or Depth > 0.8m or Velocity > 1.7 m/s

Pedestrian Access/Egress ONLY Available (Product of Depth and
Velocity < 0.37 m%s with max. Depth of 0.8 m and Velocity of 1.7 m/s)

Vehicular and Pedestrian Access/Egress is Available (Depth < 0.3m)

LY

¥
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Production of Flood Plain Maps

3 main components of map production
« Create base mapping

* Delineate flood line
« Create flood plain map
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Create Base Mapping

Main elements of base mapping
= ground elevation data
» planimetric features (buildings, roads, watercourse, railway, etc.)

Ground Elevation data
= Digital Elevation Model (DEM) — 2014/2015 LIiDAR dataset
» Use classified bare earth returns to create a DEM with 1m grid resolution
= Acquisition of elevation data captured by LIDAR in 2019 allowed creation of
custom DEM to incorporate changes in the landscape from 2015
= Contours and spot elevation points

Planimetric features (buildings, curbed roads, watercourse, railway)
» These datasets can be acquired from regional or municipal partners or
purchased from mapping vendor
= Can be a challenge since our watersheds can span over multiple jurisdictions
(municipal, regional) making datasets inconsistent, with regards to collection
dates, method of capture, data quality and sometimes no collection at all.
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Conditioning of Ground Data

Contours generated from points collected by LIDAR are messy and are smoothed for
cartographic representation

Contours need to be trimmed at bridges to ensure correct deck elevation

Spot elevations placed at appropriate location
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Delineation of Flood line

y Thornhi

&

f3

* Flood line output from modelling software is not acceptable as is

* Must undergo QA/QC process to ensure correct delineation of flood line, human
interpolation is required

* More discussion for standardizing this process is required
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Final Map Production

Once the hydraulic model has been finalized and the flood line
delineation has been reviewed by the sealing engineer, final map
production can commence.

« Export cross section features from model and extract the necessary
information for mapping: section ID and water surface elevations

» Create labels for all features
» Creating labels is an automated process, however, this does not
produce a fully complete result. Manual adjustment is required
» Create title block with metadata
« Final mapping to Engineer for digital seal
« Approval of flood plain map
« Administer mapping to network and 3" party resellers

» Create layers for web maps
« Update data on website
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Automated cross section label

Hydraulic Model Legend :

water surface elevation (masl) cross section ID water surface elevation (masl)

100 year stor e \ Q l / regional storm

136.24
HEC-RAS cross section 4f

(Cut left to right looking downstream)

Automated cross section label with —
manual adjustment
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Final Flood Plain Map

Engineering consultant and
seal

r Map metadata

—— Map legend

<—|— Key map

Base mapping and hydraulic information ——
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Flood Plain Mapping Updates 2016-2020

v' 8/10 watersheds updated

v" Modelled ~1700 km of
watercourse

v’ 24 514 HECRAS cross
sections produced

v' ~15 000 ha of flood plain
mapped

v' ~45000 ha mapping
produced
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Recent (2016-2020) FPM Updates

Watersheds Hydrology | Hydraulic | Mapping

Model Model Updated

Updated? | Updated? ?
Etobicoke Creek No Partial Partial  Spring Creek extension — 2D

Model;
Mimico Creek Yes* Yes Yes -
Humber River Yes Yes Yes Albion Creek 2D;

Caledon East 2D;
Rockliffe SPA 2D
Don River Yes Yes Yes Lower Don 2D;
Highland Creek Yes Yes Yes -

Rouge River Yes Yes Yes Unionville SPA 2D
Petticoat Creek Yes No No -

Frenchman’s Bay No No No -

Duffins Creek No Yes Yes Pickering Ajax SPA 2D Study
Carruthers Creek No Yes Yes Lower Carruthers 2D

* Although hydrology was updated, this information was not used in the hydraulic model update
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Recent FPM Updates — 2016 to 2018

Project Title NDMP Hydraulic

Project Modelling
Approach

Etobicoke Creek Floodplain 2016 No 1D
Mapping Update
Yonge St. and Elgin Mills Road 2016 No 2D Significant cost savings by leveraging modelling
Floodplain Mapping Update work completed by the City of Richmond Hill for
Yonge and Elgin Mills Flood Remediation
Environmental Assessment

Downtown Brampton Floodplain 2017 No 1D

Mapping Update

Lower Humber River 2D Modelling 2015/ No 2D Revised in 2017

Stud 2017

Pickering and Ajax SPA 2D 2018 Yes 2D

Modelling Stud

Black Creek at Rockcliffe SPA 2D 2018 Yes 2D

Modelling Stud

Humber River in Peel Region 2018 No 1D and 2D 2D MIKE Flood model was developed for
Floodplain Mapping Update Caledon East.

