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1 Introduction

The Town of New Hamburg, population of 14,000, in the Township of Wilmot, Ontario, is
located along the Nith River and is one of 27 municipal Flood Damage Centres in the Grand
River watershed. The Town developed historically within the Nith River floodplain and is subject
to regular routine nuisance flooding, in addition to significant flooding events in 1975, 2008,
and most recently in February 2018 and January 2020. Existing water infrastructure consists of
a run-of-the-river dam acquired by Grand River Conservation Authority (GRCA) in 1966 and
rebuilt in 1989, a low dike system and river channelization efforts completed in the 1970s
providing protection to a level less than the 5-year return event (265 m3/s), and erosion
protection works built in the late 1970s and early 1980s (Figure 1).

To investigate potential mitigation strategies, the GRCA retained Matrix Solutions Inc. (Matrix)
to support the New Hamburg Flood Mitigation (NHFM) study. The study was initiated in the
spring of 2019 and, as it is funded in part through Intake 5 of the federal National Disaster
Mitigation Program, must be completed by March 31, 2020. This study includes: an assessment
of the average annual damages associated with flooding in the Town of New Hamburg; the
development and evaluation of potential mitigation strategies; and support for Public
Information Centres (PIC).

1.1 Current Project Status

Matrix’s scope for this study includes a background review (Task 1), an assessment of the
average annual damages due to flooding in the Town of New Hamburg (Task 2), the
development and evaluation of potential mitigation strategies (Task 3), and support for PICs
(Task 4).

Matrix has completed the background review (Task 1). This review was presented at a project
team meeting and key elements are documented in this technical memorandum and in
Technical Memorandum #2 (Matrix 2020). The purpose of this Technical Memo #1 is to
document the context, methods, and results of the flood damage estimates (Task 2). Technical
Memorandum #2 outlines the development and evaluation of potential mitigation strategies
(Matrix 2020).

GRCA held three Public Information Centres (PICs) for the New Hamburg Flood Mitigation
Study. GRCA held a first PIC on June 26, 2019 to introduce the study to the New Hamburg
community. A second PIC was held on November 25, 2019 to present the draft findings of the
existing conditions flood damage estimates, and to seek input on the evaluation criteria as well
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as the long list of mitigation options. To obtain additional insight into the flood
conditions/damages specifically experienced by New Hamburg landowners, GRCA undertook a
survey in November-December 2019 (GRCA 2020). The results of the PIC and survey provided
valuable input for refining preliminary flood damage estimates. A third PIC was held March 11,
2020 to present the results of the evaluation of mitigation options.

1.2 Objective

The objective of the flood damages estimates for the NHFM study is to provide a basis for
comparing the return-on-investment for potential flood mitigation options. While efforts were
made to estimate flood damages as accurately as possible, there are limitations due to the
scale, scope, and timeline of the project. In consultation with the GRCA and Township of
Wilmot the approach to developing updated flood damage estimates was tailored to this
objective.

1.3 Study Area

The study area for the flood damages assessment and flood mitigation options is shown on
Figure 1. The GRCA is concurrently updating the HEC-RAS 1-D hydraulic modelling and
associated Regulatory floodplain mapping for this reach of the Nith River. GRCA has provided
draft inundation mapping for use in this study. It is understood that peer review and public
consultation of these products is ongoing.

The study area for the flood damage estimates includes structures within the updated (draft)
Regional inundation boundary, south of the railway crossing extending to Holland Mills Road.
The area north of the railroad was not included in the study area, as structures have been built
outside of the Regulatory floodplain. A total of 215 buildings were assessed for flooding within
the study area including residential (73%), industrial (7%), commercial (17%), and institutional
(3%) buildings.

The study area is illustrated with the breakdown of the Town’s flood warning zones 1 to 4
(Graphic A). Level 1 reflects routine nuisance flooding under flows up to near the 2-year return
frequency (179 m3/s), Level 2 up to near the 10-year return frequency (322 m3/s), Level 3 up to
a 100-year frequency (500 m3/s), and Level 4 up the Regional Flood that is derived from
Hurricane Hazel (1954; 1,011 m3/s). The recent flooding in February 2018 and January 2020
were categorized as Level 3 floods with flows approaching a 50-year and 25-year return period,
respectively. Flooding affects residential, commercial, and municipal properties.

29006-513 New Hamburg TM1 2020-03-30
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Graphic A New Hamburg Floodplain and Flood Warning Zones (graphic provided by Grand
River Conservation Authority)

2 Context for Flood Damage Assessment

Flood damage assessment is a tool to estimate the costs to structures and their contents due to
flooding. One method of performing this assessment involves estimating the actual damages
incurred during recent flooding events (through reported damages), determining the frequency
of the flooding events, and establishing frequency-damage relationships. However, due to
changing economics, changing land use, and limited datasets, this method is of limited use.
Furthermore, this method does not readily allow for the estimation of potential benefits and
damages following the implementation of different mitigation options.

A second method involves the use of design storms, and synthetic depth-damage curves.

These depth-damage curves are established by estimating the damage to structures and their
contents for different levels of flooding. Using the results of hydraulic models, the depth of
flooding at buildings can be assessed, and the resultant damages can be estimated. Mitigation
options can be readily modelled, and the results can be compared. This second method of flood
damage assessment was recommended and applied for the Alberta Provincial Flood Damage
Assessment (IBI 2015a) and has recently been adapted for use in Ontario and used by both the

29006-513 New Hamburg TM1 2020-03-30
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Credit Valley Conservation Authority (CVC) and the Toronto Region Conservation Authority
(TRCA; IBI 2019).

2.1 Types of Flooding

The focus of this study is riverine flooding and the associated risks. The difference between
urban (also called pluvial) and riverine flooding can be subtle, especially for local landowners,
but the contrast is important for appreciating the scope of this study, agency responsibility,
and the impacts to regulated flood hazard limits. The following sections describe the
differences between and mechanism of flooding of urban and riverine flooding, as well as the
mechanisms of flooding in New Hamburg.

Urban Flooding

Urban flooding includes “street flooding and basement flooding [which] occurs when there is
more water than the local drainage system (sewers and streets) can handle, or when there is a
lack of a major overland flow route from a low-lying area. Urban storm infrastructure is the
responsibility of municipalities” (TRCA 2019) and is not considered in regulated riverine flood
hazard areas. Flood mechanisms causing urban flooding include undersized inlets

(i.e., catchbasins, ditch inlets, etc.), undersized sewers, ill-defined overland flow paths,
low-lying areas with no outlet, and combinations thereof.

Riverine Flooding

Riverine flooding occurs when water levels of rivers, streams, and creeks rise and overflow their
banks, spilling onto adjacent areas. “Conservation Authorities are responsible for determining
the hazard from riverine flooding” (TRCA 2019). Riverine flooding naturally occurs, but impacts
can be made more severe by human influences such as urbanization, structures (i.e., bridges
and culverts) built with insufficient hydraulic capacity, and development within floodplains
reducing the conveyance capacity of channel systems. Riverine flooding is the basis for
Conservation Authority flood hazard regulations.

Mechanisms of Flooding in New Hamburg

There are two distinct floodplain areas in New Hamburg, namely upstream and downstream of
the New Hamburg dam. In addition to the dam, there are five existing bridges crossing the Nith
River through New Hamburg (Figure 1). Structures along rivers can impede ice flow during the
winter and cause debris or ice jams. Ice jam flooding is less predictable than open-water
flooding. These blockages can cause backwater flooding at flow rates well below what would be
encountered in open water conditions. The release of a jam can also cause a sudden surge in
flow downstream. Ice jams were a contributing factor to the February 2018 floods in New
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Hamburg, which had the third-highest flows since 1951. Ice jams have been observed behind

the dam and around the Pedestrian and Highway 7/8 bridges.

2.2

Historical Flooding in New Hamburg

The Town of New Hamburg has a long history of flooding, with significant flooding in 1948,

1954 (Hurricane Hazel), 1975, and more recently in April and December 2008, February 2018,

and January 2020. Maximum instantaneous flows recorded at the Nith River at New Hamburg

gauge are shown on Graphic B, provided by GRCA for this study. Flows in the Nith River can be

impacted by ice jams. The combination of snowmelt and rain produce higher floods.

The historical context of past flood events and previously studied flood mitigation measures are
included in Technical Memo #2 (Matrix 2020).

500
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GraphicB Maximum Instantaneous Flows Recorded on the Nith River at New Hamburg

from 1951 to 2020 (graphic provided by Grand River Conservation Authority)
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The frequency analysis and flood flows for this study (Table A) were provided by GRCA and are
discussed further in Section 5.6.4.

Table A Nith River at New Hamburg Flood Frequency Analysis (provided by Grand River
Conservation Authority)

Flow Return Period
(m3/s) (Year)

179 2

265 5

322 10

350 15

377 20

394 25

447 50

500 100

1,011 Regional - Hurricane Hazel

3 Overview of Flood Damage Calculations

This section provides an overview of the components of flood damage estimates, largely based
on the Alberta Provincial Flood Assessment Study (IBl 2015a). Graphic C (IBl 2015a) shows the
breakdown of flood damage estimates into tangible and intangible damages. Tangible damages
are those that have a dollar value, or financial impact, whereas intangible damages refer to
social impacts, as discussed further in the subsequent sections.

3.1 Alberta Provincial Flood Assessment Study

After the devastating flooding in 2013, the Government of Alberta Environment and
Sustainable Resource Development, retained IBI Group and Golder Associates to undertake the
Provincial Flood Damage Assessment Study in 2014-2015. This study (IBI 2015a) included
updating/developing flood damage curves to 2014 values and estimating flood damages for
select communities in Alberta. The City of Calgary was used as a pilot study (IBI 2015b). This
was the first detailed and comprehensive update of flood damage curves in the province since
the 1980s. In developing the flood damage curves, the study included:

e (Contentinventories
e Field inspections of typical buildings
e Estimations of cleaning/replacing/repairing from suppliers/contractors

e Damage to external and attached buildings (i.e., garages)

29006-513 New Hamburg TM1 2020-03-30
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The adaptation of the Alberta depth-damage curves for use in Ontario is described in
Section 5.3.

3.2 Tangible Damages

The tangible, or financial, damages include direct and indirect costs. Direct costs include the
internal, external, and structural components of flooded buildings. The internal component
includes the building contents; the external component includes garages, sheds, etc. and the
structural component includes repairs to the structure of buildings. These direct costs are
accounted for in depth-damage curves.

Indirect costs include costs incurred due to:

e loss of sales/production/revenue and extra expenditure (“financial” in Graphic C)
e loss of transportation/communication facilities/public services (“opportunity” in Graphic C),
and

o flood fighting, removal of flood debris and discarded items (“clean up” in Graphic C)

Indirect damages are typically estimated as a percentage of direct costs. Detailed methods for
calculation of tangible damages are presented in Section 5.

3.3 Intangible Damages

Living in a floodplain and experiencing a flood can cause serious social impacts and can have
long-lasting traumatic effects for residents, workers, volunteers, and people involved in flood
fighting. We consider these related impacts as intangible damages and may include loss of life,
iliness, stress, depression, insecurity, inconvenience, physical risk, community relations, loss of
environmental/historical assets. These intangible damages are very difficult to quantify. For this
assessment, a dollar value is not included for these intangible damages; however, they will be
considered within the framework of the project, particularly when developing and evaluating
potential flood mitigation measures.
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Graphic C Overview of Flood Damage Components (IBl 2015b)
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q Previous Flood Damage Estimates

4.1 1983 Flood Damage Estimate

In 1983, the Grand River Implementation Committee (GRIC) completed flood damages in the
Grand River Basin (GRIC 1983). This study assessed flood damages in six communities in the
Grand River Basin that had a history of significant flooding, including New Hamburg. The study
was based on the Regulatory floodplain at the time, with a flowrate of 27,000 cfs, or 765 m3/s
for the Regional (Hurricane Hazel) flood event in New Hamburg. A HEC2 model was used to
compute the depths along the Nith River for a series of flood frequencies (Table B). Based on
the 765 m3/s flow rate, the study included 122 buildings in the floodplain (Table C).

Flood depths at buildings were derived and direct damages were computed. Depth-damage
curves were used to relate flood depth at buildings to damages (Graphic D). Residential
buildings were classified as frame or brick, using two depth-damage curves which had been
previously developed (Acres 1968). The study assumed residences have basements but does
not specify if they are finished or unfinished. These depth-damage curves combined both
structure and contents. Industrial, commercial and institutional direct damages were computed
using four curves (Graphic D) from Phillips (1976).

Indirect damages were computed as a ratio of the direct damages, for each of the damage
classifications (Table C). Public damages were calculated as 4% of the direct plus indirect
damages to all structures.

Table B GRIC (1983) Flood Frequencies used in Flood Damage Assessment
0.35 2.9 8 227
0.27 3.7 9 255
0.15 6.7 11 312
0.05 20.0 15 425
0.016 62.5 19 538
0.0035 285.7 26 737
0.0025 400.0 27 765
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Table C

" No. of Units
Building Type in Floodplain (

Residential 95

Commercial 21

Industrial 3

Institutional 3

Total 122
Graphic D GRIC (1983) Depth-Damage

Indirect Damage
% of Direct Damages)
15
35
45
34

Curves

GRIC (1983) Number of Buildings in Floodplain and Indirect Damages
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From these results, the total damages were calculated, as summarized in Table D, and
relationships of damages vs. probability of exceedance (Graphic E) and flow vs. damages
(Graphic F) and were derived. The average annual damages (AAD) was computed as the area
under the frequency-damage curve at $25,000 ($1979), which is roughly equivalent to $77,500
(52016).

All buildings were found to be protected to the ~3-year flow (227 m3/s) by the existing dike.
Frequent flooding of the residential area was noted, as well as the potential for large
commercial damage for higher return period storms (lower frequency). A recommendation was
made to construct more detailed depth-damage curves for assessing industrial buildings.

Table D Summary of GRIC (1983) Total Damages for New Hamburg
Frequency Return Ry D::::;e D::::;e
Period |(1,000 cfs) ($1979) ($2016)!
0.35 2.9 8.00 227 - -
0.27 3.7 9.00 255 $4,700 $14,874
0.15 6.7 11.00 312 $26,200 $82,913
0.05 20 15.00 425 $140,000 $443,047
0.016 63 19.00 538 $278,300 $880,714
0.0035 286 26.00 737 $567,400 $1,795,605
0.0025 400 27.00 765 $615,857  $1,948,953
Notes:

1 Computed using
https://www.bankofcanada.ca/rates/related/inflation-calculator/

29006-513 New Hamburg TM1 2020-03-30
final V2.0.docx 11 Matrix Solutions Inc.


https://www.bankofcanada.ca/rates/related/inflation-calculator/

Graphic E GRIC (1983) Frequency-Damage Curve

Graphic F GRIC (1983) Flow-Damage Curve
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4.2 Residents Reported Flood Damages

Information on actual damages from flood events was collected from a few sources, including:

e Documentation provided by the Township of Wilmot regarding damages incurred by the
municipality resulting from the 2008 and February 2018 flood events.

e Flood damages reported by individual residents for the 2008 and February 2018 events, as
collected and summarized by residents and the Nith Flooding Action Committee.

e A summary of residents’ submissions to the Province of Ontario’s Disaster Recovery
Assistance for Ontarians (DRAQO) program documenting losses associated with the February
2018 flood.

e GRCA’s 2019 survey of New Hamburg landowners in the Regional floodplain (see Section 5.7
and Appendix D).

The reporting was voluntary and not comprehensive, with losses anecdotally reported by
residents, for items such as furnaces, appliances, and basement repairs. Some residents had
flood insurance, others not. The collected data is summarized in Table E.
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Table E Summary of Recent Reported Damages in New Hamburg for 2008 and 2018 Floods

Description 2008
_April | December

Resident Reports Flood reports made by residents $20,300 $142,000 $267,000 - $288,000
(DRAO) Consolidated by individual residents and the Nith Flooding Action
Committee

Location/address not provided
Reports not comprehensive
Include mainly direct damages (e.g., basement repair, furnaces,
water heaters, appliances, structural damages).
Wilmot Township | Damage to infrastructure incurred by Township $1,597,000 $262,000
Location/address unclear or not provided (i.e., not all in New
Hamburg)
Predominantly from compiled invoices to contracted services
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4.3 Intact Centre on Climate Adaptation 2017 Study

The Intact Centre on Climate Adaptation and University of Waterloo completed a study called
“When the Big Storms Hit, the Role of Wetlands to Limit Urban and Rural Flood Damage”
(Moudrak et al., 2017). The study assessed the financial value of wetlands using flood damage
evaluation. The study compared flood damages for Uptown Waterloo and communities in the
Credit River watershed, calculated using three methods: (1) insurance claims, (2) per Ontario’s
2007 Flood Damage Estimation Guide (Water’s Edge et al., 2007) and (3) per Alberta Provincial
Flood Assessment Study (IBI 2015a). For the method that follows the Alberta Provincial Flood
Assessment Study (IBl 2015a), the study used the same depth-damage curves we have applied
for this study, assumed fully finished basements, and reduced the building footprint area to
account for roof overhang. The Alberta Provincial Flood Assessment method estimated the
highest damages, but the study deemed this method as the most applicable dataset and
recommended method for flood damage estimations going forward. It was used to provide a
basis for comparing the mitigating effects of wetlands. Comparisons of the three methods for

the two pilot study areas are included as excerpts from Moudrak et al., 2017 in Graphics G and
H below.
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Graphic G Excerpt from Intact’s Study (Moudrak et al. 2017) with Summary of Flood
Damages using Three Estimation Methods for First Pilot Site

Graphic H Excerpt from Intact’s Study (Moudrak et al., 2017) with Summary of Flood
Damages using Three Estimation Methods for Second Pilot Site

5 Method

The methodology for computing updated flood damage estimates for the NHFM study follows
the industry standard, based on the Alberta Provincial Flood Damage Assessment Study (IBI
2015a), and adapted for use in Ontario (Moudrak et al. 2017, 1Bl 2019).

