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1. Introduction

The Grand River Conservation Authority (GRCA), on behalf of Haldimand County and neighbouring Niagara
Peninsula Conservation Authority (NPCA) and Long Point Region Conservation Authority (LPRCA) retained
Baird & Associates with geotechnical sub-consultant Terraprobe Inc. to undertake the Haldimand County Lake
Erie Hazard Mapping project. This report describes the technical studies undertaken to update the Lake Erie
hazard mapping for Haldimand County.

Haldimand County has 87 km of Lake Erie shoreline, spanning parts of the jurisdictions of three Conservation
Authorities (GRCA, LPRCA and NPCA) as shown in Figure 1.1. The lakeshore area is comprised
predominantly of agricultural lands with strip residential developments bisected by the Lakeshore Road. There
are designated tourist residential nodes that consist of a mix of seasonal and year-round developments. Some
of these major nodes include Peacock Point, Featherstone Point, Hoover Point, Evans Point and Mohawk
Point. There are also many seasonal trailer parks and campgrounds within the lakeshore area. In addition to
these privately owned facilities, there are several Provincial Parks, Conservation Areas and other public
facilities such as Port Maitland where the Grand River spills into Lake Erie. Dunnville is a town of 12,000
located on the Grand River about 7 km upstream from Lake Erie. Portions of Dunnville are at sufficiently low
elevations where they are subject to lake related flood impacts in addition to riverine flooding. The Lake Erie
flood hazard extends about 9 km upstream of the Dunnville Dam.

Previous shoreline hazard mapping for the County within LPRCA and GRCA jurisdictions was prepared in the
late 1980s to early 1990s, while the mapping within the NPCA jurisdiction was updated in 2010. Since
completion of some of this work, the provincial technical guidance has been updated (2001), and there have
been legislative changes, including an updated Provincial Policy Statement (2014) under the Planning Act, and
new regulations under the Conservation Authorities Act.

This report summarizes the technical analyses undertaken to update the Lake Erie shoreline flooding, erosion,
and dynamic beach hazard mapping within Haldimand County. The mapping, provided under separate cover,
supports land use planning and permitting decisions in at-risk communities such as Dunnville and Port
Maitland and the numerous shoreline areas within the County. Updates to conservation authority shoreline
management plans and Haldimand County official plan policies were outside the scope of the project.

The technical information for this project may also support flood and erosion-related response and mitigation
planning. Updates to a risk assessment for shoreline flooding, including estimates of damage potential, are
provided under separate cover.
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Figure 1.1: Map showing study area, Haldimand County, and Conservation Authority boundaries
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2. Previous Technical Studies

Key technical studies and data, relevant to the development of the Haldimand County Lake Erie hazard
mapping are summarized in this section.

2.1 Policies for the Administration of Ontario Regulations 178/06, 150/06 and
155/06

Ontario Regulation 97/04 stipulates the criteria by which each Conservation Authority must establish its
updated regulated area or ‘Regulation Limit". The Province of Ontario subsequently enacted the regulations
listed in Table 2.1, requiring each Conservation Authority (CA) to regulate areas that are river or stream
valleys, wetlands and other areas where development could interfere with the hydrologic function of a wetland,
adjacent or close to the shoreline of Great Lakes-St. Lawrence System and inland lakes that may be affected
by flooding, erosion or dynamic beach hazards. The Regulated Area represents the greatest extent of the
combined hazards plus a prescribed allowance as set out in the Regulation.

Each CA has developed a policy for making decisions regarding the outcome of applications made under the
Regulations, to ensure a consistent, timely and fair approach to the review of applications, staff
recommendations and CA decisions, and to achieve efficient and effective use and allocation of available
resources. The regulations and policies reviewed for this study are listed in Table 2.1.

Table 2.1: Ontario regulations for the individual Conservation Authorities

Conservation Authority ~ Ontario Regulation CA Policy

Policies for the Administration of the Development,
Interference with Wetlands and Alterations to
Shorelines and Watercourses Regulation (received
by Board of Directors Oct. 4, 2017)

Policies for the Administration of the Development,
Interference with Wetlands and Alterations to
Shorelines and Watercourses Regulation (approved
Oct. 23, 2015)

Policies for the Administration of the Development,
Interference with Wetlands and Alterations to
Shorelines and Watercourses Regulation (approved
Sept.19, 2018)

Long Point Region 178/06

Grand River 150/06

Niagara Peninsula 155/06

2.2 Shoreline Management Plans

2.2.1  Grand River Conservation Authority (1994)

Shoreline Management Plan (Technical Components), Grand River Conservation Authority (Shoreplan
Engineering Ltd., 1994) is the current shoreline management plan for the Grand River CA. It presents the
methodologies used in 1994 to delineate the flood, erosion and dynamic beach hazards. This document
predates the Technical Guide for the Great Lakes — St. Lawrence River System and Large Inland Lakes
(MNR, 20014a), which provides technical direction on the methodologies to be used when delineating the
natural hazard limits. The Average Annual Recession Rate (AARR) were based on limited data presented in
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the Great Lakes Shore Damage Survey Coastal Zone Atlas (MNR, EC, 1975). Since that time, additional data
has become available and approaches to delineating the hazards have advanced.

2.2.2  Long Point Region Conservation Authority (1989)

Shoreline Management Plan. Long Point Region Conservation Authority (Philpott Associates, 1989) is the
current shoreline management plan for the Long Point Region CA. It presents the methodologies used in 1989
to delineate the flood, erosion and dynamic beach hazards. This document predates MNR (2001a), which
provides technical direction on the methodologies to be used when delineating the natural hazard limits.
Philpott (1989) describes the flood hazard as the “100-year uprush limit”; the erosion hazard as 100 times the
AARR plus a stable slope allowance; and the dynamic beach as the landward limit of the cohesionless beach
deposit. Limited detail on mapping methodologies is provided. Since that time, additional data has become
available and approaches to delineating the hazards have advanced.

2.2.3 Niagara Peninsula Conservation Authority (2010)

Lake Erie Shoreline Management Plan Update, Niagara Peninsula Conservation Authority (Shoreplan
Engineering Limited, 2010) is the current shoreline management plan for Niagara Peninsula CA’s Lake Erie
shoreline. It presents the methodologies used to delineate the flood, erosion and dynamic beach hazards in
2010, and was an update to the Niagara Peninsula CA’s previous Lake Erie shoreline management plan from
1992.

A review of Shoreplan (2010) indicates that the Average Annual Recession Rate (AARR) used to delineate the
erosion hazard, was not updated for the 2010 mapping. Instead, AARR developed for the previous shoreline
management plan based on the following data were used: the Coastal Zone Atlas (MNR and EC, 1975); the
Great Lakes Erosion Monitoring Program (Boyd, 1981); and Erosion Monitoring Station profiles surveyed by
NPCA between 1983 and 1990 to estimate the AARR. For some reaches, recession rates were based on
limited data that did not meet the definition of an acceptable level of data as defined in MNR (2001a). A default
stable slope allowance of 3 horizontal to 1 vertical (3H:1V) was used.

2.3 Haldimand County Official Plan

The Haldimand County Official Plan (2006) was approved by Haldimand County on June 26, 2006, and by the
Ministry of Municipal Affairs and Housing in 2009. The document provides a 20-year strategic vision for
managing growth and future land use decisions in the County. It also provides the link through which the
Provincial Policy is implemented into the local context.

The Official Plan recognizes the natural hazards and identifies Haldimand County’s commitment to the
protection of life and property by respecting natural and man-made hazards. It states that development shall
be directed away from Hazard Lands, while recognizing that there are certain areas of the County where
extensive development has taken place within Hazard Lands. The hazard mapping that was updated during
this project is referenced in the Official Plan.

2.4 Technical Direction

2.4.1  Technical Guide for Great Lakes - St. Lawrence River System

In 2001, the Ministry of Natural Resources (now the Ontario Ministry of Natural Resources and Forestry
(MNRF)) released the Technical Guide for the Great Lakes — St. Lawrence River System and Large Inland
Lakes (MNR, 2001a). This guide provides the technical basis and procedures for establishing the hazard limits
for flooding, erosion, and dynamic beaches in Ontario as well as options for addressing the hazards.
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2.4.2  Understanding Natural Hazards

The Ontario Ministry of Natural Resources (now the Ontario Ministry of Natural Resources and Forestry) also
prepared Understanding Natural Hazards (MNR, 2001b) to assist the public and planning authorities with an
explanation of the Natural Hazard Policies (3.1) of the Provincial Policy Statement of the Planning Act. This
publication updates and replaces the older Natural Hazards Training Manual (from 1997). This document is
also referenced when addressing natural hazard concerns.

2.4.3  Great Lakes System Flood Levels and Water Related Hazards

This document was developed by the Ontario Ministry of Natural Resources (1989) to assist Conservation
Authorities in delineating shoreline hazard areas. It includes a combined probability analysis of Great Lakes
water levels, considering monthly mean water levels and surge. Water levels are presented for the 100-year
return period event, as well as other return periods. While this document is referenced in the Technical Guide
(MNR, 20014a), for use in calculating hazard limits, it does not consider the 30 years of water level data
collected since 1989. Section 6.1 provides an analysis of the most recent water level data.
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3. Data

3.1 Aerial Imagery

The 2015 Southwestern Ontario Orthophotography Project (SWOOP) acquired aerial imagery at 20 cm
resolution through the Government of Ontario’s Imagery Acquisition Strategy that provides Land Information
Ontario (LIO) with a mandate to collect and refresh imagery for southern Ontario on a five-year cycle. Data
was collected between 12 April and 23 May 2015. This dataset is consistent across the entire study area of
Haldimand County. The imagery provides a visual reference for ground features such as the delineation of
shore protection structures, indications of shoreline substrate, and was used as a base layer for the 1:2,000-
scale mapping developed for this study.

3.2 Elevation

Two elevation datasets were used to develop the Hazard Mapping, 2017 Lake Erie Watershed LIiDAR and
2015 SWOOP. These data sets provide elevation surfaces for calculations of flooding and erosion hazards,
and they were used to extract profiles for the slope stability analysis. The data also provide contours as
cartographic elements, that are included in the 1:2,000-scale series of maps.

The 2017 Lake Erie Watershed LIDAR data were collected as part of the Ontario Government’s LIDAR Digital
Terrain Model (2016-2018) LIO Dataset. The Airborne Topographic LIDAR (ATL) was acquired through a
collaborative partnership between the Ministry of Natural Resources and Forestry (MNRF), the Ministry of
Agriculture, Food and Rural Affairs (OMAFRA) and a private contractor. It was collected in March to May 2017
and October to December 2017. The LIDAR Digital Terrain Model (DTM) is a 50 cm resolution raster
representing the bare-earth terrain derived from a classified LIDAR point cloud, which has been hydro-
flattened using water body breaklines. This dataset provides coverage of the Grand River and most of the
Haldimand County Lake Erie shoreline, except for about 7.5 km of shoreline at the eastern limit.

The 2015 Southwestern Ontario Orthophotography Project (SWOOP) DSM and DTM are 2 metre raster
elevation data products that were generated from a classified LAS (data format for storing airborne LIDAR
data), acquired through the Government of Ontario’s Imagery Acquisition Strategy that provides LIO with a
mandate to collect and refresh imagery for southern Ontario on a five year cycle. Data was collected between
12 April and 23 May 2015. As part of this data collection a 2 metre DTM was generated. For this project,
GRCA processed this DTM to create products in the new vertical datum of CGVD2013. GRCA converted the 2
m DTM to points and converted from CGVD28 to CGVD2013 using the Natural Resources Canada GPS-H
desktop tool, then converted back to a raster with a 2 m cell size, then generated contours at a 1 m interval.
This dataset does not have the same level of detail as the 2017 LIDAR but has sufficient detail to match the
1:2,000-scale mapping requirements of the project. This dataset was only used for the eastern end of
Haldimand County, approximately 7.5 km of shoreline, where the 2017 LiDAR product does not provide
coverage. Baird further processed this dataset by removing noise that occurred in Lake Erie.

3.3 Bathymetry

The Government of Canada Department of Fisheries and Oceans (DFO) bathymetry was collected by an
airborne bathymetry sensor and was surveyed between 19 April and 19 June 2018. For this project, GRCA
processed the original gridded point data, adjusting the vertical datum to CGVYD2013 and generating gridded
raster products at 5 m and 10 m resolutions. As a result of water clarity issues during the acquisition flights, this
dataset has some gaps. In Figure 3.1, these gaps can be seen on the right side of the figure (areas without
coloured data points). The gaps were filled with the Lake Erie 1 m depth contours, a dataset compiled by the
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US National Oceanographic and Atmospheric Administration (NOAA) National Geophysical Data Center
Marine Geology and Geophysics Division (NGDC/MGG), the NOAA Great Lakes Environmental Research
Laboratory (GLERL) and the Canadian Hydrographic Service (CHS). This product includes data from various
data sets, collected over different years. The bathymetry is primarily used for calculating wave runup at select
locations.

Figure 3.1: DFO aerial bathymetry data and NOAA contours

34 Water Levels

Lake Erie water levels were obtained from the Department of Fisheries and Oceans (DFO) Marine
Environmental Data Service (MEDS). Permanent gauging stations are maintained at Port Dover (to the west)
and Port Colborne (to the east) of Haldimand County. Approximately two months of measured water levels are
available at Dunnville. A summary of the available hourly water level data is provided in Table 3.1.

Table 3.1: Summary of Lake Erie water level gauges near Haldimand County

Station Name Station Number Date Range of Hourly Data Status

Port Colborne 12865 January 1,1962 to present Permanent
Port Dover 12710 November 1, 1961 to present Permanent
Dunnville 12805 July 4 to August 28, 1986 Temporary

It is noted that Port Colborne daily water level and annual peak instantaneous water level data extend back to
1911, however, the hourly dataset is only available from 1962.

35 Waves

Wave hindcast data were obtained from the US Army Corps of Engineers Wave Information Study (WIS). The
wave hindcast consists of an hourly time series of modelled wave height, period, and direction at offshore
locations where the waves are unaffected by the water depth. Approximately 20 output points are located
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offshore of the Haldimand County shoreline (see Figure 3.2). The hindcast extends from January 1, 1979 to
December 31, 2014.

Figure 3.2: Wave hindcast output points from the US Army Corps of Engineers Wave Information
Study

The offshore wave conditions were transformed to the Haldimand County nearshore region to assess wave
uprush as discussed in Section 6.2.

3.6 Geotechnical

The geotechnical background data used for the slope stability analysis was reviewed by Terraprobe:

e Visual observations from site visits undertaken in August 2018 and April 2019

e Terraprobe reports from the areas Nanticoke, and Rainham. Burnaby and Wainfleet, Ontario

e Locally available geotechnical boreholes from the Ministry of Energy, Northern Development and Mines
e Locally available quaternary geology from the Ministry of Energy, Northern Development and Mines

e Locally available well records from the Government of Ontario

e LiDAR data of the shoreline described in Section 3.2

These data sets are discussed in further detail in Appendix A.
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4. Defining the Natural Hazards

4.1 Overview of Shoreline Hazards

The Provincial Policy Statement (PPS) provides policy direction on matters of provincial interest related to land
use planning and development. Hazardous lands are defined in the PPS, (MMAH, 2014) as “property or lands
that could be unsafe for development due to naturally occurring processes.” Along shorelines of the Great
Lakes — St. Lawrence River System, this means the land, including that covered by water between the
international boundary where applicable, and the furthest landward extent of the flooding hazard, erosion
hazard, or dynamic beach hazard limits.

The technical basis and methodologies for defining and applying the hazard limits for flooding, erosion, and
dynamic beaches are provided by the Technical Guide for Flooding, Erosion and Dynamic Beaches, Great
Lakes — St. Lawrence River System and Large Inland Lakes (MNR, 2001a). The basic procedures outlined in
the Technical Guide (MNR, 2001a) with some modifications have been included in subsequent documents,
such as Ontario Regulation 97/04 (“Generic Regulation”) and Guidelines for Developing Schedules of
Regulated Areas (Conservation Ontario, 2005). The methodologies outlined in MNR (2001a) have been used
on this project.

It is important to note, as outlined in the Technical Guide (MNR, 2001a), that the regulated hazard limits are
generally to be mapped based on the assumption of no shoreline protection works in place. The clearly stated
intent is that the mapped flooding, erosion, and dynamic beach hazard limits are to represent the underlying
ambient nature of the natural shoreline hazard and should not be modified by the presence of existing or
proposed shoreline protection. The most landward limit of the Flooding, Erosion and Dynamic Beach hazards
is utilized in determining the regulated area along the Haldimand County shoreline.

4.2 Flooding Hazard

The flooding hazard limit is defined as the 100-year flood level plus an allowance for wave uprush and other
water-related hazards, as depicted graphically in Figure 4.1.

The 100-year flood level is the sum of the static water level plus storm surge with a combined 1% probability of
being equalled or exceeded in a given year. This means that on average it has a one percent probability of
occurring in any given year. The 100-year flood levels as defined by MNR (1989) and listed in Section 6.1
were used to map the flooding hazard for this project.

When shorelines are exposed to wave action, wave uprush and overtopping occur driving water above the
100-year water level. Other water-related hazards may include ship generated waves and ice. Site specific
studies may be used to assess the allowance for wave uprush and water related hazards. The Technical
Guide (MNR, 2001a) requires a flooding allowance of 15 m, measured horizontally from the location of the
100-year flood level, as shown in Figure 4.1, if a study using accepted engineering, and scientific principles is
not undertaken. Wave uprush was calculated on a reach basis for this study, as presented in Section 6.2.
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Figure 4.1: Flooding hazard limit for the Great Lakes (from MNR, 2001a)

4.3 Erosion Hazard

The erosion hazard limit is calculated as the sum of the stable slope allowance, plus the 100-year erosion
allowance. Figure 4.2 shows the erosion hazard limit as defined in the Technical Guide (MNR, 2001a) and
Understanding Natural Hazards (MNR, 2001b).

The approach used in Ontario Regulation 97/04 is similar, but the recession allowance is applied first and then
the stable slope allowance is applied. The stable slope allowance was applied first for this study, because the
stable slope line is used to identify lands and infrastructure in an imminent high risk zone.

The stable slope allowance is a horizontal allowance measured landward from the toe of the bluff or bank. It is
dependent on soil characteristics and groundwater conditions. In the absence of a site-specific study, a stable
slope allowance of three times the bluff height may be used. The bluff heights are calculated as the vertical
change in elevation from the toe of bluff to the top of bluff. For this study, the stable slope allowance was
determined on a reach basis, for representative profiles, and a geotechnical analysis of slope stability was
undertaken as described in Section 6.4.

The erosion allowance is the distance the shoreline would erode in 100 years from present. It is calculated as
100 times the average annual recession rate (AARR) as shown in Figure 4.2. For this study, the AARR was
calculated based on a comparison of historical aerial imagery where sufficient data existed (see Section 6.5).
In the absence of a minimum 35 years of reliable data, a 30-metre erosion allowance is used (as shown in
Figure 4.3). This is also applied in areas where the shoreline has been protected and an erosion allowance
cannot be determined.
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Figure 4.2: Erosion hazard limit defined with reliable recession data (from MNR, 2001a)

Figure 4.3: Erosion hazard limit defined where reliable recession data not available (from MNR, 2001a)
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4.4 Dynamic Beach Hazard

Assessment of the dynamic beach hazard involves the calculation of the cumulative impacts of the flooding
hazard, an erosion allowance, and a dynamic beach allowance.

The dynamic beach hazard is only applied where: a beach or dune deposit exists landward of the water line;
the beach or dune deposits overlying bedrock or cohesive material are equal to or greater than 0.3 m in
thickness, 10 m in width, and 100 m in length along shoreline; and the fetch is more than 5 km (MNR, 2001a).

The dynamic beach hazard limit is defined as the landward limit of the flooding hazard (100-year flood level
plus a flood allowance for wave uprush and other water related hazards), plus a 30 m dynamic beach
allowance or a distance determined by an accepted coastal study (see Figure 4.4). If the dynamic beach is
backed by an eroding bluff, the definition of the erosion hazard is applied to the bluff feature.

Figure 4.4: Dynamic beach hazard limit (from MNR, 2001a)
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5. Shoreline Reaches

The shoreline was divided into reaches to support the mapping of the natural hazards (flood, erosion, and
dynamic beach). Shoreline reaches are segments of shoreline having relatively uniform physical
characteristics (MNR, 2001a). In establishing the reaches, the following factors were considered: shoreline
type, controlling nearshore substrate, surficial nearshore substrate, and shoreline exposure and planform.
Reaches defined by the Conservation Authority (CA) for previous mapping were used as a starting point and
then refined. The reaches used for the mapping are shown in Figure 5.1and Figure 5.2 and summarized in
Table 5.1 including: the CA the reach is located in, reach number, general location, brief description of the
shoreline, and approximate reach length. The hazard mapping, provided under separate cover, shows reach
boundaries at higher resolution (1:2000).

Haldimand County Lake Erie Hazard Mapping and Risk Assessment
Technical Report

12969.101.R2.Rev3 Page 13



Figure 5.1: Reaches used for natural hazard delineation on Lake Erie, Haldimand County (west end)
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Figure 5.2: Reaches used for natural hazard delineation on Lake Erie, Haldimand County (east end)
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Table 5.1: Reaches with location, description, and length

CA Reach # | Location Description Length (m)
L 1 County limit to 144 Old Lakeshore Rd. Embayment 950
P 2 Woodhouse CON 1 PT LOTS 22 TO 24 Low bank with sand/cobble deposit 870
R 3 Woodhouse CON 1 PT LOTS 24 and Walpole CON | Low bank embayment with sand/cobble deposit, partially 750
C 1PTLOTS 1 protected with armourstone
A 4 1156 New Lakeshore Rd, Elmcrest Ln., 1 Riverside | Low bank with sand/cobble deposit 2040

Dr., includes the US Steel Canada Nanticoke Works

wharf consisting of causeway and pier to Part Lot 4
5 1 Riverside Dr. Rocky outcrop 450
6 West of Nanticoke Creek Embayment with sand/cobble deposit 530
7 East of Nanticoke Creek, Hickory Beach Lane Embayment with sand/cobble deposit 760
8 Former Nanticoke Power Generating Station Engineered fill and shoreline 3700
9 East of former Nanticoke Power Generating Station | Embayment, remnant shoreline protection including 1400

to Hickory Creek armourstone and rock groynes, with sand/cobble deposit
10 Hickory Creek to 400 South Coast Dr. Embayment with sand/cobble deposit 690
11 402-488 South Coast Dr. Sand/cobble deposit 800
12 392 South Coast Dr. and West, Haldimand Cons. Low bank with sand/cobble deposit 1760

Area to 755 South Coast Dr.
13 Peacock Point West shore Fully protected shoreline 440
14 Peacock Point Rocky headland 910
15 West of Sandusk Creek Low bank with sand/cobble deposit 2370
16 Selkirk Prov. Park Sandy river mouth, cobble bar feature and small 100

sand/cobble deposit

17 Selkirk Prov. Park Rocky 180
18 Selkirk Prov. Park Small sand/cobble deposit 240
19 0-186 Blue Water Pkwy. Rocky outcrop headland 1800
20 195 Blue Water Pkwy. to 20 Summerhaven Cres. Embayment, small sand/cobble deposit 640
21 26-76 Summerhaven Cres. Rocky headland 400
22 West of Stoney Creek Embayment, fill since 1973 150
23 East of Stoney Creek, 6-15 Lakeshore Rd. Rocky shoreline & nearshore 220
24 25 Lakeshore Rd. Sand/cobble deposit 110
25 48-56 Lakeshore Rd. Rocky headland 170
26 65-98 Lakeshore Rd. Sandy/cobble deposit 300
27 104-299 Lakeshore Rd. Rocky shoreline & nearshore 1500
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CA Reach # | Location Description Length (m)
28 Rainham Conc. 1 Part Lot 4 Cobble shore, heavily protected 250
29 358-370 Lakeshore Rd. Rocky outcrop headland 100
30 Hoover Point west Rocky headland 340
31 Hoover Point central Rocky headland 550
32 East of Hoover Point, 76 Hoover Point Lane to 1 Embayment, sand/cobble deposit 940
Anchor Lane, Hoover Cemetery

33 594-669 Lakeshore Rd. Rocky outcrop 570
34 699-789 Lakeshore Rd. Embayment, sand/cobble deposit 880
35 791-811 Lakeshore Rd. Rocky outcrop 160
36 817-934 Lakeshore Rd. Embayment, sand/cobble deposit 850
37 936-946 Lakeshore Rd. Rocky outcrop 120
38 948 Lakeshore to 6 Lake Rd. Embayment (all protected), pockets of sand/cobble 870

deposits
39 Featherstone Point Rocky headland 1120
40 1126-1219 Lakeshore Rd. Embayment (all protected) 790
41 1238-1371 Lakeshore Rd. Rock shelf 970
42 1373-1495 Lakeshore Rd. Embayment with creek outlet, pockets of sand/cobble 815

deposits
43 1497-1750 Lakeshore Rd. Rocky nearshore shelf 1950
44 East of Sweets Corners Rd. Embayment, sand/cobble deposit 280
45 1806-1847 Lakeshore Rd. Rocky headland 450
46 1847 Lakeshore Rd. to Bookers Rd. Embayment, sand/cobble deposit, with nearshore rock 840

shelf
a7 Bookers Bay, Wardells Creek, Embayment, sand/cobble deposit 850
1982-2057 Lakeshore Rd.

48 2066-2079 Lakeshore Rd. Rocky headland, pocket sand/cobble deposit 540
49 2086-2190 Lakeshore Rd. Embayment, sand/cobble deposit 980
50 Evans Point Rocky headland 660
51 15 Paradise Lane to 2301 Lakeshore Rd. Rock shelf 530
52 Austins Trailer Park Rock shelf, small sand/cobble deposit 200
G 53 LPRCA-GRCA bhoundary Rocky nearshore shelf, sand/cobble deposit 510
R 54 2455-2489 Lakeshore Rd. Rocky nearshore shelf 370
C 55 2503-2742 Lakeshore Rd. Embayment, sand/cobble deposit 1600
A 56 2742-2894 Lakeshore Rd. Rocky headland nearshore shelf 1560
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CA Reach # | Location Description Length (m)
57 2896 Lakeshore Rd. South Cayuga to 217 Low bank with sand/cobble deposit 1200
Lakeshore Rd. Dunnville,
Hald-Dunn Townline
58 East end of Edgewater Place to 3100 Lakeshore Rd. | Low bank with sand/cobble deposit 310
Former Lakeshore Rd lost
59 3102 Lakeshore Rd. to 53 Horseshoe Bay Rd. Low bank with sand/cobble deposit 1100
60 Blott Point, Rocky headland with pocket sand/cobble deposit 220
53-31 Horseshoe Bay Rd. reshaping but not bluff eroding
61 25 Horseshoe Bay Rd. to 50 Lakeview Line Embayment, sand/cobble deposit 600
62 James N. Allan Provincial Park Dynamic Beach (low plain, partial headland, sand and 1160
cobble)
63 Low Point Rocky headland 830
64 Between Low and Grant Points, Paradise Lane, Dynamic Beach (low plain, partial headland, sand and 1960
Baygrove Line, 835-783 Sandy Bay Rd. cobble)
65 Grant Point and East Rocky nearshore shelf 4950
771-445 Sandy Bay Rd., Dearden Lane,
Stonehaven Rd., Weatherburn Line, Greens Line,
297-135 Lighthouse Dr.
66 105-135 Lighthouse Dr. Transition zone; lakefill 120
67 West of Grand River, Dynamic Beach (low plain, partial headland, sand and 1190
Port Maitland West Beach; Splatt Bay, 105-1 cobble)
Lighthouse Dr., Dover St.
68 East of Grand River, Beckley Beach and Rock Point | Dynamic Beach (low plain, partial headland, sand and 2550
Provincial Park cobble)
69 Rock Point Rocky headland 1200
70 Mohawk Bay West, Embayment, sand/cobble deposit 500
Rock Point B Line
71 Mohawk Bay West Eroding bluff, sand/cobble deposit 930
N 72 Mohawk Bay Central, Eroding bluff, sand/cobble deposit 1060
P 43-1 Gull Line, Warnick Rd., Lakeridge Blvd.
C 73 Mohawk Bay Central, Eroding high bluff 920
A 1930-1958 North Shore Dr., 1980 Regional Rd 3 E.,
63 Pyle Rd.
74 Mohawk Bay East; Villella-Derner-Erie Heights Eroding bluff 1400
75 Transition zone Forested bluff 520
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CA Reach # | Location Description Length (m)
76 Mohawk Point West face Rocky headland 600
77 Mohawk Point East face Rocky headland 250
78 End of Mohawk Point Rd. Pocket sand/cobble deposit 70
79 Mohawk Point Rd. Fill and armoured since 1955 1950
80 2441-2543 North Shore Blvd. Sand/cobble deposit 880
81 2558-2587 North Shore Blvd. Headland, fill since 1955 270
82 2605-2718 North Shore Blvd. Sand/cobble deposit, Fill since 1955 1000
83 Lowbanks Cemetery East to 2758 North Shore Blvd. | Headland, fill since 1955, fully armoured shoreline; rocky 400

nearshore substrate
84 2762 North Shore Blvd. to County Limit Fully armoured shoreline, fill since 1955 1450
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6. Technical Analyses

6.1 100-Year Flood Level

Return period water levels for locations on the Great Lakes were developed by the Ontario Ministry of Natural
Resources (MNR, 1989). The return period water level estimates in MNR (1989) were developed for static lake
levels (i.e. monthly mean levels), storm surge, and all combinations of static lake levels and storm surge. The
statistical analyses were conducted using the HYDSTAT software package developed by MNR (1982). The
report defines the 100-year flood level, which is the still-water level (or peak instantaneous water level) having
a 1% annual chance of being equalled or exceeded. The still-water level is equivalent to the hourly water level.

Unless otherwise noted, all water levels are reported in IGLD85. Datum conversions are listed in Table 6.1.
The conversion from IGLD85 to CGVD2013 is based on the NRCan Benchmark Station Reports.

Table 6.1: Datum conversions for Port Dover and Port Colborne

Port Dover Port Colborne
Datum NRCAN Benchmark NRCAN Benchmark
MMDCCXXX 71U032
IGLD1955 175.627 175.731
IGLD1985 175.797 175.921
CGVD28 175.793 175.904
CGVvD2013 175.341 175.456

6.1.1 Static Water Levels

In MNR (1989), the historical monthly mean lake levels from 1900 to 1988 were adjusted to the constant set of
conditions existing after about 1960 (regulation conditions, diversions, etc.) to form a consistent basis of
comparison. The “Basis of Comparison” Lake Erie water levels are shown in Figure 6.1 with the measured
water levels (1918-2018).

Considering that an additional 30 years of data has been measured since 1988, and recognizing the 1970s to
1990s were a period of higher water levels in the Great Lakes, Baird updated the static water level return
periods for Port Dover and Port Colborne using only the measured data corresponding to the period of hourly
water level measurements (1962-2018). This is a conservative approach (i.e. errs on the side of higher
extreme lake levels). The data set includes 57 years of water level measurements under conditions (flow
regulation, diversions, dredging, etc.) similar to the present.
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Figure 6.1: Lake Erie measured and “Basis of Comparison (BOC)” monthly water levels
6.1.2  Surge Levels

Storm surge (or wind setup) was calculated in MNR (1989) by subtracting the mean monthly water level from
the hourly water level measurements. A computer model was used to estimate storm surges for locations
between gauge stations.

Baird updated the storm surge analysis using the 57 years of hourly water level data (1962-2018). In the
analysis, static water levels were calculated using a Gaussian-weighted 30-day moving average filter to
eliminate the stairstep effect between months. Surge was calculated by subtracting the hourly water level
measurements from the “smoothed” static water level. Hourly water levels, calculated static levels, and
calculated surges for Port Colborne are shown in Figure 6.2.

Figure 6.2: Hourly and static water level and calculated surge at Port Colborne 1962 to 2018
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A listing of the largest surge events at Port Colborne and Port Dover is provided in Table 6.2. The largest surge
on record occurred on January 30, 2008.

Table 6.2: Listing of the largest surge events at Port Colborne and Port Dover 1962 to 2018

Port Colborne Port Dover

Rank Date Surge Water level Date Surge Water level
(m) (m IGLD85) (m) (m IGLD85)

1 2008-01-30 07:00 2.27 176.31 2008-01-30 08:00 1.63 175.63

2 1967-02-16 06:00 1.99 175.93 2006-12-01 19:00 1.50 175.69

3 2000-12-12 06:00 1.94 175.87 2002-03-10 00:00 144 175.50

4 2002-03-10 00:00 1.92 176.02 1967-02-16 07:00 131 175.24

5 2006-12-01 18:00 1.80 176.03 1967-10-27 20:00 131 175.37

6.1.3 Return Period Water Levels

The HYDSTAT software package was used to estimate the return period static water levels, surge levels, and
joint probability of static water levels and storm surge (still-water levels). The input data consisted of the annual
maximum monthly water levels for 1962 to 2018 and the 57 largest surges over this period. The Log-Pearson
Type 3 distribution, which was the best fitting distribution, was selected in the analyses.