Humber River in the City of Toronto [gwdehks] Yes 1D and 2D 2D MIKE Flood model was developed for Albion
Floodplain Mapping Update Creek.
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Recent FPM Updates — 2019 to 2020

Project Title Date NDMP Hydraulic

Project Modelling
Approach

Spring Creek 2D Model Extension 2019 Yes 2D
and Floodplain Mapping Update
Carruthers Creek Floodplain 2019 Yes 1D and 2D  First comprehensive floodplain mapping update
Mapping Update completed in-house. 2D MIKE Flood model
developed for the Lower Carruthers Creek
through the Pickering Beach Community.

Humber River in York Floodplain 2019 Yes 1D

Mapping Update

Unionville SPA 2D Modelling and 2019 Yes 2D Communicated to the Board at meeting #5/19,
Floodplain Mapping Update on Friday, May 24, 2019
Highland Creek Floodplain Map 2020 Yes 1D

Don River Floodplain Mapping 2020 Yes 1D

Update — Phase 1

Rouge River Floodplain Mapping 2020 Yes 1D

Update — Phase 1

Don River Floodplain Mapping 2020 Yes 1D

Update — Phase 2

Rouge River Floodplain Mapping 2020 Yes 1D

Update — Phase 2

Duffins Creek Floodplain Mapping 2020 Yes 1D

Update
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Where can you find this information?

1.

TRCA Board Report — Sep 25, 2020 Meeting ltem 8.4
(https://pub-
trca.escribemeetings.com/FileStream.ashx?Documentld=6164)

Maps
a. Onthe GIS servers
b. On the Viewer
https://arcqis02.trca.local/engineering%20services/
https://arcqgis02.trca.local/plandev/

Models & Associated Reports
a. Contact ES staff
b. Some reports can be found here:

https://trca.ca/conservation/flood-risk-management/modeling-
references-section/
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https://pub-trca.escribemeetings.com/FileStream.ashx?DocumentId=6164
https://arcgis02.trca.local/engineering%20services/
https://arcgis02.trca.local/plandev/
https://trca.ca/conservation/flood-risk-management/modeling-references-section/

Future Work

1. FPM Extension Updates in Peel (2020-2021)
1. Etobicoke
2. Humber

2. FPM Extension Updates in York (2021-2022)
1. Humber
2. Rouge
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"All models are wrong, some are useful”
Quote by George Box (British Statistician)
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Upcoming Lunch and Learns

Tuesday, November 17 Tuesday, December 8 Wednesday, December 16
11:30am-12:30pm 11:00am-12:00pm 11:30am-12:30pm
Working with Indigenous Green Infrastructure Terrestrial Environmental
Communities Asset Management Monitoring and Evaluation

By Tony Morris By Michelle Sawka and By Paul Prior and

(and Kathryn Brown) Tracy Timmins Gavin Miller



Past Recordings

‘é\r’aaf: fv';igggfa?;:d Ecosystems Reporting Introduction to the LID Treatment Train Tool

.. . . . Presented by — Steve Auger, Sahlla Abbasi and Yuestas David
Laura Del Giudice, Senior Manager, Watershed Planning & Reporting

Kristina Dokoska, Project Coordinator, Ontario Climate Consortium

STEP Water is a partnership between:

% consaivation (£ EiiNa
P C Toronto and Iﬁ%i)o;ll ar Tho Living City - ired by
L7V Lonserva
September 21, 2020 - @ Lske Smce egon

Authority November 5, 2020



Thank you

For questions about the ECS Lunch and Learn Series, please contact:

Sharon Lam
sharon.lam@trca.ca
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