An overview of the methodology for NHFM study flood damage estimates is illustrated in the
process diagram in Graphic I. It is divided into Phase 1 for the preparation of data inputs and
Phase 2 for the flood damage calculations. The green boxes are external inputs, the white are
processes and the orange are output tables. Tables are in comma separated values (.csv) format
which are independent of software. For example, Excel or scripts such as R or Python, could be
used to generate input tables. This allows for easy updates in the future and easy integration
with GIS platforms.

The method for each phase is further described in the following sections.
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Graphic | Flood Damage Assessment Process Diagram
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PHASE 1 - PREPARE DATA INPUTS

Phase 1 includes preparing the:

e Buildings data,
e \Water elevations data,
e Depth-damage curves, and

e Indirect damages factors.

5.1 Buildings Data

A database was created for all primary structures (i.e., buildings) within the study area
(Figure 1). Secondary structures, such as external sheds and detached garages, are not
included, as these damages are already accounted for in the depth-damage curves for primary

structures.

At the time of initial data preparation, Matrix did not have the updated Draft Regional
inundation boundary from GRCA. In consultation with GRCA, a vertical 0.5 m buffer was applied
to the 2006 Regulatory floodplain boundary (based on Regional Municipality of Waterloo 1 m
contours) to serve as an initial estimate of which buildings to include in the database, and for
field-verification. This was updated when a first (preliminary) draft of the Regional inundation
boundary was available (in November 2019), and two additional buildings were added and
verified using Google Street View.

The following steps were completed to develop the structures database. The data table schema
and fields are included in Appendix A.

1. Review GRCA buildings data.

a. Buildings layer metadata: GRCA reviewed the buildings footprint layer from the Regional
Municipality of Waterloo open data and added additional buildings that were not
included in the layer (including detached full sized garages, but not sheds), using Regional
Municipality of Waterloo 2018 Orthoimagery. GRCA also transformed the coordinate
system of the layer to NAD83 CSRSv6 zone 17 and added default 2m building height for
inclusion in raster surface.

b. Identify usable data (subject to field-verification): building type, number of storeys.
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c. Identify data gaps: industrial, commercial, or institutional (ICl) content type, first-floor
elevation, basement presence, living area (attached garages), presence of split levels and
apartment buildings.

2. Perform field verification, as described in Section 5.1.1, to improve data quality, fill data gaps,

and compute more representative flood thresholds.
3. Update building attributes using data collected in the field.
a. Update open data attributes: number of storeys, building type

b. Add new fields: basement presence, number of risers (steps) to first floor, ground surface
elevation best representation (min/mean /max), presence and size (number of cars) of
attached garage, presence of split levels.

4. Refine building footprint areas (living space area and single floor area):

a. Living space area: Used for classifying residential building structure and content types.
Does not include basement area. Used the GIS footprint area, which represents roof line,
and reduced by 0.45m (18 inch) on all sides to account for roof overhang. Further
reduced by field-verified garage size (number of cars) and an assumed size for a single car
garage (12 ft x 24 ft = 288 ft?) (Danley’s 2019).

b. Single floor area: Used for calculating damages from depth-damage curves. Basement
area is assumed equal to main floor.

5. Classify buildings based on updated building attributes, as described in Section 5.1.2.
6. Calculate min/mean/max building elevation from digital terrain model (DTM).

a. To account for the grid cell size of 0.5 m, a buffer area of 0.5 m around each building was
used to determine the minimum, mean, and maximum ground elevations at each
building.

7. Calculate First-floor Elevation

a. First-floor elevation = min/mean/max ground elevation (based on best representation as
identified in the field - see Section 5.1.1) plus an offset based on the number of risers,

assuming a 7” riser height (0.18 m).
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b. Special cases were identified and calculated for buildings with lower first-floor elevations
(see Section 5.1.1).

8. Output building database (building_table.csv), in accordance with schema listed in Table Al
in Appendix A.

5.1.1 Field Verification

On October 8, 2019, Matrix conducted a field verification exercise to improve the quality of the
buildings data, address data gaps, and to generate more representative flood thresholds. Every
building within or touching the Draft Regional inundation boundary was verified. With only a
few exceptions outlined below, these were done by driving through the Town and recording
the following building attributes:

e |Cl building type (for content class)
e Number of risers (steps) to first floor

e Ground surface elevation best representation (min/ mean /max) for first-floor elevation:

+ Record if the minimum, mean or maximum ground surface elevation would best
represent first-floor elevation depending on lot grading and configuration of steps to the
first floor.

+ Ground surface elevations are computed using zonal statistics from the DTM within a
0.5 m horizontal buffer.

+ For example, in Graphic J, the first-floor elevation of the house is closest approximated to
the maximum ground surface elevation within the buffer around the house, plus the
number of risers (steps). Since the ground surface drops off in the backyard, using the
minimum or mean ground surface would falsely represent the first-floor elevation as
being lower than in reality.

+ Conversely, in Graphic K, the minimum ground surface elevation is the most
representative as the base of the risers (i.e., bottom of the steps) from which to define
the first-floor elevation.

+ InGraphicL, the ground surface is fairly uniform around the building and the mean ground
surface elevation plus the number of risers (steps) best represents the first-floor
elevation.
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e Presence of basement

e Presence and size (number of cars) of attached garage
e Presence of multi-storey buildings (apartment)

e Presence of split levels

The key limitation to this task is that it includes only what is visible from the street. Buildings
were not entered. Basements were verified by presence of windows or walkouts. ICl buildings
were not comprehensively verified for basements as the depth-damage curves do not include
basements. However, special cases were identified where the standard calculations would be
an oversimplification for ICI buildings where basements were observed.

The field verification data is included in Appendix B.

GraphicJ Ground Surface Representation for First-floor Elevation Recorded as MAX (Lot
Drops off in Backyard)
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Graphic K Ground Surface Representation for First-floor Elevation Recorded as MIN (Plus
Risers)

Graphicl Ground Surface Representation for First-floor Elevation Recorded as MEAN
(Plus Risers)
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In Graphic M, due to the lower level restaurant, the first-floor elevation was set as mean
ground surface minus the number of steps. Similarly, in Graphic N, as apartment buildings also
do not include basements, the first-floor elevation was set at mean ground surface minus the
number of steps. In Graphic O, due to the lower level, first-floor elevation was set as minimum

ground surface.

Graphic M Special Case: Set First-floor Elevation as Mean Ground Surface Minus Number
of Steps

Graphic N Special Case: Set First-floor Elevation as Mean Ground Surface Minus Number
of Steps
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Graphic O Special Case: Set First-floor Elevation as Minimum Ground Surface

There are three buildings (building ID: 132118, 132119, 132121) that Matrix was unable to visit
due to construction on Lewis Street (only two of these are actually within the Draft Regional
inundation boundary). These were verified using Google Street View to confirm the above
details. These buildings were straight forward, and no further field verification was necessary.

As mentioned above, two buildings (building ID 132137, 132582) were outside of the initial
2006 floodplain boundary + vertical 0.5 m buffer but were touching the 2019 preliminary Draft
Regional inundation boundary. As this identification occurred after the field verification task,
these buildings were verified using Google Street View to confirm the above details. The revised
draft (2020) Regional inundation boundary was lower than the preliminary Regional inundation
boundary and therefore, all buildings within this updated boundary were accounted for in the
buildings database.

5.1.2  Building Classification

Each building within the study area was classified according to content class and structure type
in order to assign representative depth-damage curves. The content and structure classes are
listed below. Section 5.3 further explains the depth-damage curves.

Residential content classes were assigned based on:

e Living space area (not including basement)

e Home vs apartment (verified in the field)

Residential structure type was assigned based on:
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e Region of Waterloo building layer open data attribute “number of storeys,” verified in the
field
e Split level/apartment: identified in the field

The content and structure classes are combined (Table F) and used to assign the resulting direct
(i.e., content and structure) depth-damage curves (see Section 5.3).

Note that any house >4,000 ft (referred to as Content Class AA) is considered as Content Class A
houses (2,400 to 3,999 ft?), in accordance with TRCAs approach, as no Class AA Content Curve is
available (pers. comm. N. Plato, TRCA, 2019). Only one residence within the study area was

calculated at >4,000 ft? living space area.

Table F Residential Structure and Content Class

Content-Structure
. Content Description Structure Description Count
Combined Class
AA

A: 2,400-3,999 ft2 A: 1 Storey
AD A: 2,400-3,999 ft? D: 2 Storey 16
BA B: 1,200-2,399 ft? A: 1 Storey 23
BC B: 1,200-2,399 ft? C: Split -
BD B: 1,200-2,399 ft? D: 2 Storey 50
CA C: <1,199 ft? A: 1 Storey 48
cC C:<1,199 ft? C: Split 9
CcD C: <1,199 ft? D: 2 Storey 9
ME M: Apartment (<4 floors) E: Apartment (<4 floors) 2
NF N: Apartment (=5 floors) F: Apartment (=5 floors) -
TOTAL 157

ICI content class (Table G) were assigned based on:

e Field observation

e When multiple retail types were present, classified as C7 Miscellaneous Retail

e Mixed used buildings assigned predominant commercial class (e.g., Sobeys plaza assigned as
E1 Grocery)

e Buildings with main floor retail and residential upper floors were considered as retail (since
direct damages of flooding would relate primarily to the main floor).

These classes are used to assign the content damage curve for ICI buildings (Section 5.3).
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Table G Industrial, Commercial, or Institutional Content Class

Content Class

Al General Office 3
B1 Medical 1
C1 Shoes -
Cc2 Clothing 1
C3 Stereos/TV 1
ca Paper products 1
C5 Hardware/Carpet 4
cé6 Retail 3
c7 Miscellaneous Retail 10
D1 Furniture/Appliances 1
El Groceries 2
F1 Drugs 1
G1 Auto -
H1 Hotels -
1 Restaurants 4
J1 Personal Service 1
K1 Financial 3
L1 Warehouse/Industrial 14
M1 Theatres -
N1 Institutional 9
01 Hospital -
TOTAL 58

ICI structure type (Table H) were assigned based on:

e Region of Waterloo open data attribute “building type,” verified in the field

Table H Industrial, Commercial, or Institutional Structure Class
ot

Business S1 (Office/Retail) 36

Mercantile

Industrial S2 (Industrial/Warehouse) 16

Agricultural

Utility and Miscellaneous

Educational S5 (Institutional) 6

Institutional

Assembly

TOTAL 58
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Special consideration was made for the two picnic shelters in the fair grounds (Graphic P).
These two structures (Building ID 133190 and 133191) were included in the original buildings
layer; however, as damages would be quite low and more in line with external sheds, which are
already accounted for in the depth-damage curves for the other structures on the property,
these two structures have been removed from the assessment. As these structures are within
the 2-year floodplain, they are frequently flooded.

Graphic P Picnic Shelters in Fair Grounds

5.1.3  Assumptions

The following are additional assumptions related to the structures database:

Duplexes are considered two separate buildings (and are provided as separate polygons).

+ Special Case Building ID 212038; was a single polygon. In our analysis, we considered it as
two separate buildings (split in half).

e Split levels are treated as 1-storey houses with a basement (this is consistent with previous
studies [IBI 2015a]).

e Window wells are not accounted for in the lowest opening elevation (i.e., window well could
be lower than the minimum ground level).

e Apartment buildings are assumed to have no basement (or defined as first-floor elevation at
below grade as in Graphic N).

e Basement floor area is equal to first-floor living area.
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e Basements were initially assumed to be fully finished (per IBI [2015a], as there are currently
no available depth-damage curves for unfinished basements); this assumption was
subsequently refined with the results of a survey of the local residents by GRCA (Appendix D)
as discussed in Section 5.7).

e If a building is partially within (i.e., touching) the inundation boundary it is included in the

assessment.

5.2 Water Elevations Data

GRCA provided water surface elevations and inundation boundaries for the following storm

events:

e 2-5-10- 15-, 20-, 25-, 50-, 100-year return period storms
e Regulatory Storm (Hurricane Hazel)
e February 2018

Water surface elevations and depths were provided in raster surface format, with a 0.5 m grid
cell size. Inundation boundaries were smoothed by GRCA to the existing DTM and provided as
.shp files. The DTM was a topobathymetric raster surface created by GRCA using a combination
of GRCA's bathymetric LiDAR data (2018/2019), GRCAs acoustic doppler current profiler
bathymetric sonar data (2019) and OMAFRA 2017-2018 DTM.

To account for the grid cell size of 0.5 m, a buffer area of 0.5 m around each building footprint
was used to determine the mean water surface elevations assigned to each building, for each

storm event.

Table | lists the number of inundated (i.e., flooded) buildings by building type for the Regional

and return period storm events.

The output table (water_surface_elevations_table.csv), in accordance with schema listed in
Table A2 is provided in Appendix A.
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Table | Number of Inundated Buildings by Building Type and Storm Event

Residential 0 41 51 55 63 77 152
Industrial 0 0 0 2 2 3 3 5 11
Commercial 0 1 3 4 5 5 10 11 27
Institutional 0 0 0 0 0 0 0 0 4
Total IT\du.strlaI, Commercial, 0 1 3 6 7 3 13 16 a2

or Institutional

GrandTotal 0 | 13 | 44 | 5 | 58 | 63 76 | 93 | 194 |
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5.3 Depth-Damage Curves

Numerous sets of depth-damage curves are available for use. The previous study in New
Hamburg (GRIC 1983 see Section 4.1) used two residential curves for either frame or brick
houses with basements developed in the 1960s (Acres 1968) and four curves for
industrial/commercial/institutional buildings developed in the 1970s (Philips 1976).
Depth-damage curves from the Ministry of Natural Resources and Forestry (from studies in the
1980s) were updated in 2007 (Moudrak et al., 2017). IBI (2015a; Moudrak et al., 2017)
commented that these curves are outdated, since construction method, economics, and
lifestyles have changed since the original studies in the 1980s (and earlier). Furthermore, these
curves provided no guidance for apartment buildings.

IBI (2015a) established new depth-damage curves for a wide selection of building types.
Damages to building structure and contents were estimated for a series of flooding levels.
These depth-damage curves represent the most up-to-date curves available in Canada and
were adapted for use in Ontario by TRCA (IBI 2019) using price indexes to convert from Alberta
$2014 to Ontario $2016. These curves were used in the 2017 Intact study (Moudrak et al., 2017,
as described in Section 4.3). The depth-damage curves have been provided to Matrix by TRCA
for use in this study and are included in Appendix C.

Structure and content curves for residential buildings are assigned based on the combination of
their content class and structure type. For example, the depth-damage curves “AD” are applied
for buildings with Content Class A, and Structure Class D.

ICl structure curves are assigned based on the structure type, and ICl content curves are
assigned based on the building’s content class. These classes are defined in Section 5.1.2.

The depth-damage curves are separated into main floor curves and basement curves. To
calculate damages for a given building, the structure is associated with its appropriate structure
damage and content damage curve, depending if there is flooding in only the basement, only
the main floor (if no basement is present), or both. These scenarios are described further in
Section 5.5.

Basement damage curves assume fully finished basements. While this assumption is not
accurate, it accounts for the possibility of residents finishing their basements at any point in
time. Given the theoretical output of the damage assessment as an AAD, this assumption is
conservative. Indeed, the residents of New Hamburg are accustomed to frequent flooding and
are likely more prepared for a flood and have adapted to living within a flood centre, compared
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to the residents of Alberta where the flood damage curves were generated, and the flood of
2013 caught most people unprepared. As such, GRCA undertook a survey to support the
estimation of annual average flood damages in New Hamburg and refine the assumptions and
approach to calculating basement flood damages (see Section 5.7 and Appendix D).

5.4 Indirect Damages

Matrix reviewed available background studies to determine appropriate values for estimating
indirect damages as a percentage of direct damages. These included:

e Kates (1965)

e [Bland ECOS (1982)

e Nichols (1979)

e |Bland ECOS (1984)

e Agra Earth and IBI (1998)
e IBI(2015b)

The results are illustrated in Graphic Q, as a quartile box plots by building type, with the mean
value marked with “X,” and the median value with a horizontal line. The values used for this
study (Table J) are labelled, which correspond to the median values and are consistent with the
previous flood damage estimates (GRIC 1983).

TableJ Indirect Damages as Percentage of Direct Damages by Building Type
Indlrect Damage
Residential Residential Residential
ICI S1 (Office/Retail) Commercial 35
S2 (Industrial/Warehouse) Industrial 45
S5 (Institutional) Institutional 34
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Graphic Q Box Plot of Indirect Damages as Percentage of Direct Damages Compiled from
Background Studies

PHASE 2 - FLOOD DAMAGE CALCULATIONS

In consultation with GRCA, Matrix used Python (version 2.7) to compute the flood depths and
damages as outlined below.