The existing (MNR, 1989) and updated return period water levels for Port Colborne and Port Dover are
summarized in Table 6.3 and Table 6.4, respectively. The updated 100-year still-water levels are within 1 cm of
the levels in MNR (1989). Following review and discussion with the Project Team, it was decided that no
update to the existing 100-year flood levels for Haldimand County’s Lake Erie shoreline would be made. The
100-year Flood Level used in the Hazard Mapping is therefore as defined in MNR (1989).

Table 6.3: Port Colborne return period water levels

Study Water Return Period Water Level (m and m IGLD85)
Level 2 year 5year 10year | 25year | 50year | 100year | 200 year
Static 174.37 174.61 174.74 174.86 174.95 175.02 175.08
(';/Igl\gg) Surge 1.32 1.61 1.80 2.01 2.17 2.32 2.46
Stillwater 175.70 176.07 176.28 176.51 176.66 176.80 176.93
. Static 174.53 174.75 174.86 174.98 175.04 175.10 175.16
(gg'lrg) Surge 1.35 1.55 1.71 1.93 211 2.30 251
Stillwater 175.91 176.22 176.39 176.57 176.69 176.80 176.90
Difference| Stillwater 0.21 0.15 0.11 0.06 0.03 0.00 -0.03
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Table 6.4: Port Dover return period water levels

Study Water Return Period Water Level (m and m IGLD85)
Level 2 year 5year 10year | 25year | 50year | 100year | 200 year
Static 174.35 174.59 174.72 174.84 174.93 175.00 175.06
('l/lgl\ég) Surge 1.15 1.32 1.42 152 1.59 1.66 1.72
Stillwater 175.50 175.79 175.94 176.10 176.20 176.30 176.38
_ Static 174.53 174.75 174.86 174.98 175.04 175.10 175.16
gg"lrg) Surge 1.01 117 1.28 1.43 155 1.68 1.81
Stillwater 175.55 175.82 175.96 176.11 176.21 176.29 176.37
Difference| Stillwater 0.05 0.03 0.02 0.01 0.01 -0.01 -0.01

The 100-year flood levels for Port Colborne and Port Dover used to define the stillwater levels in the Haldimand
County hazard mapping are summarized in Table 6.5. The 100-year flood levels were defined for each reach
using a linear interpolation between the 100-year flood levels at Port Colborne and Port Dover adjusted to
CGVD2013 datum. The values used in the mapping are discussed further in Section 7.1.

Table 6.5: 100-year flood levels at Port Colborne and Port Dover used for flood hazard mapping

, 100-year Flood Level 100-year Flood Level
Gauge Location
(m IGLD85) (m CGVD2013)
Port Colborne 176.80 176.34
Port Dover 176.30 175.84

6.2 Wave Uprush

Wave uprush (runup), wave overtopping, and the inland extent of overtopping waves were calculated for each
of the 84 shoreline reaches using a representative shoreline profile for each reach. The analysis used the 100-
year flood level with the 20-year wave condition as per MNR (2001a). The definition sketch for wave uprush is
shown in Figure 6.3. In this figure, “R” is the wave runup height for threshold extension of slope, “F” is the
freeboard height; and “Ls” is the maximum distance that an overtopping wave is predicted to travel inland. The
distance “Ls” is proportional to the excess runup (R minus F) and the wave period. The wave uprush allowance
is equal to the horizontal extent of the wave runup on the slope measured from the 100-year flood level plus
the distance “Ls”.
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R = uprush

F = freeboard

H = helght ¢f bore

D = stanalng water depth
C = speed of bore

x = distonce of travel
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Inland extent X

Maximum inlend extent

Figure 6.3: Definition sketch of wave uprush over low bluff (from MNR, 2001a)
6.2.1 Nearshore Wave Modelling

The two-dimensional spectral wave model MIKE21 SW was used to transform the offshore “deep water” wave
conditions from the US Army Corps of Engineers (USACE) Wave Information Study (WIS) to the Haldimand
County shoreline. The WIS hindcast consists of hourly wave data for 1979-2014. The nearshore wave model
bathymetry was developed using a gridded bathymetric dataset of Lake Erie from NOAA and Canadian
Hydrographic Service (CHS). The model domain extends approximately 10 km east and 5 km west of
Haldimand County and the offshore boundary was selected to coincide with the WIS output points. The model
mesh is composed of approximately 83,000 triangular elements which vary in size from 250 m at the offshore
boundary to 50 m at the nearshore. The model mesh, bathymetry, and WIS output points are shown in Figure
6.4.

Bathymetry [m]
Il Above 171.0
I 169.5-171.0
[]168.0-169.5
[_]1665-168.0
[_11650-166.5
[ 1635-165.0
[ 162.0- 1635
[ 1605 - 162.0
I 159.0-160.5
B 157.5-159.0
B 156.0- 1575
Bl 1545-156.0
Bl 1530-1545
Bl 1515-153.0
B 1500-1515
I Below 150.0
[ undefined Value

Figure 6.4: MIKE21 Spectral Wave model of the Haldimand County shoreline

The nearshore wave model was run using spatially varying water levels corresponding to the 100-year flood
levels at Port Colborne and Port Dover (interpolated over the model domain) and the 20-year offshore wave
conditions at the WIS output points. The 20-year offshore wave heights varied between 3.4 m at the
westernmost WIS point and 5.7 m at the easternmost WIS point. A series of model runs were carried out using
the range of wave heights, periods, and directions that corresponded to the 20-year wave condition at the five
WIS output points. Wind conditions were examined for the selected storm events, and a constant onshore wind
of 22.5 m/s was applied in the model runs.
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An output point was defined at each of the 84 shoreline profiles (reaches), approximately 200 m from the
shoreline. The wave direction vectors were examined for each of the model runs to determine the envelope of
nearshore output points influenced by the particular model run (combination of wave height, period, and
direction for a particular WIS output point). For example, Profiles 39-56 are influenced by the two WIS output
points shown in Figure 6.5. The top panel shows the zone of influence based on a model run with Hm0=4.3 m;
Tp=7 s; Dir =250 deg. The bottom panel shows the zone of influence based on a model run with Hm0=5.5 m;
Tp=8.5 s; Dir =200 deg. The 20-year wave condition at each of the profile locations was selected as the
maximum wave condition from the series of corresponding model runs.

Figure 6.5: Example of nearshore wave modelling and selection of model runs for reach locations
6.2.2  Wave Uprush Analysis

Wave uprush (runup) elevations and horizontal distances were calculated for each reach using a
representative shoreline profile. The shoreline profiles were extracted from a high-resolution merged dataset
(listed in order of priority for use in developing) of the 2017 SWOOP LIDAR, 2015 SWOOP LiDAR, 2018 DFO
bathymetric LIDAR and the NOAA/CHS Lake Erie bathymetry. The profiles were schematized to define the
nearshore lakebed slope, water depth at the toe of slope, lower slope, beach berm (if applicable), upper slope,
and crest height. Wave runup elevations were calculated for each profile using the empirical equations in the
EurOtop overtopping manual (Van der Meer et al., 2018) for the 100-year flood level, 20-year wave conditions
(from the nearshore wave modelling), and schematized shoreline profile.

An example of the wave runup elevation and corresponding horizontal runup distance on a high bluff is shown
in Figure 6.6. In this example, the wave runup is 4.5 m above the 100-year flood level, and the corresponding
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horizontal runup distance is 11 m. In this figure, the “spike” at x=200 m is an artifact of the merging of the
different LIDAR datasets at the shoreline and, as such, the “spike” is ignored.

Figure 6.6: Example of wave uprush on a high bluff

An example of wave runup on a low bluff is shown in Figure 6.7. In this example, the wave runup is 4.6 m
above the 100-year flood level, which exceeds the height of the bluff by 1.4 m.

When the wave runup exceeds the height of the bluff, the inland extent of the overtopping wave is then
calculated according to the Cox-Machemehl equation (Eg. 1), as presented in MNR (2001a) and shown in
Figure 6.3.
T

\/E(R _ F)1/2

BT
where:
Ls = horizontal extent of wave uprush measured from the slope crest
T = wave period
g = acceleration due to gravity
R = wave runup
F = freeboard
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Figure 6.7: Example of wave uprush on a low bluff

In the example shown in Figure 6.7, the horizontal extent of wave uprush is 10 m (3 m horizontally on the slope
and 7 m from the slope crest to the distance Ls).

6.3 Ice Impacts

A risk assessment of ice ride-up/piling was conducted for the Haldimand County Lake Erie shoreline. This
phenomenon is also sometimes called an ice shove, ice surge, or ice tsunami in newspapers and local media.

MNR (2001a) describes the process as being caused by onshore winds and waves. The wind and wave action
help to break up the ice into smaller floes, providing the conditions needed for ice piling (MNR, 2001a).
Onshore winds drive the ice floes into the shoreline, which then pile-up under their own momentum. Generally,
ice piling does not cause serious damage to beaches, bulkheads, and riprap revetments (MNR, 2001a).
However, shore perpendicular structures (e.g. groynes, dock walls, piers, etc.), buildings, and other
infrastructure may be significantly damaged by ice piling. MNR (2001a) notes that local experience with the
impacts of ice piling is the best guide to help define the extent of the ice hazard.

A photograph of the February 25, 2019 ice pile-up event at Fort Erie, Ontario (east of Haldimand County) is
shown in Figure 6.8. No historical ice pile-up events of this magnitude were identified by the project team for
Haldimand County.
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Figure 6.8: Ice pile-up along Lake Erie shoreline in Fort Erie, Ontario during Feb 25, 2019 (Mazza, 2019)

This section of the report includes a review of historical ice pile-up events in Haldimand County, shoreline
conditions vulnerable to ride-up/pile-up processes, and evaluation of the risk of ice pile-up for the 84 shoreline
reaches in Haldimand County.

6.3.1  Historical Ice Pile-up Events

A literature review was conducted to understand the historical risk of ice damage along the Haldimand County
shoreline, and to obtain information or reports of past occurrences. From the literature review, and consultation
with representatives of GRCA, NPCA, LPRCA and Haldimand County, it appears Haldimand County has
historically had minimal impact due to ice pile-up. Ice piling is more common along the Niagara County shore
of Lake Erie, where ice pile-up events have occurred in 2014, 2018, and 2019 (see Figure 6.9).
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Figure 6.9: January 31, 2008 ice pile-up event in Niagara County (from NPCA)

In addition to Fort Erie (located east of Haldimand County), Erieau and Wheatley (located west of Haldimand
County) have also experienced significant ice piling in the past and are indicated as areas prone to ice piling in
Figure 6.10 (from MNR, 2001a).
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Figure 6.10: Ontario locations on Lake Erie vulnerable to ice piling (MNR, 2001a)

In Haldimand County, ice jams near the mouth of the Grand River are the primary ice and flooding concern. In
January 2008, the combination of storm surge and wind, pushed a large amount of ice upstream into the
Grand River, resulting in flooding near Dunnville. The Canadian Coast Guard often carries out ice breaking
operations at the river mouth in the late winter to reduce the potential for upstream flooding (see Figure 6.11).

Figure 6.11: Canadian Coast Guard ice breaking operations in the Grand River, February 2009 (GRCA)
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In terms of less severe ice effects along the Haldimand County shoreline, anecdotal reports were obtained
from the GRCA and various residents. From the information obtained, it is evident that ice spray can occur
during winter months when the lake is not completely frozen, or ice has been broken up by wave action. This
combined with winds, results in the spray of waves icing structures along the shoreline. Specifically, this was
noted to have occurred in December 1985 and February 2019 but may occur more frequently.

Figure 6.12: Example of Lake Erie ice spray on Erie Shore Drive (from LTVCA, date unknown)
6.3.2  Shoreline Conditions Vulnerable to Ice Ride-up/Pile-up

Ice ride-up tends to occur in places where the water is relatively deep, and the shore is relatively low and flat.
Canadian experience on the Great Lakes and St. Lawrence River indicate that slopes of 2H:1V or steeper
above the water line and about 4H:1V or flatter below the water line tend to limit ice pileup and damage
(MaclIntosh et al., 1995; Danys, 1979). The steeper slopes above the water line tend to contain the amount of
ice ride-up/pile-up, and flatter slopes below the water line, or berms, will cause the ice to ground on the lakebed
rather than pileup on the shoreline (MNR, 2001a).

6.3.3 Shoreline Risk Assessment

The risk of ice ride-up/pile-up was evaluated for the 84 shoreline reaches in Haldimand County based on the
height of the shoreline bluff, shoreline orientation, above water slope, and below water slope. The open-water
fetch distance for all reaches is sufficient for ice piling to occur.

The risk of ice ride-up/pile-up was estimated for each reach using the following criteria:
1. Freeboard Risk Factor:
e 100% risk of ice ride-up when the bluff is at the same elevation as the 100-year flood level,
o 0% risk of ice ride-up when the bluff is 3 m above the 100-year flood level.
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2. Azimuth Risk Factor:
e 100% risk of ice ride-up when the wind is perpendicular to the shoreline and onshore,
o 0% risk of ice ride-up when the wind is parallel to the shoreline or offshore.
3. Lower Slope Risk Factor:
e 100% risk of ice ride-up when the below water slope is 2H:1V or steeper,
o 0% risk of ice ride-up when the below water slope is 4H:1V or flatter.
4. Upper Slope Risk Factor:
e 100% risk of ice ride-up when the above water slope is 4H:1V or flatter,
o (0% risk of ice ride-up when the above water slope is 2H:1V or steeper.

The risk factors were assessed using the reach profiles developed for the wave uprush estimates. The 100-
year flood level was used for the freeboard risk factor estimates and is representative of a high-water condition
that could occur during an ice pile-up event. Three metres was selected as a reasonable bluff height that would
contain/limit the landward progression of an ice pile-up event (e.g. see Figure 6.8).

The azimuth (shoreline orientation) risk factor was calculated using the 40-year wind/wave hindcast for all wind
occurrences over 10 m/s.

Based on information obtained from the literature review in relatively similar conditions to what is experienced
along Haldimand County’s shoreline (MaclIntosh et al., 1995), both the lower and upper slopes of each reach
profile were considered independently. For the lower slope, 2H:1V or steeper tends to promote the ice ride-up
process, while slopes 4H:1V or milder will tend to promote grounding of the ice sheet and prevent ice ride-up. If
the ice sheet is able to reach the upper slope, an upper slope of 2H:1V or steeper tends to prevent the ice from
riding up the beach, while 4H:1V or milder will not. The slopes were considered with the associated bounds,
and risk factors were calculated for each.

Given the limited information available on the quantification of different parameters and their influence on the
overall ice ride-up process, minimum and maximum bounds were chosen for each parameter based on
information obtained from the literature review, and a linear interpolation was done in between these bounds
(see Figure 6.13).

Figure 6.13: Functions used to estimate ice ride-up/pile-up risk factors
A combined Risk Factor (CRF) was calculated based on a weighted average using the equation below.
CRF = (Freeboard RF + Azimuth RF + 0.5* Lower RF + 0.5* Upper RF) / 3

Each reach was then classified as low, medium or high risk for ice ride-up/pile-up as follows: low (CRF<0.33);
medium (0.33<CRF<0.66); or high (>0.66). Irrespective of the calculated CRF value, the combined risk of ice
ride-up/pile-up was set to “low” for reaches when either of the following conditions were met:
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e Height of the shoreline bluff greater than 3 m above the 100-year flood level, or
e Above water slope 2H:1V or steeper and below water slope 4H:1V or flatter.

Table 6.6 summarizes the resulting classifications for each reach along the Haldimand County Shoreline.

Table 6.6: Ice risk classification by reach

Risk of Ice Ride-up Reaches
Low 1,2,3,4,5/6,7,8,9,10, 11, 12, 13, 14, 15, 24, 26, 27, 28, 29, 30, 31, 35, 37,
46, 48, 55, 56, 57, 58, 59, 65, 66, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 82
Medium 16, 17, 18, 19, 20, 21, 22, 23, 25, 32, 33, 34, 36, 38, 39, 40, 41, 42, 43, 44, 45,
47, 49, 50, 51, 52, 53, 54, 60, 61, 62, 63, 64, 67, 68, 80, 81, 83, 84
High none

6.4 Geotechnical Analysis of Stable Slope

The Stable Slope Allowance used to determine the Erosion Hazard Limit (as defined in Section 4.3) is a
horizontal allowance measured landward from the toe of the bluff, equivalent to three times the bluff height, or
as determined through a study using accepted geotechnical principles (MNR, 2001a). For this project, a study
was undertaken by Terraprobe Inc. to determine the stable slope allowance. The complete geotechnical report
is provided in Appendix A, and the findings are summarized in this section.

The shoreline generally comprises sand beaches, visible limestone bedrock, or native slopes comprising
glaciolacustrine silt and clay or glacial till. Stretches of shoreline are protected with armourstone, concrete
retaining walls, steel sheet pile, and ad hoc protection.

The stable slope analysis was based on a review of publicly available subsurface information, existing
Terraprobe reports for the area, and a detailed visual slope inspection. Cross-sections were developed from
the 2017 LIDAR data at 52 representative locations in the reaches with a focus on the reaches where the
Erosion Hazard governs (see Figure 6.14 and Figure 6.15). The subsurface conditions including general
stratigraphy were assessed based on publicly available information, Terraprobe reports, and visual
observations during the site visits. The water table was estimated from well records and site observations of
seepage from the slope face.

An engineering analysis of slope stability was completed for each of the 52 locations. The analysis was
conducted utilizing computer software (Slide 8.016, released July 23, 2018, developed by Rocscience Inc.) and
several standard methods of limit equilibrium analysis (Bishop, Janbu, Morgenstern/Price, and Spencer).
These methods of analysis allow the calculation of Factors of Safety for hypothetical or assumed slip surfaces
through the slope. The analysis method is used to assess potential for movements of large masses of soil over
a specific slip surface which can be curved or circular, or noncircular.

For a specific slip surface, the Factor of Safety is defined as the ratio of the available soil strength resisting
movement, divided by the gravitational forces tending to cause movement. A Factor of Safety of 1.0 represents
a “limiting equilibrium” condition where the slope is at a point of pending failure since the soil resistance is
equal to forces tending to cause movement. It is usual to require a Factor of Safety greater than one (1) to
ensure stability of the slope. The typical Factor of Safety used for engineering design of slopes for stability
ranges from about 1.3 to 1.5 for developments situated close to the slope crest. For active land use, the MNR
Policy Guidelines allow a minimum Factor of Safety of 1.4 to 1.5 for slope stability and a Factor of Safety of 1.5
was used for this study.
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The computed minimum Factors of Safety for the sections analyzed was as low as 1.0 and the minimum
Factors of Safety obtained for existing conditions in 10 of 52 section locations are considered inadequate and
unacceptable for long-term planning purposes.

The stable slope was determined for each section considering soil type and available data. The soil type of
each section is composed of assumed earth fill, surficial sand, silt and clay, and/or glacial till. For the slopes
with a composition of native silt and clay or glacial till, a number of representative trial stabilized slope profiles
were analysed to obtain the required factor of safety. The stable slope inclinations for each of the reaches
analyzed are listed in Table 6.7, along with the primary soil type. Where the slope is earth fill and/or surficial
sand, a value of 3H:1V was used. Additional information on slope height, inclination and existing Factor of
Safety (FS) are provided in Appendix A.
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Figure 6.14: Map showing reaches and locations where a stable slope analysis was completed (west end of Haldimand County)
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Figure 6.15: Map showing reaches and locations where a stable slope analysis was completed (east end of Haldimand County)
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Table 6.7: Stable slope inclinations for each of the cross sections based on the primary soil type

Reach Section # | Primary Soil Type Stable Inclination
1 1 glaciolacustrine silt and clay 2.3H:1V
2 2 glaciolacustrine silt and clay 2.3H:1V
3 3 glaciolacustrine silt and clay 2.3H:1V
4 4 glaciolacustrine silt and clay 2.3H:1V
6 5 glaciolacustrine silt and clay 2.3H:1V
7 6 glaciolacustrine silt and clay 2.3H:1V
8 7 earth fill 3.0H:1V
9 8 glaciolacustrine silt and clay 2.3H:1V
11 9 glaciolacustrine silt and clay 2.3H:1V
12 10 glaciolacustrine silt and clay 2.3H:1V
14 11 glaciolacustrine silt and clay 2.3H:1V
15 12 glaciolacustrine silt and clay 2.3H:1V
18 13 glaciolacustrine silt and clay 2.3H:1V
19 14 glaciolacustrine silt and clay 2.3H:1V
20 15 glaciolacustrine silt and clay 2.3H:1V
21 16 glaciolacustrine silt and clay 2.3H:1V
22 17 glaciolacustrine silt and clay 2.3H:1V
24 18 glaciolacustrine silt and clay 2.3H:1V
7 19 sand 3.0H:1V

glaciolacustrine silt and clay 2.3H:1V
28 20 glaciolacustrine silt and clay 2.3H:1V
31 21 glaciolacustrine silt and clay 2.3H:1V
32 22 glaciolacustrine silt and clay 2.3H:1V
33 23 glaciolacustrine silt and clay 2.3H:1V
34 24 glaciolacustrine silt and clay 2.3H:1V
36 25 glaciolacustrine silt and clay 2.3H:1V
38 26 glaciolacustrine silt and clay 2.3H:1V
39 27 sand 3.0H:1V

glaciolacustrine silt and clay 2.3H:1V
40 28 glaciolacustrine silt and clay 2.3H:1V
41 29 glaciolacustrine silt and clay 2.3H:1V
42 30 glaciolacustrine silt and clay 2.3H:1V
43 31 glaciolacustrine silt and clay 2.3H:1V
44 32 glaciolacustrine silt and clay 2.3H:1V
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Reach Section # | Primary Soil Type Stable Inclination
46 33 glaciolacustrine silt and clay 2.3H:1V
47 34 glaciolacustrine silt and clay 2.3H:1V
49 35 sand 3.0H:1V
53 36 glaciolacustrine silt and clay 2.3H:1V
55 37 glaciolacustrine silt and clay 2.3H:1V
57 38 glacial till 1.8H:1V
61 39 glacial till 1.8H:1V

sand 3.0H:1V
62 40 L

glacial till 1.8H:1V

sand 3.0H:1V
64 41 - - -

glaciolacustrine silt and clay 2.3H:1V

earth fill / unknown 3.0H:1V
65 42

bedrock 1.4H:1V

sand 3.0H:1V
68 43 : : :

glaciolacustrine silt and clay 2.3H:1V
71 44 glacial till 1.8H:1V
72 45 glacial till 1.8H:1V
73 46 glacial till 1.8H:1V
74 47 glacial till 1.8H:1V
76 48 glacial till 1.8H:1V

sand 3.0H:1V
79 49 L

glacial till 1.8H:1VvV
80 50 sand 3.0H:1V
82 51 sand 3.0H:1V
84 52 sand 3.0H:1V

6.5 Average Annual Recession Rate (AARR)

The Average Annual Recession Rate (AARR) is used to delineate the Erosion Hazard, as defined in Section
4.3. The Technical Guide (MNR, 2001a) identifies the use of historic aerial photographs extending over long
periods of time as a good indicator of future recession/erosion rates. Specifically, it is recommended that at
least 35 years of sound recession information for the unprotected shoreline should exist to calculate an AARR.

The 2017 LIDAR data and the 2015 aerial imagery (described in Section 3.2) were used as a basis of
comparison with historical imagery to estimate the AARR. The bank toe and crest lines were manually digitized
in GIS, providing a good estimate of the existing bluff conditions upon which to estimate the future erosion
setback. The elevation difference between the toe and crest was calculated at the representative profile in
each reach to establish the bluff height.
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Historic aerial imagery for Haldimand County was obtained from sources including the National Air Photo
Library, internal collections of the member Conservation Authorities, and various other government and
university collections. These collections provided aerial photographs from dates including 1945, 1955, 1964,
and 1973. When compared to the current 2015 aerial imagery, these aerial photos provide temporal change
over periods ranging from 42 to 70 years.

The oldest historic aerial photographs would provide the longest temporal period to measure a more accurate
long-term recession rate, but there are other factors to consider when selecting aerial photographs for
shoreline change analysis including: photographic scale, lake water level, quality of the prints, time of year
such that vegetation cover does not obscure ground features, type of photographic film (black and white,
colour, near infrared), and other factors. Figure 6.16 is a map showing the selected historic aerial photographs
reviewed for estimating the AARR. The oldest available photographs are from 1945 but were limited to the
lands that became the Nanticoke Power Generation Station and the broader Lake Erie Industrial Park lands as
far east as Peacock Point. The 1955 photographs were acquired in the summer months, so the tree canopy
cover limited their use to the east end of the County where erosion was still observable on bluff faces. The
1964 photographs at the west end of the County provide a high resolution and high contrast capture, but this
photo set was limited to the west end of the County. The 1973 photographs were acquired on May 19 and are
infrared photographs providing a leaf-off view of the central shoreline where there is not a distinctive eroding
high bluff.

For both the historic aerial photographs and the 2015/2017 dataset, a reference top of bank feature was
digitized where the shoreline was unprotected and a change in top of bank location could be identified. The
change in top of bank location was measured using a series of parallel transects at 10 metre spacing. Figure
6.17 is a map showing an example of these transects at unprotected shoreline stretches in Mohawk Bay. The
transects used to estimate shoreline change are shown on the maps provided in Appendix B. The recession
rate was determined based on the mean of the transect recessions in each reach plus one standard deviation
(S.D.). The historic imagery date, temporal period of comparison, number of transects measured, average
recession, standard deviation and AARR plus 1 S.D. are tabulated in Table 6.8, for the reaches where an
AARR could be established. These values were used for mapping the Erosion Allowance as described in
Section 7.1.2.
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Figure 6.16: Map of selected historic aerial photographs used to estimate the AARR
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Figure 6.17: Example map of transects where change in top of bank location was measured at unprotected shoreline, to estimate the AARR
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Table 6.8: Summary of calculated shoreline change and AARR for reaches where AARR was measured

Historic | Temporal | Transect Average 1S.D. Avgerage AARR +1
Reach Year Period Count Recession (metres) +1S.D, S-D.

(metres) (metres) (metres/year)
2 1964 51 85 7.56 5.11 12.67 0.25
6 1945 70 35 17.32 12.44 29.76 0.43
7 1945 70 17 11.83 4.14 15.96 0.23
9 1945 70 55 4.28 1.82 6.10 0.09
10 1945 70 22 11.24 3.91 15.14 0.22
11 1945 70 22 4.33 1.33 5.66 0.08
12 1945 70 52 25.68 5.19 30.87 0.44
15 1973 42 32 17.35 11.80 29.15 0.69
18 1973 42 11 10.76 1.18 11.94 0.28
32 1973 42 18 7.21 3.57 10.79 0.26
36 1973 42 8 2.37 1.11 3.48 0.08
57 1955 60 34 11.37 1.21 12.59 0.21
58 1955 60 8 21.30 1.87 23.17 0.39
59 1955 60 20 15.74 2.56 18.30 0.30
61 1955 60 4 18.92 1.25 20.17 0.34
62 1955 60 40 3.06 1.80 4.85 0.08
64 1955 60 32 19.40 3.25 22.65 0.38
70 1955 60 27 5.48 2.81 8.28 0.14
71 1955 60 72 14.96 4.74 19.71 0.33
72 1955 60 38 21.28 2.92 24.21 0.40
73 1955 60 71 24.14 6.41 30.54 0.51
74 1955 60 86 15.23 5.44 20.66 0.34
75 1955 60 14 10.85 141 12.26 0.20

6.6 Climate Change

The Ontario Climate Consortium and Ontario Ministry of Natural Resources and Forestry published a climate
change synthesis report for the Great Lakes basin in 2015 (McDermid et al., 2015). The report draws on over
70 scientific studies published since 2010 for the Great Lakes basin. The report outlines the anticipated climate
change impacts, evidence, uncertainty, and agreement between studies in language that this accessible to the
general public. Findings from the synthesis report will be referred to throughout this section as it reflects the
current state of climate change science for the Great Lakes basin.
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6.6.1  Projected Climate Change Impacts

The impacts of climate change in the Great Lakes are uncertain and are likely to remain uncertain even as
climate change science advances. The uncertainty is related to the complexity of the hydrological conditions in
the Great Lakes basin including their long-term cyclic nature (precipitation, evapotranspiration, runoff, etc.), the
difficulties in modelling the conditions, and predicting future green house gas levels which will depend on
human actions and behaviours.

Future water levels will be most affected by changes in air temperature and precipitation. Over the past 60
years, average annual air temperatures have increased and are predicted to continue increasing. The increase
in air temperature is expected to result in lower water levels due to increased evapotranspiration. The past 60
years have also been slightly wetter than the historical average and annual precipitation is predicted to
increase over the next century. However, the increase in air temperature is predicted to be more significant
than the increase in precipitation, resulting in overall drier conditions and lower lake levels (McDermid et al.,
2015).

The natural variability in water supplies is likely more significant than the anticipated climate change impacts on
water levels in the Great Lakes. Long-term (decadal) fluctuations in water supplies have been measured since
1860 and are believed to be driven by large-scale atmospheric and oceanic circulation patterns such as the
Atlantic Multidecadal Oscillation (Hanrahan et al., 2014; Watras et al., 2014). These large-scale anomalies
affect air temperature, moisture availability, and precipitation. The natural variation in monthly mean water
levels is approximately 2 m for Lake Erie.

The terms, “confidence” and “uncertainty” are used extensively in climate change literature. In general,
confidence relates to the amount, quality, and agreement of the evidence, and uncertainty relates to the
magnitude of the unknowns. In McDermid et al. (2015) the various studies were reviewed by a cross-section of
climate change researchers and information on each topic was evaluated and ranked as low, medium or high
confidence based on the agreement among available studies; type, amount, and quality of the evidence; and
limitations of the research.

Uncertainty in future projections is also related to the challenges of predicting future human behaviour related
to future green house gas levels (scenario uncertainty), and model imperfection. Climate models use
mathematical equations to represent complex processes between the atmosphere, earth surface, and human
and natural systems. Model uncertainty is related to our understanding of those systems and the accuracy of
the model results.

A summary of projected climate change impacts on factors affecting Lake Erie water levels are provided in
Table 6.9. The various factors are discussed in detail in the following sections.

Table 6.9: Projected impacts of climate change in the Great Lakes Basin (adapted from McDermid et
al., 2015)

Theme General Projections Trend Confidence
Air e 15to 7 C increase by the 2080s depending on climate High evidence
scenario model used. Increase

Temperature High agreement

Greater increases in the winter.
e 20% increase in annual precipitation across the Great
Lakes Basin by 2080s under the highest emission High evidence
. Increase ;
scenario. Medium agreement
e Increases in rainfall, decreases in snowfall.

Precipitation
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Theme General Projections Trend Confidence
e Increased spring precipitation, decreased summer
precipitation.
e More frequent extreme rain events.

Drought ¢ Increases in frequency and extent of drought. Increase ITOW evidence
High agreement
Wind e Increased wind gust events. Increase  -OW evidence

Low agreement

0.9t0 6.7 °C increase in surface water temperature by the
2080s. Increase
42-90 day increase in ice free season.
e Water levels in the Great Lakes naturally fluctuate by up
to 1.5m.
e Long-term water levels in the Great Lakes peaked in the
1980s and have been decreasing since.
Projections of future lake water levels vary; however, they
generally suggest fluctuations around lower mean water  Decrease
levels.
e Lower water levels are due to several factors including
warmer air temperatures, increased evaporation and
evapotranspiration, drought, and changes in precipitation
patterns.
e Projected decreases in ice cover duration, ice thickness,
Ice and ice extent. Decrease
e Increased mid-winter thaws, changing river ice dynamics.

Water
Temperature

High evidence
Low agreement

Water
Levels

High evidence
Low agreement

Medium evidence
High agreement

Medium evidence

Flood Medium agreement

Increases in flood severity and frequency. Increase

Air Temperature

There is high confidence that air temperatures in the Great Lakes basin have risen in the past 60 years and will
continue to rise in the future. Average annual air temperatures have risen by up to 2°C and are predicted to
continue to rise regardless of the emissions scenario (Lofgren et al., 2002; Hayhoe et al., 2010; McKenney et
al., 2011). The largest temperature increases have occurred and are projected to occur in the winter and spring
(McKenney et al. 2011), resulting in more winter rainfall (less snowfall), less ice cover (more evaporation), and
also affecting the timing of the spring freshet. Higher air temperatures in the summer and fall are projected to
result in increased evaporation and plant transpiration (collectively evapotranspiration).

Precipitation

There is medium to high confidence that the Great Lakes basin is in a period of slightly wetter weather. Future
projections indicate that annual precipitation will increase by up to 20% across the Great Lakes basin (Lofgren
et al., 2002; McKenney et al., 2011).

Rising air temperatures are expected to result in a higher percentage of precipitation falling as rain, and less as
snow. Snowfall losses of up to 48% are projected for the Great Lakes basin by the end of the century (Notaro
et al., 2014). The projected increase in winter rainfall and decline in snowpack is expected to affect the timing
and magnitude of the spring freshet.
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Rainfall amounts are projected to increase in the spring and decline in the summer (Kling et al., 2003; Hayhoe
et al., 2010). The resulting shifts in the timing of precipitation and snowmelt could present challenges for lake
regulation, though this is less relevant for Lake Erie.

Heavy rainfalls are twice as frequent as a century ago and are projected to become more frequent in the future
(Changnon and Kunkel, 2006; Kling et al., 2003). Heavy rainfalls are more of a concern for flood-prone urban
and riverine areas.

Drought

There is moderate confidence that the Great Lakes basin has been and will become more vulnerable to
drought (Bonsal et al., 2011). Air temperature and evapotranspiration are projected to increase in the summer
while precipitation is predicted to decline.

Wind/Storminess

There is low confidence in projections of future wind speeds and wind patterns. It is believed that warmer air
and water temperatures in the Great Lakes may increase atmospheric turbulence, resulting in higher wind
speeds in the lower atmosphere (Austin and Colman, 2007; Desai et al., 2009; Huff et al., 2014). However,
other studies such as Yao et al. (2012), project a decrease in wind speeds in the Great Lakes Basin by the
year 2100. Cheng et al. (2012) projected that wind gusts will become at least 10% more frequent by the end of
the century.

Water Temperature

There is moderate confidence that surface water temperatures in the Great Lakes basin have risen in the past
century and will continue to rise in the future. The high evidence and low agreement for this topic indicates that
there is considerable variability between studies. The increase in water temperature is projected to result in
less ice cover (duration and extent), resulting in increased evaporation from the lake surface.

Water Levels

McDermid et al. (2015) reports moderate confidence that water levels in the Great Lakes peaked in the 1980s,
declined, and will continue to decline in the future. This seems to ignore longer term variations in water levels
prior to 1980, and water levels reached record highs on Lake Erie in 2019. Masking climate change impacts
are the much larger natural (decadal) cycles of high and low water supplies.

Projections indicate that future mean water levels will be similar or slightly lower due to higher
evapotranspiration rates, and changes in precipitation patterns (Mortsch et al., 2003; Hayhoe et al., 2010;
Lofgren et al., 2002; McKenney et al., 2011; Angel and Kunkel, 2010; MacKay and Seglenieks, 2013). Some
earlier studies, which predicted more severe water level declines, are believed to have overestimated
evapotranspiration rates (Lofgren et al., 2011). Emerging research using an energy balance approach to
evapotranspiration suggest that declines, and possibly increases, in water levels will be modest.

Ice

There is moderate to high confidence that ice cover in the Great Lakes is decreasing and that mid-winter thaws
are becoming more frequent. A decrease in the duration and extent of the ice cover will result in increased
evaporation from the lake surface. The greatest evaporation losses on the Great Lakes occur in the fall and
winter when cold, dry air blows over the warmer lakes (Mortsch et al., 2003). Mid-winter thaws may pose
challenges for river ice management.
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The extent of ice cover on the Great Lakes decreased 71% between 1973 and 2010 (Wang et al., 2012) and
the ice cover period decreased by 1 to 2 months over the past century (McDermid et al., 2015). Ice protects the
shoreline and prevents erosion during winter storms. Therefore, a reduction in the ice-in period will render
shorelines more susceptible to extreme storm events (Mortsch et al. 2003). Baird (2019) describes wave
modeling undertaken on Lake Erie to examine the impact of future ice regimes on wave climatology. It was
found that wave energy along the Chatham-Kent shoreline at the west end of Lake Erie would increase by
150% to 200% if lake ice disappears in the future.

Flood

There is medium confidence that summer floods will become more frequent and more severe and that spring
floods will become less severe in the Great Lakes basin. Spring runoff is projected to decline due to the
predicted decrease in snowfall (Notaro et al., 2014; Shaw and Riha, 2011). However, extreme rainfall events
are projected to become more frequent in the future. These changes are likely to result in less frequent riverine
flooding (smaller freshets), and more frequent urban (pluvial) flooding.

6.6.2 Summary

The latest climate change research related to precipitation, evaporation, snow and ice cover, and storminess in
the Great Lakes basin was reviewed to assess potential future changes to static water levels, storm surge,
waves and sediment processes in the study area.

Over the past 60 years, the Great Lakes basin has become warmer and has been slightly wetter (than the
long-term average). Air temperature and precipitation are projected to increase in the future, with water levels
in the Great Lakes remaining similar or slightly decreasing (McDermid et al., 2015). The uncertainty in water
level projections is related to the relative roles of evapotranspiration and precipitation. It is likely that the
impacts of climate change on static water levels will be less than the natural variability of Lake Erie.

Snowfall and ice cover in the Great Lakes-St. Lawrence River basin are projected to decrease resulting in an
earlier and smaller spring freshet (Kling et al., 2003) and increased evaporation from the lake surface in the
winter. In addition, predicted reduced ice cover will result in increased wave energy, which in turn would result
in higher erosion rates and sediment transport rates. Increased exposure to surge could also be expected as a
result on reduced ice cover.

Wind gusts, although expected to increase slightly over the next century, are anticipated to have a lesser
impact on storm surge and waves.
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7. Mapping

7.1 Hazard Mapping

The 2015 SWOOP imagery was used to prepare the base maps for the hazard mapping. The flood, erosion
and dynamic beach hazard limits were mapped as described below.

7.1.1  Flooding Hazard Mapping

The Flood Hazard Limit is the 100-year flood level plus an allowance for wave uprush as defined in MNR
(2001a) and described in Section 4.2.

The 100-year flood level was established based on analyses described in Section 6.1. The 100-year flood
levels were defined for each reach using a linear interpolation between the 100-year flood levels at Port Dover
and Port Colborne adjusted to CGVD2013 datum. The flood levels were rounded to the nearest 0.1 m
increment, with breaks occasionally adjusted to coincide with headland features. For example, the 100-year
flood level transitions from 176.0 m to 176.1 m CGVD2013 at Hoover Point (Reaches 28/29) rather than at
Reaches 34/35 (where the 100-year flood level transitions from 176.04 to 176.05 m). Shifting the 100-year
flood level breaks to the headlands is supported by the understanding of the natural storm surge processes.
The location of the 100-year flood level was mapped using the 2015 and 2017 elevation datasets, which are of
sufficient scale and accuracy to locate the flood elevation.

The horizontal wave uprush allowance includes both the wave runup on the shoreline slope and the inland
extent of overtopping waves. Wave uprush was established based on the analyses described in Section 6.2.
The mapped wave uprush is based on the calculated horizontal extent of wave uprush measured from the
100-year flood level, except in cases where it was clear that wave uprush would not exceed the top of bluff
elevation. In these cases, the wave uprush allowance was plotted at the calculated uprush elevation, on the
bluff slope.

The average calculated horizontal wave uprush was 14.6 m for the 84 profiles, with a minimum value of 5 m
and maximum value of 33 m. All values less than 15 m were mapped as 15 m due to possible variability in
wave exposure, nearshore slope, water depth at the toe, and bluff height within a reach. Approximately 40% of
the reaches have a wave uprush allowance greater than 15 m.

The 100-year flood level and allowance for wave uprush values used to map the Flooding Hazard are listed on
a reach basis in Appendix C. While the vertical uprush elevation is listed in the table, this value should not be
used to establish floodproofing elevations. Floodproofing is discussed further in Section 8.1 and in MNR
(2001a, Appendix A7.1).

7.1.2  Erosion Hazard Mapping

The Erosion Hazard Limit is the stable slope allowance plus the erosion allowance as defined in MNR (2001a)
and described in Section 4.3.

The stable slope allowance was defined on a reach basis, using a geotechnical study, as summarized in
Section 6.4 and described in detail in Appendix A. For those reaches where a stable slope was not defined by
a geotechnical study, a stable slope of 3H:1V was assumed, consistent with MNR (2001a). The stable slope
allowance was calculated by multiplying the stable slope inclination by a representative bluff height within the
reach. The stable slope allowance was measured inland from the delineated toe of bluff and mapped. Where
the stable slope allowance plotted lakeward of the existing top of bluff, an adjustment was made, and the
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stable slope allowance was moved inland to the top of bluff. The stable slope allowance values used in the
mapping are listed in Appendix C.

Where erosion could be measured using the historical shoreline comparison, the erosion allowance was
calculated from the values presented in Section 6.5. The AARR + 1 S.D. was multiplied by 100, representing
the 100-year planning horizon as specified in MNR (2001a). The erosion allowance was measured inshore
from the stable slope allowance and mapped. Where erosion was not measured, due to the presence of shore
protection along the reach or difficulty in delineating a bluff crest, an erosion allowance of 30 m was assumed,
consistent with MNR (2001a). An erosion allowance of 40 m was applied at Reaches 78 and 79, located
towards the east end of Haldimand County, because this value was reported in the Shoreline Management
Plan update (Shoreplan, 2010), and there was no justification for reducing it to a less conservative value of

30 m.

There are a number of bedrock headlands along the Haldimand shoreline, where no measurable change in
shoreline position was identified. At these locations, there is not a well defined top of bluff, however shoreline
recession rates are low due to the geological characteristics. A 10 m erosion allowance was used at bedrock
headlands. An abrupt change in recession rates can be expected where the shoreline changes from a bedrock
headland to a cohesive bluff. An example of this occurs at Peacock Point; erosion rates increase east of
Peacock Point. There are limited stretches of shoreline where erosion rates could be measured east of
Peacock Point because the shoreline is largely protected. Shore protection is generally indicative of an eroding
shoreline.

The erosion allowance was measured inland from the stable slope allowance and mapped. The erosion
allowance values used in the mapping are listed in Appendix C.

At reach boundaries, the Erosion Hazard Limit changes from one reach to the next and no transition was
applied. This may result in a discontinuity at reach boundaries.

7.1.3 Dynamic Beach Hazard Mapping

The Dynamic Beach Hazard Limit is the landward limit of the flooding hazard (100-year flood level plus a flood
allowance for wave uprush and other water related hazards), plus a 30 m dynamic beach allowance or a
distance determined by an accepted coastal study as defined in MNR (2001a) and described in Section 4.4.

The dynamic beach was mapped as described above.
7.1.4  Establishing Hazard Limits Onsite

It is understood that the hazard limits will be measured onsite, in response to site specific development
applications. While the mapping provides a visual representation of the hazard limits on a reach basis, a more
accurate assessment should be determined onsite using information provided in this report. For example, a
representative bluff height was used to establish the stable slope allowance within a given reach, however bluff
height can vary to some degree along the reach and adjustments may be required. In addition, where
shorelines are eroding, the hazard limit will need to be adjusted inland in response to erosion occurring after
the date of the data used for mapping.

7.2 Flood Depth Mapping for Flood Preparedness

Mapping was developed to identify areas that would be rendered inaccessible to people and vehicles due to
water depth and wave uprush conditions during the 100-year flood. Roads located within the Flooding Hazard
(100-year flood level plus an allowance for wave uprush) were identified. Water depths on the roads were then
mapped at 0.3 m intervals for the 100-year flood level. Roads located in the wave uprush zone are also
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indicated on the maps. Roads in the wave uprush zone will be exposed to moving water. Velocities within the
wave uprush zone vary temporally and spatially and cannot be readily defined as is typically done for river
flooding.

The mapping is presented in Appendix D. The mapping informs the National Disaster Mitigation Program, Risk
Assessment Information Template (NDMP-RAIT) that was updated for this study and is provided under
separate cover.

7.2.1  Vehicular Access/Egress

Ingress and egress from an area by the most "typical" automobiles will be halted by flood depths above 0.3 to
0.4 m (MNR, 2002). This is generally consistent with MNR (2001a), which references a depth limit of 0.3 - 0.5
m. This is the typical depth of key electrical components, which fail when submerged, preventing vehicle
egress. A maximum flood velocity of 4.5 m/s would be permissible providing that flood depths are less than
0.3m.

In Haldimand County, emergency responders make decisions about vehicle access on a case by case basis.
In general, emergency vehicles will not access a road where flooding exceeds 0.3 m, the lines on the road are
not visible, or the road is exposed to wave uprush.

7.2.2  Pedestrian Access/Egress

MNR (2002) provides technical considerations for pedestrian access/egress during flooding. This document
pertains to river and stream systems flooding but it is also relevant for Lake Erie flooding. Hazard to life is
linked to the depth of the flood waters and the velocity of flow. A product of depth and velocity less than or
equal to 0.4 m?/s defines a low risk hazard, providing that the depth does not exceed 0.8 m and velocity does
not exceed 1.7 m/s (MNR, 2001a).

For stagnant backwater areas (i.e., zero flow velocity), depths in excess of about 1 m are sufficient to float
young children, and depths above 1.4 m are sufficient to float teenage children and many adults. Even
shallower depths can pose a risk. In shallow areas, velocities in excess of about 1.8 m/s pose a threat to the
stability of many individuals (MNR, 2001a). In areas exposed to wave uprush, the combination of flood depth
and velocities may be sufficient to pose danger to pedestrians. In areas subject to direct wave action, the
maximum depth of flooding to define a low risk hazard is 0.25 m.

Haldimand County Lake Erie Hazard Mapping and Risk Assessment
Technical Report

12969.101.R2.Rev3 Page 49



8. Recommendations for Flooding and Erosion
Prevention and Protection

This section provides general recommendations for flooding and erosion prevention and protection.
Consultation with a coastal engineer is recommended as conditions will vary from reach to reach, and within a
shoreline reach. The reader is referred to the Technical Guide for Great Lakes — St. Lawrence River System
(MNR, 20014a) for further information. A permit from the Conservation Authority is required for any work
undertaken within the Regulation Limit and other permits may also be required.

Shoreline management approaches can be classified as prevention or protection. Prevention is normally
achieved through planning of land use and the regulation of development within the hazard limits. Prevention
approaches are generally considered the most environmentally sound and cost-effective means of ensuring
that buildings and structures are not susceptible to hazards. Protection approaches involve engineered
methods for protecting development located within hazard susceptible shoreline areas. Where protection
works are constructed, they are to be combined with an appropriate hazard allowance.

Prevention is generally considered to be the preferred approach. However, it is recognized that prevention is
not always practicable, particularly for existing development. This section provides an overview of the
floodproofing and protection works standards as they can be applied along the Lake Erie shoreline of
Haldimand County.

8.1 Floodproofing Standard

Floodproofing is generally defined as a combination of structural changes and/or adjustments incorporated into
the basic design and/or construction or alteration of individual buildings, structures or properties subject to
flooding hazards so as to reduce the risk of flood damages, including wave uprush and other water related
hazards. Floodproofing and flood protection works can only reduce the risk and/or lessen the damage to
properties. No measure will prevent all damages due to flooding. Where it has been determined that
development and site alteration could possibly be located within the less hazardous portion of the flooding
hazard, the floodproofing standard should be applied. The minimum floodproofing standard is as follows:
development and site alteration is to be protected from flooding, as a minimum, to an elevation equal to the
sum of the 100-year static water level plus the 100-year surge plus a vertical flood allowance for wave uprush
and other water related hazards. The 100-year static water level plus the 100-year surge is listed by reach in
Appendix C. Itis recommended that a minimum freeboard of 0.3 m be added to these elevations as a factor of
safety to compensate for factors that may increase flood heights and uncertainties inherent in determining flood
frequencies and flood elevations (ASCE/SEI, 2014). The vertical flood allowance for wave uprush varies with
shoreline conditions and is determined on a site specific basis. Some example wave uprush values for
selected shoreline conditions are listed in Appendix C. The flood proofing elevation should be determined by a
Professional Engineer with experience in flood proofing.

Floodproofing measures that could be incorporated into the design of new buildings and retrofit of existing
buildings is described in Part 7 of the Technical Guide (OMNR, 2001). Examples include elevating buildings on
posts, piers, walls, pilings or engineered fill; elevating electrical equipment and utilities above the expected
flood levels; using watertight closures for doors and windows; and using flood resistant materials. The guide
describes “dry floodproofing” as measures that prevent the entry of floodwater into a building, and “wet
floodproofing” as measures that minimize the impact of flooding. Dry floodproofing is usually accomplished by
elevating the building above the floodproofing standard elevation, and is the most desirable measure for
residential buildings. It may not be feasible or desirable to elevate certain non-residential buildings (e.g.
garages, boathouses, sheds, warehouses, etc.) above the floodproofing standard elevation. Wet floodproofing
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measures such as the use of flood resistant building materials and elevating contents and utilities can lessen
the impact of flooding and improve the clean up and recovery time for non-residential buildings.

Table 8.1 identifies the buildings that are most vulnerable to flooding from Lake Erie. The building location and
other information can be obtained from the building inventory geodatabase using the unigue Building ID
(provided under separate cover in the RAIT deliverable). The minimum ground elevation along the perimeter
of the building and the estimated first floor elevation is provided in the table. The first floor elevation is
estimated to be 0.2 m above ground for commercial and institutional buildings, and 0.7 m above ground for
residential buildings.

Table 8.1: List of buildings most vulnerable to flooding

o Minimum Ground Estimated First Floor
BU||Ig|ng Building Use Reach Elevation Elevation
(m CGVD2013) (m CGVD2013)
541 residential 21 173.16 173.86
1116 commercial 8 173.33 173.53
623 commercial 8 173.50 173.70
1114 commercial 8 173.51 173.71
2064 commercial Dunnville | 173.73 173.93
517 commercial 6 173.74 173.94
993 residential 6 173.74 174.44
425 residential Dunnville | 174.01 174.71
514 residential 6 174.05 174.75
463 commercial Dunnville | 174.07 174.27
496 residential 16 174.29 174.99
498 residential Dunnville | 174.32 175.02
453 residential Dunnville | 174.33 175.03
499 residential Dunnville | 174.35 175.05
973 residential 39 174.35 175.05
1189 residential 41 174.42 175.12
2598 residential Dunnville | 174.45 175.15
525 commercial 6 174.48 174.68
129 residential 16 174.50 175.20
136 residential 16 174.50 175.20
444 residential Dunnville | 174.53 175.23
2503 residential Dunnville | 174.57 175.27
422 residential Dunnville | 174.58 175.28
1026 residential Dunnville | 174.59 175.29
1039 residential 42 174.59 175.29
1025 residential Dunnville | 174.63 175.33
1283 residential 64 174.63 175.33
429 residential Dunnville | 174.65 175.35
519 residential 6 174.67 175.37
2736 residential Dunnville | 174.67 175.37
1281 residential 64 174.69 175.39
1289 residential 64 174.69 175.39
415 residential Dunnville | 174.71 175.41
447 residential Dunnville | 174.71 175.41
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o Minimum Ground Estimated First Floor
B”'llg'”g Building Use Reach Elevation Elevation
(m CGVD2013) (m CGVD2013)
524 commercial 6 174.72 174.92
1280 residential 64 174.73 175.43
2499 residential Dunnville | 174.73 175.43
984 residential 57 174.73 175.43
2730 residential Dunnville | 174.74 175.44
1198 residential 42 174.76 175.46
991 residential 30 174.76 175.46
2585 residential Dunnville | 174.77 175.47
1500 residential 64 174.79 175.49

8.2 Protection Works Standard

By definition (PPS, Section 6.0 Definitions), protection works standards “means the combination of non-
structural or structural works and allowances for slope stability and flooding/erosion to reduce the damages
caused by flooding hazards, erosion hazards and other water-related hazards, and to allow access for their
maintenance and repair” (PPS 2014). The Technical Guide (MNR 2001a), developed in support of the PPS,
outlines specific guidelines for the protection works standard including protection works, the stable slope
allowance and the erosion hazard allowance.

The three key elements of the protection works standard are described in the Technical Guide (MNR 2001a)
as follows:

e Protection works should be of sound, durable construction and be designed by a qualified coastal engineer
according to accepted practice;

e Protection works should be used in conjunction with appropriate stable slope and hazard allowances; and

e There must be access to the protection works for suitable equipment for future rehabilitation, replacement
or repairs.

8.3 Shore Protection

This section describes some alternative shore protection measures that may be considered along the
Haldimand County shoreline. Shore protection should be designed on a site specific basis by a coastal
engineer. Permits are required for the construction of shore protection including an assessment to confirm
there will be no negative impacts on adjacent properties.

8.3.1 Armourstone Revetment

Armourstone revetments are sloped shore parallel structures with a protective layer of large "armour” stones
that are built to prevent the direct attack of waves on the toe of a bluff (see Figure 8.1). These structures rely on
the mass of the armour stones to withstand the forces of the waves. As waves impact the structure, energy is
dissipated as the water moves over the rough, permeable sloped face of the structure, and through the voids
between the armour stones. The land behind the structure is thus protected from the erosional stress that
results from wave attack.
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Figure 8.1: Schematic showing typical armourstone revetment section

Armour stone revetments have advantages over many other forms of shore protection, because they are
flexible, can accommodate some settlement and do not generally fail catastrophically. The use of larger armour
stones and/or a higher crest elevation will provide a stable structure which protects the backshore under more
severe conditions. This type of structure can be designed to accommodate the ongoing erosion of the lakebed,
thus providing long term protection to the backshore.

Revetments, like any other shore protection structure, have a number of disadvantages that make them
inappropriate for some conditions. Revetments may severely limit access to the beach and water, and do not
increase the amount of recreational space. Beach or water access must often be provided by staircases or
ramps located intermittently along the shoreline. Access along the beach may also be obstructed. Another
disadvantage of revetments is that the structure does not encourage beach development, and may in fact
increase scour in front of the structure as a result of wave reflection at the structure. If the lakebed erodes,
higher waves may be able to reach the structure, further eroding the bottom and possibly undermining the
structure. Flanking can be an issue at the termination of the structure, particularly if the adjacent property is not
protected and is eroding at a high rate.

Key design features for the armour stone revetment include: sound, good quality, durable armour stone with
sufficient size to resist wave action and ice; sufficient crest elevation to protect against wave overtopping; riprap
underlayer; and geotextile filter to prevent loss of backfill. The armour stone size is dependent on the wave
height, the inclination of the revetment slope and placement (i.e., degree of “interlocking”). Typically, the
individual armour stones in an armour stone have a mass of 3 to 5 tonnes for a single layer of armour; slightly
smaller stones could be used with flatter slopes or double layers. A qualified coastal engineer should design
the revetment. A double layer of armour provides more “reserve capacity” (i.e., damage to a double layer
armour revetment is more progressive than damage to a single layer).

8.3.2 Seawalls

Seawalls are vertical, sloped, curved or stepped shore parallel walls that function in a very similar manner to a
revetment (see Figure 8.2). They are typically made of steel sheet piles or concrete (pre-cast or cast-in-place)
and are placed to protect the toe of a bluff from wave attack.
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Figure 8.2: Schematic showing concrete seawall section

Some property owners consider seawalls to be more aesthetically pleasing than revetments for a number of
reasons. Seawalls allow people to be closer to the water and/or beach than an armour stone revetment. It is
also easier to incorporate stairs or ramps for access to the water. Seawalls also require less width than a
revetment, possibly making construction feasible in some areas with a steep backshore where a sloped
structure might require large amounts of earth moving.

However, seawalls are rigid structures and do not accommodate settlement. In addition, seawalls, due to their
steep (often vertical), impermeable and generally smooth face, cause more wave reflection, resulting in
increased scour and the risk of undermining at the toe of the structure. Because of this, seawalls may fail
catastrophically if not designed correctly. Seawalls also require higher crest elevations than revetments to
provide a similar level of protection against wave overtopping.

8.4 Critical Warning Levels

Being aware of risks is an important part of flood preparedness. Haldimand County and the Conservation
Authorities provide information to the public, including critical warning levels for flooding. Communities along
Lake Erie are susceptible to flooding due to storm surge, which can be exacerbated by high water levels.
Water levels along the shoreline can change in a matter of hours and areas can become flooded. The situation
can be further exacerbated by wave action. During flooding events, there is a heightened risk of shoreline
flooding, beach submersion, crawl space and septic system inundation and wave-driven erosion along some
reaches of Lake Erie.

The Conservation Authorities monitor water levels and flood warnings posted on the Ontario Ministry of Natural
Resources and Forestry (OMNRF) Surface water Monitoring Centre’s web site https://www.ontario.ca/law-and-
safety/flood-forecasting-and-warning-program#section-3. Data published on this site is based on the Great
Lakes Storm Surge Operational System (GLSSOS) developed for OMNRF. The system uses real time water
level and meteorological data and the Danish Hydraulics Institute MIKE21 model to provide 48 hour forecasts
with time series plots of water level, wave height, mean wave direction and peak wave period at selected
locations on the Great Lakes. The locations nearest to Haldimand County are Port Colborne and Long Point.

LPRCA, GRCA and NPCA issue flood warnings based on the five stages shown in Figure 8.3. The figure also
shows the probability of the water levels associated with the stages. Flood levels at the east end of the County
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are higher than at the west end of the County. For example, the 100-year return period flood level corresponds
to a Stage 4 flood level at the west end of Haldimand County (Port Dover) and a Stage 5 flood level at the east
end (Port Colborne).

A meeting was held with emergency responders from the County on January 21, 2020 to discuss issues
related to emergency response and updates the National Disaster Mitigation Program Risk Assessment
Information Template (NDMP RAIT) completed for this project. Based on that meeting, it is our
recommendation that the current flood warning stages be maintained. The flood warnings are well understood
by emergency responders and the correlation with probabilities of exceedance shown in Figure 8.3 provides
additional context.

The CAs issue flood warning messages based on the data provided by the MNRF. Haldimand County issues
flood messages on Twitter and Facebook. Emergency information is also broadcast on 92.9 the Grand FM,
Haldimand County’s official emergency information broadcast partner.

Figure 8.3: Relationship between Haldimand County Lake Erie flood warning stages and return period

8.5 Emergency Access/Egress

The Technical Guide (MNR, 2001a) discusses access/egress with respect to development located within the
flooding hazard and development that may be isolated from access/egress during flooding events. It is not
desirable to have development isolated during the flood conditions because roads and escape routes are not
passable. Flooding characteristics that must be considered when evaluating ingress/egress include:

Depth of expected flooding and, in shoreline areas, height of wave crests.

Velocity of flood waters and waves.

Frequency of flooding, which is the amount of time between occurrences of damaging floods.

Duration of flooding, which affects the length of time access/egress may be impacted.
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Rate of rise, which indicates how rapidly water depth increases during flooding. This determines warning
time before a flood, which will influence the need for access routes (ingress/egress) to be elevated above

floodwaters.

Ice and debris, which can block access/egress, and may damage roads and bridges.

Mapping for flood preparedness is discussed in Section 7.2 and specific locations are identified, where
access/egress may be disrupted during flooding events. Additional information on access/egress and
emergency access planning is provided in the National Disaster Mitigation Plan, Risk Assessment Information
Template (NDMP RAIT), prepared for Haldimand County for this project, and provided under separate cover.
Mapping developed for the NDMP RAIT, showing flood depths during the 100-year return period event is
provided in Appendix E for those reaches where roads and buildings are flooded. The mapping shows that 31
km of road is flooded during this event, including roads in the wave uprush zone. Table 8.2 identifies roads that
are vulnerable to flooding from Lake Erie, the lowest elevation along the centreline of the road, and the
corresponding Warning Zone used by the County and Conservation Authorities.

Table 8.2: List of roads most vulnerable to flooding

Elevation Elevation )

Road Name Reach Warning Zone
(m CGVD2013) (m 1GLD1985)
East Lakeshore Road | 22 174.1 174.6 0
White Cap Lane 48 174.5 175.0 0
The Esplanade 67 174.6 175.0 0
Seagull Lane 38 174.6 175.1 0
Sandy Bay Road 64 174.8 175.2 0
Erie Street 7 174.9 175.4 0
Erie Avenue 7 174.9 175.4 0
Port Maitland Road 67 174.9 175.4 0
Paradise Line 64 174.9 175.4 0
Myrnam Beach Road | 64 174.9 175.4 0
Feeder Canal Road 67 175.0 175.4 0
Briar Line 64 175.0 175.5 1
Baygrove Line 64 175.0 175.5 1
Beckly Line 67 175.0 175.5 1
Lakeshore Road 48 175.1 175.6 1
Reicheld Road 42 175.1 175.6 1
Baygrove Line 64 175.2 175.7 1
Hydro Street Dunnville 175.2 175.7 1
Lakeshore Road 48 175.3 175.7 1
Siddall Line 67 175.3 175.8 2
Central Lane Dunnville 175.3 175.8 2
Blue Water Pkwy 22 175.3 175.8 2
Swallow Lane 38 175.3 175.8 2
Winger Bay Lane 38 1754 175.8 2
Birch Lane 38 1754 175.9 2
Lakeshore Road 38 175.5 175.9 2
Siddall Road 67 175.5 176.0 3
Heather Lane 38 175.5 176.0 3
Lakeshore Road (at 3
Kohler Road) 38 175.6 176.0
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Elevation Elevation .
Road Name Reach Warning Zone
(m CGVD2013) (m IGLD1985)
Evan's Point Lane 48 175.6 176.0 3
Brant Street Dunnville 175.6 176.1 3
Brace Street Dunnville 175.6 176.1 3
Niagara Street Dunnville 175.6 176.1 3
Broad Street East Dunnville 175.7 176.1 3
Lakeshore Road 42 175.7 176.2 3
Haldimand Road 53 22 175.7 176.2 3
Pike Lane 38 175.8 176.2 3
Tamarac Street Dunnville 175.8 176.2 3
Front Street Dunnville 175.8 176.2 3
Dover Street 67 175.8 176.3 4
Connor Bay Line 67 175.8 176.3 4
Videoway Lane 38 175.8 176.3 4
Queen Street Dunnville 175.8 176.3 4
Auld Lane 38 176.0 176.4 4
Taylor Road Dunnville 176.0 176.5 5
8.6 Protection of Municipal Infrastructure

When municipal structures are located within the hazard limits, a more detailed assessment of the risks may
be warranted. A number of these structures, by their very nature are located within the hazard limits (e.g.
water intake, bridges, drains, culverts, treatment and conveyance structures) and protection works are often
required. Public parks are often located along the waterfront and some investment may be warranted to protect
these public spaces, if the impacts can be mitigated.

Where municipal infrastructure is concerned, public safety, minimizing risks to life, property damage, adverse
environmental impacts and social disruption are paramount. Ecological, geomorphological and socioeconomic
elements must be considered. In addition, public access, recreation and aesthetics may be considerations.

There are areas where protection works may be inappropriate and unacceptable as they would not meet all of
the requirements defined in the Technical Guide (MNR, 2001a). These areas may include, but are not limited
to: locations where the active erosion of the site provides an essential sediment source for downdrift beaches;
sites where the proposed protection works would result in unacceptable environmental impacts (i.e., adjacent
wetland or fish habitat is significantly impacted); areas where the protection works create or aggravate hazards
at updrift/downdrift properties (i.e., groynes trapping or deflecting alongshore sediment transport resulting in a
significantly reduced quantity of sediment on beaches at adjacent properties thus increasing hazards).

Special consideration is required for roads located within the hazard limits. These roads may be used for
access/egress and may become unusable during flooding events, or as a result of erosion. Examples in
Haldimand County are discussed in Section 7.2. For roads at risk due to erosion, the recommendations for
shore protection provided in Section 8.3 are applicable. As an alternative, it may be necessary to relocate
roads.

For roads at risk due to flooding, mitigation measures include raising the road elevation, emergency access
such as constructing temporary gravel roads and permanently relocating roads. As a planning tool, the County
may wish to identify priority road segments where it may be possible to secure easements along the rear
property lines for future road alignments.
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1.0 THE PROJECT

Terraprobe was retained by W.F. Baird & Associates Coastal Engineers Ltd. to conduct a detailed slope
stability and erosion risk assessment for the Lake Erie North Slope, which covers a total of 87 kms of the
north shoreline of Lake Erie from east of Lowbanks to east of Port Dover. The subject slope along the
shoreline is up to 21.5 m in height. The tableland is generally occupied by agricultural land, residential
properties, conservation land, or municipal roadways. Lake Erie is present approximately at the toe of
slope. A site location plan is provided as Figure 1.

This slope stability study and erosion risk assessment has been prepared for the purposes of establishing
the Stable Slope Inclinations at a county scale. Site specific studies are recommended. The stable slope
allowance is used for mapping the Erosion Hazard.

This report encompasses a review of publicly available subsurface information, existing Terraprobe
reports in the area, and a detailed visual slope inspection to establish existing conditions. The scope of
work also includes a detailed slope stability analysis. Based on these studies, this report provides
geotechnical engineering recommendations pertaining to the site including the stable slope allowance for
the slope along the north shoreline of Lake Erie.

2.0 SITE & PROJECT DESCRIPTION

The study area includes approximately 87 km of shoreline along Lake Erie’s north shore, from east of
Lowbanks to east of Port Dover. The tableland is generally flat, and is occupied by agricultural land,
residential properties, conservation land, or municipal roadways. The shoreline generally comprises sand
beaches, armourstone or concrete retaining walls, visible limestone bedrock, or native slopes comprising
glaciolacustrine silt and clay or glacial till. The study area has been divided by Terraprobe into six areas
(Area A to F). The areas are described in the table below.