5.5 Flood Depths

The first step in the calculation of flood damages is to determine flood depths. Based on the
hydraulic model results from GRCA, and the input data from Phase 1, the depth of flooding at
each building was determined for each storm event.

There are four cases for flood depth and damages calculations, as illustrated in the schematics
in Graphics R, S, T, and U.

Graphic R illustrates the case for residential buildings, where a basement is present. If the
water elevation is above the first-floor elevation, the flood depth relative to the first floor is

> 0 m. This scenario would have damages to both the basement and main floor. The basement
content (BC), basement structure (BS), main content (MC), and main structure (MS) curves

would all be applied in this case.
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Graphic S illustrates the case for residential buildings with a basement, where the water
elevation is below the first-floor elevation, but still higher than the lowest opening. Therefore,
the flood depth relative to the first-floor elevation is < 0 m. This scenario would have damages
to only the basement. The BC and BS curves would be applied in this case.

Graphic T illustrates the case for residential buildings without basements as well as ICI
buildings, where the water elevation is above the first-floor elevation. In this case, the flood
depth relative to the first floor is >0 m. The MC and MS curves would be applied in this case.

Graphic U illustrates the final case for residential and ICl buildings without basements, where
the water elevation is above the lowest opening elevation but below the first-floor elevation. In
this case, flood depth relative to the first-floor elevation is < 0 m; however, since there is no
basement, it is deemed not flooded and no damages are computed.

Residential

Water El.
\. Flood Depth D D

Flood Depth >0m:
Basement + Main

Floor Flooded Lowest Opening =

Min. Ground El.

*Offset = # Risers x 7” Height

GraphicR Schematic of Residential Building with Basement and Flooding Above First
Floor
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Graphic S Schematic of Residential Building with Basement and Flooding Below First
Floor

Graphic T Schematic of Residential/Industrial, Commercial, or Institutional Building
without Basement and Flooding Above First Floor
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Graphic U Schematic of Residential/Industrial, Commercial, or Institutional Building
without Basement and Flooding Below First Floor

5.6 Flood Damages

Based on the flooding depths, Matrix then calculated:

e Direct damages
e Indirect damages
e Total damages

e Average annual damages

The input files were used according to the table schema (Appendix A) and as outlined in Phase 1
(see Graphic 1), using the flood depth calculations. These are outlined below.

5.6.1 Direct Damages

Direct damages due to flooding were computed for the cases described above in Graphics R to
U and are summarized in Table K. The depth-damage curves relate the depth of flooding at a
building to expected damages ($/m?). The unit area damage (S/m?) is then multiplied by the
single floor area (m?) to obtain the direct damages estimate for each building and event.
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Table K Direct Damages Calculation Logic

Building Type Flood Depth Depth-Damage Calculation in $/m?

Residential Yes >0m Basement + Main Floor Damages
(BC + BS + MC + MS)

Residential Yes <0m Basement Damages
(BC + BS)

Residential No >0m Main Floor Damages
(MC + MS)

Residential No <0m No Damages

ICI No >0m Main Floor Damages

ICI No <0m No Damages

Notes:

BC - basement content curve
BS - basement structure curve
MC - main content curve

MS - main structure curve

5.6.2 Indirect Damages

The direct damages are then multiplied by the percentage in the indirect damages table to
compute indirect damages, according to building type (see Table J).

5.6.3 Total Damages

Total damages are the sum of direct and indirect damages for each building and event.

5.6.4 Average Annual Flood Damages

The AAD from flooding is the cumulative potential damages occurring from various flood events
over an extended period of time. The AAD is averaged over time and presented as a uniform
annual amount. The AAD is computed by plotting the total damages vs probability distribution
and then computing the area under the curve. The first step in this is assigning a probability to
each storm event. For return period storms, this is simply the inverse of the return period (e.g.,
1/2 = 50%), as shown in Table L. For the Regional storm, this is more challenging. GRCA has
updated the flood frequency analysis for the Nith River at New Hamburg; however, the curves
used have not been extended to capture the 1,011 m3/s Regional flow. In order to include the
flood damages for the Regional event, Matrix estimated a return period of approximately 1,000
years using the relationship of the storm probability and flow. There is a high level of
uncertainty in applying a return period and probability to the Regional storm based on the
period of record of observed water levels at the New Hamburg gauge. We completed a
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sensitivity analysis on this value and found that varying it from a 0.1% probability to 0.3%
probability resulted in a 3% change in the AAD.

Using the same relationship, the February 2018 event was computed as having a return period
equivalent to a 37-year event. This is consistent with GRCA’s flood frequency analysis.

Table L Flood Flow and Probability
179 2 50%
265 5 20%
322 10 10%
350 15 6.7%
377 20 5%
394 25 4%
447 50 2%
500 100 1%
1,011 (Regional) 1,000 0.1%
422 (Feb 2018) 37 2.7%
5.7 Public Consultation and Survey

GRCA held three PICs for the NHFM study. The first PIC was held June 26, 2019 and introduced
the project objectives, anticipated methods and requested members of the public share
information about water levels on their property during past flood events. The second PIC was
held November 25, 2019, presented a preliminary estimate of annual average flood damages,
and solicited input on a list of potential mitigation options.

A survey of property owners in areas at risk of riverine flooding in New Hamburg was released
at the second PIC, with responses collected through November and December 2019. GRCA
surveyed New Hamburg residents and businesses to gather information about the
characteristics of buildings in at-risk areas (e.g., whether basements are finished), types of
flooding residents have experienced (river-related or sewer backup), and damages and costs
associated with floods. GRCA’s technical memorandum describing the survey and results is
included in Appendix D. The survey results, summarized below, were used to refine the
preliminary estimate of flood damages:

e About 60% of respondents have experienced flooding

e 43% have experienced damages (mostly due to basement or garage flooding)
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e Almost half of residences have unfinished basements
e 77% of respondents have taken measures to protect their property from flooding

e About 70% of respondents receive flood messages

The final PIC was held on March 11, 2020 and presented study findings and next steps. GRCA
compiled the comments received in response to the PICs (included under separate cover) with
names and addresses removed.

6 Results

The results from the flood damages assessment are summarized below. The flexibility of the
output and GIS linkage allows for any of the metrics outlined in the schema (Appendix A) to be
aggregated and mapped.

6.1 Flood Depths

The estimated flood depths are shown on Figures 2 to 10 for the 2-, 5-, 10-, 15-, 20-, 25-, 50-,
100-year, and Regional, respectively. Figures 2 to 10 include the Draft Regional inundation
boundary, the water surface elevation raster for the event, and the buildings. White buildings
are those that were included in the study area but are not flooded under that event. Coloured
buildings are represented by the flood depth relative to the first-floor elevation for each storm
event. Grey buildings are not included in the study area.

As shown on these figures, there are lower flood depths with lower return period storms,
indicating mainly basement flooding (green-coloured buildings). There are no flooded buildings
in the 2-year event (179 m3/s). In less frequent, larger storm events, the flood depths are
surpassing the first-floor elevation within the inundation area (yellow-to-brown-coloured
buildings), and basement flooding occurs around the fringes of the inundation area.

6.2 Flood Damages

Using the results of GRCA’s survey (Section 5.7 and Appendix D), the flood damages calculations
were adjusted as follows:

e 50% reduction in basement structural damages to reflect that almost half of residences have
unfinished basements.

e 25% reduction in basement contents damages to reflect that over 75% of respondents have
property flood protection measures in place.
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The estimated total flood damages are shown on Figures 11 to 19 for the 2-, 5-, 10-, 15-, 20-,
25-, 50-, 100-year, Regional, respectively. In this map series, the white buildings are those that
were included in the study area but are not flooded under that event. Coloured buildings are
represented by the total flood damages (direct + indirect damages) for each storm event. Grey

buildings are not included in the study area.

As shown on these figures, there are lower damages with lower return period storms, and
higher damages for less frequent, larger storm events. The total direct and indirect damages
are summarized in Table M by building type. A breakdown of the residential flood (direct)
damages by basement and first floor is included in Table N. A breakdown of ICI flood damages is
included in Table O. Detailed output is included in Appendix E.
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Table M Flood Damage Estimates Summary Table

(265 m3/s) (322 m-"/s) (350 m3/s) (377 m3/s) (394 m3/s) (447 m3/s) (500 m3/s) (1,011 m3/s)
Residential No. of Buildings 152
Direct Damages $400,136 $1,660,548 $2,146,552 $2,168,731 $2,428,431 $2,981,571 $4,532,701 $17,664,032
Indirect Damages $60,020 $249 082 $321 983 $325 310 $364 265 $447 236 $679 905 $2 649,605
Industrial ~ No. of Buildings
Direct Damages 563,127 587,968 $117,450 $174,513 $247,495 $2,216,412
Indirect Damages $28,407 $39,586 $52,852 $78,531 $111,373 $997,385
Toulomases S sirse Sinoane szssol S Saziszoy
Commercial No. of Buildings
Direct Damages $342,535 $629,032 $806,478 $919,447 $1,011,880 $1,491,939 $1,937,594 $8,795,684
Indirect Damages = $119,887 $220,161 $282 267 $321 806 $354 158 $522 179 $678 158 $3 078,490
Institutional | No. of Buildings
Direct Damages $1,062,047
Indirect Damages $361,096
S 755
Total No. of Buildings
Direct Damages $742,671 $2,289,580 $3,016,157 $3,176,147 $3,557,761 $4,648,023 $6,717,790 $29,738,175
Indirect Damages = $179,908 $469,244 $632,657 $686,702 $771,275 $1,047,945 51,469,436 $7,086,576

Total Damages $922,579 52,758,824 | 53,648,814 | $3,862,849 | $4,329,036 | $5,695,968 | $8,187,226 | $36,824,751

Note: No flood damages in 2-year event (179 m3/s)
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Table N Residential Direct Damages Breakdown

. . 5-year 10-year 15-year 20-year 25-year 50-year 100-year Regional
R | Break fD
esidential Breakdown of Damages | ;' a/c) | (322 m3/s) | (350 m*/s) | (377 m¥/s) | (394 m3/s) | (347 m*/s) | (500 m*/s) | (1,011 m*/s)

Basement Damages Only $400,136 $1,660,548 52,099,161 $2,121,185 $2,328,121 S$2,437,766 $2,653,371 $2,823,171
No. of Units 12 41 50 50 53 54 56 53
Basement Content $234,704 $983,874 51,249,610 $1,265,528 $1,386,222 $1,451,939 $1,596,794 $1,746,614
Basement Structure $165,432 $676,673 $849,551 $855,657 $941,899 $985,827 $1,056,577 $1,076,557

Basement + First-floor Damages $47,391 $47,547 $100,310 $412,350 $1,194,299 $12,522,413
No. of Units 1 1 2 7 14 83
Basement Content $15,151 $15,151 $33,352 $152,525 S$309,774 S2,432,388
Basement Structure $7,585 $7,585 $16,697 $93,099 $204,681 $1,597,898
First-floor Content $8,173 $8,304 $17,642 $61,147 $248,070 $3,446,940
First-floor Structure $16,482 $16,506 $32,618 $105,579 S431,774 S5,045,187

First-floor Damages Only (No Basements) $131,455 $685,031 $2,318,447
No. of Units 2 7 16
First-floor Content $43,690 $216,146 $915,673
First-floor Structure $87,766  $468,886 $1,402,775

TOTAL NO. OF UNITS 12 41 51 51 55 63 77 152

TOTAL BASEMENT DAMAGES $400,136 $1,660,548 $2,121,897 $2,143,921 $2,378,171 $2,683,390 $3,167,826 $6,853,457

TOTAL FIRST-FLOOR DAMAGES $24,655 $24,811 $50,260 $298,182 $1,364,875 $10,810,574

TOTAL DIRECT DAMAGES RESIDENTIAL $400,136 $1,660,548 $2,146,552 $2,168,731 52,428,431 $2,981,571 $4,532,701 $17,664,032

Note: No flood damages in 2-year event (179 m3/s)
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Table O ICI Direct Damages Breakdown

5-year 10-year 15-year 20-year 25-year 50-year 100 -year Regional
ICl Breakdown of Damages| .’ 31011 (322 m3/s) | (350 m3/s) | (377 m3/s) | (394 m3/s) | (447 m3/s) | (500 m3/s) (1,011 m?/s)
)

Industrial (Total $63,127 $87,968  $117,450  $174,513  S247,495 $2,216,412

No. of Units 2 2 3 3 5 11
Content Damages $59,333 $83,825  $112,484 S168,329  $237,434 $2,161,403
Structure Damages $3,793 S4,144 S4,965 $6,184 $10,061 $55,009
Commercial (Total) $342,535 $629,032 $806,478 $919,447 51,011,880 $1,491,939 $1,937,594 $8,795,684
No. of Units 1 3 4 5 5 10 11 27
Content Damages $297,635  $499,905 $627,521 $685,439 $742,109 $1,057,789 $1,430,187 56,957,110
Structure Damages $44,900 S$129,127 $178,957 $234,008 $269,771 $434,150 $507,408 $1,838,574
Institutional (Total) $1,062,047
No. of Units 4
Content Damages $863,249
Structure Damages $198,798

TotalNo.ofUnits | 1 3 6 7 8 13 16 4

1
Total ICI Direct Damages $342,535| $629,032| $869,605 $1,007,415 $1,129,330  $1,666,452| $2,185,089 | $12,074,143
Total ICl Indirect Damages | $119,887| $220,161| $310,674| $361,392| $407,010 $600,709| $789,531| $4,436,971
Total ICI Damages $462,422| $849,194| $1,180,279| $1,368,808 $1,536,340| $2,267,161| $2,974,620 $16,511,114

Note: No flood damages in 2-year event (179 m3/s)
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6.3 Average Annual Damages

The total damages in Table M above are plotted against their probability of occurring as shown
on Graphic V. The area under the curve represents the AAD, at $0.9 million ($2016). The direct
and indirect curves are also plotted to illustrate these components of the total damage
estimates. Of the $0.9 million total AAD, direct damages form 82% and indirect damages form
18%.

GraphicV Damages Probability Distributions and Average Annual Damages

6.4 Validation
6.4.1 February 2018 Event

The original intention was for the reported damages from February 2018 be used to validate
the calculations of estimated flood damages. However, as outlined in Section 4.2, the reported
damages were voluntary, not comprehensive, and anecdotal. In addition, the February 2018
flood event is hydraulically modelled based on an estimated observed flow and impacts from
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ice and ice jams provide limitations in the accuracy of the mapping and hydraulic input data. As
such, the calculations of estimated damages have not been validated with actual damages.
(However, the survey results were used to refine the preliminary estimate of flood damages as
described above.)

In light of the data limitations, Matrix used the water surface elevation generated by GRCA for
the February 2018 flood event as a validation exercise on the scripting processes. This event
was estimated to have a 37-year return period (Section 5.6.4); therefore, we would expect the
results to be about halfway between the 25-year and 50-year results. The results are listed in
Table P and are as expected, which increases confidence in the methodology.

Table P Flood Damage Estimates Comparison of Feb 2018, 25-year, and 50-year Events

F

Residential | No. of Buildings
Direct Damages $2,672,910 $2,428,431 $2,981,571
Indirect Damages $400,937 $364,265 S447,236
Industrial No. of Buildings
Direct Damages $149,764 $117,450 $174,513
Indirect Damages $67,394 $52,852 $78,531
Commercial No. of Buildings
Direct Damages $1,220,982 $1,011,880 $1,491,939
Indirect Damages $427,344 $354,158 $522,179
Institutional No. of Buildings
Direct Damages - - -
Indirect Damages

Total Damages ___

TOTAL No. of Buildings
Direct Damages $4,043,656 $3,557,761 $4,648,023
Indirect Damages $895,674 $771,275 $1,047,945

Total Damages $4,939,330 $4,329,036 $5,695,968
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6.4.2 Comparison with GRIC (1983)

Table Q below provides a summary of the comparison between the previous flood damage
estimates for New Hamburg (GRIC 1983; see Section 4.1) and the updated flood damages
estimates from the current NHFM study. Flood frequencies and flows from GRIC 1983 are
referenced in Table B (Section 4.1) and GRCA’s updated flood frequencies and flows are
referenced in Table L (Section 5.6.4). Updates to GRCA flood frequencies are based on many
more years of data and have a higher accuracy than those from GRIC 1983. The increase in the
number of flooded structures (and damages) is largely due to the difference in flow rates and
methods.
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Table Q Comparison between GRIC (1983) and Grand River Conservation Authority/Matrix Solutions Inc. 2020 Flood
Damage Assessments

Component 1983 Study 2020 Study

Flow Rate 756 m3/s 1,011 m3/s
Number of Buildings in Floodplain 122 194
Regulatory Floodplain Mapping Pre-1985 floodplain mapping update 2020 floodplain mapping update
Source of Data e 2 residential curves for frame or brick e Most up-to-date curves available in Canada
houses with basements developed in e Adapted for use in Ontario by TRCA & IBI (2019)
1960s e Based on 2015 Alberta Provincial Flood Damage
e 4 curves for ICl buildings developed in Assessment (IBI 2015a)
1970s
Basement Assumptions e All homes have basements e Field-verified homes with/ without basements
e Some commercial units have e Approach reflects GRCA survey of residents:
basements + Nearly half of homes with basements are

unfinished (50% reduction in basement
structural curves)

+ Existing homeowner flood resilience
measures reduce content damages (25%
reduction in basement content curves)

e No ICl units have basements

Indirect Damages % of direct damages % of direct damages
Public Damages 4% of direct + indirect damages Not included
'Average Annual Damages ($2016) $77,500 | $905,000 |
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6.5 Infrastructure Considerations

Infrastructure damages (e.g., roads, bridges, utilities, public amenities, railroads) are a costly
burden for the Township, Regional Municipality of Waterloo, and GRCA. These damages are
very difficult to estimate as the amount of damage is a function of both the flood water
characteristics (depth, velocity, debris) and ability of the infrastructure (e.g., a road) to
withstand flood conditions (road surface, life span, state of repair). Infrastructure damages can
be determined by the municipality, or estimated using municipal asset management plans, or
alternatively, are sometimes accounted for as a percentage of direct damages (e.g., 10-25%,
NRCAN 2017). If actual damages from a known event are available, this could be extrapolated
to other storms by aerial extents (NRCAN 2017). As the reported damage to infrastructure for
the Township (Table E) was not only for New Hamburg, and the location or address of
infrastructure was not clear, this approach was not possible. In the absence of such
information, and in consultation with GRCA, the NHFM study assessment has taken the
following approach.