Area Label Sections in Area Limits - Towns
A 1to7 Crescent Bay to Nanticoke
B 8to 12 Nanticoke to Peacock Point
Cc 13to 27 Peacock Point to Featherstone
D 281043 Featherstone to Rock Point
E 44 to 49 Rock Point to Townline Road
F 50 to 52 Townline Road to Lowbanks

The stratigraphy and recommendations can be interpolated between sections by transitioning
approximately halfway between adjacent sections.

A2
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At the west end of the study area (Area A and B, Crescent Bay to Peacock Point) the slope isup to 12.6 m
in height with a composition of glaciolacustrine silt and clay. At the east end of the study area (Area E,
Rock Point to Townline Road), there are glacial till bluffs up to 21.5 m in height. Relevant site features
and photograph locations are provided in Appendix A.

Terraprobe was provided with cross sections created from LiDAR data of the entire study area in .xlIsx
format from Baird by email that included 0.50 m contours for Section 1 to 47 and 2.0 m contours for
Section 48 to 52. The LiDAR data provided was used and relied on as factual in preparation of this report.
The cross-section locations are shown on Appendix A and the detailed sections are provided in
Appendix G.

Jory Hunter, EIT, of Terraprobe carried out a site and detailed slope inspection on August 10", 2018.
Jason Crowder, P.Eng., also inspected the slope in April 2019. The MNR Slope Stability Rating Chart
was completed during the inspection (included in Appendix E). Area A and B (glaciolacustrine silt and
clay slopes) obtained a value of 28, indicating a slight potential for instability. Area E (glacial till bluffs)
obtained a value of 59, indicating a moderate potential for instability. Areas C, D, and F of the study area
obtained a value of 26, indicating a slight potential for instability.

3.0 SUBSURFACE INFORMATION

3.1 Stratigraphy

Boreholes were not advanced as part of this scope of work. Terraprobe determined the subsurface
conditions based on a review of publicly available subsurface information, existing Terraprobe reports in
the area, and a detailed visual slope inspection. A flow chart depicting the steps to determining the soil
type and subsequent analysis is included as Figure 2.

The Ministry of Northern Development and Mines (MNDM) has publicly available subsurface
information including geotechnical boreholes (Appendix A), and quaternary geology (Figure 3) and
surficial geology (Figure 4) of the study area. The government of Ontario has publicly available well
records for wells drilled in the study area. The locations of the well records used for the study are
included in Appendix A, and the well records are included in Appendix C. This information was used to
determine the general stratigraphy encountered in the study area.

Terraprobe completed subsurface investigations in the study area, including the regions of Nanticoke
(1974 and 2015), Rainham (2004), Burnaby (2016), and Wainfleet (2017), Ontario. The borehole logs are
included in Appendix B.

Terraprobe relied on visual observation during the detailed visual slope inspection to confirm the
subsurface conditions within the study area. Visual observations are included in Appendix A.

e
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A summary of the stratigraphy at each of the cross sections can be seen in the table below.

hnical Geotechnical ficial I Well Sor"l Tylp_e at
Section Geotechnical Borehole Quaternary Surficia We Record shoreline
Area u Borehole ID [ S Geology from Geology from Record Soil through
from MNDM from MF?\IDM MNDM MNDM ID Description visual
P observation
: : : : silty clay
1 n/a n/a glaf:lolacustrme glaf:lolacustrlne 7123004 over clayey silt
silt and clay silt and clay .
limestone
5 700002 clay. silt glaciolacustrine | glaciolacustrine 4401956 clay over clavev silt
Y silt and clay silt and clay rock yey
3 700003 clay. silt glaciolacustrine | glaciolacustrine 2600917 clay over earth fill
Y, silt and clay silt and clay rock
A 4 n/a na glaciolacustrine | glaciolacustrine 2600919 clay over earth fill
silt and clay silt and clay rock
5 700004 clay, silt, glaqolacustrlne glaqolacustrlne 2600922 clay over clayey silt
pebbles silt and clay silt and clay rock
6 n/a na glaciolacustrine | glaciolacustrine 2600927 clay over clavev silt
silt and clay silt and clay rock yey
7 n/a n/a glzﬁtloelli((:jucsltg;ne n/a n/a n/a earth fill
8 700005 clay, silt, glaqolacustrlne glaqolacustrlne 2600928 silty clay clayey silt
pebbles silt and clay silt and clay over rock
9 700024 clay. silt glaciolacustrine | glaciolacustrine 2602646 clay over earth fill
Y, silt and clay silt and clay rock
B 10 700026 clay, silt, glaqolacustrlne glaqolacustrlne 2601326 clay over clayey silt
pebbles silt and clay silt and clay rock
1 n/a na glaciolacustrine | glaciolacustrine 2600932 clay over earth fill
silt and clay silt and clay rock
12 n/a na glaciolacustrine | glaciolacustrine n/a n/a earth fill
silt and clay silt and clay
13 n/a n/a bedrock glaplolacustrlne 2600939 clay over sand
silt and clay rock
14 n/a n/a bedrock glzﬁtloelli((:jucsltg;ne n/a n/a earth fill
15 n/a na glaciolacustrine | glaciolacustrine 2600982 clay over earth fill
silt and clay silt and clay rock
16 n/a na glaciolacustrine | glaciolacustrine 2601309 brown clay earth fill
silt and clay silt and clay over rock
17 n/a n/a glaqolacustnne bedrock 2601001 clay over earth fill
silt and clay rock
18 n/a na glaciolacustrine | glaciolacustrine n/a n/a earth fill
silt and clay silt and clay
glaciolacustrine | glaciolacustrine red and
c 19 na n/a silt and clay silt and clay 2600471 | grey clay sand
20 n/a na glaciolacustrine | glaciolacustrine 2600474 clay over earth fill
silt and clay silt and clay rock
21 n/a na glaciolacustrine | glaciolacustrine 2601283 blue clay earth fill
silt and clay silt and clay over rock
22 n/a na glaciolacustrine | glaciolacustrine n/a n/a earth fill
silt and clay silt and clay
23 n/a na glaciolacustrine | glaciolacustrine 2601511 clay over sand
silt and clay silt and clay rock
24 n/a na glaciolacustrine | glaciolacustrine 2601275 clay over earth fill
silt and clay silt and clay rock
o5 n/a na glaciolacustrine | glaciolacustrine 2601721 clay over earth fill
silt and clay silt and clay rock
26 n/a na glaciolacustrine | glaciolacustrine 2600517 clay over earth fill
silt and clay silt and clay rock
~¥5 Terraprobe
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. Soil Type at
Section Geotechnical Ge;)(;?gagllgal Quaternary Surficial Well R\é\é?)”rd shoreline
Area " Borehole ID Descrintion Geology from Geology from Record Soil through
from MNDM b MNDM MNDM ID o visual
from MNDM Description .
observation
C 27 n/a n/a gIaf:loIacustrlne eolian sand 2600525 clay over earth fill
silt and clay rock
o8 na n/a gIaf:loIacustrlne gIaf:loIacustrlne 2600534 clay over earth il
silt and clay silt and clay rock
29 na n/a gIaf:loIacustrlne gIaf:loIacustrlne 2600536 clay over sand
silt and clay silt and clay rock
30 na nia gIaf:loIacustrlne gIaf:loIacustrlne 2601421 clay over sand
silt and clay silt and clay rock
31 na n/a gIaf:loIacustrlne gIaf:loIacustrlne 2600559 clay over sand
silt and clay silt and clay rock
32 na n/a gIaf:loIacustrlne gIaf:loIacustrlne 2600566 brown clay sand
silt and clay silt and clay over rock
33 na n/a gIaf:loIacustrlne gIaf:loIacustrlne na na sand
silt and clay silt and clay
34 na n/a glaciolacustrine | glaciolacustrine 2600570 clay over sand
silt and clay silt and clay rock
clay, silt, laciolacustrine sand, clay
35 856345 sand, very 9 silt and cla eolian sand 2600574 | and gravel earth fill
D stiff Y over rock
glaciolacustrine | glaciolacustrine clay over
36 na n/a silt and clay silt and clay 2600579 rock sand
glaciolacustrine | glaciolacustrine clay over
37 na n/a silt and clay silt and clay 2600895 rock sand
glaciolacustrine . clay over
38 n/a n/a silt and clay till 2600884 rock sand
brown and
39 n/a n/a halton till till 2600094 blue clay earth fill
. glaciolacustrine
40 n/a n/a halton till silt and clay n/a n/a sand
glaciolacustrine . sand over
41 n/a n/a silt and clay lacustrine sand | 2600101 clay sand
. . clay over limestone
42 n/a n/a halton till till 7144407 rock bedrock
fluvial deposits,
43 n/a n/a gravel and lacustrine sand | 2602506 sand sand
sand
glaciolacustrine clay over N
44 n/a n/a silt and clay n/a 2600833 rock glacial till
glaciolacustrine | glaciolacustrine clay and
45 n/a n/a silt and cla sand (moraine) 7049015 boulders glacial till
Y over rock
46 n/a na glaplolacustrlne glamolacustrme 2602105 clay and glacial till
E silt and clay sand (moraine) sand
till, grey- glaciolacustrine . clay and -
47 700802 brown silt and clay till 2601412 gravel, over glacial till
till, grey- glaciolacustrine . clay with L
48 700804 brown silt and clay till 2601678 | giones over glacial till
49 700805 till, brown | 9taciolacustrine il 2600840 | '2r9€ gravel sand
silt and clay over rock
50 n/a n/a glaqolacustrlne lacustrine sand n/a n/a sand
silt and clay
F 51 700801 gravel, sand glaqolacustrlne lacustrine sand | 7290178 sand over sand
silt and clay rock
52 n/a n/a glaqolacustrlne lacustrine sand | 2600251 sand sand
silt and clay
¥
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A summary of the subsurface information provided in Terraprobe’s reports in the surrounding area is

included in the table below.

Report

Label

Soil Descriptions

Silty Clay

Bedrock

Publicly available borehole
information — no report attached

Nanticoke (1974)

N =19 to 39
(Elev. 190.3 to 181.3 m)

Silty Clay, hard, brown with grey mottling,
to very stiff, greyish brown, with faint
indication of thin stratifications

Limestone, sound,
occasional cherty patches
Percent Core Recovery =
72% to 100%

RQD = 72% to 91%
(Elev. 181.3t0 175.5 m)

Publicly available borehole
information — no report attached

Nanticoke (2015)

lenses and shale fragments
N=12to 33
(Elev. 188.7 to 183.6 m)

Silty Clay trace sand and gravel, stiff to
hard, brown with iron staining to grey, grey
fissures and occasional to numerous silt

Inferred Bedrock
(Elev. 183.6 m)

“Geotechnical Investigation,
Proposed Culvert Replacement”,
Terraprobe, Project No. 7-04-0006-
6, dated March 7, 2004

Rainham (2004)

N =15to 30
Elev. (97.2t0 95 +m)

Silty Clay trace sand and gravel, brown,
very stiff to hard, with silt seams and layers

Inferred Bedrock

“232 South Lakeshore Road, Port
Dover, Ontario”, Terraprobe,
Project No. 1-18-0624, dated

October 15, 2018

Boreholes by Englobe, Project No.
160-P-0016606-0-01-100-GE-R-
0001-00, dated August 2018

South Cayuga

gravel

brown, stiff to very stiff, moist
N =10to 23

(Elev. 188.8 to 185.0 m)
Silty Clay

grey, firm to stiff

N=4to 13

(Elev. 185.0 to 169.0 m)

(2018)

Silt some clay, trace to some sand, trace

Not observed in
borehole

“Geotechnical Investigation, 11603
Lakeshore Road, Burnaby
Ontario”, Terraprobe, Project No.
7-16-0133-01, dated February 20,
2018

Burnaby (2016)

brownish black
N =19
(Elev. 180.4 to 179.9 m)

Clayey Silt (Glacial Till), very stiff,

Inferred Bedrock
(Elev. 179.9 m)

“Preliminary Geotechnical
Investigation, 11705 Lakeshore
Road, Wainfleet Ontario”,
Terraprobe, Project No. 7-16-0082-
01, dated April 19, 2017

Wainfleet (2017)

N=8to 21
Field Vane = 90 kPa
(Elev. 175.9t0 172.8 m)

Silty Clay, brown, very stiff to firm,
occasional seams and layers of silt

Inferred Bedrock
(Elev. 172.8 m)

3.2 Ground Water

Installing ground water monitoring wells was not part of the scope of work. Static water levels recorded
on the well records are included in the table below. Due to the proximity of Lake Erie, the water table
along the shoreline is hydraulically connected to the lake. The water table was estimated with this

information and from observations

of seepage at the slope face.

Area | Section # Well Record ID el Re(((:j%rpcltfgegligv\\:v;:g(rjlé)evel (ft) sl Reé%rst:fézngS:Z;tfvel )
1 7123004 n/a n/a
2 4401956 21 6.4
A 3 2600917 25 7.6
4 2600919 n/a n/a
5 2600922 n/a n/a

v¥» Terraprobe
o A

Page No. 5




W.F. Baird & Associates Coastal Engineers Ltd. Rev. 1: October 15, 2019

Lake Erie North Slope, east of Lowbanks to east of Port Dover File No. 1-18-0402-01
rea | secton # | el Recora o | WellRecord Sttc ater Lvel (0. | Well Record tatc ot Level ()
6 2600927 25 7.6
A 7 n/a n/a n/a
8 2600928 n/a n/a
9 2602646 23 7.0
B 10 2601326 30 9.1
11 2600932 25 7.6
12 n/a n/a n/a
13 2600939 12 3.7
14 n/a n/a n/a
15 2600982 6 1.8
16 2601309 12 3.7
17 2601001 13 4.0
18 n/a n/a n/a
19 2600471 n/a n/a
C 20 2600474 18 5.5
21 2601283 17 5.2
22 n/a n/a n/a
23 2601511 17 5.2
24 2601275 13 4.0
25 2601721 10 3.0
26 2600517 8 2.4
27 2600525 12 3.7
28 2600534 41 125
29 2600536 14 4.3
30 2601421 8.5 2.6
31 2600559 6 1.8
32 2600566 n/a n/a
33 n/a n/a n/a
34 2600570 9 2.7
P 35 2600574 14 4.3
36 2600579 10 3.0
37 2600895 25 7.6
38 2600884 18 5.5
39 2600094 15 4.6
40 n/a n/a n/a
41 2600101 60 18.3
ﬁ:.;? Terraprobe Page No. 6
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Area | Section# | Well Record ID L Re(c(:j(;rpdths Leg:gv\év;:gcrjl‘;)evel ) el Re(cdc;r[;jtﬁ ?;Zv\ygﬁzzj;)e Vel ()
42 7144407 18 5.5
P 43 2602506 17 5.2
44 2600833 26 7.9
45 7049015 40 12.2
46 2602105 n/a n/a
: 47 2601412 42 12.8
48 2601678 12 3.7
49 2600840 19 5.8
50 n/a n/a n/a
F 51 7290178 20 6.1
52 2600251 17 5.2

3.3 Visual Slope Inspections

A detailed visual slope inspection of the slope area from the crest to the toe was conducted by Jory Hunter
of Terraprobe on August 10", 2018. Jason Crowder of Terraprobe also inspected the slope in April 2019.
General information pertaining to the existing slope features such as slope profile, slope drainage, water
course features, vegetation cover, buildings in the vicinity of the slope, erosion features, and slope slide
features were obtained during the inspection. A summary of the visual slope inspection is presented
below. Photographs taken during the inspections are included as Appendix D. The locations of the
features discussed below are shown on the Cross-sections, Photographs, and Site Features plan in
Appendix A.

The study area includes approximately 87 km of shoreline running approximately west to east along Lake
Erie’s north shore, from east of Lowbanks to east of Port Dover. The tableland is generally flat, and is
occupied by agricultural land, residential properties, conservation land, or municipal roadways. At the
west end of the study area (Area A and B), there are native slopes up to 12.6 m in height with a
composition of glaciolacustrine silt and clay. At the east end of the study area (Area E), there are glacial
till bluffs up to 21.5 m in height. Otherwise, the shoreline generally comprises sand beaches, armourstone
or concrete retaining walls, or visible limestone bedrock.

A large drainage pipe was observed in Area E at the end of Dickout Road, with the outlet at the toe of
slope. Other drainage pipes were not observed, although there may be more drainage pipes over the slope
in areas where there are dwellings in the tableland.

The tableland is generally vegetated with grass, shrubs, young to mature trees, or is occupied by
agricultural land. At the west end of the study area (Areas A and B) the slope face is generally forested.
The face of the glacial till bluffs (Area E) is bare. Majority of the shoreline (Areas C, D, and F), the slope

e
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face is either vegetated with grass, shrubs, and young trees, or covered by armourstone walls, concrete
walls, or an unvegetated sand veneer.

The glacial till bluffs at the east end of the study area (Area E) are near vertical to sub-vertical. There is
talus accumulation at the toe of the slope. Ground water seepage was observed through the talus. There
are staircases and informal walking paths down the glacial till bluffs to the sand and gravel beach below.
Toe erosion protection was observed along the east end of the bluff formation, including concrete blocks
and retaining walls. There are some dwellings in close proximity to the slope crest at Area E (from Pyle
Road to Farr Road), where there was limited access to the slope. These dwellings are potentially within

the erosion hazard, and therefore, a more detailed and site-specific analysis is recommended.

A summary of the visual observations across the study area is shown below.

Area | Sections

General Slope
Height (£m)

General Slope
Inclination

Exposed Soil

Features

A lto7

31013

steeper than
1.0H:1V to
3.0H:1V

cohesionless sand and
silt overburden

Agricultural land, dwellings, municipal
roadways, and industrial facilities in the
tableland

Forested with shrubs and trees,
landscaped with grass, or agricultural land
At the toe, sand and gravel beaches,
limestone shelf, or armourstone and
concrete retaining walls (1-2 m height)

B 81012

7to11

steeper than
1.0H:1V to
2.0H:1VvV

cohesionless sand and
silt overlying silt and
clay, trace sand,
layered, grey, moist,
very stiff to hard

Agricultural land, dwellings, and municipal
roadways in the tableland

Forested with shrubs and trees,
landscaped with grass, or agricultural land
At the toe, sand and gravel beaches or
armourstone and concrete retaining walls
(2-2 m height)

Section 8: 1 m toe erosion scarp and
tension cracks in upper slope

cC 13to 27

2t06

steeper than
1.0H:1V to flatter
than 3.0H:1V

surficial sand or earth
fill

Agricultural land, dwellings, and municipal
roadways in the tableland

Forested with shrubs and trees,
landscaped with grass, or agricultural land
At the toe, sand and gravel beaches,
limestone shelf, or armourstone and
concrete retaining walls (1-4 m height)

D 281043

15t08

steeper than
1.0H:1V to flatter
than 3.0H:1V

surficial sand or earth
fill

Agricultural land, dwellings, and municipal
roadways in the tableland

Forested with shrubs and trees,
landscaped with grass, or agricultural land
At the toe, sand and gravel beaches,
limestone shelf, or armourstone and
concrete retaining walls (1-2 m height)

E 44 1o 49

81to 22

steeper than
1.0H:1V to
2.5H:1VvV

Silt, some sand, some
clay, trace gravel, trace
cobbles and boulders,
reddish brown, moist to
wet, compact/stiff
(Glacial Till)

Agricultural land, dwellings, and municipal
roadways in the tableland

Tableland forested with shrubs and trees,
landscaped with grass, or agricultural land
Slope face is bare and unvegetated

At the toe, sand and gravel beaches or
armourstone, concrete, and gabion
retaining walls (1-7 m height)

Active erosion at the toe of slope
Drainage pipe observed, extended to the
toe of slope

Seepage through talus at toe

v¥A Terraprobe
o A

Page No. 8




W.F. Baird & Associates Coastal Engineers Ltd. Rev. 1: October 15, 2019
Lake Erie North Slope, east of Lowbanks to east of Port Dover File No. 1-18-0402-01

General Slope General Slope

PITER || SEEHIONE Height (xm) Inclination

Exposed Soil Features

e Agricultural land, dwellings, and municipal
roadways in the tableland
. e Forested with shrubs and trees,
F 50 to 52 3to4 2.0H:1V'o fllatter surficial sand landscaped with grass, or agricultural land
than 3.0H:1V
o At the toe, sand and gravel beaches or
armourstone and concrete retaining walls
(1-2 m height)

4.0 SLOPE STABILITY ANALYSIS

4.1 Existing Conditions

A detailed engineering analysis of slope stability was carried out on the subject slope as shown in plan as
Appendix A, and in profile in Appendix G. The analysis was completed using the LiDAR data provided
by Baird. Terraprobe has assumed for the present purposes that this factual data represents the existing
slope conditions. A flow chart depicting the steps to the analysis is included as Figure 2.

The analysis was conducted utilizing computer software (Slide 8.016, released July 23, 2018, developed
by Rocscience Inc.) and several standard methods of limit equilibrium analysis (Bishop, Janbu,
Morgenstern/Price, and Spencer). These methods of analysis allow the calculation of Factors of Safety for
hypothetical or assumed slip surfaces through the slope. The analysis method is used to assess potential
for movements of large masses of soil over a specific slip surface which can be curved or circular, or non-
circular. The analysis involves dividing the sliding mass into many thin slices and calculating the forces
on each slice. The normal and shear forces acting on the sides and base of each slice are calculated. It is
an iterative process that converges on a solution. An example analysis is provided as Appendix F, which
shows the critical slip surface, the slices, and the inter-slice forces, as well as pertinent aspects of the
slope stability output.

For a specific slip surface, the Factor of Safety is defined as the ratio of the available soil strength
resisting movement, divided by the gravitational forces tending to cause movement. The Factor of Safety
of 1.0 represents a “limiting equilibrium” condition where the slope is at a point of pending failure since
the soil resistance is equal to forces tending to cause movement. It is usual to require a Factor of Safety
greater than one (1) to ensure stability of the slope. The typical Factor of Safety used for engineering
design of slopes for stability ranges from about 1.3 to 1.5 for developments situated close to the slope
crest. The most common design guidelines are based on a 1.5 minimum Factor of Safety.

Each analysis was carried out by preparing a model of the slope geometry and subsurface conditions, and
analyzing numerous different slip surfaces through the slope in search of the minimum or critical Factor
of Safety for specific conditions. The pertinent data obtained from topographic plan, slope profiles, slope
mapping, and the borehole information, were input for the slope stability analysis. Many calculations

e
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were carried out to examine the Factor of Safety for varying depths of potential slip surfaces. Circular and
non-circular surfaces were both analyzed and circular surfaces were found to govern.

The average soil properties utilized for the soil strata in the slope stability analysis were assessed from
information secured from the boreholes, publicly available information, and visual inspection. The
average soil properties are based on effective stress analysis for long-term slope stability, and are
summarized in the table below. These soil properties are considered conservative; the soils on site are
actually stronger. Short-term effects such as negative pore water pressures within unsaturated soils can
increase the stability of a slope, and have been conservatively omitted. The presence of limestone at the
shoreline has been conservatively omitted (except at Section 42).

Material Unit Weight (kN/m?2) Cohesion (kPa) Internal Friction Angle (deg.)
Earth Fill 19 0 28
Glaciolacustrine Silt and Clay 21 6 30
Sand 20 0 30
Glacial Till 20 2 36
Limestone Bedrock 22 impenetrable impenetrable

The Lake Erie water level was Elev. 173.2 m CGVD2013 on the date the LiDAR was collected in 2017.

The results of the slope stability analysis of the existing conditions are provided in Appendix G, and are
summarized in the table below.

Sector Section # Helght from | Existing Incllpatlon Existing FS Critical (mrculqr) S|Ip Surface
section (m) from section Description
1 126 1.6 10 2.4H:1V 16 Surfaces pass through the lower
slope profile
2 9.0 1 9H:1V 16 Surfaces pass through the lower
slope profile
3 8.1 0.5 t0 2.9H: 1V 13 Surfaces pass through the lower
slope profile
A 4 5.7 L1H:1V 15 Surfacc_es pass throggh the
mid-slope profile
5 28 2 OH:1V 26 Surfacc_es pass throggh the
mid-slope profile
6 6.7 3.6H:1V 21 Surfaces pass through the lower
slope profile
7 8.0 3.0H:1V 15 Surfaces pass through the lower
slope profile
8 10.3 0.6H:1V 1.0 Surfaces pass through the lower
5 slope profile
9 10.7 L 5H:1V 15 Surfaces pass through the lower
slope profile
Ly
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. Height from | Existing Inclination - Critical (circular) Slip Surface
e Bl section (m) from section S Description
10 77 2 OH:1V 15 Surfaces pass throu_gh the lower
slope profile
B 1 8.0 1.3H:1V 15 Surfaces pass throu_gh the lower
slope profile
12 75 1.9H:1V 20 Surfaces pass throu_gh the lower
slope profile
13 23 0.9H:1V 18 Surfacc_es pass throt_Jgh the
mid-slope profile
14 51 0.8H:1V 13 Surfaces pass throu_gh the lower
slope profile
15 3.7 0.9H:1V 29 Surfaces pass throu_gh the lower
slope profile
16 3.7 L1H:1V 24 Surfaces pass throu_gh the lower
slope profile
17 28 1.0H:1V <10 Surfaces pass throu_gh the lower
slope profile
18 56 1 5H:1V 17 Surfaces pass throu_gh the lower
slope profile
19 24 1.3H:1V 21 Surfacc_es pass throt_Jgh the
mid-slope profile
c 20 59 L7H1V 18 Surfaces pass throu_gh the lower
slope profile
21 4.0 1 5H:1V 29 Surfaces pass throu_gh the lower
slope profile
29 3.2 1 5H:1V 3.0 Surfaces pass throu_gh the lower
slope profile
23 21 1 5H:1V 21 Surfaces pass throu_gh the lower
slope profile
2 31 3.7H:1V 27 Surfaces pass throu_gh the lower
slope profile
o5 38 2 7H:1V 3.0 Surfaces pass throu_gh the lower
slope profile
26 26 0.5H:1V <10 Surfaces pass throu_gh the lower
slope profile
27 34 1.0H:1V 19 Surfaces pass throu_gh the lower
slope profile
o8 26 1.6H:1V 19 Surfaces pass throu_gh the lower
slope profile
29 18 0.8H:1V 27 Surfaces pass throu_gh the lower
slope profile
30 36 12H:1V 29 Surfacc_es pass throt_Jgh the
mid-slope profile
31 48 2 2H:1V 24 Surfaces pass throu_gh the lower
slope profile
32 27 12H:1V 3.0 Surfacc_es pass throt_Jgh the
b mid-slope profile
33 20 1.0H:1V 23 Surfaces pass throu_gh the lower
slope profile
34 26 1 5H:1V 24 Surfaces pass throu_gh the lower
slope profile
35 4.0 L7H1V 14 Surfaces pass throu_gh the lower
slope profile
36 26 1.6H:1V 29 Surfaces pass throu_gh the lower
slope profile
37 29 0.8H:1V 18 Surfaces pass throu_gh the lower
slope profile
2 Terraprobe page No. 11
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. Height from | Existing Inclination - Critical (circular) Slip Surface
e Bl section (m) from section S Description
38 71 3.7H:1V 1.2 Surfacc_es pass throt_Jgh the
mid-slope profile
39 a1 1.6H:1V 18 Surfaces pass throu_gh the lower
slope profile
40 34 A4.4H:1V 3.7 Surfaces pass throu_gh the mid-
b slope profile
a1 4.0 A4.4H:1V 3.2 Surfaces pass throu_gh the lower
slope profile
42 7.5 2.8H:1V impenetrable* n/a*
43 16 L1H:1V 19 Surfaces pass throu_gh the lower
slope profile
a4 8.2 1.3H:1V 15 Surfaces pass throu_gh the lower
slope profile
45 10.2 0.5H:1V <10 Surfaces pass throu_gh the lower
slope profile
16 215 0.3H:1V to 1.2H:1V 11 Surfaces pass throu_gh the lower
£ slope profile
a7 9.4 1 5H:1V 14 Surfaces pass throu_gh the lower
slope profile
48 8.8 2 3H:1V 20 Surfaces pass throu_gh the lower
slope profile
49 11.0 2 AH 1V 16 Surfaces pass throu_gh the lower
slope profile
50 3.0 10H:1V 10 4.3H:1V 26 Surfaces pass throu_gh the lower
slope profile
F 51 3.7 2 3H:1V 16 Surfaces pass throu_gh the lower
slope profile
52 38 3AH1V 29 Surfaces pass throu_gh the lower
slope profile

*stratigraphy at this section is primarily bedrock, which is modelled as an infinite strength/impenetrable material.

Circular surfaces were found to govern for the existing conditions, with critical slip surfaces generally
passing through the lower slope profile. The results indicate that the majority of the site (42 out of 52
sections) have adequate factors of safety of 1.5 or higher. Ten of the cross sections have factors of safety
less than 1.5.

At Sections 3, 14, 17, 26, and 38 the slope appears to be oversteepened. Armourstone or concrete
retaining walls were observed at the face of the slope. The slope at these sections is unstable to
moderately stable with critical factors of safety of less than 1.0 to 1.3.

At Section 35, the critical factor of safety is 1.4, indicating the slope at this section is moderately stable.

At the west end of the study area (Section 8), the slope is unstable with a critical factor of safety of 1.0.
There is active toe erosion that is undermining the toe of slope. Tension cracks were observed in the
upper slope face. The slope is therefore considered unstable at this section.

At the east end of the study area (Sections 45 to 47), the slope is unstable to moderately stable with
critical factors of safety of less than 1.0 to 1.4. There is active toe erosion which has caused glacial till
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bluffs to become oversteepened. Talus accumulation was observed at the toe of slope. The slope is
progressively self-stabilizing by eroding back (i.e. crest migration) to a more stable inclination. Future toe
erosion and crest migration is anticipated.

4.2 Stable Inclination Setback

For active land use, the MNR Policy Guidelines allow a minimum Factor of Safety of 1.3 to 1.5 for slope
stability, as follows.

DESIGN MINIMUM FACTOR

TYPE LAND-USES OF SAFETY

PASSIVE: no buildings near slope; farm field, bush, forest, timberland, woods,

A wasteland, badlands, tundra

11

LIGHT: no habitable structures near slope; recreational parks, golf courses,
B buried small utilities, tile beds, barns, garages, swimming pools, sheds, satellite 1.20t0 1.30
dishes, dog houses

ACTIVE: habitable or occupied structures near slopes; residential, commercial,
C and industrial buildings, retaining walls, storage/warehousing of non-hazardous 1.30to 1.50
substances

INFRASTRUCTURE and PUBLIC USE: public use structures and buildings (i.e.
hospitals, schools, stadiums), cemeteries, bridges, high voltage power
transmission lines, towers, storage/warehousing of hazardous materials, waste
management areas

1.40to 1.50

Based on the MNR policy guidelines, the LTSSC analysis was conducted using a Factor of Safety of 1.5
(“LTSSC.5”, for habitable or occupied structures near slopes). The computed minimum factors of safety
is as low as less than 1.0, with critical (circular) slip surfaces generally passing through the lower slope
profile. Therefore, the minimum factors of safety obtained under existing conditions in 10 of the 52
section locations are considered inadequate and unacceptable for long-term planning purposes. An
additional setback from the existing top of slope will be required to achieve a long-term stable inclination.

4.2.1 Stable Slope Inclination

The stable slope analysis was determined following the flow chart included as Figure 2, which depicts the
steps to the analysis. Based on the soil type of the subject section (as described in Section 3.0 and shown
in Appendix G), the subject slope is either composed of assumed earth fill, surficial sand, silt and clay
and/or glacial till. Due to the variability or the earth fill and surficial sand, the Grand River Conservation
Authority (GRCA), Long Point Region Conservation Authority (LPRCA), and Niagara Peninsula
Conservation Authority (NPCA) guidelines were followed to determine the stable slope inclination for
these soil types. For the slopes with a composition of native silt and clay or glacial till, a number of
representative trial stabilized slope profiles were analysed to obtain the required factor of safety.

A
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Terraprobe referred to the following documents for the policies in the study area:

e Grand River Conservation Authority, “Policies for the Administration of the Development,
Interference with Wetlands and Alterations to Shorelines and Watercourses Regulation, Ontario
Regulation 150/06”, dated October 23, 2015.

e Long Point Region Conservation Authority, “Policies for the Administration of the Development,
Interference with Wetlands, and Alterations to Shorelines and Watercourses Regulation, Ontario
Regulation 178/06”, dated October 4, 2017.

o Niagara Peninsula Conservation Authority, “NPCA Policy Document: Policies for the
Administration of Ontario Regulation 155/06 and The Planning Act”, dated September 2018.

The GRCA indicates that the stable slope angle is determined from a geotechnical study or engineering
assessment. The LPRCA indicates that the stable slope inclination should be taken as 3.0H:1V unless a
site-specific geotechnical investigation determines a different value. Due to the variable nature of earth
fill and surficial sand across the study area, stable slope inclination of 3.0H:1V should apply to these soil
types where encountered. The NPCA indicates that the stable slope allowance along the Great Lakes
shoreline is 3:1 (horizontal to vertical) in the absence of a site specific geotechnical study.

For the slopes comprising the native glaciolacustrine silt and clay or glacial till, a number of
representative trial stabilized slope profiles were analyzed to obtain a minimum factor of safety for global
stability of 1.5 (shown in Appendix H) for normal ground water conditions and temporary and infrequent
high water table conditions.

The stable slope inclinations are shown in profile in Appendix H, and summarized in the table below.

Stable Slope Inclinations for:
Soil Type Normal Ground Water Table (FS = 1.5)
Temporary and Infrequent High Ground Water Table (FS = 1.3)

Earth Fill 3.0H:1V?
Sand 3.0H:1Vv?
Glaciolacustrine Silt and Clay 2.3H:1Vv?
Glacial Till 1.8H:1V?
Bedrock 1.4H:1Vv?

Based on GRCA, LRPCA, and NPCA guidelines.
Based on Terraprobe analysis.
3. Based on other conservation guidelines in Ontario.

In addition to a stable slope inclination setback, an erosion allowance (to be provided by Baird) should be
applied to determine the long-term stable slope crest position.

A
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The following table provides the stable slope inclinations for each of the cross sections based on the

primary soil type.

Section # Primary Soil Type Stable Inclination
1 glaciolacustrine silt and clay 2.3H:1V
2 glaciolacustrine silt and clay 2.3H:1V
3 glaciolacustrine silt and clay 2.3H:1V
4 glaciolacustrine silt and clay 2.3H:1V
5 glaciolacustrine silt and clay 2.3H:1V
6 glaciolacustrine silt and clay 2.3H:1V
7 earth fill 3.0H:1V
8 glaciolacustrine silt and clay 2.3H:1V
9 glaciolacustrine silt and clay 2.3H:1V
10 glaciolacustrine silt and clay 2.3H:1V
11 glaciolacustrine silt and clay 2.3H:1V
12 glaciolacustrine silt and clay 2.3H:1V
13 glaciolacustrine silt and clay 2.3H:1V
14 glaciolacustrine silt and clay 2.3H:1V
15 glaciolacustrine silt and clay 2.3H:1V
16 glaciolacustrine silt and clay 2.3H:1V
17 glaciolacustrine silt and clay 2.3H:1V
18 glaciolacustrine silt and clay 2.3H:1V

sand 3.0H:1V

19
glaciolacustrine silt and clay 2.3H:1V
20 glaciolacustrine silt and clay 2.3H:1V
21 glaciolacustrine silt and clay 2.3H:1V
22 glaciolacustrine silt and clay 2.3H:1V
23 glaciolacustrine silt and clay 2.3H:1V
24 glaciolacustrine silt and clay 2.3H:1V
25 glaciolacustrine silt and clay 2.3H:1V
26 glaciolacustrine silt and clay 2.3H:1V
sand 3.0H:1V

27
glaciolacustrine silt and clay 2.3H:1V
28 glaciolacustrine silt and clay 2.3H:1V
29 glaciolacustrine silt and clay 2.3H:1V
30 glaciolacustrine silt and clay 2.3H:1V
31 glaciolacustrine silt and clay 2.3H:1V
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Section # Primary Soil Type Stable Inclination

32 glaciolacustrine silt and clay 2.3H:1V
33 glaciolacustrine silt and clay 2.3H:1V
34 glaciolacustrine silt and clay 2.3H:1V
35 sand 3.0H:1VvV
36 glaciolacustrine silt and clay 2.3H:1V
37 glaciolacustrine silt and clay 2.3H:1V
38 glaciolacustrine silt and clay 2.3H:1V
39 glaciolacustrine silt and clay 2.3H:1V
sand 3.0H:1V

40
glaciolacustrine silt and clay 2.3H:1V
sand 3.0H:1V

41
glaciolacustrine silt and clay 2.3H:1V
earth fill / unknown 3.0H:1V

42
bedrock 1.4H:1V
sand 3.0H:1V

43
glaciolacustrine silt and clay 2.3H:1V
44 glacial till 1.8H:1V
45 glacial till 1.8H:1V
46 glacial till 1.8H:1V
47 glacial till 1.8H:1V
48 glacial till 1.8H:1V
sand 3.0H:1V

49
glacial till 1.8H:1V
50 sand 3.0H:1V
51 sand 3.0H:1V
52 sand 3.0H:1V

5.0 SUMMARY AND CLOSURE

This report encompasses slope stability and erosion risk assessment for the purpose of establishing the
Stable Slope Inclinations at a county scale. Site specific studies are recommended. The stable slope
allowance is used for mapping the Erosion Hazard.

The study area is along the Lake Erie North Slope, from east of Lowbanks to east of Port Dover. The
subject slope along the shoreline is up to 21.5 m in height. The tableland is generally occupied by
agricultural land, residential properties, conservation land, or municipal roadways. Lake Erie is present
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Clay is 2.3H:1V THl is 1.8H:1V

Terraprobe SSI Determination Flow Chart h

11 Indell Lane, Brampton, Ontario, L6T 3Y3 2

Tel: (905) 796-2650 Fax: (905) 796-2250 File. No.:

1-18-0402-01




Legend

© Ckescent Bay

Glaciolacustrine Deposits

silt and clay, minor sand, basin and quiet water
deposits

Pleistocene

@ Nanticoke

Bedrock, post-Precambrian

undifferentiated carbonate and clastic sedimentary
rock, exposed at surface or covered by a
discontinuous, thin layer of drift

Paleozoic

Halton Till

predominantly silt to silty clay matrix, high in matrix
carbonate content and clast poor

Pleistocene

Fluvial Deposits

gravel, sand, silt and clay, deposited on modern flood
plains

Recent

Glaciolacustrine Deposits

sand, gravelly sand and gravel, nearshore and beach
deposits

Pleistocene

atherstone

Lacustrine Deposits

sand, gravelly sand and gravel, neashore and beach
deposits

Recent

Study Area

© l\lowbanks Reference

Ontario Geological Survey 2000.
Quaternary geology, seamless
coverage of the Province of Ontario;
Ontario Geological Survey, Data
Set 14---Revised.

Terraprobe MNDM Quaternary Geology o

11 Indell Lane, Brampton, Ontario, L6T 3Y3 3

Tel: (905) 796-2650 Fax: (905) 796-2250 File. No.:

1-18-0402-01



© Crescent Bay Legend

VWON 8be)

Fine-textured glaciolacustrine deposits
silt and clay, minor sand and gravel, massive to
well laminated

Paleozoic Bedrock

B © Peacock

Till
813 Clay to silt-textured till (derived from glaciolacustrine
deposits or shale)

Modern alluvial deposits
clay, silt, sand, gravel, may contain organic remains

Coarse-textured lacustrine deposits

© Feathetstone sand, gravel, minor silt and clay, littoral deposits

Eolian deposits
fine to very fine sand and silt

Study Area

© Rock Point

Reference

Ontario Geological Survey 2003.
Surficial Geology of Southern

Z > Ontario, Miscellaneous Release,

Data 128, Revised.

Terraprobe MNDM Surficial Geology FleuRE:

11 Indell Lane, Brampton, Ontario, L6T 3Y3 4

Tel: (905) 796-2650 Fax: (905) 796-2250 File. No.:

1-18-0402-01




APPENDICES

TERRAPROBE INC. ﬁ




APPENDIX A

TERRAPROBE INC. ﬁ



Legend

>
/

-

Photo Locations
Section Locations
OGS Geotechnical Boreholes (MNDM)

Ontario Well Records

notes —x Terraprobe Visual Inspection Notes

Geology of the Area
Visual Observation

Section 11 and 12: Armourstone along water's edge

Report:
Nanticoke (2015)

Notes on Stratigraphy

Terraprobe Reports

Terraprobe

11 Indell Lane, Brampton, Ontario, L6T 3Y3
Tel: (905) 796-2650 Fax: (905) 796-2250

File. No.:

FIGURE :




Sloped up to 1.3H:1V,

minor erosion
observed

Limestone bedrock,
pebble beach to sand

houses on slopes,
1.5H:1V to 2H:1V

7123004 lh

@ forested

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Terraprobe Reports (Naticoke)

"Silty clay overburden, fissured, thin stratifications,
Avg N=24, brownish grey, Bedrock Elev. 180.6 to
181.4 m, water table at Elev. 187.4 m." (1974)

"Silty clay, brown to grey, silt seams, Avg N=19,
Bedrock Elev. 183.6 m." (2015)

Visual Observation
Section 1 and 2: Silty clay, so sand, brown, moist,
very stiff, thin stratifications, silt seams

Legend

®> Photo Locations
/ Section Locations
OGS Geotechnical Boreholes (MNDM)

-‘h— Ontario Well Records

4401956 lh



700002

Borehole ID 700002

Completion Year: 1973
Elevation (DEM) : 180.6 m
Total Depth : 3 m

Static Warter Level : m

Borehole Log (metres)
0~ 2 m clay, silt

700003

Armourstones at
waters edge

Creek

Borehole ID 700003

Completion Year: 1575
Elevation (DEM) : 1761 m
Toral Depth : 4.7 m

Staric Warer Level : m

Borehole Log (metres) Geology of the Area
— 4 i . N
0~2.1mclay, silt Visual Observation
2.1 ~45mclay, silt . . '
45~ 47 m unknown Section 3: Armourstone along water's edge

o8

2H:1V, 8m height



2600919 lh

1H:1V slope by the
roadside 2600917 lh.



2H:1V /

2600922 lh

700004

Geoloqy of the Area

Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Terraprobe Reports (Naticoke)

"Silty clay overburden, fissured, thin stratifications,
Avg N=24, brownish grey, Bedrock Elev. 180.6 to
181.4 m, water table at Elev. 187.4 m." (1974)

"Silty clay, brown to grey, silt seams, Avg N=19,
Bedrock Elev. 183.6 m." (2015)

Visual Observation
Section 5: Silty clay, so sand, brown, moist, very
stiff, thin stratifications, silt seams

Berehole ID 700004

Completion Year: 1973
Elevation (DEM) : 17584 m
Total Depth : 4.9 m

Static Warer Level : m

Borehole Log (metres)

0~ 21 mclay, &t pebbles
2.1 ~4.5mclay st pebbles
4.5~ 4.9 m unknown



T

Report:
Nanticoke (1974)

2600927

inclination
flatter than
3.0H:1V

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Terraprobe Reports (Naticoke)

"Silty clay overburden, fissured, thin stratifications,
Avg N=24, brownish grey, Bedrock Elev. 180.6 to
181.4 m, water table at Elev. 187.4 m." (1974)

"Silty clay, brown to grey, silt seams, Avg N=19,
Bedrock Elev. 183.6 m." (2015)



Report:
Nanticoke (2015)

embankment

Geology of the Area
Visual Observation
Section 7: Earth fill embankment




Borehole ID 700005

Completion Year: 1973
Elevation (DEM) : 1786 m
Toral Depth : 88 m

Static Warter Level: m

Borehole Log (metres)

0 ~ 3 m unknown

3~ 6.1 mclay silt pebbles
6.1 ~ 7.6 m clay, silt stones
7.6~88mtil

) tension crack
tension cracks

v
concrete structure

forested

2600928
1H:1V to 2H:1V, 1 m scarp at toe

700005

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Terraprobe Reports (Naticoke)

"Silty clay overburden, fissured, thin stratifications,
Avg N=24, brownish grey, Bedrock Elev. 180.6 to
181.4 m, water table at Elev. 187.4 m." (1974)

"Silty clay, brown to grey, silt seams, Avg N=19,
Bedrock Elev. 183.6 m." (2015)

Visual Observation
Section 8: Clayey silt, trace sand, grey, moist, trace
rootlets, very stiff, thin stratifications

armourstone



sand beach <5 m height

residential, no
access, <5 m height,
some houses have
erosion control at
shoreline



o]

2602646
700024

5-10 m high slope, no
residential, no access, |

| access
|

armourstone wall at |

shoreline

Borehole |D 700024

Completion Year : 18975
Elevartion (DEM) : 1782 m
Total Depth : 8 m

Static Warter Level : im

Borehole [ og (metres)

0 ~ 7.6 m clay, silt Geology of the Area
7.6~8.2mtill Visual Observation

8.2 ~ 9 m limestone, chert Section 9: Armourstone along water's edge




Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Terraprobe Reports (Naticoke)
700026 "Silty clay overburden, fissured, thin stratifications,
Avg N=24, brownish grey, Bedrock Elev. 180.6 to

181.4 m, water table at Elev. 187.4 m." (1974)
2601326 r

"Silty clay, brown to grey, silt seams, Avg N=19,
Bedrock Elev. 183.6 m." (2015)

Borehole ID 700026

Completion Year: 1973
Elevation (DEM) : 177 m
Total Depth : 8.8 m
Static Warer Level: m

Borehole [ og (metres)
0~ 6.1 m clay, silt

6.1 ~ 8.2 mclay, pebbles
8.2 ~ 8.8 m unknown

1H:1V N



4-5 level high
armourstone wall

/

2600932 lh

Geology of the Area
Visual Observation
Section 11 and 12: Armourstone along water's edge




~10 m high, 2H:1V,
armourstone along
shore, rip rap along
slope face, vegetated

Geology of the Area
Visual Observation
Section 11 and 12: Armourstone along water's edge




residential, no access



2600939 lh

sand/pebble beach

armourstone/rip rap,
around 5 m high slope

Geology of the Area

Ontario Geological Survey

"Bedrock, post-Precambrian, undifferentiated
carbonate and clastic sedimentary rock, exposed at
surface or covered by discontinuous, thin layer of
drift"

Visual Observation
Section 13: sand and gravel beach at water's edge
Section 14: Armourstone along water's edge

armourstone / rip rap



armourstone/rip rap

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Visual Observation
Section 15-18: Armourstone along water's edge

15

2600982 lh

armourstone / rip rap



2601001 lh

17

16

2601309 lh

18

Geology of the Area
Visual Observation
Section 15-18: Armourstone along water's edge




2600471 lh
19

Limestone shelf, with
sand and gravel beach

Geology of the Area
Visual Observation
Section 19: Sand and gravel beach at water's edge




20

around 5 m slope,
armourstones/concrete
at water's edge

2600474 Private properties, no
access

Geology of the Area
Visual Observation
Section 20-22: Armourstone along water's edge

2601283 lh

22




23
2601511
Geology of the Area

Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Terraprobe Reports (Rainham)
"Silty clay, trace sand and gravel, brown, Avg N=21,
Bedrock at 5 m depth." (2004)

Visual Observation
Section 23: silty clay, so sand, brown, moist
Section 24: Armourstone along water's edge

24

2601275



25

2601721 P

inclination around
3H:1V

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Terraprobe Reports (Rainham)
"Silty clay, trace sand and gravel, brown, Avg N=21,
Bedrock at 5 m depth.” (2004)

Visual Observation
Section 25 to 28: Armourstone along water's edge



P 2600517

27

2600525 lh

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Terraprobe Reports (Rainham)
"Silty clay, trace sand and gravel, brown, Avg N=21,
Bedrock at 5 m depth." (2004)

Visual Observation
Section 25 to 28: Armourstone along water's edge



Report:
Rainham (2004)

2600534 lh

28

limestone shelf

slope <5m in height

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Visual Observation
Section 25 to 28: Armourstone along water's edge
Section 29 to 34: Sand beach along water's edge

slope <5 m in height



30

Ih2601421

2600536

slope <5 m in height

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Visual Observation
Section 29 to 34: Sand beach along water's edge



2600559 lh

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Visual Observation
Section 29 to 34: Sand beach along water's edge



2600566 lh

sandy beach, <6 min
height

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

limestone

Visual Observation
Section 29 to 34: Sand beach along water's edge



2600570 Ih

sand beach <5 m in height

<5 m in height

limestone visible

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Visual Observation
Section 29 to 34: Sand beach along water's edge



2600574

Borehole ID 856345

Completion Year : 1970
Elevation (DEM) : 1741 m
Total Depth : 5.9 m

Static Water Level : 0.9 m

Borehole Log (metres)

0~ 0.3 m topsoil

0.3 ~ 4.9 m clay, silt, silt, fine sand, brown, very stiff
49 ~59mtill silt sand, gravel, brown, dense

856345

sandy beach over
visible limestone

Geology of the Area

Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Visual Observation
Section 35: Armourstone along water's edge



\ sandy beach over

visible limestone



residential properties with
armourstone/concrete walls at shoreline

2600579 \
visible limestone

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"”

Visual Observation
Section 36: Sand beach along water's edge



2600895 lh

37

private properties, <6 m
in height

Geology of the Area

Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"”

Visual Observation
Section 37: Armourstone along water's edge






2600884 lh

private properties,
flatter than 3H:1V

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Visual Observation
Section 38: Sand beach along water's edge



Report:
South Cayuga (2018)

private properties,
flatter than 3H:1V



2600094

=g

private properties, <6 m
high slope

visible limestone sandy beaches, flatter
than 3H:1V

Geology of the Area

Ontario Geological Survey

"Halton Till, predominantly silt to silty clay"

Visual Observation
Section 39: Armourstone along water's edge



sandy beaches, <6 m
in height, flatter than
3H:1V

Geology of the Area
Ontario Geological Survey
"Halton Till, predominantly silt to silty clay”

Visual Observation
Section 40: Sand beach along water's edge



sand beaches

visible limestone



41

sandy beaches, <6 m 2600101
in height, flatter than

3H:1V

Geology of the Area
Ontario Geological Survey
"Glaciolacustrine silt and clay, minor sand"

Visual Observation
Section 41: Sand beach along water's edge



<5 m in height, flatter
than 3H:1V

visible limestone



private property, no
access



7144407 lh \ private properties, no

access

Geology of the Area
Ontario Geological Survey
"Halton Till, predominantly silt to silty clay”

Visual Observations
Section 42: Sand beach along water's edge






2602506 lh

Sand beaches, < 5m
in height, flatter than
3H:1V



sand beach, <5 m in
height

Geology of the Area

Ontario Geological Survey
"Fluvial Deposits, gravel, sand, silt and clay,
deposited on modern flood plains"

Visual Observation
Section 43: Sand beach along water's edge






sandy dunes, upto 7 m

N_ high and 2H:1V
/— visible limestone shelf



2600833 lh

private farm field, no
access, slope ~10 m
high and near vertical

Geology of the Area

Visual Observation

Section 44-47: Glacial Till, sand and silt some clay,
trace gravel, trace cobbles, reddish brown, moist,
dense




private stairs, no
access

7049015 r
historic slope failure,
NO acCCcess 2602105 P

up to 10 m height
slope, active erosion,
sand and gravel
beach, near vertical
face

Geology of the Area

Visual Observation

Section 44-47: Glacial Till, sand and silt some clay,
trace gravel, trace cobbles, reddish brown, moist,
dense




armourstone wall
along shoreline

Borehole ID 700802

Completion Year: 19581
Elevation (DEM) : 175.5m
Toral Depth : 8.2 m

Startic Warer Level : m

Borehole Log (metres)
0~ 8.2 m till, grey-brown
0~ 8.2 m till, grey-brown

2601412 lh

>10 m high slope,
construction of gabion
stone walls ~6-7 m
high

Geology of the Area

Visual Observation

Section 44-47: Glacial Till, sand and silt some clay,

trace gravel, trace cobbles, reddish brown, moist, 700802
dense




appears sloped

700804

appears flat, no
access

2601678 lh

Borehole ID 700804

Compfetion Year: 1981
Elevartion (DEM) : 1734 m
Total Depth : 7.6 m

Staric Warer Level > m

Borehole Log (metres)

0~ 7.6 mtil grey-brown
0~ 7.6 mtil, grey-brown
0~ 7.6 mtil, grey-brown



2600840 Ih

700805

sand beach, sand
beach <5 m in height

Geology of the Area
Visual Observation
Section 49-52: Sand beach along water's edge




\_ sand beach <5 m in
height, flatter than

3H:1V



\ sand beach <5 min
height, flatter than

3H:1V

Geology of the Area
Visual Observation
Section 49-52: Sand beach along water's edge




51

7290178 Ih

h sand beach, <5 min

700801

height

Geology of the Area
Visual Observation
Section 49-52: Sand beach along water's edge

Boreheole ID 700801

Completion Year: 1381
Elevation (DEM) : 1726 m
Total Depth : 1.5 m

Static Water Level - m

Borehole L og (metres)
0~ 1.5 m gravel, sand



Report:

Wainfleet (2017) Report: /

Burnaby (2016)

52
2600251 r
< beaches, flat

"Lowbanks"

beaches, <5 m
in height, flatter
than 3H:1V

Geology of the Area

Visual Observation
Section 49-52: Sand beach along water's edge
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Terraprobe

11 Indell Lane, Brampton, Ontario, L6T 3Y3
Tel: (905) 796-2650 Fax: (905) 796-2250

Title:
Borehole Location Plan from Nanticoke (1974) Report

File. No.:

FIGURE :




Terraprobe

11 Indell Lane, Brampton, Ontario, L6T 3Y3
Tel: (905) 796-2650 Fax: (905) 796-2250

Borehole Log from Nanticoke (1974) Report

File. No.:

FIGURE :
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RICHERT ROAD
HALDIMAND COUNTY, ONTARIO

903 Barton Street, Unit 22
Stoney Creek, Ontario, L8E 5P5
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Drawn By: AC. Scale: N.T.S. Project ** o
Checked By: G.M. Date: FEB. 2004 Figure No.:



A. CUMMINGS

7-04-0006-6-1

BORING METHOD

CME 75 TRUCKMOUNT

LOCATION: Lakeshore Road - Haldimand County

. ~

. SOIL PROFILE
20
<< uj
BE
e DESCRIPTION
iz
o
GROUND SURFACE
(FILL)
GRANULAR BASE/SUBBASE

Soft to stiff, black to dark grey
SILTY CLAY (ORGANIC)

2
3
4 Very stliff, brown;

SILTY CLAY,

with silt seams and layers
5

END OF BOREHOLE (Auger Refusal...
...Probably Bedrock)

6
7
8
9

~

STRATA PLOT

ELEV.

DEPTH
(m)

100.08
uv

99.53
055

96.88
3.20

94.85
5.23

BORING DATE: February 10, 2004

ELEVATION DATUM: Local

SAMPLES PENETRATION
RESISTANCE PLOT

WATER CONTENT

v w 20 40 60 80 (%)
wow g SHEAR STRENGTH kPa
=
S F 2
2z

20 40 60 60 0 20 3
1 AS o]
2 S5 13 O
3 8§ 3
4 SS 4
5 8S 18 (o]
6 SS 27 (o]
7 88 20 o

SAMPLER HAMMER, 63.5kg; DROP, 760mm

INSTALLATION
INFORMATION

57%

Feb 10/04

NOTES:

Water level in open
borehale at elevation
95.36m after drilling.

SHEET 1 OF 1



A. CUMMINGS

7-04-0006-6-2.

BORING METHOD

CME 75 TRUCKMOUNT

DEPTH SCALE
IN METRES

o

LOCATION: Lakeshore Road - Haldimand County

r ro

SOIL PROFILE
DESCRIPTION
GROUND SURFACE
(FILL)
GRANULAR BASE/SUBBASE
(FILL)
Compact, black;
SILTY TOPSOIL

Firm, grey and black;
SILTY CLAY (Organic)

Very stiff to hard, brown;
SILTY CLAY,
trace sand and gravel

END OF BOREHOLE  (Auger Refusal...

...Probably Bedrock)

STRATAPLOT

ELEV.

DEPTH
(m)

97.60
2.40

94.97
5.03

BORING DATE: February 10, 2004
ELEVATION DATUM: Local
SAMPLER HAMMER, 63.5kg; DROP, 760mm

SAMPLES PENETRATION

NUMBER
TYPE

"N" VALUE

10

15

30

21

RESISTANCE PLOT

WATER CONTENT
20 40 60 80 (%)
INSTALLATION
SHEAR STRENGTH kP
a INFORMATION
20 40 60 80 10 20 30
COLD PATCH
le]
HOLE PLUG
4
«
CUTTINGS
0
0
SCREEN
fo) PIPE
SAND
C
NOTES:

Borehole dry upon
completion of drilling.

SHEET 1 OF 1
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¢e Englobe

Project:  Siope Stability

Location: 232 New Lakeshore Road, Port Dover, Ontario

Ground Elevation:

189.55 m Borehole Number: BH-01-18

Job N°;

Drill Date:

Field Tech:

Drill Method:

P-0016606-0-01-100
2018-07-06

D.Souter

Hollow Stem Auger

Z\8iyle LVM_Onfario\Log Borehola_log_{VM _Onteric.sty - Printed : 2018.08-02 08 f

1:120.0

Vertical Scale

Groundwatar Observations and
Standpipe Detalls

80Il. PROFILE
Dynamic Cone Shear Strangth (PF) kP2 —
& E A Al W w
g | 5 o LA RSN LR A ] waer contant
_ = z 2 = H Initial &
E Description - .5 E 3 > [ Remold
£ .E E - E E 5td Penctration | Shear Strength {FV) kPa
& Flad|2| ® |5|¢ .
Ground Elevation 184, 20 40 60 80 50 100 150 zap
TORSOIL: [
dark brown silt, trace sand, clay
4-h \ @nd gravel, moist -
i\ SAND;
.\ brown silty sand, trace gravel,
24| very maist to wet 4
| SILT:
1 compact brown silt, some clay, > &
3] “tiraicg Eapg and gravel, moist
herd mottied grey/brown claysy > &-
silt, trace sand, DTPL to APL
1 CLAY: j a
5]  hard grey silty clay, WTPL }
 verystf 7T } i
T_
e—ﬁ Tetff T T T T T T TTTT 1 .
9.
y A
1]
] stftoverystt 77 A
>u
I
firm to stiff a
13
144 4
n |
15
frace gravel > A
16
174 %
185
1
204 i
et ||
21 Borehole terminated at 20.88 m

i cl. 180.65 m 2048-07-17

SEtse e

protective cover and cancrata

bentonlte seal

sand pack

32 mm pipa
3.05 m slotted screen

bentonite seat

EQ-09-Ge-T2 R.1 15.02.2011

Reviowed by: E.Childerhose

Notes: MOECC Well Tag No.A246280.

Dratted by: E.Ciochon

Sheet: 1 of 1
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VM_Cnario.s

Onfaric\Log Borehole_Log L

a_LVM

Z:ASty

1:12000

Verlical Scale

EQ-03-Ge-T2ZR.1 18.02.2011

ﬁj; En ]0] e Ground Elevatlon: 189.20 m Borehole Number: BH-02-18
g Job N P-0016606-0-01-100
Drill Date: 2018-07-08
Project:  Slope Stability Field Tech: D.Souter
Location: 232 New Lakeshore Road, Port Dover, Ontario Drill Method: Hollow Stem Auger
S0IL PROFILE SAMPLE
Dynamic Cone Shear Strength (PP) kPa | e |
E £ A A WP WL
g |E| § lglimmmol 2w | oo
= z - = oy
E Destription _|5 E 2 - 5"; E :‘:‘:M Groundwater Observations and
= Blscel = E F] St Penetrati Bhear B% Standplpe Datalls
£ AEEAE H H enetration ear Btrength (FV} kPa
3 glad| | B |B|* *
Ground Elevation 189.20 o m [ & voem e |[onm
TOPSOIL: 0.00 protective cover and cancrets
\ dark brown silt, trace sand, ‘gsa'gs
1+ gﬁ\;ﬁl and clay, moist as1 3;5 10 Le N
F L 54— ;
[ compact brown sit, some clay 1%“* Py 35 p 1 1 \ bantonits ceal
241 and sand, trace gravel and / 3 i :
", opsoll, moist _____ N e 0
. hard brown clayey silt, race” 883 8 | 18 | & : ANE
3}y sandand gravel, DTPL VR = o
grey/brown | a4 T | 12 | i bAK
CLAY: i
41 hard grey silty clay, APL Al
_____________________ 18483 A
WTPL 45 [sgs| 23 T e i . X J[of] sendpeck
& 3 AL
A .
HlaF 32 mm pipe
& ) " iAhy 305 mglotind serean
1265 [328] 2 6 |+ A .
Borehole terminated at 6.55 m 855 Monitoring well dry
7 onJuly 17, 2018,
LE
9 ;
10
114
12
13
14
15
16
17
18
18
zu_
214

Reviewed by: E.Chiiderhose

Notes: MOECC Well Tag No. A246245.

Drafted by: E.Ciochon

Sheet: 1 of 1
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SITE

Title: FIGURE :
Terraprobe SITE LOCATION PLAN
903 Barton Street - Unit 22, Stoney Creek, Ontario, L8E 5R7 File No. 1
Tel: (905) 643-7560, Fax: (905) 643-7559




LOG OF BOREHOLE 1

Date started : October 2, 2016

Originated by : AF
Compiled by : GM
Checked by : GM

Sheet No. :1 of 1 Location : Burnaby , Ontario
Position : E: 634287, N: 4747565 (UTM 17T) Elevation Datum : Geodetic (NAD83)
Rig type : CME 55, track-mounted Drilling Method  : Solid stem augers
Penetration Test Values

B SOIL PROFILE SAMPLES % (Blows /0.3m Moisture / Plasticity 8 € Lab Data

° 8’ % 8 X Dynamic Cone Plast Natural Lieuid g ‘g fg gg 3T c and

Q< . = lastic atural iqui S

g Elev é 8 [} (>‘J g 'g 10 20 30 40 Limit  Water Content Iﬂmit % % & 2 ‘g 'EL: omments

= |Depth Description € |E| & | z | £ [Undrained Shear Strength (kPa) 8>=| B0 |28 cransee

a | (m) e Ld = g O Unconfined + Field Vane PL MC L T £ 52 pISTRIBUTION (%)

8 gz E o ® Pocket Penetrometer W Lab Vane |—9—| (MIT)
| o 180.7| GROUND SURFACE o (%) w 40 80 120 160 10 20 30 GR SA sl CL

T
300mm TOPSOIL =
7y —
1804 - 1| ss | 19 o
| CLAYEY SILT, very stiff, brownish black
i (GLACIAL TILL)
179.9 180 —
0.8

file: 7-16-0133-01 11603 lakeshore road.gpj

END OF BOREHOLE
Auger refusal on inferred bedrock

Borehole was dry and open upon
completion of drilling.
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TOWNSHIIP  OF  WAINFLEET

CONCESSION g
| Lor 16
Lor 17
Lor 18 W 5
" ¥ 3 33
g 2 © N g i _an:
Q
é é E% ég gé | —————-Egﬂe_-———————ﬂ
§ B L AKESHORE = 7"‘7 7
i /// SUBJECT
— X / LANDS

/ BELLEVIEW BEACH ROAD \

ﬁ Terraprobe |

SITE LOCATION PLAN

903 Barton Street - Unit 22, Stoney Creek, Ontario, L8E 5R7 File No.
Tel: (905) 643-7560, Fax: (905) 643-7559

FIGURE :

1




LOG OF BOREHOLE 3

Originated by : KB

Date started : March 13, 2017 Compiled by : KB
Sheet No. :1 of 1 Location : Wainfleet, Ontario Checked by : GM
Position : E: 4747227, N: 633984 (UTM 17T) Elevation Datum : Geodetic (NAD83)
Rig type : CME 55, track-mounted Drilling Method  : Solid stem augers
Penetration Test Values
€ SOIL PROFILE SAMPLES % (Blows / 0.3m) { Moisture / Plasticity 8 € Lab Data
Y > g 2 X Dynamic Cone 5~ ow |ss and
- S| = 2| Y Plastic  Natural id | 23 E| Ew 88 ¢ t
g Elev é 8 [} (>‘J g 'g 10 20 30 40 Limit ~ Water Content Iﬂmit % % & 20 %f omments
= |Depth Description € |E| & | z | £ [Undrained Shear Strength (kPa) §8>=| B0 |28 cransie
a | (m) e Ld = g O Unconfined + Field Vane PL MC L T £ 52 pISTRIBUTION %)
8 gz E o ® Pocket Penetrometer W Lab Vane |—@—| (MIT)
| o 176.8) GROUND SURFACE o (%) w 40 80 120 160 10 20 30 GR SA SI CL
T
176.6| 200mm TOPSOIL =
021 g1y CLAY, trace topsoil, trace 1| Ss 4 B d
| rootlets, firm, brown \
hse ] J/z( 176 -
1 09| SILTY CLAY, occasional seams and 21 8s | 17 O
layers of silt, very stiff, brown
3| ss | 21 175 o
-2
B 4 | SS 19 O
174
-3 |78, ] X/
301 gLty CLAY, firm, brown /
5| SS 8 - O
Fv 173 +
172.8
4.0

END OF BOREHOLE
Auger refusal on inferred bedrock

Borehole was dry and open upon
completion of drilling.

file: 7-16-0082-01- 17165 lakeshore road.gpj
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26 N¢

ONTARJEJ WATER ¥
S COMMISS

Basm ! &?'l

County or District .~

(print in block letters)

Casing and Screen Record g Pumping Test

;
Inside diameter of casing................. é ........................................... Static 1eve1/$"# .......................................
Total length of casing. ... .? & # ............................. Test-pumping rate . S G.P.M.