An inventory of at-risk municipal and GRCA lands and infrastructure is provided in Table R
below. It includes the length of road that is inundated and the areal extent of GRCA and
Township-managed lands that are inundated for each event. Damages to parks would include
repair or replacement costs for items such as playgrounds, baseball diamonds, soccer fields,
picnic shelters (Graphic P), gazebos, park benches, pathways, parking lots, and any other
amenities not mentioned. Table R reflects that Wilmot Township manages some GRCA-owned
lands under maintenance agreements (e.g., Scott Park, Kirkpatrick Park).

The inventory includes each bridge as inundated or not for each event, where inundation was
defined as the water surface elevation reaching the ground surface elevation at any point along
the bridge. Only the railway bridge and Highway 7/8 bridge are high enough to not be flooded
during the Regional event. At the New Hamburg wastewater treatment plant (WWTP) just
downstream (southeast) of the Town centre, the perimeter berms are high enough to prevent
the river from spilling into the lagoons for all assessed storm events. The buildings associated
with the WWTP were not included in the damage assessment.

Matrix completed flood risk mapping using the output of the GRCA’s HEC-RAS model for
existing conditions and each potential flood mitigation option, which is documented in
Technical Memorandum #2 (Matrix 2020).
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Table R Inventory of At-risk Infrastructure

Extent of

Extent of Flooding

Flooded Flooding of Inundated Bridge (Repairs or Full Replacement) Flooded

Roads G GRCA-Managed WWTP

(km) Townshlp-Ma?aged Lands ) Sestri Hwy | (yes/no)

Lands (m?) (m?) Railway Pedestrian 7/8
2-year 0 163,555 8,774 No No No No No No
5-year 0.94 216,099 14,338 No No No No No No
10-year 1.38 221,576 19,905 No No No No No No
15-year 1.62 224,180 34,336 No No No No No No
20-year 1.69 226,361 34,683 No\ No No No No No
25-year 1.75 231,724 34,937 No No No No No No
50-year 1.90 241,897 35,319 No No No No No No
100-year 2.01 246,509 35,319 No No No No No No
Regional 4.16 277,223 35,319 No Yes Yes Yes No No
Notes:

WWTP - wastewater treatment plant - flooding refers to overtopping of berms only; sewer backup is not assessed under this study.

29006-513 New Hamburg TM1 2020-03-30 final V2.0.docx 48 Matrix Solutions Inc.



7 Climate Change Assessment

This study includes assessing the impacts of climate change on flood damages under existing
conditions (i.e., using the existing conditions models). The current climate science understands
that storms are becoming more frequent with the changing climate, and therefore, have an
increased probability of occurring. The probabilities for two climate change scenarios - the
2050s and the 2080s, listed in Table S, were presented by CVC at the Water Environment
Association of Ontario’s Collection and Conveyance Systems Specialty Workshop

2019 - Adaptation Initiatives for Infrastructure Resiliency. The analysis was completed by Risk
Sciences International and TRCA as part of the Ontario Climate Consortium under a 2016
technical report (Auld et al., 2016). Auld et al., used the Climate Change Hazards Information
Portal to perform the Regional downscaling of global climate models to derive these
probabilities for the Region of Peel. The scale of global climate models is on the order of ~200
km x 200 km grid cell size, and the atmospheric drivers of climate for the Region of Peel are the
same Regional air masses that drive climate over south-central Ontario. As such, these values
were deemed applicable for south-central Ontario and for this study.

Table S Probability of Occurrence under Climate Change Scenarios
. . . - Climate Change Climate Change
2050s Probability 2080s Probability
2 50% 65% 63%
5 20% 30% 36%
10 10% 15% 23%
15 7% 13% 20%
20 5% 12% 16%
25 4% 10% 13%
50 2% 5% 9%
100 1% 3% 6%
1,000 0.1% 0.4% 1%
Note:

1,000-year return period was extrapolated from the results reported by Auld et al. (2016)
using the following relationships: 2050s return period = 1.1559x 1246 and 2080s return period =
1.2015x%4%¢, where x is the probability in Table S.
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Using these probabilities, the total damages were plotted on the flood damages probability
distribution for the 2050s and 2080s climate change scenarios and existing conditions for
reference (Graphic W). The AAD for the 2050s probability distribution ($1.6 million) is 75%
higher than under existing conditions. The AAD for the 2080s probability distribution

(52.3 million) is 150% higher than under existing conditions. This analysis was meant to provide
a high-level look at potential effects of climate change on AAD in New Hamburg. Even though
they are based on the current science, the underlying assumptions and results are highly
uncertain (e.g., compounding uncertainties of global climate models, downscaling Regional
climate model, local climate conditions, and assumptions in the AAD calculations.)

Graphic W  Total Damages and Average Annual Damages with Climate Change Scenarios
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8 Recommendations

The objective of the NHFM study flood damages estimate is to provide a basis for comparing
potential flood mitigation options. The current assessment achieves this. If, as part of a future
study, GRCA is looking to refine the level of detail and accuracy of the flood damage estimate,
the following are suggested refinement opportunities:

Develop unfinished basement contents depth-damage curves to further refine the basement
damages estimates.

e Undertake topographic surveys of each property to refine the representative ground surface
elevation and lowest opening elevation.

e Complete interior surveys of ICI buildings to determine if basements are present and select
an appropriate basement contents curve.

e [tisunderstood that the HEC-RAS model which forms the basis of the flood damage estimates
is in draft and will go through peer review in the near future. Once the modelling is finalized,
the results should be reviewed, and the flood damage assessment should be revised if
necessary.

9 Closure

Average annual flood damage estimates were computed for New Hamburg using the most
up-to-date depth-damage curves available in Canada indexed for Ontario (52016), and the draft
HEC-RAS model results from GRCA’s updated floodplain mapping and modelling study. Direct
and indirect damages were estimated. Intangible damages were considered but were not given
a dollar value. Flood damages to infrastructure were considered separately. Climate change
scenarios were used to adjust the probability of occurrence for the flood events and compute
future climate AAD. The results of this study were used to evaluate the return-on-investment
for potential flood mitigation options for New Hamburg (Matrix 2020).
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atthe time of publication, Matrix Solutions Inc. assumes no liabilty for any errors, omissions, or inaccuracies in the third party material.
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Disclaimer: The information contained herein may be compiled from numerous third party materials that are Subject to periodic change
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Appendix A
Table Schema




Appendix A - Overview of Data Tables
Table#  Table

Filename

Contents

Usage

Al Building

A2 Water Elevations

A3 Depth-Damage Curve (residential)

A4 Depth-Damage Curve (ICI Structure)
A5 Depth-Damage Curve (ICl Content)

A6 Content Class Reference Table

A7 Structure Type Reference Table

A8 Indirect Damage Table

A9 Flood Damages Summary Output Table
A10 Flood Damages All Fields Output Table
All Average Annual Damages Input Table

building_table.csv
water_elevations_table.csv
depth_damage_res_table.csv
depth_damage _ici_struc_table.csv
depth_damage_ici_content_table.csv
content_class_ref table.csv
structure_type_ref_table.csv
indirect_damage_table.csv
flood_damages_output_summary_table.csv
flood_damages_output_all fields.csv
AAD_input_table.csv

All building attributes

Stores hydraulic model results. Flood elevations for all storms and scenarios.
Depth-Damage values for Residential buildings (content + structure)
Depth-Damage values for ICl building (content)

Depth-Damage values for ICl building (structure)

Lookup from content class code to description for reporting.

Lookup from structure type code to description for reporting.

Stores indirect damage as % of direct damges

Summary output of # buildings, and direct, indirect,and total damages by building type
Output of all fields from Python Script

stores inputs for calculation of Average Annual Damages script

Python Input
Python Input
Python Input
Python Input
Python Input
Information Only
Information Only
Python Input
Python Output
Python Output
Python Input



Table A1l - Building Data Table (building_table.csv)

Field Name Key field Field Type |Description Source Example
building_id primary Integer Unique identifier of the building polygon, GIS assigned. GIS Generated 1024
S OBJECTID in GRCA building | .S I digitized sheds,
rmow_building_id Integer ame as . " uilding layer. Some polygons (digitized sheds, new GRCA building layer ("OBJECTID" attribute) 102912
construction) had OBJECTID = 0.
building_polygon_area_m2 Float GIS polygon area. GIS Calculated 205.0
reduced area footprint for residential buildings by 0.457m buffer to account for
area_footprint_ft2 Float " pr ! ! 9‘_ Ings by ! 8 (building_polygon_area_m2) reduced by 0.457m buffer for residential buildings 1991
roof overhang. Used to calculate area_living_space_ft2.
reduced area footprint for residential buildings by 0.457m buffer to account for
area_footprint_m2 Float " pr ! ! lfl Ings by ! 8 (building_polygon_area_m2) reduced by 0.457m buffer for residential buildings 185.0
roof overhang. Used to calculate area_single_floor_m?2.
n_storeys Float Number of stories, not including basement. GRCA building layer ("Storeys" attribute), field verified. 2
Total above grade living space, not including attached garage area or basement
area. Was used to determine content_type_code for residential buildings. Buildin
area_living_space_ft2 Float " .u . ! —ype_ . . ! a7 butidi g' yficing (n_storeys * area_footprint_ft2) - (attached_garage _n_cars * 288) 2300.0
classification uses units of area of ft2. In calculating this, we assumed a single car
garage is 12ft x 24ft = 288 ft2.
Area of a single floor (both main floor and basement). Does not include attached
arage area. Fully finished basement is assumed. Value is multiplied by the depth-
area_single_floor_m2 Float garag iy iinl . ! N uel u '|p ! y .p area_footprint_ft2 - (attached_garage_n_cars * 288) 85.0
damage amount ($/m2) to determine total damages at a building. In calculating
this, we assumed a single car garage is 12ft x 24ft = 288 ft2.
L. Classification of building as ICI or Residential. Used for the assignment of depth- | Reclassification GRCA building layer "BuildingType" attribute, reclass table . .
ici_res Text . . Residential
damage curve for contents. provided in report.
. . Further classification of ICI buildings into: Industrial, Commercial and Industrial, e e . . .
ici_res_updated_detail Text Reclassification "structure_type_code" field, reclass table provided in report. Industrial

used for Indirect Damage calculations. Based on structure_type_code.




For ICI: Reclassification GRCA building layer "BuildingType" attribute, reclass
table provided in report. .

structure_type_code Text 1 - 2 character code representing the structure type of the building (TRCA curves). C
=ype_ X P ng tcture typ uilding ( urves) For Residential: based on n_storeys, and field-verified classification of
apartment and split level houses.
For ICI: from field classification based on building purpose (e.g. Medical, Retail).
content_type_code Text 1 - 2 character code representing the content type of the building (TRCA curves)  For Residential: based on area_living_space_ft, and in-field classification of A
apartment and split level houses, reclass table provided in report.
2 characted code, the combination of the structure_type_code and For ICI: Null
res_combo_code Text content_type_code, used for assigning depth damage curves for Residential B . .
buildings For Residential: Concatenation of: content_type_code + structure_type_code.
GIS Generated
in_floodplain_2006_zero5 Boolean Building is within a 0.5m vertical buffer of the 2006 Floodplain TRUE: In floodplain TRUE
FALSE: Not in floodplain
GIS Generated
L. Building is within the draft 2019 Regional Inundation Boundary (cleaned up . .
in_indun_bound_2019_cleaned Boolean , TRUE: In inundation boundary TRUE
version by GRCA) o .
FALSE: Not in inundation boundary
. Number of risers (i.e. steps to main floor). Counted in the field. Was used to . .
n_risers Integer . . Field-verified 3
determine the z_first_floor_m.
First floor offset method; indicates best representation of ground surface
elevation at risers. Used to determine z_first_floor_m. Specifies whether n_risers | _. .
ff_offset_method Text . . . Field-verified max
- - were counted from min/mean/or max of the ground elevation. E.g. if door and
risers for a house were at the high point of the property, this is max.
Field-verified:
Presence of basement (for Residential buildings only). Used to determine if eta-vert
basement_presence Boolean TRUE: Has basement TRUE
basement damages should be calculated.
FALSE: No basement
Number of cars of an attached garage, if present. "0" if no attached garage. Was
attached_garage_n_cars Integer o garag P . garag Field-verified 2
used to determine living_space_area_ft2 and area_single_floor_m2.
z_building_min_m Float Minimum Elevation within 0.5m buffer of building GIS Sampled from: NewHamburg_Topobathymetric 335.1
z_building_mean_m Float Mean Elevation within 0.5m buffer of building GIS Sampled from: NewHamburg_Topobathymetric 3354
z_building_max_m Float Maximum Elevation within 0.5m buffer of building GIS Sampled from: NewHamburg_Topobathymetric 335.6
If:
. First floor elevation, used to calculate flooding depth (flood_depth_m). Used an |ff _offset_method = min, then: z_building_min + n_risers * 0.178 m
z_first_floor_m Float ) ) . o . 335.2
assumed riser height of 7 inches (0.178m). ff_offset_method = mean, then: z_building_mean + n_risers * 0.178 m
ff_offset_method = max, then: z_building_max + n_risers * 0.178 m
. Elevation of lowest opening. Assumed equal to z_building_min, but stored as a o .
z_lowest_opening_m Float . o z_building_min 335.1
separate field for flexibility.
Dat hich the buildi field verified (YMD).
field_verified_date_ymd Text ate on whic e building was field verified ( ) Field 2019-10-03

If blank, the building was not field verified.




Table A2 - Water Elevations (water_elevations table.csv)

Field Name Key field Field Type |Description Source Example
building_id primary Integer Unique identifier of the building polygon. 1234
storm_id secondary  Text Unique identifier for each storm. User input RegionalSS
. . . . . e.g. berm_option_b,
scenario_id secondary  Text Modelling scenario, normally equivalent to a HECRAS geometry name. User input . .
ExistingConditions
Minimum water elevation within 0.5m buffer of building. For QAQC (mean depth
z_water_min_m Float . . . & QAQC( P Sampled from HECRAS Water Elevation Results raster. 335.2
is used in calculations).
Mean water elevation within buffer of building (distance TBD). Used for flood .
z_water_mean_m Float ) Sampled from HECRAS Water Elevation Results raster. 335.3
depth calculations.
Maximum water elevation within 0.5m buffer of building. For QAQC (mean depth
z_water_max_m Float & QAQC( P Sampled from HECRAS Water Elevation Results raster. 3354

is used in calculations).




Table A3 - Depth-Damage Curve (ICl content) (depth_damage ici_content table.csv)

Field Name Key field Field Type |Description Source Example
ddsi_object_id primary Integer Unique identifier for each depth-damage co-ordinate Generated 322
ici_res secondary  Text ici_res and content_type_code are used as a lookup to the Building table From TRCA Depth Damage Curves ICI
content_type_code secondary  Text ici_res and content_type_code are used as a lookup to the Building table From TRCA Depth Damage Curves M1
curve_struc_cont Text Specifies whether the damage is for content or structural damage. From TRCA Depth Damage Curves Contents
flood deoth m Float Flooding depth, relative to first floor elevation. Will be interpolated to determine Erom TRCA Depth Damage Curves 0.4
~depth_ the damage ($/m2) for a given flooding depth at each building. P & ’

damage_dol_m2 Float Damage per unit area. Used to compute total damages at a building From TRCA Depth Damage Curves 675.2




Table A4 - Depth-Damage Curve (ICl structure) (depth _damage ici_struc_table.csv)

Field Name Key field Field Type |Description Source Example
ddsi_object_id primary Integer Unique identifier for each depth-damage co-ordinate Generated 322
ici_res secondary  Text ici_res and content_type_code are used as a lookup to the Building table From TRCA Depth Damage Curves ICI
structure_type_code secondary  Text ici_res and structure_type_code are used as a lookup to the Building table From TRCA Depth Damage Curves S1
curve_struc_cont Text Specifies whether the damage is for content or structural damage. From TRCA Depth Damage Curves Structure
Flooding depth, relative to floor elevation. Will be interpolated to determine the
flood_depth_m Float From TRCA Depth Damage Curves 0.4
—aepth_ damage (S/m2) for a given flooding depth at each building. P &
D it .Used t te total d t a buildi ith
damage_dol_m2 Float amage per unit area. Lsed to compute total damages at a buliding Wi From TRCA Depth Damage Curves 675.2

first_floor_area_m?2.