Type of screen ... ... . e Pumping level . ... A0 e— {’i!{ ...............................
Length of screen. ... .. USSR o e, Duration of test pumping............ ' |
Depth to top of screen. . ... ... B S D | Water clear or cloudy at end of test .. dﬁA/\/ ....................
Diameter of finished hole é) Recommended pumping rate . .. .. o SR G.PM.
with pump setting of . ... 2% 5~ feet below ground surface
Well Log Water Record
Overburden and Bedrock Record F}-E_m RJ w]});iaclzjht}xlr(ast)eraig) I%%Irl'gsﬁ,f :3?11::;}1
| ' found sulphur)
Mt et g | 2 3 &
tice o Cla - 2 - 2
VAR P/ 2 4< /
<y
¥
For what purpose(s) is the water to be used? ... .. BRI Location of Well % | %
WEN

In diagram below show distances of we

road and lot line. Indiw by% rp
i !

Is well on upland, in valley, or on hillside?. .4

Drilling or Boring Firm .......... U S U TP U PP RTU RO P TSP PPPRPPRPS

I.icence Number

Name of Driller or Borer. %
Address / 7 .5-’

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

Form 7 15M Sets 60-5930

O WRC COPY




30L 73 E

UM b /702 | 41710181413 F
19k lg121413161 00618
B! 72141314 1816 ] AUG 15 1952

R P
mev. | {1r 105,151 = QEGLOGICAL BRANCH

Basin 1% |6 DL The Well Drillers Ach DEPARTMENT of MINES
Department of Mines, Province of Ontario

Water Well Record
' W//W ...........

RECEIVEDZ6 N - 101

Type of SCrEeN. . ..o ovvi ittt Pumping level
Length of screen. ... ......ooeveviirniiinieeaanne. Pumping rate..... .£* b

Distance from top of screen to ground level............ Duration of test.. . ;/ .....................................
Is well a gravel-wall type?...............coiiean Distance from cylinder or bowls to ground level. . .. j/ Z_ ﬁ\

Kind (fresh or mineral)........ . /4 A7t .. e ge&t:g?_ lfivx;tzegf vl‘g,:}e orf {le:et.
Quality (hard, soft, contains iron, sulphur, etc.). .. Horizon(s)
Appearance (clear, cloudy, coloured) y2ye M j} 2 4
For what purpose(s) is the water to be used?.. /{ .......................... / 7
How far is well from possible source of contamination?. . = f«v M
What is the source of contamination?.....................foo oo
Enclose a copy of any mineral analysis that has been made of water..............

Well Log v

Overburgen and Bec!rock Record From To Location of Well

Ql: 0 ft. g' ft. In diagram below show distances of
Lty — ?" 23 well from road and lot line. In-
M 33 [ﬁ‘ > dicate/ north by arroy. W

/ — 28 X1 '%9' ‘D»M

Sitvation: Is well W in valley, illsi
Drilling Firm. ... 7. G A1 .

CS58.53




A -

/- , - &4
Elev. |6 iR'ﬁo Hg' ‘7|il Yhe Ontario Water Resources Commission Act, 1957

Basmﬂ'_lm l ] Ii

= F

Casing and Screen

WATER WELL RECORIDECURCE COMM
County or. District....... W ..............................

GROUND R seNdCH 951

[eTAR

5 o

TARIO WATER
o ISSION l
M

Township, Village, Town or City

_Date completed...........\f.._. ...........
(d

Pumping Test

Pl !
Inside diameter of casing........ § Ao Static level............ Lod s
Total length of casing...... /70 ................................................. Test-pumping rate........ Y 7 S GPM.
Type of SCTERIL......rvvvoovooeoes s sreeresseesessn ,/ ......................... Pumping level......... e O SN
Length of screen.............. . 7J_fi,« .............................. Duration of test pumping...”...él...;..../.éw.m ...........................
Depth to top of screen..”........... s Water clear or cloudy at end of test. . Chan ..
Diameter of finished hole....... ;K .............................................. Recommended pumping rate....... . N GPM.
with pumping level of ..... R
Well Log Water Record
Depth(s)
From To ate\l:lhicsh No. of feet K(lfl;,d gf wizter
Overburden and Bedreck Record t. At water(s) water rises esh, salty,
found sulphur)
a C/QO‘tJ O Iu 0 2
g - I72 7573 Zoaad
M.W;J ¥4 50
Wl ool i Ll YO TS5
T
pa)

Dk aand 5 /oo

Ntk _ocmcll ! 00 160

4_44\-,-_/ C/ed}- I ' /40 ! ‘2

g
A A /L% / 70
/

For what purpose(s) is the water to be used?

e ) .
Address .o/ a AN d
Licence Number,......‘,;._s.., ..........................................................

) ‘4
Name of Driller........ % o el s

Address /r‘J/\’l/ ....... > /‘}*k,_./(,mfﬁ\;‘/mzfntéé’\
NS

Date .@!—o

\ Location of Well

In diaftdnf¥below show distances of well from

CSS.S8



Wt | gaaz 13W
UTM _LZJZI’IJM.S’I? 101/ 17 ]®

‘ ﬂjﬁ"m{/l}lyll“
Elev.- | {[R IO;féugﬁi Ll
,Ba§m,ff 94,5 l L1 .

26 N 471

The Well Drillers Act

\\v ~ Department of Mines, Province of Ontario

Water Well Record
jon /. Lot.. & . Pt LotWes! /// %

c>'"”~ .Acres , uo
Date Completed .. . sl e [ 77 64 Cost of Weil (notincludingpump)....‘.........,.................H.‘..

Pipe aﬁ;d Casing Record Pumping Test

y
Casing diameter(s) . . . . . @//)f’ Date. ... ... . .
Length(s)ofcasing(s)../. /”(’ Developed Capacity . . .................. ... ...
Lengthofscreen.‘..‘.......’..‘...‘.-.._.....,_.4. Duration of Test ... ....... ... .. .. ... .. ... ... ... ... ...
Typeofscreen. . ......... ....................... |Pumping Rate. ... ... .. .. . ... ... . . ...
Typeofpump...................................|Drawdown.

Capacityof pump. . .............................. |Static level of completed well

Depth of pump setting . ...........................iIswell a gravel-wall type?..........7. ..

Water Record

Kind (fresh or mineral) . . . ., /ri/d//\f N Deﬂth(s) Kind of No. of Feet

L/ ’ o Water Water Rises
Quality (hard, soft, contains iron, sulphur etc.) . ... ... Water Horizon(s)

Appearance (clear, cloudy, coloured) . . . ... ... ... . 4/5/7//1 Z/:g‘/”/ﬁ/' _‘? /’7‘.

For what purpose(s) is the water tobe used?. .. ... .. ... . .. .. .. ... ...

How far is well from possible source of contamination? .. ... .. ... ... ... .. ..

Wiiat is source of contamination? . .. ... .. .. ... ..

Enclcse a copy of any mineral analysis that has been made of water. ... ... .. ..

Well Log

Location of Well

In diagram below show distances of well
from road and lot line

Drift and Bedrock Record From To

/SM 6 404K 0 f |5 it
/’l,eﬁoL - "é o J/ 43. ,,,,,,, %_';;_
/,(//("v‘l”.»t f// / : 5

A4

7 7
ATz A L/f"u

W %
— - [j(,(u, “ /K(» A rj.,/./J.

Situation: Is well™n upland, in vallg¥, or fyullside?................. //Wlﬂaf 6/ #ﬁm\}/&k& .
DrlllxngFlrrxl(/g,/'{/C{(”/ﬂ"”‘(”/(/h/l)
Address............, \fﬂ”/’ Sty e
Recorded by . . .. .&£~7 . . . e Address L

Date. ............... ... ... v .iuiiiii oo, ... .Licence Number........
CSS.58
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%
Elevil R

171'

0 b5

Basin l”)i”b l

County or I district

__Date completed.

Casing and Screen Record

VATER WELL RECORD
%%MM ........................ Township, Village, Town or City . -

(day

W V.8

Inside diameter of casing . é' / f .........................................

Total length of casing /Jf 5

Type of screen

Length of screen
Depth to top of screen . .

L

Diameter of finished hole

SE

Test-pumping rate

Static level .

Pumping level

/ .

Water clear or cloudy at end of test

Duration of test pumping..”. ..

/ cpM.

Recommended pumping rate

with pump setting of ,z ? _feet below ground surface

Well Log Water Record
From ‘ To Dogpth(s) at Kind of water
Overburden and Bedrock Record it Tt which water(s)| (fresh, salty,
: ‘ : found sulphur)

Yo
Y/
D foin [tlay)
g/ A

A

sk

79 25 Ll

7

For what purpese(s) is the water to be used? ... ...

Is well on upland, in valley, or on hillside? .. {AfSCHAPC ol .

Drilling or Boring Firm .

Address.

Location of Well

In diagram below show distances of well from
road and lot line. Indicate north by arrow.

LAkE LRIFE

Name of Driller or Borer

Address..@oe,.#/ ele .
Date 34»4/)1_1) ?/f‘é ................................................ ) \

Form 7 1531-60-4138 \

OWRC COPY ‘
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ONTARICQ

The Water-well Drillers Act, 1954
Department of Mines

Water-Well Record

County 01‘7':[')11101'1&1 Dlstrlct......-...f;--.‘;’i}..;-};':;‘f:‘....-.-...;'..--....;:i; ..... Township, Village, Town or Clty...?"‘ ..............
Con....... nd Number fif in Village, Town or City)........ eeteeeensesnestensestasssrarassenanasansosrre
Owner . . ... ... AQAress ...l A AU LE T ORL e enreeessensans
Date completed ........0L.Lccccuerrecneenn Ll L. [/{; ............. /?fﬁ/
(day) (month) (year)
Pipe and Casing Record Pumping Test
Casing diameter(s) é:/ .................................................. Static level .................. 3 .........................................................
Length(s) ............ /J ............................................................... Pumping rate . .. G'.P/“l .............................................
TYPE OF BCTEI .ooccveelmorererseresseecssssesessesssnsassssessnseseneessonransersssnneses Pumping level ............ s S rereressaresnsersnneasseneenn
Length of screen ceeveeeesaetaseeasaesaeaessreseseaesaeseesssan et et anaeese e sesans Duration of test ...... el trrvsssesssessssesentssenesssssensasensasssssans
Well Log Water Record
Depth (s) Kind of water
From To at which No. of feet
Overburden and Bedrock Record o o water (8) | water rises (::esﬁ;;)iilg'

| /& SuiPHOR

[ Pl :.-;
f -~

R i _
— ; i N i -
_ — —
a _
: 17/,
For what purpose(s) is the water to be used? Location of Well
- |
....................................@..Q.I..A.G.QE ....................................... In diagram below Show diStanceS Of well from
Is water clear or cloudy?............... Q.-ﬁ.f.&}? ................... road and lot line. Indicate north by arrow. L
Is well on upland, in valley, or on hillside?....................... N 0 AR
S S < 3 U V. / —

Drilling firm Hnwéiﬁé/PoS.‘t’
Address EXC//&J/‘ZK@O/?A/I’/PS

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Name of Driller A/?T#UR ............ @/fOS'S' ......... |

Address /zfﬁfylkékifc.ﬂﬁk#:fg | E E

Licence Number........cccovvurreeiiveerrennnne ¥, A g
V= :

I certify that the foregoing .
statements of fact are true. M)

............... G

Signature of Licensee

Datejﬂéf..g.é...

Form §

(CSS.S¥
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The Ontario Water Resources Commission Act, 1957
Baénﬂﬁ @é\lrbff @F L 1 \

WATER WELL RECORD

SiTA

A AiATER
RE""URCES CO\‘.\M\SS\ON%

(f A -
County or District..... /. ; 4./’../ ....... /’f’f/ ......................... Township, Village, Town or City. (>f=<Fen ’*; .........
e completed......... ;.2 ...... /7*»0~L .....

,Lf; qu b%,{ ....... 7?« ...... e

Pumpmg Test

Casing and Screen Record

Inside diameter of casing......... (g .............................................. Staticlevel................ / ............................................................

s
Total length of casing. ... / [0 ..................................... Test—pumpmg rate.............. /L/I/' ................................ G.P.M.
Type of screen

g S R R CR TR e R R R LR

Length of screen

Depth to top of screen

Diameter of finished hole.......

with pumping level of ... L2
4
Wel! Log Water Record
Depth(s) s
From ~ To at which No. of feet K(}’;gsgf s‘:ftt;fr _
Overburden and Bedrock Record ft. Tt water(s) water rises wlphur)
found suipaur

~
UW

Fla L// 6 /

, / . ‘ ) . Vi
%,L'C,J‘/wf Lo, /9 2 2. 2 2, / C ~—2f,~u,a,L

Location of Well W/

In diagram below show distances of well from
road and lot line. Indicate north by arrow.

Form 5
15M-58-4149

CSS.58
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26 No 534

GROUND WATE: BRANC'Y

%M | 1712 181916121419 [
9= 171413131215

51058 0
EE;VE’ %\-Z‘T 8. The Water-well Drillers Act, 1954 JAN 13 1958
Bas in% ! L——J——l' Department of Mines ONTARIO WATER

RESOURCES COMMISSION
Water-Well Record '
ip, Village, Town or City.Q le!% ............................

Villagjfmy) ........ essevessessmsersessenseeressnaesssssansesses
ddress e A% £ O ORPs

Pumping Test

Date completed .......0.od .. Y WD T ok NN i A
(day) (month) (year)

b4
Casing diameter (s) v..........Z. T Static level ... ffe...
Length(s) ...ccceverne. /O“Q ....................................................... Pumping rate /Jlé ......
TYPE Of SCIEEIN ....ccceeveeeniisirrensissresssisessasssssansssssnaseessssessesstossssassass Pumping level ....... /
Length Of SCIEEI ....cceviecrrrrercerisssinsressesssrmsisssnssssssnnnessssnsssessns Duration of test ... . /P ........................................................
Well Log Water Record
Depth (8) Kind of water
Overburden and Bedrock Record From To at which No. of feet (fresh, salty,
£t ft. W:;-‘e:;(;) water rises or sulphur)

, ) [0
W o 22 7 77 o

i ?
For what purpose(s) is the water to be used? Location of Well

In diagram below show distances of well from
road and lot line. Indicate north by arrow.

Drilling firm /¥ d«rcag. b i
Address ...... I B AN \g
.............................................................................................. @ - — 5?
Name of Driller
Address ,F i
Licence Number...l.f.ﬂ:..z.a ..............
I certify that the foregoing '
statements of fact are true. \‘{ | &0 i
Date At f/ , N " ;}
" Signature of Licensee a "
Form b . e

~
i

- CSS.S8



Casing und Screen Record

Pt:mping Test

Insicde diameter of casing. é/‘/f T
Total length of casing /é
Type of screen

Length of SCreen .

Depth to top of screen

174
Diameter of {inished hole é .

Static level . /71 ,

Test-pumping rate
Pumping level . 52 0 .

Duration of test pumping... ..

Water clear or cloudy at end of test

Recommended pumping rate . ... . 0V GPM.

with pump setting of . a? O

feet below ground surface

Well Log Water Record
Depth(s) at Kind of water
Overburden and Bedrock Record From To which water(s)| (fresh, salty,
ft. ft.
found sulphur)

e faed Ko

P A, | 2

AU A L

e
/O RS P ] hﬁ{

° v,

DAL

/

For what purg)se(s)‘is the water tobe used?. ... ..

Is well on upland, in valley, or on hillside? . . {

Licence Number.. 4 7/ .......

Name of Driller or Borer. j
Address.... . W #a?,

Date. .

Form 7 10M-62-1152,

OWRC COPY

L

Location of Well

In diagram below show distances of well from
road and lot line. Indicate north by arrow.




MI_AEZ'%II!E

N

(H
Eleéleg‘lk (@575 |

%%unty’ggﬂ'rlct )

Con............. /

quter Resources Commissiof Act '*

WA R WELL RE QEB RIO W"_TIERi .

Township, Village, Town or Clty
~.Lot. .. /7 .................... S Date completed.. ..

WATER RE3OURCES
DiViSION 26

~ G

ETYER b f5le)

u._, Cgu'x:ﬂv'

Total length of casing

Type of screen

Length of screen

Static levei ..

T

Test-pumping rate ¥
8 Zu =Ll

Pumping level

Duration of test pumping

Depth to top of screen .. .. Water clear or cloudy at end of test.. ...

AN

.G.P.M.

Recommended pumping rate

3o

Diameter of finished hole

with pump setting of. feet below ground surface

Well Log Water Record
From To Depth(s) at Kind of water
Overburden and Bedrock Record t Tt which water(s)] (fresh, salty,
: : found sulphur)

iy v o Zine

3§ 7

For what purpose(s) is the water to be used?. ... . . Location of Well

In diagram below show distances of well from
Indicate north by arrow.

road and lot line.

i

Is well on upland, in valley, or on hillside? “

Drilling or Boring Firm ...,

Licence Number.. ./

Name of Driller or Borer....... ..

(Slgnature of L1censed Drllhng or borlng Contractor)

LAKE E??/E

Form 7 15M-60-4138

i
7
n
W #l

OWRC cCoOPY
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Ontario Water Resources Commission Act

e 132, 0 2515 WATER WELL RECORD

County or District ... . f

Con.......... / .................................................... / . 7 ...... R BT Date completed . -Z O

DIl

Casing and Screen Record Pumping Test
Inside diameter of casing .. QEatic LBVEL o
Total length of casing ... . / Test-pumping rate . . G.P.M
Type of screen — Pumping level .. ..
Length of screen .. Duration of test pumping. ... SUUURUUSUTRRUS
Depth to top of screen .77 ... OO PR | Water clear or cloudy at end of |
. // | | ' St G i
Diameter of finished hole 5 . PR -~ Recommended pumping rate .../ .&
/
| with pump setting of ... . 2L . feet
Well Log Record
Depth(s) at Kind of water
Overburden and Bedrock Record F?c)m }‘to which water(s)] (fresh, salty,
' | ‘ found sulphur)

O /O :

07 267 2.3’ @Z%M b

175
E‘,gee o

A il _—

. . ‘

Gl
H Location of Well

In fifagram below show distances of well from

roafl] and lot line. Indicate north by arrow.

LAKE Rd

)
Licence Number. /73 g ....................... / .................. e | | ]
-
|

Name of Driller or Borer..... W W v
Address.... . . fﬁ\g ......... %/ (~z | R SURRUUUTUR ORI .

Date .. /791/’ 3V/

S ——

FE e’
\
"""""""" (S1gnatme of HLll_(-:.én%ed Drilling or Boring Contractor) }
| ] ;J____———-—'—_—_———_‘—#-’-:
7 AKE LAa/s
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RECZIVER6| No 570
JAN 31 1952

GEOLOGICAL BRANCH
DEPARTMENT OF MINES

I» lgy wAVAVAW, |3|§1JN
R [0,2,9.0] 7

Basin !Q 1”7 I | ] The Well Drillers Abe
Department of Mines, Province of Ontario

Water Well Record

4.22&. .. / 4 r(’.f/. Cost of Well (excluding pump)..... SRR G

Date Completed..... l.....
(day) (month) (year)
Pipe and Casing Record Pumping Test
Casing diameter(s).......... 95 _357/ .............. DAtE. oot iee et e i i
{ ’

Length(s) of casing(s)....... 7 . SR Static level......... ? ST ERRT PR e
Type of SCreen. . ......oovvieniin i Pumping level. . ﬁw . /—‘-—ﬁf e deenr s
Length of SCreen. .......vvvvereuereraneeienronennn. Pumping rate. . . &4%. . Ztaud. W ................
Distance from top of screen to ground level............ Duration of test.. . .o vvvier ettt it aaans
Is well a gravel-wall type?............coooiviennnn. Distance from cylinder or bowls to ground level.................

Water Record

Kind (fresh or mineral). . . . ..vvovcmneneserneeaenes s S Depth(e) Kindof | No.of Feet
., to Water Water Water Rises
Quality (hard, soft, contains iron, sulphur, etc.)........... /—Lﬂ/bﬁﬁ" ......... Horizon(s)
Appearance (clear, cloudy, coloured)................... zﬁ&aw .......... < & o b /&
For what purpose(s) is the water to be used?........&. 2. CKler 7, R L /
How far is well from possible source of contamination?. ..............c.oooovnnn
What is the source of contamination?. ...t
Enclose a copy of any mineral analysis that has been made of water..............
Well Log v
Overburden and Bedrock Record From | To Location of Well
0 ft. ..o ft In diagram below show distances of
ey cl / g well from road and lot line. In-

Za ‘ é_ J g =, ‘L/ dicate north’ 9y arrow. L//

T

T
e
- A4
A0 300
[ o \_ *L-200
T ~ \ ~ |
1 | \Q\\

........ Wf W .
Signature of Lice! ~

it
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e Ontaric Water Resources Commission Act ONTARIO WATER

Elev. |6l1’~510|5‘7 SJ WATER WELL RECORD RESDURCES CUM&VHSSION'

County or District . J*

Static levei . /4 vvvvv

Test-pumping rate

Insicde diameter of casing. (@ .7+

Total length of casing Jj]z ; = forerat — APV

Type of screen TR Pumping level .. a’zg
Length Of SCIEEN Duration of test pumping”... . <
Depth to top of screen . . . L Water clear or cloudy at end of test ...
Diameter of finished hole g /¢ . T Recommended pumping rate ... / ......... G.PM.
with pump setting of & 5/ feet below ground surface
Well Log Water Record
Overburden and Bedrock Record F?t).m rgt(? wl})lfflf}vlv(ast)eraits) I%glgsﬁ,f gg?t?;f

found sulphur)

R
gbom

27 | Hia

- S —

For what purposcks) is the water to be used? : Location of Well
- In diagram beloy\ow distances of well from

Indlgte f noglﬁ éargw

Is well on upland, in valley, or on hillside? . Gf—trr st el

Drilling or Boring Firm ...~

Address.... ? p . 92 ....... .

Form 7 10M-62-1152

OWRC COPY ‘ _ . 2S5.58
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o7 ~ 919

/ﬂrlk @"7'4%'7' 416 2o GEOLOGICAL BRANCH
me. 10 105,819 oNTARIO DEPARTHERT of MINES

Department of Mines, Province of Ontario

Wat(?r Well Record

;;_? la’lzl ‘ I IJ The Well Drillers Act

wn or City).. z ........

excluding pump)

Date Completed..../.¥. .. byy....R9...
(day) (mdhth) (year)

Pipe and Casing Record
Casing diameter(s). . . ... Date. W [l .-
Length(s) of casing(s).. .. Staticlevel.............. § o
Type Of SCIERM. ..o v vnevvnnsrdoeenn e Pumping level. . ........ V. o A
Length of SCIEEN . . o« vuvrnnrrnrrnrrnrrr et Pumping rate....... / 440 g»C.
Distance from top of screen to ground level............ Duration of test....... S~ ¥. P
Is well a gravel-wall type?. ......covevvnvneneeees Distance from cylinder or bowls to ground level. ... 30 7"

Water Record

Kind (fresh or mineral). . .. W .............................. 3”5&253 1%2{ &3}3: gie;:.

Quality (hard, soft, contains iron, sulphur, etc.). .. A Horizon(s)

................ 347{.,- /i;,(r

Appearance (clear, cloudy, coloured). .......
For what purpose(s) is the water to be used?.... ..~

How far is well from possible source of contamination?gd" M e/ ..
What is the source of contamination? AN AP
Enclose a copy of any mineral analysis that has been made of water..............

Well Log
Overburden and Bedrock Record From | To Location of Well

0 ft. // ft. In diagram below show distances of
// ) well from road and lot line. In-
i o/ dicate north by arr

fop drawr

on back ) :
—______—-"’

CSS.58
N
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he Ontario Water Resources Commission Act

GROUND WATER BRANCH

o |

ONTARIO WATER

o 5 o H “WATER WELL RECORDswss winssor]

Basin ia}' II’J |
i ... Township, Village, Town or Citp Y VT T/ %

County or Disrict ... J L& CWE /7 Vit s
Conj-e;?l/ v Date completed...../.? e A AL / ?é/

(day year)
-
dress.. % RPAAAAN L7

Casing and Screen Record

Inside diameter of casing...... .85 oo Static level ... Ax
Total length of casing....... g / Test-pumping rate
Type of screen . T Pumping level ... ... A«
Length of screen................ ... ... e Duration of test pumping......... At ld® o .
Depth to top of screen........ . S RUUUTPRO | Water clear or cloudy at end of test .. .
-, -
Diameter of finished hole .. ... . . {5 é: ISR Recommended pumping rate... ‘-5 : ..G.PM.
with pump setting of . 3 d feet below ground surface
7
Well Log Water Record
Depth(s) at Kind of water
Overhurden and Bedrock Record Fg)m ;I-:EO which water(s); (fresh, salty,
’ . found sulphur)

DA - 7047 o/ At
1 g : 70 | %
/,W,M, ] 102

7 * o L s #

\ ™,

1} N
For what purpose(s) is the water tobe used? ... ... ‘E Location of Well

’In\dlagram ‘6elow show distances of well from
roa}as,\and lot line. Indicate north by arrow.
A 200 .
- COLr? Eac® fof praii2

Is well on upland, in valley, or g hillside?.

Drilling or Boring Firm Ce

Name of Driller or Borer,%
Address N L\ ’

Date... ...

Form 7 15M Sets 60-5930

OWRC COPY




;) 30( /JE

[

/ :Z_&f 161/19 151019 [E
?M?ﬁ 14

he Ontario Water Resources Commission Act

GROUND WATER BRANCH

o |

ONTARIO WATER

o 5 o H “WATER WELL RECORDswss winssor]

Basin ia}' II’J |
i ... Township, Village, Town or Citp Y VT T/ %

County or Disrict ... J L& CWE /7 Vit s
Conj-e;?l/ v Date completed...../.? e A AL / ?é/

(day year)
-
dress.. % RPAAAAN L7

Casing and Screen Record

Inside diameter of casing...... .85 oo Static level ... Ax
Total length of casing....... g / Test-pumping rate
Type of screen . T Pumping level ... ... A«
Length of screen................ ... ... e Duration of test pumping......... At ld® o .
Depth to top of screen........ . S RUUUTPRO | Water clear or cloudy at end of test .. .
-, -
Diameter of finished hole .. ... . . {5 é: ISR Recommended pumping rate... ‘-5 : ..G.PM.
with pump setting of . 3 d feet below ground surface
7
Well Log Water Record
Depth(s) at Kind of water
Overhurden and Bedrock Record Fg)m ;I-:EO which water(s); (fresh, salty,
’ . found sulphur)

DA - 7047 o/ At
1 g : 70 | %
/,W,M, ] 102

7 * o L s #

\ ™,

1} N
For what purpose(s) is the water tobe used? ... ... ‘E Location of Well

’In\dlagram ‘6elow show distances of well from
roa}as,\and lot line. Indicate north by arrow.
A 200 .
- COLr? Eac® fof praii2

Is well on upland, in valley, or g hillside?.

Drilling or Boring Firm Ce

Name of Driller or Borer,%
Address N L\ ’

Date... ...

Form 7 15M Sets 60-5930

OWRC COPY
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% e Ontario Water Resources Commission Act, 19
Basin ‘ ’/l l ‘ 1

a7

/ -/ f

County or District....

JUN 30 1959

ONTARY) wATE
RESOURCES CG,‘».*?;‘:.-?!Ei“agN

|
P WATER WELL RECOR

Township, Village, Town or Ci

S

Casing and Screen Record

Inside diameter of casing.......... é# ................................. Static level/7m .................................
Total length of casing ........... /0 A T Test-pUmping rate.........oooweeses Xd ......................... GPM.
Type Of SCIEeM....cooooommvviiininimmmsireneees B Pumping level ... g-/ ...........................................
Length of screen...................... SRS (TSROSO Duration of test pumping........"... e
Depth to top of screen.......... " ...... / ........................................ Water clear or cloudy at end of test‘./
Diameter of finished hole........... Recommended pumping rate........ 3& ..................... GPM.
with pumping level of........... ﬁ,./
Well Log Water Record '
Depth(s)
Overburden and Bedrock Record F?t)m }‘to ;\l\?a%ehri(cs})l vlgéffegf If'ieseets K(ifnrs%llz;sgi:tt;r

found

L s 0 4 ) ,
’W&’—L’ /0 S LA 77O ekl
P /0 A / / 7 gol/

/ (4

7

For what purpose(s) is the water to be used? Location of Well

In diagram below show distances of well from
road and lot line. Indicate north by arrow.

alley, or on hillside?.

Is well on upland, in v

/’"‘v///
Drilling Firm A2AA g Il llec. | =

‘(éiéﬁatﬁ;/t:fgemed' Zing Contractor) ’ \\/a

Form 5§
15M-58-4149




3oL /3£

39 |

| (1712 610 15 7|gjf_| REC&VI&D 384
_% W 1714 1.5 1/9~t1?'r3' N AR SEP ~ 51954

= GECLOGICAL BRANCH

Bev. LU | WL 277 oo DEPARTMENT of HINES

%\ % | L] The Well Drillers Act :

/ 5‘ Department of Mines, Province of Ontario ¢

rl

C):ozzg‘ Water Well Record
ot |/

(day)

Pipe and Casing Record

Casing diameter(s). . ..... é~} .. 7 ; ............. ..| Date.........

Length(s) of casing(s)...... ‘g ?l ................... Static level .&.... . 7. . 4.

Type of screen. ........ e Pumping level. . .

Lengthofscreen..........coooiviiiiiiiini s, Pumping rate. . A4

Distance from top of screen to ground leyel............ Duration of test.. ,/ﬂ—, 4

Is well a gravel-wall type?. /Q"&Z/ ............ Distance from cylinder or bowls to ground level. . -3 é 3

Kind (fresh or mineral). . Depth(s) Kind of No. of Feet
. .. to Water Water Water Rises

Quality (hard, soft, contains iron, sulphur, etc,)e ; Horizon(s)

Appearance (clear, cloudy, coloured). ... .<§.: 3 M U é% Qj ﬁ
For what purpose(s) is the water to be used?.... /f;l 14t 2y A /

How far is well from possible source of contamination?. .................. ... ...

What is the source of contamination?. ....... ..ot n i nnnnn.

Enclose a copy of any mineral analysis that has been made of water..............

Well Log
l/
Overb»iet}_l and Bedrock Record From To Location of Well

M%A ) 0 fe. .9&. In diagram Below show distances of
‘ m 2a 3% well from road and lot line. In-

dicate north by arrow.

Sitvation: Is well on uplaird, in valle
Drilling Firm.....




26 N° 895

¥
WM [ /1712 141413151616 1
Iql ® 1417214 15YT1 /14 N A\ 2,
f‘}j/ \ W‘)\ﬁ [’%/ ONTARIO
7 ? sla o eme A The Well Drillers Act
e [} ers AC
Basin l I'b] P [

Department of Mines, Province of Ontario
ix"/ / /

P ’ate:r Well Record!}

. .‘,,,.,!

................ excluding pump)......cccvveiieiiensseenrianaseessnannon
Pipe and Casing Record Pumping Test
Casing diameter(s)............ . ) * y T ......... Date.........S T P
Length(s) of casing(s)........ g . /ﬁ’ .......... Static level. ... g‘/é{' A2
Type of screen. ..........coovu e i, e Pumping level. . . 3 0 .
Lengthof screen...........c.oooiiiiii o, Pumping rate... /9 Z.Y. FLRCCT /7
Distance from top of screen to ground level.,.......... Duration of test. . / A .
Is well a gravel-wall type?....../[.]} MR Distance from cylinder or bowls to ground level. . A{ 4_/) el &

Water Record

Kind (freshormineral)............... ... ..., Gt g e tl?)e ﬂlt(:x)_ Kv:',nc:;f ‘l:,o.te of 1I{l_eet
a a ater SC8

™~y
Quality (hard, soft, contains iron, sulphtW Ap AL Horizon(s)
Appearance (clear, cloudy, coloured). . . .74 Y UCAY 7 [’/ J/% 4{%,& 3 7; %?‘-

For what purpose(s) is the water to be used?.../2~¢

How far is well from possible source of contamination?. ......................... _
What is the source of contamination?. ........... ... iiiiiiininii i, « N
Enclose a copy of any mineral analysis that has been made of water..............

Well Log

.'/ 1// i
Overbugdgn and Bedrock Record From | To Location of Well _~// (

M 0 ft. J . / . In diagram below show distances of
.

%f 7 9. / INL4 well from road and lot line. In-
/ 1 —f . pa _:Adl/

orth by, arrow. ., o .
50

[

o T g for®

o4
pad

Sitvation: Is well on d, in valley, or on hillsige2. ... ..~Z %/é 0"’% ....................................
Drilling Firm % . Al il

/msff% AN FAAE
Signature of Licensee

(CS8S.S¢
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AR |zi7 177 14121218 AUG 21 1952

Elev. %R 0.5, ,5_\ oNTaRe GEOLOGICAL BRANCH
The Well Drillers hcOEPARTMENT OF MINES

Basin ‘@I% l 1 |- J Department of Mines, Province of Ontario
Water Well Record
D, M/A Z‘ L. j -'i '-ﬁ ......