Table A5 - Depth-Damage Curve (residential) (depth_damage res table.csv)

Field Name Key field Field Type |Description Source Example
dds_object_id primary Integer Unique identifier for each depth-damage co-ordinate Generated 212
ici_res secondary  Text ici_res and content_type_code are used as a lookup to the Building table From TRCA Depth Damage Curves Residential
res_combo_code secondary  Text content_type_code + structure_type_code From TRCA Depth Damage Curves AD
MS = Main Floor Structure, BS = Basement Structure, MC = Main Floor Contents,
curve_type Text ! uctu ucty ! From TRCA Depth Damage Curves MS
BC = Basement Contents
curve_level Text Main Floor or Basement From TRCA Depth Damage Curves Basement
curve_struc_cont Text Content or Structure Curve From TRCA Depth Damage Curves Content
Flooding depth, relative to first floor elevation. Will be interpolated to determine
flood_depth_m Float From TRCA Depth Damage Curves 0.3
—aepth_ the damage ($/m2) for a given flooding depth at each building. P g
damage_dol_m2 Float Damage per unit area. Used to compute total damages at a building From TRCA Depth Damage Curves 540.1




Table A6 - Structure Type Reference Table (structure type ref table.csv)

Field Name Key field Field Type |Description Source Example
st_object_id primary Integer Unique identifier for each structure type. Generated 203
If the curve is applied to ICl or residential buildings. Used as a key with
ici_res secondary  Text urve IS appll . ,I ) 'al building ywi From TRCA Depth Damage Curves ICI
structure_type_code with the building table.
1 - 2 character code representing the type of the structure. Used as a key with
structure_type_code secondary  Text p ! g' . vp uety ywl From TRCA Depth Damage Curves C
structure_type_code with the building table.
structure_type_description Text Description of the building type, for reporting and QAQC purposes From TRCA Depth Damage Curves Split level
Table A7 - Content Class Reference Table (content_class_ref table.csv)
Field Name Key field Field Type |Description Source Example
cc_object_id primary Integer Unique identifier for each content class. Generated 203
ici_res secondary  Text If the curve is applied to ICl or residential buildings From TRCA Depth Damage Curves ICI
content_type_code Text 1 - 2 character code representing the class From TRCA Depth Damage Curves C
content_type_description Text Description of the content type From TRCA Depth Damage Curves Split level




Table A8 - Indirect Damages Table (indirect damages table.csv)

Field Name Key field Field Type |Description Source Example
ind_object_id primary Integer Unique identifier for each row. Generated 732
ici_res primary Text If the indirect damge is applied for ICI or residential buildings. User input Residential
indirect_damage_pct Float Indirect Damage (%) as a percentage of Direct Damages User input 30.0




Table A9 - Flood Damages Summary Output Table (flood damages output summary table.csv)

Field Name Key field Field Type |Description Source Example
Name of each building type: Residential, Commercial, Industrial, Institutional, and . . .
o Text o User defined Residential
Building Category Total (all buildings)
Text For.each PU|Id|ng category, the I|st.ed types 'of <?Iama.ges: # of Units, Direct (in S), User defined # of Units
Damage Item Indirect (in $), and Total (sum of direct and indirect in $).
For the 2-year storm and each building category, the output is the tallied value of
2 Year Float each damage item: number of flooded building units, as well as the direct, Output 48,820.75
indirect, and total values shown as dollar amounts.
For the 5-year storm and each building category, the output is the tallied value of
5 Year Float each damage item: number of flooded building units, as well as the direct, Output 2,359,436.87
indirect, and total values shown as dollar amounts.
For the 10-year storm and each building category, the output is the tallied value
10 Year Float of each damage item: number of flooded building units, as well as the direct, Output 3,698,923.08
indirect, and total values shown as dollar amounts.
For the 15-year storm and each building category, the output is the tallied value
15 Year Float of each damage item: number of flooded building units, as well as the direct, Output 4,290,055.19
indirect, and total values shown as dollar amounts.
For the 20-year storm and each building category, the output is the tallied value
20 Year Float of each damage item: number of flooded building units, as well as the direct, Output 4,854,541.61
indirect, and total values shown as dollar amounts.
For the 25-year storm and each building category , the output is the tallied value
25 Year Float of each damage item: number of flooded building units, as well as the direct, Output 5,432,231.42
indirect, and total values shown as dollar amounts.
For the 50-year storm and each building category, the output is the tallied value
50 Year Float of each damage item: number of flooded building units, as well as the direct, Output 7,420,493.37
indirect, and total values shown as dollar amounts.
For the 100-year storm and each building category, the output is the tallied value
100 Year Float of each damage item: number of flooded building units, as well as the direct, Output 9,831,587.51
indirect, and total values shown as dollar amounts.
For the Regional storm and each building category , the output is the tallied value
Regional Float of each damage item: number of flooded building units, as well as the direct, Output 22,837,337.37
indirect, and total values shown as dollar amounts.
For the Feb 2018 storm and each building category, the output is the tallied value
Feb-18 Event Float of each damage item: number of flooded building units, as well as the direct, Output 6,514,681.01

indirect, and total values shown as dollar amounts.




Table A10 - Flood Damages All Fields Output Table (flood damages output all fields.csv)

Field Name Key field Field Type |Description Source Example
building_id primary Integer Unique identifier of the building polygon, GIS assigned. building_table.csv 1024
e.g. berm_option_b,
scenario_id secondary  Text Modelling scenario, normally equivalent to a HECRAS geometry name. water_elevations_table.csv g' .= P .
ExistingConditions
storm_id secondary  Text Unique identifier for each storm. water_elevations_table.csv RegionalSS
. Classification of building as ICI or Residential. Used for the assignment of depth- o . .
ici_res Text building_table.csv Residential
damage curve for contents.
. . Further classification of ICI buildings into: Industrial, Commercial and Industrial, o .
ici_res_updated_detail Text . . building_table.csv Industrial
used for Indirect Damage calculations. Based on structure_type_code.
Total_damage Float Estimated cost of total damage for each building type, scenario, and storm. Output 47,235.47
"No damage for this
Flag Text Indication of no flood damage or only basement flooding. Output unit.." &
Total_direct_damage Float Estimated cost of total direct damage for each building type, scenario, and storm. Output 35,250.35
Estimated cost of total indirect damage for each building type, scenario, and
Total_indirect_damage Float ! ind! & uiiding typ ! Output 11,985.12
storm.
indirect_damage_pct Float Indirect Damage (%) as a percentage of Direct Damages. indirect_damages_table.csv 34
content_class_code Text 1 - 2 character code representing the content type of the building (TRCA curves). building_table.csv A
structure_type_code Text 1 - 2 character code representing the structure type of the building (TRCA curves). building_table.csv C
2 characted code, the combination of the structure_type_code and
res_combo_class Text content_type_code, used for assigning depth damage curves for Residential building_table.csv AD
buildings.
Content_damage Float Estimated cost of content damage per building type, scenario, and storm. Output 26,276.42
Estimated cost of content damage per squared metre for each building type,
Content_damage_per_m2 Float ! . ge per squ wiiding typ Output 418.58
scenario, and storm.
Estimated cost of content damage in the basement per squared metre for each
BC Float m , gel per squ Output 418.58
building type, scenario, and storm.
Estimated cost of content damage on the main floor per squared metre for each
MC Float m ) 8 ! per squ Output 418.58
building type, scenario, and storm.
Structure_damage Float Estimated cost of structure damage per building type, scenario, and storm. Output 35,250.35
Estimated cost of structure damage per squared metre for each building type,
Structure_damage_per_m2 Float ! . ucty ge per squ tiicing typ Output 108.62
scenario, and storm.
Estimated cost of structure damage in the basement per squared metre for each
BS Float 'm ucty gel per squ Output 439.07
building type, scenario, and storm.
Estimated cost of structure damage on the main floor per squared metre for each
MS Float m ucty g ! per squ Output 233.42
building type, scenario, and storm.
Flooding depth, relative to first floor elevation. Will be interpolated to determine
flood_depth Float § cep P depth_damage_ici_content_table.csv 0.725

the damage (S/m2) for a given flooding depth at each building.




A preliminary flood check

if_flood Boolean True: z_water_mean_m > z_lowest_opening_m Output TRUE
False: z_water_mean_m <=z_lowest_opening_m
Same as OBJECTID in GRCA building layer. Some polygons (digitized sheds, ne o
rmow_building_id Integer . I ufiding fay polye (digitiz W building_table.csv 102912
construction) had OBJECTID = 0.
Area of a single floor (both main floor and basement). Does not include attached
arage area. Fully finished basement is assumed. Value is multiplied by the depth-
area_single_floor_m2 Float garag y . . 'p y .p building_table.csv 85.0
damage amount ($/m2) to determine total damages at a building. In calculating
this, we assumed a single car garage is 12ft x 24ft = 288 ft2.
area_footprint_m2 Float reduced area footprint for residential bL'JiIdings by 0.457m buffer to account for building_table.csv 185.0
roof overhang. Used to calculate area_single_floor_m?2.
area_footprint_ft2 Float reduced area footprint for residential bgi!dings by 0.457m buffer to account for building_table.csv 1991
roof overhang. Used to calculate area_living_space_ft2.
Total above grade living space, not including attached garage area or basement
area. Was used to determine content_type_code for residential buildings. Buildin
living_space_area_ft Float " .u . ! —ype_ . . ! a7 butidi g' yficing building_table.csv 2300.0
classification uses units of area of ft2. In calculating this, we assumed a single car
garage is 12ft x 24ft = 288 ft2.
n_storeys Float Number of stories, not including basement. building_table.csv 2
Number of cars of an attached garage, if present. "0" if no attached garage. Was .
attached_garage_n_cars Integer . ) building_table.csv 2
used to determine living_space_area_ft2 and area_single_floor_m2.
Presence of basement (for Residential buildings only). Used to determine if .
basement_presence Boolean building_table.csv TRUE
basement damages should be calculated.
depth_to_basement_bottom Float Depth (m) of basement from main floor. Output 0.944
Date on which the building was field verified (YMD).
field_verified_date_ymd Text wh! e tiiding w . ! V, ,I fed ( ) building_table.csv 2019-10-03
If blank, the building was not field verified.
GIS Generated
in_floodplain_2006_zero5 Boolean Building is within a 0.5m vertical buffer of the 2006 Floodplain TRUE: In floodplain TRUE
FALSE: Not in floodplain
GISG ted
L. Building is within the draft 2019 Regional Inundation Boundary (cleaned up ene.ra © .
in_indun_bound_2019 cleaned Boolean . TRUE: In inundation boundary TRUE
version by GRCA) o .
FALSE: Not in inundation boundary
First floor elevation, used to calculate flooding depth (flood_depth_m). Used an
z_first_floor_m Float ! ) Y I, 'Y . Y ing depth ( ~depth_m) building_table.csv 335.2
assumed riser height of 7 inches (0.178m).
Elevation of lowest opening. Assumed equal to z_building_min, but stored as a o
z_lowest_opening_m Float vat! . W p . ,I & ! au 2_buiiding_min, bu building_table.csv 335.1
separate field for flexibility.
z_building_max Float Maximum Elevation within 0.5m buffer of building building_table.csv 335.6
z_building_mean Float Mean Elevation within 0.5m buffer of building building_table.csv 3354
z_building_min Float Minimum elevation within 0.5m buffer of building. building_table.csv 335.2
Minimum water elevation within 0.5m buffer of building. For QAQC (mean depth )
Z_water_max_m Float . . . water_elevations_table.csv 3354
- - - is used in calculations). - -
Mean water elevation within buffer of building (distance TBD). Used for flood )
Z_water_mean_m Float . water_elevations_table.csv 335.3
- - - depth calculations. - -
Maxi ter elevati ithin 0.5m buffer of building. F AQC depth
z_water_min_m Float aximum water elevation within 0.5m buffer of building. For QAQC (mean dep water_elevations_table.csv 335.2

is used in calculations).




Table A11 - Average Annual Damages Input Table (AAD input table.csv)

Field Name

Key field

Field Type

Description

Source

Example

Total_direct_damage
Total_indirect_damage
Total_damage
Return_Period
Probability
Probability_2050s
Probability_2080s

Float

total direct damages for listed return period

flood damages calculations script

Float total indirect damages for listed return period flood damages calculations script
Float total direct + indirect damages for listed return period flood damages calculations script
Integer storm return period flood damages calculations script
Float probability of storm return period under existing conditions flood damages calculations script
Float probability of storm return period under 2050s climate change scenario flood damages calculations script
Float probability of storm return period under 2080s climate change scenario

flood damages calculations script

48820.75179
7323.112769
56143.86456
2

0.5

0.65

0.63
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Field Work Verification




New Hamburg Flood Mitigation Study

Matrix Solutions Inc

Nov 2019

Table B1 - Field Verification Com

pleted By Matrix (October 8, 2019)

ICI Attached
ICI- Content Garage # of Elevation Split
OBJECTID| Residential |Storeys BuildingType Class [Basement Cars # of Risers | Offset |Apartment| Level Comments
123212 | Residential 3* Residential TRUE 0 -2 mean TRUE FALSE |Apartment. No basement, but lowered first floor, est 2 risers below mean el
123215 ICI 2 Business c7 FALSE 0 0 min FALSE FALSE |Insurance, Short Stop
123216 ICI 0 Mercantile C7 FALSE 0 0 min FALSE | FALSE |Plaza
123217 ICl 0 Industrial L1 FALSE 0 0 max FALSE | FALSE
123219 ICl 0 Assembly C6 FALSE 0 0 max FALSE | FALSE
123220 ICl 0 Industrial L1 6 max FALSE | FALSE [Mill
123221 | Residential 2 Residential TRUE 0 4 max FALSE | FALSE
123222 ICI 0 Industrial L1 5 mean FALSE FALSE |Seed industry
123223 ICI 0 Business C7 0 max FALSE | FALSE [Mixed retail
123224 ICI 0 Industrial c7 0 0 max FALSE FALSE |mixed business/optometrist/health
123225 ICI 0 Business B1 0 0 max FALSE FALSE
123226 ICI 0 Business B1 0 0 max FALSE FALSE
123327 | Residential* 0 Mercantile* TRUE 0 1 mean FALSE | FALSE
123330 ICI 0 Business K1 0 mean FALSE FALSE |CIBC
123332 ICI 0 Business 11 0 mean FALSE FALSE |Subway restaurant
123333 ICI 0 Assembly N1 FALSE 0 4 mean FALSE FALSE |library
123334 ICI 0 Mercantile Al 0 mean FALSE FALSE |Remax
123335 ICI* 0 Mercantile* Cc7 4 mean FALSE FALSE |Residential upper floors (floors 2 -3)
123336 ICI 0 Mercantile E1l 0 max FALSE FALSE |Sobeys complex. Different vendors, but groceries is predominant class
123337 ICI 0 Mercantile C5 4 mean FALSE | FALSE |Home hardware
123341 ICI 0 Utility and Miscellaneous L1 FALSE 0 0 max FALSE FALSE |Sanitary lift station
123388 ICI 0 Utility and Miscellaneous L1 0 mean FALSE FALSE |Storage shed
123389 ICI 0 Assembly N1 6 max FALSE FALSE |Church
123390 ICI 0 Business K1 0 max FALSE FALSE
123391 ICI 0 Mercantile C5 0 max FALSE | FALSE |Home hardware
123392 ICI 0 Assembly N1 FALSE 0 2 max FALSE FALSE |Church
123393 ICI 0 Assembly N1 FALSE 0 4 min FALSE FALSE |Legion
123394 ICI 0 Assembly N1 FALSE 0 0 max FALSE FALSE |ice rink; def. no basement
123396 | Residential 1 Residential TRUE 0 6 max FALSE FALSE |Duplex
123428 ICI 0 Industrial L1 0 min FALSE FALSE |Unable to fully access, risers assumed.
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ICI Attached
ICI- Content Garage # of Elevation Split
OBJECTID| Residential |Storeys BuildingType Class [Basement Cars # of Risers | Offset |Apartment| Level Comments
123547 ICI 0 Industrial L1 FALSE 0 0 mean FALSE FALSE |Cheese factory
123550 ICl 0 Business Al 3 mean FALSE | FALSE |Post office
123551 ICI 0 Business K1 1 max FALSE | FALSE |RBC
123553 ICl 0 Business N1 0 mean FALSE | FALSE |Board of Trade + fire hall
123554 ICI 0 Business J1 -8 mean FALSE FALSE |Stores below ground level (walk down steps). Includes hair salon.
123555 ICI 0 Business N1 0 max FALSE FALSE [Police station
123556 ICI 0 Mercantile El 0 mean FALSE FALSE |Groceries
123557 ICI 0 Business C4 0 mean FALSE FALSE |Paper
123561 ICI 0 Utility and Miscellaneous L1 FALSE 0 0 min FALSE FALSE |Sanitary lift station
123983 | Residential 1 Residential TRUE 1 1 max FALSE | FALSE
123984 | Residential 1 Residential TRUE 1 2 max FALSE | FALSE
123985 ICl 0 Industrial L1 FALSE 0 0 mean FALSE | FALSE |industrial
Not visible, assumed industrial b/c neighbouring buildings. Assumed no risers
123986 ICI 0 Utility and Miscellaneous L1 FALSE 0 0 mean FALSE FALSE |and mean offset
123987 | Residential 1 Residential TRUE 1 2 max FALSE | FALSE
123988 | Residential 2 Residential TRUE 2 2 max FALSE | FALSE
123989 | Residential 1 Residential TRUE 1 3 max FALSE | FALSE
123990 | Residential 1* Residential TRUE 3 3 max FALSE FALSE |1 car garage, 2 car garage attached on side
123991 ICI 0 Industrial L1 FALSE 0 0 max FALSE | FALSE |Nith Construction business
131899 | Residential 2 Residential TRUE 0 3 max FALSE | FALSE
131900 | Residential 1 Residential TRUE 3 3 mean FALSE | FALSE
131901 | Residential 1 Residential FALSE 1 0 min FALSE | FALSE
131902 | Residential 1 Residential TRUE 0 2 max FALSE | FALSE
131903 | Residential 1 Residential TRUE 1 2 max FALSE | FALSE
131904 | Residential 2 Residential TRUE 0 4 max FALSE | FALSE
131905 | Residential 1 Residential TRUE 2 1 max FALSE | FALSE
131906 | Residential 2 Residential TRUE 2 2 max FALSE | FALSE
131917 | Residential 1 Residential TRUE 2 2 min FALSE FALSE |New Addition; "0" polygon. The addition is not in the floodplain.
131937 | Residential 1 Residential FALSE 0 0 min FALSE | FALSE
131938 | Residential 1 Residential TRUE 1 3 max FALSE | FALSE
131939 | Residential 1 Residential TRUE 0 7 min FALSE | FALSE
131940 | Residential 1 Residential TRUE 1 2 max FALSE | FALSE
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ICI Attached
ICI- Content Garage # of Elevation Split
OBJECTID| Residential |Storeys BuildingType Class [Basement Cars # of Risers | Offset |Apartment| Level Comments

131941 | Residential 1 Residential TRUE 1 1 max FALSE | FALSE
131942 | Residential 1 Residential TRUE 1 1 max FALSE | FALSE
131943 | Residential 1 Residential TRUE 1 3 max FALSE | FALSE
131944 | Residential 1 Residential TRUE 0 2 max FALSE | FALSE
131945 | Residential 1 Residential TRUE 1 4 max FALSE | FALSE
131946 | Residential 1 Residential TRUE 1 3 max FALSE | FALSE
131947 | Residential 1 Residential TRUE 1 2 max FALSE | FALSE
131948 | Residential 1 Residential TRUE 0 3 max FALSE | FALSE
131949 | Residential 1 Residential TRUE 1 3 max FALSE | FALSE
131963 | Residential 1 Residential TRUE 0 3 max FALSE | FALSE
131964 | Residential 1 Residential TRUE 2 5 max FALSE | FALSE
131980 | Residential 1 Residential TRUE 1 4 max FALSE | FALSE
131981 | Residential 1 Residential TRUE 1.5 0 max FALSE | FALSE
131982 | Residential 1 Residential TRUE 0 4 max FALSE | FALSE
131983 | Residential 1 Residential TRUE 0 3 max FALSE | FALSE
131984 | Residential 1 Residential TRUE 1 4 max FALSE | FALSE
132065 ICI 0 Utility and Miscellaneous N1 FALSE 0 0 max FALSE FALSE |Canteen washrooms
132066 | Residential 1 Residential TRUE 1 2 max FALSE | FALSE
132073 IC 0 Business C6 FALSE 0 0 max FALSE | FALSE
132074 | Residential 1 Residential TRUE 1 0 max FALSE | FALSE
132085 ICl 0 Industrial L1 FALSE 0 1 max FALSE | FALSE |Boat sales + mechanical
132086 | Residential 2 Residential TRUE 0 4 max FALSE | FALSE
132089 | Residential 2* Residential FALSE 0 0 min FALSE | FALSE
132091 | Residential 1 Residential TRUE 0 7 min FALSE TRUE ([Split
132092 | Residential 1 Residential TRUE 0 5 max FALSE | FALSE
132093 | Residential 1 Residential TRUE 2 1 max FALSE TRUE ([Split
132094 | Residential 2 Residential TRUE 0 7 max FALSE | FALSE
132118 | Residential 1 Residential TRUE 1 2 max FALSE FALSE |No access - water main coast. Google StreetView used.
132119 | Residential 2 Residential TRUE 1 3 max FALSE FALSE |No access - water main coast. Google Street View used
132121 | Residential 2 Residential TRUE 0 4 max FALSE FALSE |No Access (road construction). Google StreetView used.
132123 | Residential 1 Residential TRUE 0 5 max FALSE | FALSE
132124 | Residential 2 Residential TRUE 0 5 mean FALSE | FALSE
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ICI Attached
ICI- Content Garage # of Elevation Split
OBJECTID| Residential |Storeys BuildingType Class [Basement Cars # of Risers | Offset |Apartment| Level Comments

132125 | Residential 2 Residential TRUE 0 5 max FALSE | FALSE
132126 | Residential 2 Residential TRUE 0 5 max FALSE | FALSE
132127 | Residential 2 Residential TRUE 0 5 max FALSE | FALSE
132128 | Residential 2 Residential FALSE 0 0 mean FALSE | FALSE
132129 | Residential 1 Residential TRUE 1 5 mean FALSE | FALSE
132130 | Residential 1 Residential TRUE 0 5 mean FALSE | FALSE
132131 | Residential 1 Residential TRUE 0 5 max FALSE | FALSE
132132 | Residential 1 Residential TRUE 0 2 mean FALSE | FALSE
132138 | Residential 2 Residential TRUE 0 7 mean FALSE | FALSE
132139 | Residential 2 Residential TRUE 0 5 max FALSE | FALSE
132140 | Residential 2 Residential TRUE 0 8 min FALSE | FALSE
132141 | Residential 1 Residential TRUE 1 8 min FALSE | FALSE
132142 | Residential 1 Residential TRUE 1 8 min FALSE TRUE (Split
132296 | Residential 2 Residential TRUE 0 2 mean FALSE | FALSE
132325 0 0 Residential TRUE 2 2 max FALSE FALSE |outside the +0.5m 2006 floodlines, but inside 2019 floodlines
132326 0 0 Residential TRUE 2 2 max FALSE FALSE |outside the +0.5m 2006 floodlines, but inside 2019 floodlines
132327 0 0 Residential TRUE 2 2 max FALSE FALSE |outside the +0.5m 2006 floodlines, but inside 2019 floodlines
132328 0 0 Residential TRUE 1 2 max FALSE FALSE |outside the +0.5m 2006 floodlines, but inside 2019 floodlines
132329 0 0 Residential TRUE 1 2 max FALSE FALSE |outside the +0.5m 2006 floodlines, but inside 2019 floodlines
132330 0 0 Residential TRUE 1 2 max FALSE FALSE |outside the +0.5m 2006 floodlines, but inside 2019 floodlines
132719 0 0 Residential TRUE 0 2 max FALSE FALSE |outside the +0.5m 2006 floodlines, but inside 2019 floodlines
132734 0 0 0 TRUE 2 1 max FALSE | FALSE |outside the +0.5m 2006 floodlines
132739 ICI 0 Assembly N1 0 min FALSE FALSE |The Village Centre
132740 ICI* 0 Utility and Miscellaneous* 0 mean FALSE FALSE |The Village Centre pumping station
132758 0 0 0 TRUE 1 1 max FALSE | FALSE |outside the +0.5m 2006 floodlines
132759 0 0 Residential TRUE 1 2 max FALSE FALSE |outside the +0.5m 2006 floodlines, but inside 2019 floodlines
132760 0 0 Residential TRUE 1 2 max FALSE FALSE |outside the +0.5m 2006 floodlines, but inside 2019 floodlines
132763 0 0 0 TRUE 1 1 max FALSE | FALSE |outside the +0.5m 2006 floodlines
132863 | Residential 1 Residential TRUE 1 1 max FALSE | FALSE
133160 | Residential 1* Residential TRUE 1 3 max FALSE TRUE (Split
133190 ICI 0 Assembly 0 mean FALSE | FALSE |Open (no walls - picnic bench, etc.).
133191 ICI 0 Assembly Z 0 mean FALSE | FALSE |Open (no walls - picknic bench, etc.).
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ICI Attached
ICI- Content Garage # of Elevation Split
OBJECTID| Residential |Storeys BuildingType Class [Basement Cars # of Risers | Offset |Apartment| Level Comments

133192 | Residential 1 Residential TRUE 0 1 mean FALSE TRUE ([Split
133193 | Residential 1 Residential TRUE 1 6 mean FALSE | FALSE
133194 | Residential 1 Residential TRUE 0 0 mean FALSE TRUE ([Split
133195 | Residential 1 Residential TRUE 1 7 max FALSE | FALSE
133196 | Residential 1 Residential TRUE 0 1 mean FALSE | FALSE [Joined with 192
133197 | Residential 1 Residential TRUE 1 6 mean FALSE | FALSE
133198 | Residential 1 Residential TRUE 1 0 mean FALSE TRUE ([Split
133199 | Residential 1 Residential TRUE 1 7 max FALSE | FALSE
133200 | Residential 1 Residential TRUE 0 9 min FALSE | FALSE
133201 | Residential 1 Residential TRUE 0 7 min FALSE | FALSE
133202 | Residential 1 Residential TRUE 0 6 min FALSE | FALSE
133203 | Residential 1 Residential TRUE 0 6 mean FALSE | FALSE
133238 | Residential 1 Residential TRUE 0 4 mean FALSE FALSE |basement presence not visible, assumed based on neighbour
133239 | Residential 2 Residential TRUE 0 2 mean FALSE FALSE |basement presence not visible, assumed based on neighbour
133240 | Residential 2 Residential TRUE 0 4 min FALSE | FALSE
133272 | Residential 2 Residential TRUE 0 2 max FALSE | FALSE
133294 | Residential 2 Residential FALSE 0 3 max FALSE | FALSE
133318 | Residential 2 Residential TRUE 0 6 mean FALSE | FALSE
133319 | Residential 2 Residential TRUE 0 6 mean FALSE FALSE |Duplex
133320 | Residential 2* Residential TRUE 0 5 mean FALSE | FALSE
133321 | Residential 2 Residential TRUE 0 6 mean FALSE FALSE |Duplex
133322 | Residential 2 Residential TRUE 0 3 mean FALSE | FALSE
133323 | Residential 2 Residential TRUE 0 4 mean FALSE | FALSE
133324 | Residential 2 Residential TRUE 0 2 max FALSE FALSE |basement presence not visible, assumed based on neighbour.
133325 | Residential 2 Residential TRUE 0 3 max FALSE | FALSE
133326 | Residential 1 Residential TRUE 0 6 max FALSE | FALSE
133327 | Residential 1 Residential TRUE 0 7 mean FALSE | FALSE
133328 ICI 0 Industrial L1 FALSE 0 0 max FALSE FALSE |home hardware garage
133329 | Residential 2 Residential TRUE 0 6 mean FALSE | FALSE
133330 | Residential 1 Residential TRUE 1 2 mean FALSE FALSE |basement presence not visible, assumed based on neighbour.
133331 | Residential 2 Residential TRUE 0 5 mean FALSE | FALSE
133332 | Residential 1 Residential TRUE 1 5 mean FALSE | FALSE
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ICI Attached
ICI- Content Garage # of Elevation Split
OBJECTID| Residential |Storeys BuildingType Class [Basement Cars # of Risers | Offset |Apartment| Level Comments

133333 | Residential 1 Residential TRUE 0 5 min FALSE | FALSE
133334 | Residential 1 Residential TRUE 0 5 min FALSE | FALSE
133335 | Residential 1 Residential FALSE 0 3 mean FALSE | FALSE
133336 | Residential 1 Residential FALSE 0 4 mean FALSE | FALSE
133337 | Residential 2 Residential FALSE 1 2 mean FALSE FALSE |basement presence not visible, assumed based on neighbour.
133338 | Residential 1 Residential TRUE 0 5 mean FALSE | FALSE
133339 | Residential 1 Residential TRUE 0 3 mean FALSE | FALSE
133340 | Residential 2 Residential TRUE 0 5 mean FALSE | FALSE
133341 | Residential 2 Residential TRUE 0 6 max FALSE | FALSE
133342 | Residential 2 Residential TRUE 0 6 max FALSE | FALSE
133343 | Residential 1 Residential TRUE 0 4 max FALSE | FALSE
133344 | Residential 2 Residential TRUE 0 6 max FALSE | FALSE
133345 | Residential 2 Residential TRUE 1 3 max FALSE | FALSE
133346 | Residential 2 Residential TRUE 0 4 max FALSE | FALSE
133347 | Residential 2 Residential TRUE 0 5 mean FALSE | FALSE
133348 | Residential 2 Residential TRUE 0 4 max FALSE | FALSE
133349 | Residential 2 Residential TRUE 1 3 max FALSE | FALSE
133350 | Residential 2 Residential TRUE 0 4 max FALSE | FALSE
133351 | Residential 2 Residential TRUE 0 2 max FALSE | FALSE
133352 | Residential 2 Residential TRUE 0 3 max FALSE | FALSE
133353 | Residential 1 Residential TRUE 0 3 max FALSE | FALSE
133354 | Residential 1 Residential TRUE 0 1 max FALSE | FALSE
133355 | Residential 2 Residential TRUE 0 2 max FALSE | FALSE
133356 | Residential 2 Residential TRUE 0 4 max FALSE | FALSE
133357 | Residential 2 Residential TRUE 1 1 max FALSE | FALSE
133358 | Residential 1 Residential TRUE 2 1 max FALSE | FALSE
133361 | Residential 1 Residential TRUE 1 2 max FALSE TRUE (Split
133362 | Residential 1 Residential FALSE 0 4 min FALSE FALSE |basement presence not visible, assumed based on neighbour
133363 | Residential 1 Residential TRUE 0 1 max FALSE TRUE |Split. 7 stairs leading up but v far away from building
133364 | Residential 1 Residential FALSE 0 2 max FALSE | FALSE
133365 | Residential 1 Residential TRUE 1 4 min FALSE | FALSE
133366 | Residential 2 Residential FALSE 0 3 mean FALSE | FALSE |-
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ICI Attached
ICI- Content Garage # of Elevation Split
OBJECTID| Residential |Storeys BuildingType Class [Basement Cars # of Risers | Offset |Apartment| Level Comments