Date Completed..... J...... Y] ~ excluding pump).. ... oot

(day) (month}‘ (year) ‘
Pipe and Casing Record ) Pumping Test
Casing diameter(s). .. ... é //H ................... DAL, o e e eee e e e g e ...
- Pa ﬁ 527
Length(s) of casing(s). t__; U ./,—'./ s Static level. . .. eat ot . 7 v
Type of screen. ............. e Pumping level. . &7 ,..".- ’l', w:/ f- A
Length of screen................... e Pumping rate. -ﬁ/ LA ”’(‘J., P
Distance from top of screen to ground level............ Duration of test. . . ... e
Is well a gravel-wall type?............ooviiiniinet. Distance from cylinder or bowls to ground level................. =
Water Record
Kind (fresh or mineral)......... V0 APPSR R L ﬁ ........................ Depth(é)” ‘ Kind of No. of Feet
/{ﬁ ;i . to Water Water Water Rise
Quality (hard, soft, contains iron, sulphur, etc.).. )’.“(:‘v.;;;’/."’.‘»;‘«».&.«".'7...4 ......... Horizon(s) -
Appearance (clear, cloudy, coloured). .. .. /C& .......... e & [1/(;\ f«/ e / [7 V
For what purpose(s) is the water to be used ?,:)é; AN f’“ O p '
How far is well frem possible source of contamination?. ....................oovnn R
What is the source of contamination?. .........c.voeeeieoiinanii i
Enclose a copy of any mineral analysis that has been made of water..............
Well Log
Overburden and Bedrock Record From To Location of W
j"’ii Lo 0ft. | Sh.ft. In diagram below show distanc:
/’f/] ot 9 70 well from road and lot line.
- s (A\‘ 4 , A - g dicate north by arrow.
95 |49 |

~ 2

/5 »_Q{ €

; e . ,
e "\;‘é"{“ pe

e e et oo w A

, ;

.“L\w _.)J .
70/“ / A, ‘4"‘{1(” ,’t ff(*b"&b

"'.,T/A,;.

Dnllmg Firm..

Address. . :
Name of Dnller ~ o ;
Date. . / R AU
D e o ./.’:.‘:.:L,
Form 5 Slgnature of Licensee
CSS.S8
. '
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ONTARIO AN 12 1950
Elev. ﬂJR 105, @ The Well Drillers Act J
rioOEOLOGICAL BRANCH
EPARTMENT OF MINES

Water Well Record /

Basin |0-|® l I | IJ Department of Mines, Province of On

'..Con..’..Lot..?......Pt.Lot........
JAcres. .
cluding pump)

Pipe and Casing Record Pumping Test
Casingdiameter(s).'.....é..//.?.............,.... DAt . . o
Length(s) of casing(s) . .. ?Zﬁr Developed Capacity . ... .. .ot v i
Length of screen................................. [Duration of Test.

Type of SCreen. . . ... .oiiii i Pumping Rate. .
Typeof pump. .........c.cooveeveeevoeeeen...... |Drawdown. .
Capacityof pump. .. ... Statlclevelofcompletedwell /g.
Depth of pump setting . ........... ... ... ... Is well a gravel-wall type?. ... ..
Water Record
Kind (fresh or mineral) . . ................ ..~ Depth(s) Kind of No. of Feet
. Water Honzon(s) Water Water Rises

Quality (hard, soft, contains iron, sulphur etc.) ...

Fe L A | 24

Appearance (clear, cloudy, coloured) . ‘c‘/é&a/\

_For what purpose(s) is the water to be used? . 9W

How far is well from possible source of contammatxon?. F

What is source of contamination? . .. .. .. ...t r it inoii

Enclose a copy of any mineral analysis that has been made of water............
Well Lo
¢ Location of Well
Drift and Bedrock Record From To In d b
- n diagram below show distances of well
— ,&AA R b o i |. ¥ from road and lot line

ﬁz; Vol J2. |40
v

AR

n upland, in valley, or on hillside? . .. ..

Situation: Is wel

Drilling Firm . &
Address......

Recorded by . /. .. &AL A ... Address. . AT T L
Dateﬁ@ga/ﬁ*/yLlcenceNumberq/:{

CSS.S8




UM | 7z s 71871 Lisei/ B

QR | gri20 12 ?l le
Elev. A_JR IQ (Q @!O‘
Basin 10}‘% ‘

TRE
ONTARIO

The Well Drillers Act

EIVED |

REC
JAN 12 19%)
GEOLOGICAL BRANCH

Department of Mines, Province of G

ntBERARTM ENT OF MINES

Water Well Record
..Con.]. ..Lot.{.. Pt.Lot........

RﬁﬁjAcres

Pipe and Casing Record

Pumping Test

Casing diameter(s) . Z/‘f Date . . oo

Length(s)ofcasmg(s) LII ﬂ’

Lengthof screen.................... ... . ... ...

Developed Capacity . ... ..ottt
Duration of Test. .. ... ... it
Typeofscreen. . .................................|Pumping Rate. ............. ... ... ...l
Drawdown .

Static level of completed well . ﬁ LI‘ ﬁ

Is well a gravel-wall type?.... ...

Typeof pump. ... ... i
Capacityof pump . . . ... ..

Depth of pumpsetting . . .......... ... .. ... .. ...,

Water Record

Kind (fresh or mineral) . . .................... T De;;:)h(s) I%i;d of ‘X;Ivo. of ;‘Fet
Water Horizon(s) ater ater Rises

Quality (hard, soft, contains iron, sulphur etc.) . ... L/d/(/’%/"t e
Appearance (clear, cloudy, coloured) .

For what purpose(s) is the water to be used?. f“wm AL

How far is well from possxble source of contamination?. . ......................

\Eo'ﬁ QbH

What is source of contamination?. .. .. .. .. ...ttt ittt e e

Enclose a copy of any mineral analysis that has been made of water............

Well L
ell Log Location of Well
Drift and Bedrock Record From To In di bel h d f
: n diagram below show distances of well
N ,'\//44/1 S tertl.. 0 f. |4H&it from road and lot line

/,

1

e

4

Situation

i ion: Is we onupland in valleypor on hillside? . '
Drilling Firm . (/T %ZM

Address...... & ..
Recorded by, ..Address.
Date. .. .. Licence Number é‘ 7[ -
eS8
b
e . ‘.A L
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%agglty%rxct '——‘H‘Ji:d‘.‘l!mand

e Ontario Water Resources Commission

ser. 1206 1051021 WATER WELL REC

Township, Village, Town or City . .

Date completed. .. ..

(day month

57 Burris St. Hamilton Offt.'s

ress.. . 2t R AT I T T T

Casing and Screen Record Pumping Test I 1{
Inside diameter of casing.... ... 6iin' ....................................... Static level .. . 25ft.
Total length of casing 3 Zf ..t' ...................................... Test-pumping rate 1320 G.PM
Type of screen Pumping level. ... . 25Fte
Length of screen Duration of test pumping...... .. 1‘%‘11!‘. U UUTURURUROF SRR
Depth to top of screen . . T Water clear or cloudy at end of test _cloudy
Diameter of finished hole . . ,%in', P Recommended pumping rate . 10-15 .. GPM.
with pump setting of . .30 . feet below ground surface
Well Log Water Record
Overburden and Bedrock Record From o ety (Eresh, satty.
. found sulphur)
clay 0 31
flint 31 70 69 sulphur
For Location of Well

For what purpose(s) is the water to be used? ..

Address.. . e e D
Licence Number.. .................. 1266 .........................................................
Name of Driller or Borer. ... Ray ,.Sw.a.-Y. ............................................... R
Address.... ... Sedle J QLHEOS

Date. g Bl L O

of Licensed Dril mg‘ or Boring Contractor)

Form 7 10M-62-1152

OWRC COPY

In diagram below éhbw distances of well from
road and lot line. Indicate north by arrow.
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Elef. 4 AR I%l OIOJ ' The Ontario Water Resources Commission Act, 1957 ‘

WATER WELL RECORD .

Basg gé‘f@g | li L1
County or District........‘?n{ftzz/

P

26—NO—~——928
4077 & L TaE WA BN

azeapa%c;”

Inside diameter of casing.......... - S Staticlevel...................] oy RSOOSR PPRRPPO
Total length of casing............: BT o Test-pumping rate......7 s G.P.M.
Type Of SCreen.........on e Pumping level ... errerevuss SRRSO SR OP RIS
Length Of SCIEEN... ...t Duration of test pumping... ..o
Depth to top Of SCIEEN. ... e Water clear or cloudy at end of test........................
Diameter of finished hole........ oo Recommended pumping rate............. e e G.PM.
with pumping level of ... Tl
Well Log Water Record
Depth(s)
From To at which No. of feet K(iflll.d ltl)f v:later
Overburden and Bedrock Record ft. ft. water(s) water rises esh, salty,
found sulphur)
_6%.174 =7 iz A7 /20 M i A Zé’

For what purpose(s) is the water to be used?

A7
’ _ Location of Well
, ? (1 O (-] ) y- /
N In diagfa;n below show distancgs of well from
3 1:¢4ad and lot line. Indicate horth by arrow.
N -
& B .
P — L T3 Higw AV
o M
& B
NANTICOKE, ey
o TN
.o . ;19:// &
- 0 ; P : e
1= v : 2
; N( / \\_,
‘,5 ‘\g/ b
Pea '
e ocAoT.
A csasd




CROUND WATER BRANCH

26 N°

mev. Ak 05015
Basin I%'Ilb | ] L1 Department of M@ ‘ :

Water-Well Record

ATU L7 Township, Village, Town or City
illage, Town or Cjty)

Pipe and Casing Record Pumping Test
.—/ L(4 .
Casing diameter(s) ........... é({ .............................................. Static level .......
/ .
Length (s) 47 .................................................. Pumping rate
TYPE OF SCTEEI ..veverserrirrssnsessssessasssssmsssssssssnsssansisissssssssussasasnioss Pumping level
Length OF SCTEEI .uvvcreuerreccecsremrsssssssssnsssaseassirsssrsssssasssssesssesssss Duration of teSt ...ecrveverrerserensibes
Well Log Water Record
Depth (s) Kind of water
Overburden and Bedrock Record From To at which No. of feet (fresh, salty,
ft. ft., w:;z‘;(;) water rises or sulphur)

zmgzi% 2 2Z7 "

_?ZZW'&V Z7 %07 4_0 !35’ “274@;

Z/

. ' fr
9 77
For what purpose(g) is tbe water to Ee used? Location of Well /
’cd“.&‘-uiﬁ?[-canio O . MR AY TG 00 e s T Sy W Poiansvsasnceanssncnsosessscecns In diagram be10W Show distances Of Well from
Is water clear or cloudy”........ %«f? .. A2 iievreeresrarneeersnnnsssssns road and lot line. Indicate north by arrow.
Is well on upland, in valley, or on hillside?.........cccecurneeee. /\f

/ -~
.................................. : |7 e yas
Drilling firm /50T

Address ....ceevevenecinen

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

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

Licence Number..... ?‘S’- f ............

1 certify that the foregoing
gtatements of fact are true.

ignature of Licengee

Form 5
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&JR l£122121 21 A8 15N 7)) R
o /-4 . GLULV e et {
By, |4 v IO;%i‘\léj | ontamio , DEPARTMENT OF MINES |

Basin | 9 1'5 | L ] The Well Drillers Act
— Department of Mines, Province of Ontario
Corn L

lr 20 Water Well Record

7/4«9
Village, Town or City......o~. W ......

BEY) e ppp e e v g enar i i

it R/ ...

....... e S F S Cost of Well (excluding pump) ... oveevrieneerernrernrnenenenenenaeas
(year)

Pipe and Casing Record Pumping Test
Casing diameter(s)....¢2. ’, ....... e T
Length(s) of casing(s)... /2 / ................... Static level....... / —. , ................ e e
Type of SCreen. ... or v eeaeianens s Pumping level. . .. /A ’ ...................................
Length of screen. . T T . i Pumping rate........ é. 2. 74’/ @%., ..............
Distance from top of screen to ground Jevel. . *7 ... ... Duration of test.. ... ...ttt ittt iiiii e
Is well a gravel-wall type?. @fplé ............... Distance from cylinder or bowls to ground level.................

Water Record

Kind (fresh or mineral). ... . 'r7 4 .«(-.1&4’.‘.44. ............................. Depth(s) Kind of No. of Feet
. . to Water Water Water Rises
Quality (hard, soft, contains iron, sulphur, etc.)..... V%»ﬂ"?&-« ................ Horizon(s)

revesed
............................................ B 7 2774 ’

How far is well from possible source of contamination?. ...... / " .............
What is the source of contamination?. ... 424 e e
Enclose a copy of any mineral analysis that has been made of water..............
Well Log 37—
Overburden and Bedrock Record From | To Location of Well f.
0 ft. ...t In diagram below showy/distances of

. / ° A 0 , / well from road and/lot line. In.

—A;% dicate nprth by arfpw.
Z /éyf i ﬂp cwj"

&
y »
S , VZ)/ 20
q Y a3 _
2/
A}
Sitvation: Is well on upland, in yalley, or on hillside?, 2 M"t/ .............................................
Drilling Firm. € 77 . ALyeatastd Yrhor e

Address.

‘Date..... ﬂ/‘.‘,{ . 6 / e 5‘5/ .......................... Licence Num
/ 7

Signaturé of Licensee
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oni |[ 1] 1 121617:2.7,30 —26.No___ 982
AR IﬁLﬂlLanlj'lélLlN [//300

Elev. &R J_O |5|(}|5J\ 37 ONTARIO g9 s

C ooél/,b/ The Water-well Drillers Act, 1954 e
Basin | v A . Department of Mines ST
.,~ Cl’ :;v‘)_j WG W e

1*‘:-""‘; [ TR L A
[SEESVES SRRV . Nk E R

!

Village, Town or City)........ vesesreseressntesnnrensressaeattessassatte

AAreSS oo AR LERSLLOT ooeeeeeeeeeeereresescesanienn

Date completed ........58...ccceireeecnen A’V 5 SN & £+ X
(day) (year)
Pipe and Casing Record Pumping Test
!

Casing diameter (s) \ﬁ% ..................................................... Static level ......cccvveeennenee é ......................................................
Length(s) ......... /g .............................................................. Pumping rate ...... {aaﬁf“‘ ..........................................
TYPE OF SCTEEM ...eermrmmrereeeerseceseneesesssssmssassssasstsssssnsmsessssesssssnssaes Pumping level .............. RO, evevesesesnraessssasasrbass
Len@th OF SCTEEI rorrrrovoveesessessesssssssssssssssssssssssseessssssessssssassesssees Duration of test .....L......... /"f ...............................................

Well Log Water Record
Depth (s) Kind of water

From To at which No. of feet
Overburden and Bedrock Record g oy water(s) water rises (::‘e;llib;ﬂg.

found

| CAAY 0 /5 26 20 SudPHUR

M 2YV 7 /% 26

o . 274
For what purpose(s) is the ,water to be used? Location of Well
......................... CoATTDLA oo . .
7 In diagram below show distances of well from
Is water clear or cloudy?........... CARRLLY. road and lot line. Indicate north by arrow.
Is well on upland, in valley, or on hillside?........ccoveerenenene "‘
................................ L?P‘l’}/'/p Lo—r 2.3 ; Lo/ v
Drilling firm A0 ARD.......... CrooSSn,

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

Name of Driller ALITHCLR....... C’ﬁoﬁ? ................ '

. ; )
address Y CHMALE..... CoLRMALLS. ... |
..................................................................................................... " ;

Licence NUmber........coooceverrveereernerene et -
I certify that the foregoing pse :
statements of fact are true. A
- l“ :‘ .
Signature of Licensee v

CSS.S8

Form b
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[® |lfl '7!4|0|X|3|@N

ONTARIO

Elev. ﬂJR Lg_é_ﬂ_lil - The Water-well Drillers Act, 1954

Basin |&{)ﬁrb| J_ I | Department of Mines
o )
C’/ L Water-Well Record

Village, Town OF Cit¥)...ccccrniecriiiniiiniiinisiesnissnsnaeessesn

hddress ....... ﬁtm(éw ..............................

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

Pipe and Casing Record Pumping Test
/ 7
Casing diameter (8) ........ é/yl ........................................... Static level ....... /3# .......................................... o
Length(8) veccreerereinnieeceeeceeniens //7#" ............................. Pumping rate ............ loﬁﬁqw ..........
. 20 !
TYPE Of SCIEEIN ....covveiervirrricrerrreessoeemssiessesssnestssssesssessnessarsassssnosns Pumping 1evel ....8. 0 ettt
Length Of SCIEEN ......ocviiiccmrrciiiereimsscnnie s sessresesaeesssssssnsens DUration Of £eSt ueiiiiiviiieieiireesiirrecerrrnnemnaseestecsns e sessssssanssens
Well Log Water Record
Depth (s) Kind of water
Overburden and Bedrock Record From To at which No. of feet (fresh, salty,
ft. tt. water (8) water rises or sulphur)
found .
_ | o J 6

: ?
For what purpose(s) is the Watfar to be used? Location of Well

In diagram below show distances of well from
Is water clear or cloudy?.......... road and lot line. Indicate north by arrow. /

Is well on upland, in valley, or on hillside ‘?W N / \0:
Drilling firm ......A&.. cf;t ...... M .75,9‘.

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

Address .......... 4 d C...... 73/)\.,} ..............................
Name of Driller Zm? ..... W ..............
Address ......... M}?ﬂj/ .........................
Licence Number...... 17/ ..............

I certify that the foregoing
statements of fact are true.

Date...ﬂ«mﬁ. A A X Kcry AP FR T v«yé . ..... P o
7 17signature of Licehsee ‘ /':A / Yo

CSs5.S8

Form 5
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s == . /3c) o | WATER RESOURCES -

AR L DA )18 B gopEP 2601275 ¢ "
i, ‘z zﬁ 5 }

" '28 Lowe WATER WELL RECORD
. 3

DEC 16 1968 |

ONTARIO WATER.

RESOURCES COUMBSION -

The Ontario Water Resources Commission Act

County or, t AT T T TP Township, Village, Town or City
............ Date completed . > A/dl/ é‘k
(day month year)

Inside diameter of casing...... . Static level ... / 3

Total length of casing...... ... A/ Test-pumping rate ... /O i G.PML
Type of screen Pumping level. /7 / ............................. oo
Length of screen ... Duration of test pumping. ... —-2/%‘/[‘ ...............
Depth to top of screen ... .. ... e e Water clear or cloudy at end of test... .. .. C[GA‘&
Diameter of finished hole Recommended pumping rate ......5.. 0 . G.P.M.

with pump setting of .. . X - 5./feet below ground surface -
Well Log Water Record
Overburden and Bedrock Record F;gm ’%‘to WI})l‘iecp}fl\]v(:t)er%tS) I%rrledsﬁ,f ;ZSE;T
: ’ found sulphur)

V-A,@V o |/
FL T 7] 5% 21T |
Frest

For what purpose(s) is the water to be used?. .. ... R Location of Well

o /[0055 In diagfam below show distances of well from
[_ E\)E" road afd lot line. Indicate north by'arrow.

o) D

Is well on upland, in valley, or on hillside?. .

Form 7 15M-60-4138

OWRC COPY

S/ 48




S I

County or Psemet .

Casing and Screen Record

36 “/7300)

(s04/ /3 0{]?

The Ontario Water Resources Commlssmn Act

WATER WELL RECORD
/91 }L,& / /\:%9'/\//9 ............ Township, Village; Towoekity= _ /]

Date completed. ... / ................. U 0 A2

. (day month

Pumping Test

Inside diameter of casing . ...... 4/6 ........................................
AAAAA .2

Total length of casing.
Type of screen ...
Length of SCTEEN ... . .o

Depth to top of screen....... ...

Diameter of finished hole ...

Static level ............... /7 ' ...........................................................
Test-pumping rate ... 5, ................................... G.P.M.
Pumping level ... ... 7 2— .................................................
Duration of test pumping. ... 2 .............................................
Water clear or cloudy at end of test ... - ﬂ ..............................
Recommended pumping rate ... 3 ........................

with pump setting of .. 3 Z feet below ground surface

Well Log

Water Record

Overburden and Bedrock Record

Depth(s) at
'which water(s)
found

Kind of water
(fresh, salty,
sulphur)

From

To
ft. ft.

S,’IL—'

_C LAY

3
2 7
H/

2Ll 27 A
2ot 7
/7 | ZRESH
Lo Sl prref
ﬁu(zlagé o=

Name of Driller or Borer.....
Address
Date..

Form 7 5M 60-20912

OWRC COPY

Location of Well

In diagram below show distances of well from
road and lot line. Indicate north by arrow.
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30 4/ V)
(80 4/v300)

"JTM' 1 CIZIZ 151817 Q%[ds , .
ev: Qj m The Ontario Water Resources Commission Act

b 1201 LL11 WATER WELL RECC RD b
County or Distric /\/ AL 2y MANL ... Township, Village, Townorfhty W AZ

.............. . Date completed.......:.—.r,ff.».“:.ff,.i.......:.' D2

/C 7/(681 /f year)

Casing and Screen Record Pm:ping Test

Inside diameter of casing.. ... : /s ............................................ Static levei ............ / Zi ...........................................................
Total length of casing............. // .................................................. Test-pumping rate ... ... 3 ............................... G.P.M.
Type of screen ... =7 . Pumping level ... / / ......................................................
Length of screen.......... /- ........................................................... Duration of test pumping............ 2#(‘-5 ...........................
Depth to top of screen . e Water clear or cloudy at end of test CLE‘Af ____________
Diameter of flmshed hole j// SRR Recommended pumping rate......... e L G.PM.
with pump setting of ... .Y L/ . feet below ground surface

Well Log Water Record

Overburden and Bedrock Record From To whioh water (5)| (Freshs satty:
. found sulphur)

A C‘L/n/ o 7/ 24 | PEEESAH
L/ 7T 7/ | =2 ¢ : A

Location of Well

In diagram below show distances of from

road and lot line. Jngdicate north b
/') 7

For what purpose(s) is the water to be used? ...

Is well on upland, in valley, or og hillside? . . &7 A7 L.

Drilling or Boring Firm...... F 5 ,g .

Date . ffUII5 T/

............. NPT DRt

ignature of Licensed Dnllmg or Boring Contractor)

Form 7 5M 60-20912

OWRC COPY
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The Ontario Water Resources Commission Act

'~;.J
1 WATER WELL RECORD
..... Township, VilleasbeuwsnarCity. ..

.....Date completed....

~)

asing and, Screen Recor
Ps

Inside diameter of casing. ... é 6‘ ..............................................
Total length of casing j— ...............................................................
Type of screen JEEE U
Length of screen.. ... -

——
Depth to top of screen . e e

’f
Diameter of finished hole 4 ST

Water clear or cloudy at end of test %"‘—-

Recommended pumping rate 2

with pump setting of. 0 o

.G.P.M.

feet below ground surface

Well Log Water Record
Depth(s) at Kind of water
Overburden and Bedrock Record F}'gm 't[‘to which water(s)| (fresh, salty,
. : : found sulphur)
’ .
W (r/f_,é{, - o ! ? { 7 —

'

LA

A

{3

For what purpose(s) is thg water to be used? ... .

Is well on upland, in valley, or on hillside?.

—

T

Location of Well

road and lot line.

‘./ In diagram below show distances ¢f well from

Indicate north by arrow./

Drilling or Boring Firm. ... .. ...

............................. M o |

Address ... ... .../ .. e,

Name of Driller or Borer... /7.

Address l 75-

(Signature of Licensed Drllhng or Boring Con actor).

Form 7 15M-60-4138
O WRC COPY

va /%

Lo /S
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The Ontario Water Resources Commission Act 57 4—//35__
. WATER WELL RECORD (30%/13.)
- - MUNICIP. CON. 1 0/
Water manggement in Onfario
kY L owrwenees ey LU 460 /412 (26003 Cps G0
TOWNSHIP, BORO Y, TON, VILLAGE CON., BLOCK, TRACT, SURVRY, ETC Lot 25-27
L 3
DATE COMPLETED 452,;é
i ¢ V1 ] ? DAY’LL_M#S»YRZ
RC. ELEVATION " BASIN CODE i .5 v
.i' 23 \llhl'l,wxjﬁj
17 ; 25 - -
\__/ LOG OF OVERBURDEN AND BEDROCK MATERIALS (SEE INSTRUCTIONS) '

MOST  DEPTH ~ FEET

GENERAL COLOUR COMMON MATERIAL OTHER MATERIALS GENERAL DESCRIPTION FROM To

7 0lng, _ )| 5
4 G%Y/%;gj ' & 6T
Sk “ L5 6

7

./wmmmmmmmwwwww L
2 : Ll L Lt ] b b o Ly

80
SIZE(S) OF OPENING 31-33 | DIAMETER 34-38 [ LENGTH 39-40
J@E;Asmc; & OPEN HOLE RECORD Z |the)
N o Iy mlvé:u.“s DEPTH — FEET w ) . INCHES FEET
- 1AM, MATI L N * MATERIAL AND TYPE B DEPTH TO TOF 41-24] 80
INCHES INCHES FROM ‘ T0 s OF SCREEN .
o iTEEL o w&g—- wv FEET
P.% ] GALVANIZED
9 3 [J CONCRETE e
I CFRESH 3 [ SULPHUR 0 1B e /52 | O PLUGGING & SEALING RECORD
2[0SALTY 4 [J MINERAL b CPTH SET AT — FEET
17-18 19 M 20-23 DEPT -
26-23 7] t [ STEEL " MATERIAL AND TYPE (CEMENT GROUT,
1 [JFRESH 3 [J SULPHUR 2 [ GALVANIZED V2V FROM | T0 LEAD PACKER, ETC.)
2[JsaLTY 4 [J MINERAL 3 [J CONCRETE Q \5/ . T0-13 1417
25-28 29 ,(,7‘ i,
1CJFRESH 3 [J SULPHUR . sfjw;" HOLE - S -
2[1SALTY 4 [J MINERAL 24-2511 [J STEEL i te-21 2
2 [J GALVANIZED
30-33 334|803
tJFRESH 3 [J SULPHUR 3 ] CONCRETE 26-29 30-33||BO
2[JSALTY 4 [J MINERAL 4[] OPEN HOLE
! \
PUM'!NG TEST METHOD 10| PUMPING BATE 11-14| DURATION OF PUMPING
! LOCATION OF WEL
/1D mp 2 AILER 00&é [ 15-16 1713 ELL
PU GPM. HOURS MINS.
e evec 5 TRGamrnG IN DIAGRAM BELOW SHOW DISTANCES OF WELL FROM ROAD AND
- STATIC T o WATER LEVELS DURING UMPIN LOT LINE. INDICATE NORTH BYARROW.
w LEVEL PUMPING 2 [J RECOVERY [ _
{11} 19-21 22-24 15 MINUTES 30 MINUTES 45 MINUTES 60 MINUTES :
— ? 24-31 32-34 35-37
Q(Q#ﬁ rest{ &SJ FEET ﬂ é EET FEET FEET rszrj /
z I FLOWING, 38-A1[ PUMP INTAKE SET WATEZQ OF TEST 4; k!
GIVE RATE
a D 2
a. - FEET CLEAR O cLoupy
s RECOMMENDED PUMP TYPE RECOMMENDED 43-45| RECOMMENDED 46-49
PUMP PUMPIN!
2 [0 SHALLOW ME SETTINGO 7 i) FEET RATEjﬂgs GPM.
50-53
0@& 3 GPM./FT. SPECIFIC_CAPACITY
34 e . y
FIN 1_ M‘[ER‘SUPPLY 5 [J ABANDONED, INSUFFICIENT SUPPLY
STA s 2] OBSERVATION WELL 6 [] ABANDONED, POOR QUALITY
oL 3 (), TEST ‘HOLE 7 [J UNFINISHED
OF WEu. 4[] RECHARGE WELL
et 55 56 .
S OMESTIC 5[] COMMERCIAL
WATER'“‘ '2[J sTock 6] MUNICIPAL
i 3 [J IRRIGATION 70 PUBLIC SUPPLY
USE 0/ 4[] NDUSTRIAL 8] COOLING OR AIR CDNDlTIONlNG
* O OTHER 9 [J NOT USED,; ..

A TR
¥ e
J s "\j MLE TooL 6 [] BORING
) 7 [0 ptAMOND
OF 3] ROTARY (REVERSE) 8 [] JETTING '::
DRILLING 4[] ROTARY (AIR) 9 [J DRIVING
t 500 AIR PERCUSSION DRILLERS REMARKS:

63-68( 80

o

8| CONTRACTOR 59-62| DATE RECEIVE!

NAME OF WELL TRACTOR LICENCE NUMBER DATA v)
W 1 ; 09790
3697 N 309 |1 80
ADDRESS DATE OF INSPECTION INSPECTOR 7
/3:/?«/ /6, 5 7/ ;’//’ S.C.
NAME OF DRILLER LICENCE NUMBER REMARKS: N

CSS.s8

CONTRACTOR
OFFICE USE ONLY

36067
susmssz DATE 4
DAY

18w s 20

SIGNATURE o?"coZ:eTon [4 M

OWRC COPY
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Water managemant in Ontario

' Q;‘ltario Water Resources Commission Act

County OI‘. vt % d:? ................................... s
Con.. ... / ........... TEUUU U T OO Lot. . .. / é UTRTRUPRUPRR Date completed......... 2 SR M“‘é ................ /7/ fo ......
(day month year)
o] ' o p—
......................... AN D T
Casing and Screen Record Pumpijng Test
L . . . Y,
Inside diameter of casing.......... 63:? ............................................ Static level gﬁ) _____ A N T e,
Total length of casing..... SSURIURURRRUTRURPRPIY l 7 DS Test-pumping rate .. . .o......... &
‘fﬁﬂ ok
Type of screen . . T Pumping level. .. / fﬁ ..........................................................
Length of screen . ... ... . BT DTSR e, Duration of test pumping...... ...
Depth to top of SCreen. ... ... . g Water clear or cloudy atend of test ... R AN ERRN o
Diameter of finished hole . = . % %/ ...................................... Recommended pumping rate ... ... g ........... S G.P.M.
with pump setting of/ ... ... feet below ground surface
Well Log Water Record
From To Depth(s) at Kind of water
Overburden and Bedrock Record £i £t which water(s)| (fresh, salty,
' ' found sulphur)

Se /& o 2

J9-20 | 2Renyili.

For what purpose(s) is the water to be used?. Location of Well
S ) .
AT AN A In diagram below show distances of well from

road and lot line. Indicate north by arrow. A "(

Is well on upland, in valley, or on hillside?. _,.A.@-QNNQL) ........ . -
ii :: o v
o

Drilling or Boring Firm ...

ﬁ‘*tﬁ ,,:} ...... o |
" =.- .. - - u'rﬂ..-" T Ry TN T o Tt '
. . h)& Y - ! o
L iP\\)\ < A°2 9
llllllllllllllllllllllllllllllllllllllllllllllllllll J
..._.; ‘ | %‘
gt &‘hi‘ . E'*E .......................................