133367 | Residential 1 Residential TRUE 0 4 mean FALSE | FALSE
133368 | Residential 1 Residential FALSE 1 5 min FALSE | FALSE
133369 | Residential 1 Residential TRUE 0 5 mean FALSE | FALSE
133370 | Residential 2 Residential FALSE 1 1 max FALSE | FALSE
133371 | Residential 1 Residential TRUE 0 3 min FALSE TRUE (Split
133372 | Residential 2 Residential FALSE 0 1 min FALSE | FALSE
133373 | Residential 2 Residential TRUE 0 6 mean FALSE | FALSE
133374 | Residential 2 Residential TRUE 0 7 mean FALSE | FALSE
133375 | Residential 2 Residential TRUE 0 5 max FALSE | FALSE
133376 | Residential 2 Residential TRUE 0 7 mean FALSE | FALSE
133377 | Residential 2 Residential TRUE 0 6 max FALSE | FALSE
133378 | Residential 2 Residential TRUE 0 4 max FALSE | FALSE
133379 | Residential 2 Residential TRUE 1 7 mean FALSE | FALSE
133380 | Residential 2 Residential TRUE 2 5 mean FALSE | FALSE
133381 | Residential 2 Residential TRUE 1 5 mean FALSE | FALSE
133382 | Residential 2 Residential TRUE 0 4 mean FALSE | FALSE
133383 | Residential 1 Residential TRUE 2 2 max FALSE FALSE |basement presence not visible, assumed based on neighbour.
133384 | Residential 2 Residential TRUE 0 5 mean FALSE | FALSE
133385 | Residential 2* Residential TRUE 0 5 mean FALSE | FALSE
133386 | Residential 1 Residential TRUE 0 6 mean FALSE | FALSE
133387 | Residential 1 Residential TRUE 0 7 mean FALSE | FALSE
133388 | Residential 1 Residential TRUE 0 6 mean FALSE | FALSE
133389 | Residential 1 Residential TRUE 0 5 max FALSE | FALSE
133390 | Residential 2 Residential TRUE 0 6 mean FALSE | FALSE
133391 | Residential 2 Residential TRUE 0 6 mean FALSE | FALSE
133392 | Residential 2 Residential TRUE 0 6 mean FALSE | FALSE
133393 | Residential 2 Residential TRUE 0 4 mean FALSE | FALSE
133394 | Residential 1 Residential TRUE 0 6 mean FALSE | FALSE
133395 | Residential 1 Residential TRUE 1 7 mean FALSE | FALSE
133396 | Residential 1 Residential TRUE 1 5 max FALSE | FALSE
133397 | Residential 1 Residential TRUE 0 5 max FALSE | FALSE
133398 | Residential 1 Residential TRUE 0 5 mean FALSE | FALSE
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ICI Attached
ICI- Content Garage # of Elevation Split
OBJECTID| Residential |Storeys BuildingType Class [Basement Cars # of Risers | Offset |Apartment| Level Comments
133399 | Residential 1 Residential TRUE 1 7 mean FALSE | FALSE
133400 | Residential 1 Residential TRUE 0 4 mean FALSE | FALSE
133401 | Residential 2 Residential TRUE 0 7 min FALSE | FALSE
212032 ICI 0 Agricultural L1 FALSE 0 0 min FALSE | FALSE
212038 | Residential 2 Residential TRUE 0 5 mean FALSE | FALSE
212039 | Residential 2* Residential TRUE 0 4 max FALSE | FALSE
212040 | Residential 2* Residential TRUE 0 3 max FALSE | FALSE
212041 | Residential 2 Residential TRUE 0 5 max FALSE | FALSE
212042 | Residential Residential TRUE 0 2 max FALSE | FALSE
220090 | Residential 3* Residential TRUE 0 -2 mean TRUE FALSE |Apartment. No basement, but lowered first floor, est 2 risers below mean gl
220092 ICI 0 Mercantile 11 1 mean FALSE FALSE |Old country
220093 ICI 0 Mercantile D1 1 mean FALSE FALSE |Home furnishing
220094 ICI 0 Mercantile C2 1 mean FALSE FALSE |clothing and shoes
220095 ICI 0 Mercantile B1 1 mean FALSE FALSE |Dentures
220096 ICl 0 Mercantile c7 1 mean FALSE | FALSE [Mixed retail
220097 ICI 0 Mercantile C3 2 mean FALSE FALSE |Computer store
220098 ICI 0 Mercantile Cc7 1 mean FALSE FALSE |Clothing and shoes
220099 ICl 0 Business 11 2 mean FALSE | FALSE |coffee
220100 | Residential* 2* Residential* FALSE 0 0 min FALSE FALSE [not ICI; residential
220101 [l 0 Business 11 2 mean FALSE FALSE [pizza
220102 ICl 0 Business c7 1 mean FALSE | FALSE |mixed retail
220103 | Residential 2 Residential TRUE 0 5 mean FALSE | FALSE
220104 | Residential 2* Residential TRUE 0 5 mean FALSE | FALSE
220105 ICI 0 Utility and Miscellaneous L1 0 mean FALSE FALSE |industrial shed
220106 | Residential 2 Residential TRUE 1 3 max FALSE | FALSE
220107 | Residential 2 Residential TRUE 0 7 max FALSE | FALSE
220108 ICl 0 Industrial L1 0 mean FALSE | FALSE |industrial
220109 ICI 0 Mercantile Cc7 -9 mean FALSE FALSE |Stores below ground level (walk down steps).
220110 ICl 0 Mercantile c7 3 mean FALSE | FALSE |mixed retail
220111 ICI 0 Mercantile N1 3 mean FALSE FALSE |bowling
220112 ICI 0 Business C5 FALSE 0 mean FALSE FALSE |upholstery
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ICI Attached
ICI- Content Garage # of Elevation Split
OBJECTID| Residential |Storeys BuildingType Class [Basement Cars # of Risers | Offset |Apartment| Level Comments
220113 ICI 0 Business F1 FALSE 3 mean FALSE FALSE |pharmacy
220114 ICI 0 Business Al FALSE 2 mean FALSE FALSE |Barristers
220115 ICI 0 Business Cé6 FALSE 2 mean FALSE FALSE |home furnishings
220116 ICI 0 Business C7 FALSE 2 mean FALSE FALSE [mixed retail
220117 | Residential 2 Residential TRUE 0 2 max FALSE | FALSE
220492 ICI 0 Utility and Miscellaneous L1 FALSE 1 0 mean FALSE FALSE |Attached garage; guest house?
239240 | Residential 0 Residential TRUE 1 3 max FALSE | FALSE |outside the +0.5m 2006 floodlines
239296 | Residential 0 Residential TRUE 2 3 max FALSE [ FALSE |outside the +0.5m 2006 floodlines
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APPENDIX C - DEPTH-DAMAGE CURVES

Toronto Region Conservation Authority (TRCA) provided the depth-damage curves for use in the New
Hamburg Flood Mitigation Study. They are based on the Alberta Provincial Flood Damage Assessment

Study (IBI 2015a), indexed for Ontario, per the Toronto Risk Ranking Report for TRCA by IBI 2019. All
curves are in 2016 dollars.

Residential Content Curves — 1 Storey

29006-513 AppC Depth Damage Curves 1 Matrix Solutions Inc.



Residential Content Curves — 2 Storey

29006-513 AppC Depth Damage Curves 2 Matrix Solutions Inc.



Residential Content Curves — Spilt/Apt

29006-513 AppC Depth Damage Curves 3 Matrix Solutions Inc.



Residential Structure Curves — 1 Storey

29006-513 AppC Depth Damage Curves 4 Matrix Solutions Inc.



Residential Structure Curves — 2 Storey

29006-513 AppC Depth Damage Curves 5 Matrix Solutions Inc.



Residential Structure Curves — Split/Apt

29006-513 AppC Depth Damage Curves 6 Matrix Solutions Inc.



ICl Content Curves

29006-513 AppC Depth Damage Curves 7 Matrix Solutions Inc.



ICI Structure Curves

29006-513 AppC Depth Damage Curves 8 Matrix Solutions Inc.
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Grand River Conservation Authority
Technical Memorandum

Author: Janet Ivey, Subwatershed Planning Coordinator
Date: January 27, 2020
Subject: New Hamburg Flood Mitigation Study — Flood Damages Survey

The Grand River Conservation Authority (GRCA) initiated a Flood Mitigation Study for New Hamburg in
2019. The objectives of the study were to update flood mapping, estimate annual average flood damage
costs, identify potential options to reduce flood damages, and complete a preliminary technical
feasibility and cost-benefit analysis of the options.

The industry standard method for estimating annual average flood damages employs relationships
between depth of flooding and damages to structures and contents (i.e., depth-damage curves)
originally developed for Alberta following flooding in 2013, and updated for use in Ontario using price
indexes. Some assumptions are inherent in the methods, such as the assumptions that all residential
basements are fully finished, and preparedness and mitigation measures have not been widely adopted
(e.g., flood warnings, removing possessions from basement floors, foundation waterproofing).

GRCA surveyed New Hamburg residents and businesses to gather information about the characteristics
of buildings in at-risk areas (e.g., whether basements are finished), types of flooding residents have
experienced (river-related or sewer back-up), and damages and costs associated with floods. This
information is expected to support estimation of annual average flood damages.

The purpose of this technical memo is to document survey methods, responses, and analysis. Maps are
included in Appendix A. Aggregated verbatim responses to selected questions are included in Appendix
C.

Methods

An 11-question survey was developed in consultation with the study’s project team. On-line
(SurveyMonkey) and hardcopy (Appendix B) versions of the survey were created. The survey was
released at a November 25, 2019 Public Information Center for the study. Hardcopies of the survey and
introductory letter were hand delivered by November 28 by Township of Wilmot and GRCA staff to
properties within the study area (Regional inundation boundary, draft 2019 update, south of the railway
crossing) (see Table 1, Map 1). The survey was delivered only to those properties that were expected to
have occupied buildings (203 street addresses).

Responses were requested by December 6, 2019, at which point the on-line survey was closed. All on-
line responses and hardcopy surveys received by December 23, 2019, are included in this summary. A
geodatabase was created, using addresses provided in survey responses, to allow for spatial review of
the results.

Results and Discussion

Ninety-seven (97) responses were received (41 on-line), 90 of which were from addresses within the
study area (Table 2). Responses from the 7 addresses outside of the Regional inundation boundary were
excluded from analysis of survey questions 2-6. Six properties returned 2 surveys each. Of these 6
properties, the second surveys from 2 of the properties were deemed duplicates (near identical



answers) and removed. The remaining multiple responses were assumed to be responses from tenants
in multiple-occupancy buildings, and were retained. The response rate within the Regional inundation
boundary was about 43% (88/203).

Table 1: Number of inundated buildings by building type and return period flood (e.g., the 100-year
inundation area is the area with a 1% chance of flooding in a given year) (Source: Matrix Solutions Inc,
November 2019 DRAFT).

Building 2 5 10 15 20 25 50 100 Regional
Type Year Year Year Year Year Year Year Year

Residential 1 39 54 61 66 69 83 97 157
Industrial 0 0 3 3 3 3 4 6 13
Commercial 0 2 4 5 5 7 10 13 30
Institutional 0 0 0 0 0 0 0 0 5
Total ICI 0 2 7 8 8 10 14 19 48
Grand Total 1 41 61 69 74 79 97 116 205

Of the 86 survey responses, the majority (74%) were identified as residential properties (Table 3, Map
2). Forty (40) responses (45%) were from properties in frequently flooded areas (i.e., within the 25-year
inundation boundary).

Table 2. Number of survey responses by return period flood inundation area flood (e.g., the 100-year
inundation area is the area with a 1% chance of flooding in a given year).

Return None 2 5 10 15 20 25 50 100 Regional
Period (Outside) | Year | Year | Year | Year | Year | Year | Year | Year
Responses | 7 0 13 32 36 39 40 52 61 87

Table 3: Responses by property type (Question 2).

Property type Count %
Residential 64 74
Industrial 1 1
Commercial 17 19
Institutional 0 0
Other 5 6
Total responses to Question 2 86"

* One response selected multiple property types.



Half the survey respondents (51%) indicated their buildings either did not have basements or had
unfinished basements (Table 4). Of the residential respondents, almost half (43%) indicated they had
unfinished basements. Only 20% of residential respondents in the 25 year inundation zone had fully
finished basements. This result suggests that the assumption in the flood damages estimation
methodology that all residential basements are fully finished is not representative of New Hamburg
residences within the floodplain.

Further, of the 17 commercial properties, more than half indicated their buildings had basements, in
contrast to the flood damages estimation methodology which assumes commercial buildings do not
have basements. Of the 10 commercial properties with basements, half were identified as being either
partially (2) or fully (3) finished.

Table 4: Basement characteristics (Question 3).

Basement All property types Residential properties
Count % Count %
Fully finished 18 21 15 24
Partially finished 24 28 20 32
Not finished 34 39 27 43
No basement 10 12 1 1
Total responses 86 63

Survey results suggest New Hamburg residents and businesses within the floodplain have begun to
adapt to flood risk, and taken steps to mitigate impacts:

e Sixty-nine per cent (69%) of respondents indicated they receive flood messages from at least
one source (email, social media feeds, Alert Waterloo Region) (Figure 1). Seventeen per cent
(17%) of respondents receive flood messages from more than one source. Within the 25 year
inundation zone 85% of respondents receive flood messages from at least one source.

e Forty (40) respondents to Question 5 indicated they had taken measures to protect their
properties against flooding (77% of the 52 respondents that answered Question 5; 47% of
overall survey respondents). Those that indicated no measures were taken also reported no
damages due to flooding. Mitigation measures included:

(0}

O 0000000 Oo

Removing items from basement/flood prone areas on property,
Raising items in storage in basement off of floor,

Installing sump pumps,

Procuring back-up generators,

Raising furnace and water heater or relocating to first floor,
Sewer backflow prevention valve,

Foundation waterproofing,

Sandbags,

Flood gates (plywood),

Replace construction materials in basement to those that are not as damaged by water
(cement board instead of drywall, painted cement floor)
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Figure 1: Responses to Question 4 - Do you receive flood messages?

Of the 82 responses to Question 6 (4 did not answer), 61% indicated they’d experienced flooding (Figure
2). About 43% had experienced damages due to flooding. Of the 45 responses to Question 7, flooding
was reported most commonly in 2018 (78%) and 2008 (40%). Fewer respondents noted flooding in 2009
(4 responses) and 2017 (5 responses). Respondents were not asked how long they’d occupied their
floodplain property.
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were no damages were damages

Figure 2: Responses to Question 6: Have you experienced flooding?

In the on-line version of the survey (41 responses), if a respondent selected “No, my property has not
flooded”, survey logic directed them to the end of the survey (i.e., skipped questions 7-11 regarding
flooding experiences). Survey logic was not applied to hardcopy surveys.

Of the 44 responses to Question 8 about what floors of their home or business were flooded, 80%
reported flooding of basements only (Figure 3). Some respondents selected multiple responses. The



most common responses for the “other” category were garage-only flooding. Of the 46 responses to
Question 9 regarding entry of floodwaters, the most common response was leaking foundation (57%)
(Figure 4) (multiple responses were allowed). Most of the “other” responses (32%) also indicated
foundation or basement flood leakage. Damages due to sewer backup (35%) may not be attributable to
riverine flooding.
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Figure 3: Responses to Question 8: What floors of your home or business were flooded?
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Figure 4: Responses to Question 9: How did the floodwaters enter your home or business?



Question 10 asked respondents to describe damages that flooding had caused to their property or
buildings. There were 47 responses. Flood damages included:
e Minor damage to property requiring clean up
e Small engine - mowers/snow blowers - damaged
e Basement clean up/drying
e  Windows broken
Basement subfloor, carpet, drywall, wood framing, insulation
Furnace, water heater, electrical panel replaced
Personal items, memorabilia, decorations, antiques, clothing destroyed, electronics, furniture
Washer and dryer
Freezer
Damage to sump pump motors
Mildew/mold in basement
e Lost wages/lost business opportunity

Forty-three respondents answered Question 11 about the total cost of flood damages experienced. Four
indicated $0 damages. The remaining estimates ranged from under $100 to $100,000. For those
reporting damages, they averaged $18,000-$19,500 (this includes flood damages for multiple events for
residents who had occupied their homes for up to 51 years). Many cost estimates were provided as
ranges with ranges spanning $5,000-520,000 from low to high estimates.
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Appendix A: Maps



Map 1: Buildings within the New Hamburg flood mitigation study area by building type (Source: Matrix Solutions Inc, November 2019 DRAFT).



Map 2: Survey responses by property type.



Appendix B: Survey and Cover Letter



November 20, 2019
Dear Occupant,

The Grand River Conservation Authority (GRCA) is undertaking a Flood Mitigation Study for
New Hamburg. The objectives of the study are to update flood mapping, estimate annual
average flood damage costs, identify potential options to reduce flood damages, and complete a
preliminary technical feasibility and cost-benefit analysis of the options. Public Information
Centres were held in June and November of 2019. Posters from the information sessions are
available at the study web page: www.grandriver.ca/NHFloodStudy.

GRCA is seeking input from New Hamburg residents and businesses. Information about the
characteristics of buildings in at-risk areas (e.g., whether basements are finished), types of
flooding residents have experienced (river-related or sewer back-up), and damages and costs
associated with floods, will provide valuable context for the study.

Please fill out and return the enclosed survey or complete the on-line version by
December 6, 2019.

Pursuant to section 29(2) of the Municipal Freedom of Information and Protection of Individual
Privacy Act R.S.0. 1990, C. M.56 the personal information contained on this survey is collected
under the legal authority of the Conservation Authorities Act, R.S.0. 1990, chapter C.27 and will
be used for research purposes in support of the New Hamburg Flood Mitigation Study.

The data collected as part of this survey will be shared with consultant Matrix Solutions Inc, and
the Project Team, which includes representatives from the Township of Wilmot.

Questions about the collection of personal information should be directed to Janet lvey,
Subwatershed Planning Coordinator, GRCA, PO Box 729, 400 Clyde Road, Cambridge,
Ontario, N1R 5W6, Tel: 519-621-2761 ext 2325 or NHFloodStudy@grandriver.ca.

Thank you for your assistance.

Best regards,

‘v—’) .
WA
v/ f

Au'
Janet Ivey


mailto:NHFloodStudy@grandriver.ca

New Hamburg Flood Mitigation Study

Survey of Residents and Businesses

Please choose one of the following options:
e Fill out the survey online at www.surveymonkey.com/r/FloodStudy or scan the QR
code above, or
e Fill out this sheet and fax it to (519) 621-4844, scan and email to
NHFloodStudy@grandriver.ca, or mail it to us using the postage paid envelope

provided.

Submit your survey by Friday December 6, 2019. Thank you for your input!

1. Please provide your address:

2. What type of property are you completing this survey for? (circle one)

a.

® oo o

Residential
Industrial
Commercial
Institutional
Other:

3. Does your home or business have a finished basement? (circle one)

a.
b.
C.
d.

Yes, fully finished
Yes, partially finished
Not finished

No basement

4. Do you subscribe to or receive flood messages? (circle all that apply)

a.
b.
C.
d.

Yes, | receive GRCA flood messages by email

Yes, | follow GRCA on Twitter at grca_flood_msg or Facebook

Yes, | receive flood messages from Alert Waterloo Region by phone, text or email
No, | do not receive flood messages


http://www.surveymonkey.com/r/FloodStudy
mailto:NHFloodStudy@grandriver.ca

. Please describe any flood protection measures that you have taken (e.g., elevating or

removing contents in the basement, sewer backflow prevention valve, foundation
waterproofing).

6. Have you experienced flooding on your New Hamburg property? (circle one)
a. Yes, my property has flooded, there were no damages
b. Yes, my property has flooded, there were damages

C.

No, my property has not flooded

If you have experienced flooding, please answer questions 7 to 11 for a specific flood

event.

7. When was your property flooded? e.g., 2008, 2018

8. What floors of your home or business were flooded? (circle one)

a.

® oo o

No flooding occurred inside buildings or garages
Basement flooding only

Basement and first floor

First floor only (no basement present)

Other:




9. How did the floodwaters enter your home or business? (circle all that apply)
a. Water entry through window or door
b. Leaking foundation
c. Sewer back-up
d. Other:

10.Please describe the damage the flooding caused on your property or to your building(s):

11.Please estimate the total cost of the flood damages you experienced: $

Pursuant to section 29(2) of the Municipal Freedom of Information and Protection of Individual Privacy Act
R.S.0. 1990, C. M.56 the personal information contained on this survey is collected under the legal authority of
the Conservation Authorities Act, R.S.0. 1990, chapter C.27 and will be used for research purposes in support
of the New Hamburg Flood Mitigation Study.

The data collected as part of this survey will be shared with Matrix Solutions Inc, the consultant for the Study,
and the Project Team, which includes representatives from the Township of Wilmot.

Questions about the collection of personal information should be directed to Janet Ivey, Subwatershed
Planning Coordinator, Grand River Conservation Authority, PO Box 729, 400 Clyde Road, Cambridge, Ontario,
N1R 5W6. Tel: 519-621-2761 ext 2325 or NHFloodStudy@grandriver.ca.



Appendix C: Aggregate verbatim responses to survey questions 5, 7, 10 and 11



New Hamburg Flood Mitigation Study
Aggregate Responses

Question 5. Please describe any flood protection measures that you have taken
(e.g., elevating or removing contents in the basement, sewer backflow prevention
valve, foundation waterproofing).

I have installed two sumps. The downtown people of New Hamburg collected money to
assist people whose property is affected by flooding.

We removed all contents that was possible in the basement. We open a valve in the
foundation to let water flow away. Sandbags if available from the township.

My house has a 3 foot drop from backyard to the farmer’s field. The field floods, it has
never come over the bank even when downtown is under water.

Replaced main sewer backflow valve. Installed a sump pump.

Sandbags around main doors

Elevated shelves for storage in the basement.

Made flood gates. Painted foundation waterproofing paint.

We elevated sine if the contents in the basement. However, had we not been home,
there probably would have been damage.

Sewer prevention backflow valve, 3 sump pit and pumps

We have moved our storage in the basement up on plastic shelving.

Keep very little, not valuable in the basement.

Removing any vehicles or produce from lower plaza parking lot to higher ground.

Drain back flow prevention

Removed carpet and wood subfloor. Floor is now painted concrete. Replaced wood
framed walls with concrete block walls. Installed sewer backflow valve. Installed sump
pump and standby generator. Built flood covers for basement windows. Purchased
flood-seal system for exterior door. Raised electrical outlets and installed GFEI.

Sump pump, floor pumps, higher furnace, stay up all night to protect property

Keep things elevated

| have installed a sump pump. | have installed a gas generator that plugs into the electric
breaker box in case of a power outage. | use attic for storage rather than risk water
damage due to flooding. | drive to Kitchener and rent a submersible sump pump to help
take the strain off the installed sump pump. | try not to go away for extended periods in
the winter and spring.

Installed two sumps plus a generator in case power goes off.

Dams — plywood, sump pumps.

Sump pump. Nothing else required.

Put steel studs instead of wood, spray foam, elevate wood/cloth furniture and
electronics, steel framed furniture and shelving.

We have our freezer, washer and dryer sitting on bricks and when flooding is a threat,
remove all items from the floor and put them higher up, on shelving. Our furniture is on
cinder blocks 1 V% feet off the floor. We have a plug we can use for the drain.



When notified we move things to higher ground and remove as much as possible from
basement. We have installed 3 sump pumps but if hydro is out they do us no good. Our
Mayor said there would be sandbags available but we have never seen any.

Installed interior concrete below grade stone foundation liner in main basement, installed
underfloor Big-O drain and new main sump & 2" pumped line to exterior c/w 50'
discharge hose to street, installed bases and elevated furnace, water heater and
softener, installed interior waterproofing membrane to all basement walls, purchased
caps and backflow preventors for all drains, vents and intake openings to exterior of
house or raised vents to 8ft. level, installed 2 secondary sump pits with Big-O drains in
crawl spaces, pumped to main sump pit, raised gas meter to 24" above grade, raised
exterior AC unit to 24" above grade, purchased 3" emergency gas stand- by pump with
hoses and standby sump pump, installed 21KW emergency natural gas generator and
mounted 24" above grade, installed door dams at exterior shed doors c/w sump pump.
Purchasing sandbags.

I'm honestly not sure as our Premises is taken care of by a third party. | do believe we
have some sort of sump pump.

Backflow valve

Elevating contents, backflow preventer

Seasonal pump installation, notices to tenants to remove items from basement.
Foundation waterproofing. We have built (after the 2018 flood) 2 wooden panels that
can be put across the front of the house to prevent water coming in where it entered last
flood.

Nothing is on floor in basement

We do not keep anything in the basement, we board up the basement windows. We
have a back flow valve

We have elevated contents in the basement

Extra sub pumps, back flow on sub pumps, foundation sealing, content elevated or in
plastic totes, boiler/hot water tank/electric panel raised.

Sewer backflow prevention valve

Back flow valve, generator hook up, water barrier baffle if needed

Removed all content from basement

Property is elevated.

Have now removed all basement contents

Backflow prevention valve, sump pump with battery backup

Foundation waterproofing, Sewer backflow prevention valve installed, basement window
modification to make water-resistant.

Nothing stored in basement, sump pump in pit, windows bricked in.

Installed new drainage tile under basement floor routed to sump pumps. Installed
secondary external basement windows to limit water incursion. Elevated furnace and
water heater. Basement not used for storage.

Removed items except furnace and hot water because we can't

We have sub pumps in 2 locations in our basement

| have a sump pump

Removing any supplies or Delivery vehicles from our lower parking lot

We are high enough up that we do not flood but we see the down town core floor and
the streets around us.

The building is slightly elevated from historic flood levels but will be flooded after the 500
and 1000 year storms.



e Sandbags.

o Elevated contents in basement, plugs for sewer backflow protection.

¢ All basement appliances area raised off the floor. Any contents are in waterproof
containers. Nothing valuable is kept in the basement. Too bad that | have such limited
use of an entire floor of the house, water comes in through the side door. | have sealed
off the basement windows with Plexiglas (no longer functional).

o We have made efforts to waterproof the foundation.

¢ Nothing to date.

e | get a little water in the basement every spring thaw and heavy rainfalls. | run a
dehumidifier spring to fall.

e 2 sump pumps, furnace on main floor, water heater on main floor.

o Basement now emptied of stored items. Foundation replaced at back of house. Old
stone foundation needs waterproofing.

e Removing contents in crawl space.

e If [our property] floods, the whole town is under water.

Question 7. When was your property flooded? e.g., 2008, 2018

e 1970 and about every 1 in 3 years. 2008 — yes, 2018 — yes.

e February 2017. Can’t remember the other year.

e 2018 — Sewer backflow during the big flood. No ground water came in.

e 2008, 2018.

e Tough question for dates when the municipal parking lot out back on the river floods —
we do too.

e 2018

e | have lived in New Hamburg my entire life and have seen a lot of floods. Even though
my wife and | live close to the Nith River and floodplain (farmer’s field) the water level
would have to go up at least 6 feet more before it would be any kind of concern to us.
We experienced the flood of Xmas 2008, it being the worst flood for New Hamburg in
quite a few years and it didn’t come close to our home. If it even came close to our
home, downtown New Hamburg would be a disaster.

e Our property has been flooded many times since we have lived here but the most severe
flooding was 2008 and 2018.

e 2018

¢ We have lived here since 1974 so we have experienced all floods!!! Bad 1975, 2008,
2018. Minor ones only water in the driveway.

e 2018

¢ We have consistent flooding in the side yard by Milton Street — often comes half way up
the yard. In 2018 it came almost to the house at the front corner. This was the highest it
has been. Have been in this house since 1982.

o December 2008; February 2009; February 2018.

e During heavy rain event about ten years ago.

e Yearly. Home — never. Lower land area inundates with water when river (Nith) level
exceeds channel.

e December 2007; Spring 2008; February 2018.

o December 2008; February 2017



e 2008 and 2018

e 2018

¢ Annually to a degree.

e 1975 — large flood in basement, 2008, minor in 2018.

o It was flooded 2 or 3 times in 2008/09 and again (the worst) in 2018.

e Twice 2008 and 2018

e February 2018

o February/2018

e 2018

e 2018

e 2018 and 2008

e 2008 and 2018

e 2018; 2010

e 2008, 2017, 2018

¢ Numerous times starting in 1965 the year after | moved in. Most recent 2008/2009/2018

e Both 2008 and 2018

e 2018

o | don’t recall years exactly. In 2005ish | experienced 3 floods in one year. At one point
basement was filled. | believe it was 2017 when there was a flash flood and basement
was filled again.

e 2008 and 2018

e Spring 2018.

e 2018

e Both 2008 and 2018. | have experienced 3 floods (2 in 2008 and 1 in 2018) and an
almost flood a few years ago.

e 2018
e 2018
e 2018

e Since moving there.

e 2009, 2010, 2017 Feb.

e Yes, both years. Actually it was three times we got flooded out. Sheds in yard — contents
got damaged.

Question 10. Please describe the damage the flooding caused on your property or
to your building(s):

e The water usually is about 2 feet. On bad years the water gets to within 6” of the Hydro
Control panels, at about 5’ to 6’ above basement floor level.

e Furniture, rugs, couch, bed, mattress, photos, books, electrical, paneling, some clothing,
some flooring, floor mats, antique dresser.

e ~$30,000 in damages. Carpet and sub floor were damaged. Baseboards and 3” of
drywall (from floor up). Furniture.

e Loss of business for 3-4 days. Large amount of mud and debris around buildings.

¢ Nothing | could not clean up.



Had to replace drywall, carpet, lost some furniture, pictures that were stored in the
basement.

To this point there has been nothing significant, other than moisture which could cause
damage in time. Also, a lot of clean-up on property e.g., Wood, corn stalks, mud in
sheds.

Debris from the river washed up.

Carpets, doors, moldings, drywall etc.

Items stored in basement in boxes were ruined.

Deterioration of stone foundation; cracking floor

We have not had property damage but regularly have to clean a huge mess of tree limbs
and other debris that comes across Milton from the field. Some are quite large and more
than | can clear myself. The last few flood have definitely dumped more debris than the
earlier years.

No physical damage, other than water that penetrates old parking lot, and causes
purging due to frost.

Damaged flooring, drywall

Flood debris cleanup is a yearly chore. Ice flow causes tree damage (straighten or
replace). Motor boat damage to river bank (wake damage) has caused more problems
than any flood. Built home in 1980 and have lost (in some areas) up to 10 feet of bank to
this issue. No motor boats; motor size limit; no water skiing; speed limit; no wake zone.
Fiberglass insulation ruined, wood framed walls wet and moldy, wood subfloor and
carpet ruined; drywall ruined.

Flooring, steps, walls, door, brick wall

Furnace was damaged in 2008 flood. | had to replace a part.

Just wet floor.

Ice damage to structure and fields.

Remove carpet underlay, removed bottom drywall and replaced with cement board.
Water damage to walls and furniture, hot water heater, tools, electronics, carpets,
washed pool deck away, picnic tables.

Have invested in an additional industrial pump so when it came up through the drain and
started to rise we had to take out screen in the window, throw sump pump hose out the
window into the water that was surrounding the house and cap the drain...then started
pumping out the basement. Even though we pumped out the water and shop-vac’ed
everything up, we still get mold. We are now in our 70s and have been here close to 40
years. The floods are getting worse and we’re not sure how much longer we can go
through this.

3 times in last 10 years we have had between 3 feet and 5 feet of water pour into our
basement which destroyed our furnace, hot water tank, washer and dryer, freezer full of
meat. The 15t time in 2008 we had no notice so we lost clothing, some Xmas decoration
and mementos from my children’s school days. Also in 2008 we sustained substantial
damage outside losing our lawn mower, snow blower, bike and miscellaneous items. Not
only loosing material articles but the stress of not knowing id our sump pumps will keep
up at least enough to stop water from reaching main floor.

Damaged furnace, floors, walls, furniture, electronics, heirlooms

| have lived here for 45 years and have experienced many floods over the years,
sometimes 2 per year. | have fixed foundation wall damage property damage, sump



pump damage, basement sewage back-up multiple times, mildew and mold problems as
a result of flood water and sewage back-ups, re-painting, damaged insulation and
damage to my personal property. As a result | believe in pre-planning and preparation to
battle the flooding that occurs yearly. | have little almost no record of the damage costs
involved, save to say that | have bore the majority of all the costs plus the cost of the
flood preparations noted above.

Garage — items sitting on the floor, garage door; Hallway — baseboards, walls; Bedroom
— floor, walls, vanity; Crawl space — Christmas items

The basement ended up with 21 inches of water and the entire basement had to be
gutted with all wet materials discarded due to asbestos concern. This also caused our
server, phone system and security systems to go out and need to be replaced. We also
had to close for 5 business days due to this.

Hot water heaters, boiler, laundry machines, tenant belongings.

Carpet and under padding was soaked and needed to be replaced.

Damaged found ration and plumbing, damaged items in garage (lawnmower, furniture
etc)

Backyard was completely flooded (3ft of water), cars had to be relocated, basement had
substantial amounts of water coming in through the walls which had to be repaired,
foundation floor cracked, many personal items lost.

2 to 3 inches of water over the carpet floor on the basement. Water damage to the
drywall walls in the basement

Windows broken, 2 doors ruined, deck rot, driveway destroyed, snow blower and
lawnmower destroyed, building materials (drywall, wood) destroyed, anything stored in
garage was thrown out due to water damage. Floor and wall water damage in main
building, furnace damaged by water/mud in intake ducts.

In 1965 we lost our front porch, over the years we have lost numerous items. In 2008 the
furnace was replaced and hung from the ceiling and the water heater was replaced at
our cost. In 2009 the furnace had to be repaired and the water heater was replaced and
moved upstairs. A friend’s car parked in our driveway was covered and her insurance
covered it. In 2018 the water came up an inch from the main floor. The furnace was
replaced and moved to the main floor, the electrical panel was replaced and moved to
the main floor. The basement was dryed out. Insurance covered these items. It was the
first time insurance was ever used and only because the sewer backed up first.
Insurance has told us they will never cover it again.

Furniture, finishings and chattle in basement. Chattle in Garage.

Breakers box needed to be replaced. Hydro had to come and cut power line and then
restore after flooding.

| have had to replace my furnace and water heater 2 times. My electrical panel has
been underwater 2 times and some breakers needed replacement. Sump pump had to
be replaced 1 time as well.

Had to replace a brand new furnace that was less than 6 months old with another one.
Hot tub got ruined. The first floor lost a lot of stuff that was down in basement.
Basement carpet had to be replaced as well as most of the drywall. Garage had to be
sanitized.

Minor damage to some contents. No appliance damage. Professional cleaning due to
sewer backup.

Basement items have to be waterproof or up high. Shed has to be emptied out in flood
times. | am fortunate, but live in fear that my sump pump might quit working or the pump
is the only thing that keeps it from being very bad.



o There was water damage to the basement walls and to a small number of articles in
storage.

o Not much water entered.

o No damage. Just float around material.

o No damage.

e '09 basement filled most everything stored there $1700 to repair furnace and water
heater. Now have rebuilt house and put in new foundation on back of house and
upgraded crawl space with insulation and cement floor. Old stone foundation is still in
need of waterproofing when water levels rise water comes through foundation and up
through floors.

o Damaged a finished room (had to redo), our pool liner was damaged along with pool
pump (in ground pool). Hydro panel was submerged in water. Contents in basement
(crawl space) were lost. Contents in sheds i.e., Lawn mower, garden stuff, dressers that
were stored, table top.

Question 11. Please estimate the total cost of the flood damages you
experienced.

e $5,000 - 1-2 days of lost sales due to forced closing, profit on sales, employees lost
wages.

e | know in the last 11 years we have spent over $10,000-$12,000 out of pocket and
another $15,000 from insurances. | would not know how to even estimate the previous

44 years.
e $15,000 to $20,000
e $5,000

e $30,000 - $50,000 in 3 major floods

e The most recent flood over 4000 for a new furnace plus the 6000 of the new one we had
just put in a few months before.

e $8,000

e $8,000

e $40,000-$50,000 or about $1,000 average per year

e $20,000 to $30,000. Damage would have been higher if we didn't move some items out
of the basement.

e Approx $5,000

e 2008: $35,000 2018: $12,000

e $2000, 8 hours of bailing incoming water out of the basement, a weekend of
cleaning/drying and weeks of repairs.

e $6,000

e $100

e $1,000/day closed
e $75,000

° $O

e $30,000

e $2,500

e $15,000



$4,000-$7,000

The pleasure of living on the river area far exceeds any monetary damage caused by
flooding.

10 hours of labour clean up.

$27,000

Lots

We no longer have insurance as it cost $4,000 a year. We are worried with the potential
for a regional flood.

$2,500

$20,000

$100,000

$1,000

$1,000 for bare minimum foundation restoration, plus cost of lawnmower and patio
furniture

$15,300. $300 to $500 per year since 1968

$4,000

$70 for burned out sump pump

Unsure. We rented at the time.

Unknown as this information was not provided to me.

15,000. Claimed through insurance - we have overland coverage. Many of our neighbors
do not.

$3,000

$40,000

0

0

0

$20,000

$27,000

comments received:

Have you studied impacts of increased tile drainage in recent years? There are
significantly more lands being cleared, then tiled. Tile runs are also much closer together
in 2018/19 than in the past. Trees are being removed at an increasing rate (trees
prevent runoff as well as store carbon).

We no longer have insurance as it cost $4,000 a year. We are worried with the potential
for a regional flood.

We need help in flood proofing our homes. How can | stop the water from coming in at
my side door? Any funding available? | need a sewer backflow valve. Notifications kept
the flood damages from being worse.
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