CH5.58




WATER WELL RECO

The Ontario Water Resources Commission Act

,5’,0(/

/3 I

RD (s0%/st)

. MUNICP CON. )
Water management in Ontario 1. PRINT ONLY IN SPACES PROVIDED 1 1 [ 2 6 0 1 5 1 1 ! ék”{ l | | l \O/J
2. CHECKKCORRECT BOX WHERE APPLICABLE T2 ) a 5\ - 37 23 %4
TOWNSHIP, 3 CON., Buoeit=T S e LoT 25-27
ago7
DATE COMPLETED 48-53

/
I.OG OF OVERBURDEN AND BEDROCK MATERIAI.S (SEE INSTRUCTIONS)

GENERAL COLOUR

MOST
COMMON MATERIAL

OTHER MATERIALS

GENERAL DESCRIPTION

DEPTH — FEET

FROM

T0

CREY

CLAY

o

| 7

FLINT

I

23

31]) ontdad | ) loo2as nsh 1) L

IILJ

Ll

l\lJ_lL

L
AR

L | L
Ll Lo 1

ENERRENEE NN
Lt Ll

FEEEEN
L) L

|o|ll‘4151\llj_l|'l ‘1_“3I | 651
1_2 1 14 1 2 2
g N SIZE(S] OF OPENING 31-33 [DIAMETER 34-38 LENGYH 39- 40
'WATER RECORD (BIICASING & OPEN HOLE RECORD/| | Z|iorno)
J’AFBJOUND KIND OF WATER INSIDE / WALL DEPTH — FEET w INCHES FEET
T — FEET DIAM, MATERIAL THICKNESS ¢ [MATERIAL AND TYPE DEPTH TO TOP 41-44] BO
L inerits FROM T0
10-13 B T4 ES INCHES OF SCREEN
0 |§RESH 3 [] SULPHUR TETIEN - T = — |V
0 31 2T ALty 4 O MINERAL g O w FEET
K 2] GALVANIZED , f’ I To_p_.
S8y [ rRESH 3 [J SULPHUR oL 3 [] CONCRETE /& H'é 561! PLUGGING & SEALING RECORD
2[]SALTY 4 [ MINERAL 4[] OPEN HOLE 22/ e AT FeET
2023 E7] 171811 [ STEEL ' 20-23 MATERIAL AND TYPE  JCEMENT SRoLt
1O FRESH 3 [J SULPHUR 2] GALVANIZED gt | FROM 10 , ETC)
2OsaLty 4 [0 MINERAL 3 [] CONCRETE /7" :j?-jﬁ 1013 1417
25-28 g 8
i (JFRESH 3 [ SULPHUR® — PEN HOLE /17;&:'30 —
2 sALTY 4 [ MINERAL 25[0) 3TeEL 182 :
2 [J GALVANIZED
30-33
2| 1Oeresh 30 suLPHUR > 3 [] CONCRETE 26-29 30-33|| 80
2] SALTY 4 [J MINERAL 4[] OPEN HOLE
MPING TEST METHOD 10| PUMPING RATE 11-14 DURATION OF PUMPING
@]} LOCATION OF WELL
5-16 17 i8
) XPUMP 2 [] BAILER — ég:ou“ MINS
e — iR 0 - IN DIAGRAM BELOW SHOW DISTANCES OF WELL FROM ROAD AND
— STATIC T e WATER LEVELS DURING PUMPING LOT LINE. INDICATE NORTH BY ARROW.
w E PUMPING 2
[T1} v & : f-@d 15 MINUTES 30 MINUTES 45 MINUTES 60 MINUTES
[ o . 26-28 29-3 32‘34{ 35-37
ﬂ . Nl _
(0] * reer| /2,23 FEET FEET FEET FEET FEET N
z IF FLOWING, 3B-41|PUMP INTAKE SET AT WATER AT END OF TEST 42
GIVE RATE
e 1
; cPm. FEET ‘XCLEAR 2[J cLoupY
RECOMMENDED PUMP TYPE RECOMMENDED 43-45| RECOMMEND! 46-49
: PUMP PUMPING @ 0 &O -
a ﬂsm\u_ow O pEep SETTING 01— L reer |Rate GPM.
50-53
___________ GPM./FT. SPECIFIC CAPACITY
-
54 2 f
FINAL %JATER SUPPLY 5 [J ABANDONED, INSUFFICIENT SUPPLY 'L ol /_ [« 7’ 7
STATUS ] OBSERVATION WELL 6 (] ABANDONED, POOR QUALITY
3 [ TEST HOLE 7 OJ UNFINISHED 2
OF WELL 4 [] RECHARGE WELL 4 A
Y
55-56 A
rgnoussnc 5[] COMMERCIAL ,—4'—"'-‘;
2] sToCK 6 (] MUNICIPAL z
WATEROI 3 [J IRRIGATION 70 PUBLIC SUPPLY .
USE 4 [J INDUSTRIAL 8] COOLING OR AIR CONDITIONING @
DmHERiH MER (Tl B&NOT USED . 11;4 ¢ - " .
A S ~ 96
57 - - ~
;KCABLE ToOL 6 OJ BORING ‘ < BT 7 o
METHOD ROTARY (CONVENTIONAL) 7 [ DIAMQND s
OF 3 [J ROTARY (REVERSE) 8 [OJ JETTING
DRILLING 4 [J ROTARY (AIR) 9 (] DRIVING
5 g T .
1 AIR PERCUSSION < REMARKS: I = ’?., V= —
- =
NAME OF WELL CONTRACTOR LICENCE NUMBER >- DATA 58| CONTRACTOR 59-62| DATRg RECELV! . 63-68| 80
o . NA ~ > | source / - l 7
ol . R. o M AP 35 ! 2 2850/ 2
= |ADDRESS o DATE OF INSPECTION INSPECTOR
o Py 7
o - [TT} - B
<| //SHERVILLL onT W, LI, 72 s (
of [NAME OF DRILLER OR BORER LICENCE NUMBER D [REMARKS: ;
[
w
zl T . R NACIMAN 3 §oi o]
SIGRATURE OF CONTRACTOR SUBMISSION DATE i
S y = CSS.58
- I Qs o lewot 22 |O -
A3 0

g
OWRC COPY
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1. PR

WATER WELL RECORD Z=
291578 5Eo0g Cgal

INT ONLY IN SPACES PROVIDED

MINISTRY OF THE ENVIRONMENT
The Ontario Water Resources Act

2, CHECK CORRECT BOX WHERE APPLICABLE

=0 /1d

e
i

10/]

22 23 24

TOWNSHIP, BOROUGH, CITY, TOWN, VILLAGE

rbroo

fie

CON BLOCK, TRACT, SURVEV ETC.

Con )

Lot : 25.27

/x5 e

j?;/’/'ceﬂ/ f)/ /a /Jehum

DATE COM PLETED

ngAV

L

B 0620 1 23

Ilillllllll

47

LOG OF OVERBURDEN AND BEDROCK MATERIALS (SEE INSTRUCTIONS)
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Casing and Screen Record

Inside diameter of casing. .. é (S OO USSURY

3 --------- T L T T T T T U,

------------------------------------------------------------------------------

Total length of casing ... ...
Type of screen
Length of screen

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

Depth to top of screen ..

Duration of test pumping...... ... SO / q ........ / ’7 ... OUU
Water clear or cloudy atend of test ... . C) l\ C /‘}—K

e f e
rL
Diameter of finished hole .. '/7.-" ............................................ Recommended pumping rate ... .. > ... G.PM
with pump setting of 3&q§_>..._feet below ground surface
Well Log Water Record
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Ministry of
Oﬂt&?’@ the Environment

Instructions for Completing Form

Well Tan M--—*-

& n4d120

A@%&//Q(’)

number below) ; : . W@ H R@@@rd

Regulation 903 Ontario Water Resources Act

page ___ of

All metre. measurements shall be reported to 1/10" of a metre.

Well Location (Cdunty/District/Municipality)

For use in the Province of Ontario only. This document is a permanent legal document: Please retain for future reference.
All Sections must be completed in-full to avoid delays in processing. Further instructions and explanations are available on the back of this form.
Questions regarding completing this application can be directed to the Water Well-Management Coordinator at 416-235-6203.

Ministry Use Only

Township

Lot

Concbssi?n

< r
RR#/StreetNE‘mww%\ vTM #?Hg%f

City/Town/Village

Site/Compartment/Block/Tract etc.

cromeadna oL T RIS

Unit Mak%Model

Mode of Operation: [ ] Undifferentiated WAveraged
[ ] Differentiated, specify

Log of Overburden and Bedrock Materials (see instructions)

General Colour Most common material

Other Materials

General Description Depth Metres
From To

d 134

34 89
%%

T
boulders. X
# )
GAA &?f’))mﬂ k o A =
¥ = g A <A
Hole Diameter Construction Record Test of Well Yield
Depth _ Metres Dia.meter Inside o Wall Depth Metres Pumpmg tgst method | Draw Down | - Recovery
From To Centimetres diam Material thickness Time|Water Level| Time | Water Level
Q . v'ﬂ centimetres centimetres From To min | Metres | min | Metres
0 ) { i Pump intake set at- |Static ¢
Casing (metres) Level ) @
i [Xfﬁteel [ ]Fibreglass Phltjggll;?nrajs 1 1
[]Prastic[_] Concrete f ?
Water Record é’ [ ]Galvanized % Durgtion of pu 6 2 2
Water found : hrs + min
at " Metres ~ Kind of Water [JSteel [ Fibregiags
Final water Ie,yel end | 3 3
m [ IFresh P€Sulphur [ ]Piastic[ ] Concrete f
. o) purg x}g)
[1Gas [Jsalty [Minerals [ ] Galvanized B0
(] other: Recommended pump | 4 4
............... Steel Fibreglass ype. 3
| [JFresh []Sulphur . g ) [JFibreg \ [1Shallow WDeep
[] Gasm\Q Saty [ ] Minerals [ ]Plastic[ ] Concrete Recommended pump | 5- 15
[] Other: [ Galvanized \ depth. metres
m  []Fidgh [1Sulphur Screen zegomme ed plg 10 10
[leas  [salty\ [IMinerais| | Outside [Jsteel [] Fibreglassin_ Siot No I 15 15
[ Other: diam \ : If flowing give Tate -
Jasti 20 20
\ []Plastic [_]Concrete . .
After test of well yield, water was ) (litres/min) 25 25
gCIear and sediment free ,:]Galvamzed If pumping discontin- 30 30
. g ued, give reason.
[} Other, specify No Casing or Scré‘QQ 40 40
50 50
Chlorinated %}Yes [JNo [_]Open hole \ 50 60

Plugging and Sealing Record

[T Annular space { ] Abandonment

Locatign of Well

Depth set at - Metres [ys.orial and type (bentonite slurry, neat cement slurry) etc. Volume Placed In diagram below show distances gffvell froprroad, lot and buil
From To AN {cubic metres) Indicate north by arrow. .
\ MT”
< | ouee
\ fﬁ 7
\ g 0 &)
Method of Construction W @ Wy
[Tcable Tool motary (air) [T] biamond [ bigging %&
[7] Rotary (conventional) [_] Air percussion [ Jetting [ other &\
["] Rotary (reverse) [MBoring [_1Driving e T~
Water Use - 1
[[] Domestic - ndustrial ublic Supply [] other 3 i AKQ‘ f ( X
[] Stock [1commercial Not used _— . )
[] Irrigation [TIMunicipal [] Cooling & air conditioning

Final Status of Well

udit No. o, ate Well Com
"7 49286 | IR

gﬁvater Supply  []Retharge well

{1 Unfinished ["] Abandoned, (Other)
bservation well [ ] Abandoned, insufiicient supply  [[] Dewatering

Was the well owner's informatio

'S i i Date Delivered v
package delivered? [JYes M‘O ﬁ mﬂ% |% {_‘_}

[] Test Hole DAbando ed, poor quality [] Replacement well /
Well ContractorlTechnician Information Ministry Use Only
Name of Well Contractor Well,Contragtor sfjcence No. Data Source CO”tf%gﬁgf 1 € %@%
Bel s wELL Dl NG, [T 9123
inass Adarass, (strset mam number, city etc.) Date Received  vyyy mM  pp |Dateof Inspection vyvyy MM oD
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1A [N 75
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Well Record

Regulation 903 Ontario Water Resources Act

Page ]- of___ l

Address of Well Location (Street Number,/ I‘\.ame

ountyDistrict/Municipality

Novfoll

UTM Coordinates | Zone

NAD | § {3}"

Easting Northing

53221 |

_|‘

-\.

Township

u‘*n—mﬂﬂww

| City/Town/Vill age

Municipal Plan and Sublot Number

L1386\ b

Concession
Frovince
Ontario

| Other

i

23

' Postal Code

Overhurden and Eedrack Materlalsmhandnnment Sealmg Record (see instructions on :rh.c» back ofﬂ?m form)

General Colour

Brown

Other Materials
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O.co 0.30 wafb} — .p y \[Static] | ' R
T ' If pumping discontinued, give reason: |
: é@ Level .
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: 1
I
| Pumping rate {l\min / GPM) | X l il
____Method of Construction | . WellUse o -
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[_] Boring | Digging l | Irrigation [ ] Cooling & Air Conditioning Final water level end of pumping (m/f) 10 | 10 |
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| | Other,
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Hole Dlameter

" De plt],./*r.'r DLEJ__I'QP er
From To wu
E.ov |13 |R0.0
WAz \b.pe | 43

Weli Contractor and Well Technlclan

Business Name of Well Contractor

A-T2 lewain Dl U

Business Address (Street Numbger/Mame)

Sl Colly Do

Province Pgstal Code
\ L
O\ NaVI cld allawin@
Bus. Telephone No. {inc. area
Slalgab|[8g |
Well Technician's Licence No. | Sig

A b 3B

code)

/P'L‘:l Uee, Hﬂc:,f

ture of Fec r'||'|-::‘ = - rerprtr
=

L’..e

Infurmatlon
Well Cor 1tr¢1I tar's Licence Nf_.

| (& 1

Municipality

e o

Business E-mail Address

'Jl 'lﬂrl ."H!_i'.

Name of Well Technician JLast Name, First Name)

Leago

Dawen

ate Submitted

Map of Well Location
Plr'a%p- prcmde a map below following instructions on the bdrk

ph‘ﬂﬂ e adbached
L)\'Irwﬂn wﬂ“l P)*L) ave -htl{n ' Seﬂwﬂf :hvii'J

Brdwde well A
'{‘8 q'as e 1,~mo . I'Sm((hﬂmﬁth" -0

— DUy 3. 05 m seveen sdated ot 1.3 m
— Cand W2 — ':?Sﬁ'm, fﬂf'}f“]’g\,m,ogLﬂ
(,xmi r‘g,'h 0-30m-— FW‘{ELE + ?wlfi’:‘i"m Lﬁ.j'q

(©-4.a5psh {m 0~ t320m ( Ao
s 2.08m Seveen m.r“f-uil ot 4‘3"5-""

— Saed 30w - O-A0m _Lertoalts O-A0m ~O30m .

L"”‘U’lb" ﬁ+gutnﬁ_ﬂl-}f Q*MI w“fck\_f.ﬂf .r_’.ﬂ-I: |
Comments: (ﬂ __:_'h :?A &AFJA m = r:;#ﬁuﬁ“u
E‘;&DE‘)‘ A C= pyadddon Lol — ¢acdhin A ;g}!mrﬁ hole))

Well owner's Ministry Use Only

information | Audit No.
package Z 8 ﬁ 6 3 6
_PAY 1 & 2008

v — 0w

Date Package Delivered

_ Date Work Completed
Yes

L,.N?]/

Aooa o430

delivered
200808 B

0506E (12/2007)

Ministry’'s Copy

& Queen's Printer for Ontario, 2007




F‘*»—

)__ Ministry of Well Tag No. (Piara Sfinkar arndis 0=t B igy) WE” Reco rd
Ontarlo i A 07 39 1 6 Regulation 903 Ontario Water Resources Act
Measurements recorded in: || Metric ﬁlm]mnal Pae W -::-f_

Addr Well Locatipy (Street NumberMame) ! EELTY 1 L A T
rj’_f)Q [Iﬁk_v ) J:)L,rrﬁ L;ME 'nm,@uﬁ.h“:”{?—ﬂ fn‘* f‘?‘QR“W 0 ’grq B
sounfy/Districthumicipality G lowniViliage Frow _,,_-u-_ i -]

Hq ll d \ Lﬂ Cl,:ﬂ o, DL’:’\ n L.J. | I—LL( : . Ontario k.n"“i!\.f{ i,l,v-’D\
UTM Coordinates | Zone | Easting

Hc*lﬂ:;g [Municipal Plan and Sublot Mumbsr Other
NAaD | 8| 3
Overburden and Bedrock Materials/Abandonment Sealing Record (see instructions on the back of this form)} _ SR
=-1:-rf|I Colaur oy '?T;;".r:-r_":".ﬁlt-:l-:al L33 GE"-."I&EF als Ganeral Dascription -____l::;l'z:"h (it}

%]

BRoL W c,l \ 0 | 4
3 bouldar X “-rté
%%EY h oS | 24 142

Annular Space Results of Well Yield Testing
ST T = = o3 SR T OO T e R T SRR i T S <Y | :
Depth Set at ( ...-F*: Type of Sealant Used Wolume Placed P.f'Fr ksl of wel '\IL—Id Water was, [ E'- aw Dionwm

From (hatensl and Type) [ B Clesr and sand free |I Tima| Water Level | Time

L l“rl fmin)

D :g / [ Other, specify |[ 1 .'.'. ! AL imny
D nleg : If pumping digcontinued. give reason: || 215 | 8 :
t

\ Leved] J !
ol ooy

Pump intake set at (mdE) || : 3 |22
— | Pumping rs 3 er GPM} | 3 | 3 |
i I r 2 (I ]
Method of Construction | _ WellUse I | I
[] Cabde Toal | I :_ Publc - Commersal (O GPM 4 | 4
— e - 7 ; Dwration of pumping | i
] Rotary {Conventional) [ bﬁ Domastic | Mumicipal Drewwatering N -
= hrs + 1 2 5
Rotary (Reverse) || Livessloek [} Test Hoe J Monitaring " L] G min | | :
[ Boring | ;_! rrigation ] Cooling & Alr Candiianin a Final water level end of pumping -"rru'-".'l 10 10
! L incddustrial /g' | | ]
| Cther, speciy f flowing give rate [limin  GPM) 15 15
|
Bl ___Construction Record - Casing ] Status of Well | 20 | 20
Inside CR Material Wall Cregith (e [¥] Water Supply Recommandead pump :erl'l (it | |
b Thicknes R e o
| I::r] 7 | Fram To :! Replacement Wel 3 D <9 | [ €3
L A Test Hale e |

(il Z A
LB Pc L, O | 24 |Treosoeva |[GETEEERSES B
[ | i L] Dewataring Well f I s t
| I d C-:nzer',-alicr andiar [T A1 r.-{? Gr_,fm | 40 | : 40 |
é = i'- EB D‘ EF 2 i M iy Wil L'Il"-'ILLIC‘lCII'I.ur nire £ P | | [
| Monitaring Hole & £ T
| | ._J Alteration QPM 1| =4 | . b |

| | | | _ {Canstruction) D,:g,:_n."i:-cled?‘ | &0 | | &0
| | | Abandoned, Yas x Mo | | 60 |
| ! | Insufficient Supply :
Construction Record - Screen | ] Abandened, Poor i : _Map of Well Location $: 2
Chksice ! | Dapth (mdt) = \abar Cruality Please provida a map balow followirgdinstructions an the back
_||(a|:r:“rrT (Plastic, G From | To [] Abandaned, ather
A | specify
| | LakashoRE
s 1
| [] Other, specify
I [&
= T I
_ Water Details | Hole Diameter | [ <N
Water f}rﬂ at Depth | Kind of Water ‘}{Fru:s*u Untested 4 Dapth {m) | Diamater MLJ e
L] (5] |

50 (mdft) | | Gas Other, specify

MANGYIN L™

Water found af Depth Kind of Water Frash Urnilasted O #92 | (-:: '
; " : B [ | e T J
flaatin Eas Other, speciy £

Water found at Dapth |Kind of Waltar: resh Untestad | D B W !
(mit) || Gas Other, 5 | I

e T ——r—— Sl Pl
‘Well Contractor and Well Technician Information b-b“ ‘:’@

Biis =i eas MName of | .-,Il ._,r.n racior Well Contractor's Licenoe No W
FIELD WELL O;?fuﬂu 5. 0 R S R PRI

Business Address (Straal Mumt ‘-'E&ETIPI vif: pality Comments
¢ q
L ? _} /1) rnc : !\.-z__! oYy d

Province 1“"”1' Buginess E-mail Address J oy

r-} NT | F_'} R _';L(: [‘} Wedl DwmeEr's Diatea Package Dalivared Ministry Use Only !
Bus. Telephone Mo, fimc. area code) | Mame of Well Technician (Last Name, First Narme] E:?L:Tﬁ:qn Audit Mo a Ci' ""t
qgh f“é}f} jg 55 F{é:f"o m A MHA 'f L rlrs!l'r\.-?cc Date Work Completed E U ? 6
ue_'l schnician's Licence Mo, |Sign ature of Technician and! _,’Eur itractar| Date Subn ! .“"{.'5 ﬁﬂf i oy '-jt”il
z T f'j f‘}) é-. S :ETlh /_\""‘-—-—_h_.\_\ 2 aly g ] é’}_ ){' Mo
DSOBE [12/2007) Ministry's Copy e g fox St 2007




APPENDIX D

TERRAPROBE INC. ﬁ



Site Inspection Photographs
Lake Erie North Slope, Dunnville to Port Dover, Ontario File No. 1-18-0402-1

Photograph 1

Location: Toe of slope around Section 1
Viewing: East

Description:  The slope face is forested, the
toe of slope is bare. Clayey silt
soil is visible. There is a
limestone shelf at the toe.

Photograph 2

Location: Mid-slope around Section 3
Viewing: East

Description:  The slope is vegetated with
grass. There is an
armourstone wall at the toe of
slope. No bare soil was

observed.
Photograph 3
Location: Toe of Section 8
Viewing: East

Description:  There is an approximately 2 m
high erosion scarp at the toe.
The soil is clayey silt, trace
sand, grey and moist, and
layered.

Terraprobe



Site Inspection Photographs
Lake Erie North Slope, Dunnville to Port Dover, Ontario File No. 1-18-0402-1

Photograph 4

Location: Top of slope around Section 8
/ Viewing: East
/ \ Description:  There are tension cracks
/ \ visible in the upper slope face
/ of the slope around Section 8.
\
/ \
/ \
/
/ \
/ \
Photograph 5

Location: Toe of slope around Section 12

Viewing: East

Description:  The slope at this section is
vegetated with shrubs and
young trees. There is rip rap
along the toe of slope and slope
face.

Photograph 6

Location: Toe of slope around Section 14

Viewing: West

Description: There is an armourstone wall
along the toe of slope. The
tableland is relatively flat.

Terraprobe



Site Inspection Photographs
Lake Erie North Slope, Dunnville to Port Dover, Ontario File No. 1-18-0402-1

Photograph 7

Location: Toe of slope around Section 18
Viewing: West

Description:  There is rip rap along the toe of
slope. The tableland appears to
be relatively flat, and vegetated
with grass and young trees.

Photograph 8

Location: Slope around Section 23
Viewing: West

Description:  There is sand at the toe of
slope. The shoreline is
vegetated with glass and

shrubs.
Photograph 9
Location: Between Section 31 and 32
Viewing: West

Description:  There is a sand and pebble
beach along the shoreline.
The tableland is vegetated
with grass, and mature to
young trees.

Terraprobe



Site Inspection Photographs
Lake Erie North Slope, Dunnville to Port Dover, Ontario File No. 1-18-0402-1

Photograph 10

Location: Slope around Section 39
Viewing: East

Description:  There is an approximately a
5 m high slope at the
shoreline with erosion
protection. The tableland is
vegetated with grass.

Photograph 11

Location: Slope around Section 40
Viewing: West
Description:  There is a sand beach around
Section 40.
Photograph 12
Location: Slope around Section 45
Viewing: East

Description:  There are glacial till bluffs at the
shoreline. The bluffs at Section
45 are near vertical. The glacial
till is a reddish brown sand and
silt, with some clay, trace gravel
trace cobbles, moist, and
dense.

Terraprobe



Site Inspection Photographs
Lake Erie North Slope, Dunnville to Port Dover, Ontario File No. 1-18-0402-1

Photograph 13

Location: Slope at Section 46
Viewing: North

Description: There is a near vertical scarp in
the upper slope face, with talus
accumulation on the mid to
lower slope face. The talus is
vegetated with grass and
shrubs.

Photograph 14

Location: Slope at Section 46
Viewing: Slope

Description:  Talus accumulation at the toe of
slope along the shoreline at
Section 46.

Photograph 15

Location: Slope at Dickout Road
Viewing: Gabion and Limestone retaining
walls

Description: At the end of Dickout Road
there is construction of retaining
walls at the toe of slope, with a
drainage pipe down the slope
face. The retaining walls are up
to 6-7 min height.

Terraprobe



Site Inspection Photographs
Lake Erie North Slope, Dunnville to Port Dover, Ontario File No. 1-18-0402-1

Photograph 16

Location: Slope at Dickout Road
Viewing: Retaining walls

Description: There is a limestone toe wall
across from the gabion stone
wall up to approximately 5 m in
height. There is a gravel beach
in between the two walls.

Photograph 17

Location: Slope around Section 50
Viewing: West

Description:  Shoreline is composed of a
sand and gravel beach with
some rip rap.

Terraprobe
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:-'51 SLOPE INSPECTION FORM

Consult Engineers
"z Construction Materials Inspection & Testing Page 1

1. INSPECTION DATE (pp-MM-YYYY): R“(st 0 |20|%- FILE NO. l‘l% -04o 2.
WEATHER (circle) %sunny o partly cloudy o cloudy ocalm Mpreeze o windy
oclear ofog orain osnow ocold ocool owarm o hot

estimated air temperature:
INSPECTED BY (name): jOM Puntex a0° ¢ .

2. SITE LOCATION / DIRECTIONS (describe main roads, features)

Lake Eric Nockh Shoreling from Pt Dover bo Dunnville

SKETCH

3. WATERSHED

Lake Erie

4. PROPERTY OWNERSHIP (name, address, phone):

LEGAL DESCRIPTION
Lot Concession
Township County

CURRENT LAND USE (circle and describe)

Xvacant - field, bush, woods, forest, wilderness, tundra,
o passive - recreational parks, golf courses, non-habitable structures, buried utilities, swimming pools,
Xactive habitable structures, residential, commercial, industrial, warehousing and storage,

o infra-structure or public use - stadiums, hospitals, schools, bridges, high voltage power lines, waste management sites,

Brampton = Stoney Creek * Barrie * Sudbury
www.terraprobe.ca



SLOPE INSPECTION FORM
Consult Engineers

= Construction Materials Inspection & Testing Page 2

5. SLOPE DATA

HEIGHT Lx ? W15-20m INCLINA;I'I10N AND SHAPE
> o 4:1 or flatter o up to 3:1 o up to 2:1
5 52 Lbluks $ slopes . 25% 14° 33% 18%° 50% 26%°
. . . . ) " "
estimated height (m): up *'O 2 Q " (L‘dar) )1(61p to 1:1 0238 toz Y511 zsétgieer than %:1
NOAY Verh

6. SLOPE DRAINAGE (describe)

TOP
Mate oxe dwellings in the fablelond thete mgy be drainage vwer he

FACE

- ge observed frhrovgh tne G of the Yuks at ne easrend

B
Nore owosexved.

7. SLOPE SOIL STRATIGRAPHY (describe, positions, thicknesses, types)
TOP

Earth AIl or Sand -

FACE

Oayen S\ or ?Ladaﬁ fll

BOTTOM

lwwestone ‘gedrock .

8. WATER COURSE FEATURES (circle and describe)
SWALE, CHANNEL

GULLY

STREAM, CREEK, RIVER

ponD, BAVZAKE) LAkl Ere at the Yo of S\OPCS.
SPRINGS

MARSHY GROUND

Brampton + Stoney Creek < Barrie = Sudbury
www.terraprobe.ca



ek SLOPE INSPECTION FORM

Consult Engineers
Construction Materials Inspection & Testing Page 3

9. VEGETATION COVER (grasses, weeds, shrubs, saplings, trees)
TOP

naruxe ess.

>Whore Here are bluffs or scarps the slope. face 15 Qprurally bart

j) Shianbs &
. end of s drea SOML fpreshed parts of slope.

- bare, anvouwrsione of beadhes %\uaﬂ»j

10. STRUCTURES (buildings, walls, fences, sewers, roads, stairs, decks, towers, )
TOP

- Wa,uj dwellings of 0adways = Mo tae\and .

FACE
= drmourstone Walls 01 conurere walls. No gcess ‘o Bwaee areds.
- earin Al embanenvent avr Sechon 3.

BOTTOM 2 as
> armowrs Fone. walls or conarete walds. No access b Huese areas,

11. EROSION FEATURES (scour, undercutting, bare areas, piping, rills, gully)
TOP

—hone observed-
FACE
—hone observed-

BOTTOM
- erpsion SCATPS at doe around Im in lr\oqu-

Brampton  Stoney Creek = Barrie = Sudbury
www. terraprobe.ca



7 SLOPE INSPECTION FORM

Consult Engineers
Construction Materials Inspection & Testing Page 4

12. SLOPE SLIDE FEATURES (tension cracks, scarps, slumps, bulges, grabens, ridges, bent trees)
TOP

< ar Scchon 8, kension Cracks In Hhe upper Slope face .

FACE

BOTTOM

= falus dccumulation in blaffs oF exst end of shady area -

13. PLAN SKETCH OF SLOPE

Ferm F\L\J g
dwellu Vool
v sm:qh»-‘{es sona. wall (Am o '?? §
wn yard- Y
Yy LfAbfé.E e Farm ﬁeld
Typical 'Dwe,llir\g, —r(jp'\cal Bl
No Aaccess
14. PROFILE SKETCH OF SLOPE m‘ﬂ
Seat ne
near v lahop
{/ qrass < b st
M Exve- \0-20tn /
r\C) p e e nagnt
\=2m armours tone- L
_r‘:me ‘)w,tujr\j ?r Eniec .
beach-
Typrcal Blue

Brampton « Stoney Creek * Barrie <« Sudbury
www.terraprobe.ca



TABLE 8.1 - SLOPE STABILITY RATING CHART

Site Location: fpr v Dover 4o Dunnvi Ite.
Property Owner:

File No. I-/B-0402-

Inspection Date:

Inspected By: “fons Hunker. Weather:
v
1 SLOPE INCLINATION alue \
degrees horiz. : vert. eas
a) 18 or less 3:1 orflatter o
b) 18-26 2:1 tomore than 3 b
c) more than 26 steeper than 2 : 1 lb 16
2. SOIL STRATIGRAPHY
a) Shale, Limestone, Granite (Bedrock)
b) Sand, Gravel
c) Glacial Till
d) Clay, Silt
e) Fill
1) Leda Clay
3. SEEPAGE FROM SLOPE FACE
a) None or Near bottom only
b) Near mid-slope only b ¢
¢) Near crest only or, From several levels 12 12 12
4, SLOPE HEIGHT
a) 2m or less
b) 2.1to5m
c) 51t010m
d) more than 10 m
5. VEGETATION COVER ON SLOPE FACE
a) Well vegetated; heavy shrubs or forested with mature trees
b) Light vegetation; Mostly grass, weeds, occasional trees, shrubs
c) No vegetation, bare 6
6. TABLE LAND DRAINAGE
a) Table land flat, no apparent drainage over slope
b) Minor drainage over slope, no active erosion
c) Drainage over slope, active erosion, gullies LI 4 ‘1’
7. PROXIMITY OF WATERCOURSE TO SLOPE TOE
a) 15 metres or more from slope toe
b) Less than 15 metres from slope toe
8. PREVIOUS LANDSLIDE ACTIVITY
a) No
b) Yes
SLOPE INSTABILITY RATING VALUES INVESTIGATION TOTAL
RATING TOTAL REQUIREMENTS
28 2b 59
Low potential <24 Site inspection only, confirmation, report letter.
Slight potential 25-35 Site inspection and surveying, preliminary study, detailed report.
Moderate potential > 35 Boreholes, piezometers, lab tests, surveying, detailed report.
NOTES: a) Choose only one from each category; compare total rating value with above requirements.

b)

If there is a water body (stream, creek, river, pond, bay, lake) at the slope toe; the potential for toe erosion and
undercutting should be evaluated in detail and, protection provided if required.
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Table C.1: 100-year flood level and wave uprush allowance by reach, used to map Flooding Hazard

Stillwater Level (m) Uprush elevation (m)
Horizontal
Reach Wave Uprush
CGVD28/ (m)* CGVD28/

CGVD2013 IGLDS5 CGVD2013 IGLDS5
1 175.9 176.4 5t 179.7 180.2
2 175.9 176.4 111t 181.0 181.5
3 175.9 176.4 131 180.4 180.9
4 175.9 176.4 5t 179.5 180.0
5 175.9 176.4 10t 180.2 180.7
6 175.9 176.4 20 180.1 180.6
7 175.9 176.4 19 181.1 181.6
8 176.0 176.5 17 183.0 183.5
9 176.0 176.5 10t 180.6 181.1
10 176.0 176.5 19 181.3 181.8
11 176.0 176.5 10t 180.6 181.1
12 176.0 176.5 141 179.8 180.3
13 176.0 176.5 17 181.4 181.9
14 176.0 176.5 111 181.1 181.6
15 176.0 176.5 121 181.2 181.7
16 176.0 176.5 111 180.8 181.3
17 176.0 176.5 10t 180.2 180.7
18 176.0 176.5 17 177.8 178.3
19 176.0 176.5 10t 180.9 181.4
20 176.0 176.5 10t 180.4 180.9
21 176.0 176.5 141 182.0 182.5
22 176.0 176.5 10t 179.9 180.4
23 176.0 176.5 22 178.0 178.5
24 176.0 176.5 15 180.6 181.1
25 176.0 176.5 121 178.3 178.8
26 176.0 176.5 141 181.0 181.5
27 176.0 176.5 111 179.8 180.3
28 176.0 176.5 141 180.5 181.0
29 176.1 176.6 8t 178.7 179.2
30 176.1 176.6 15 181.3 181.8
31 176.1 176.6 16 181.2 181.7
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Stillwater Level (m)

Uprush elevation (m)

Horizontal
Reach Wave Uprush
CGVD28/ (m)* CGVD28/

CGVD2013 \GLD85 CGVD2013 \GL D85
32 176.1 176.6 22 178.0 178.5
33 176.1 176.6 111 180.7 181.2
34 176.1 176.6 10t 180.3 180.8
35 176.1 176.6 131 179.9 180.4
36 176.1 176.6 13t 181.3 181.8
37 176.1 176.6 8l 179.4 179.9
38 176.1 176.6 21 177.2 177.7
39 176.1 176.6 20 177.4 177.9
40 176.1 176.6 111 178.0 178.5
41 176.1 176.6 141 178.1 178.6
42 176.1 176.6 18 178.4 178.9
43 176.1 176.6 141 180.4 180.9
44 176.1 176.6 10! 179.7 180.2
45 176.1 176.6 19 178.1 178.6
46 176.1 176.6 10! 179.9 180.4
47 176.1 176.6 17 178.1 178.6
48 176.1 176.6 18 181.5 182.0
49 176.1 176.6 13t 181.7 182.2
50 176.1 176.6 141 179.6 180.1
51 176.1 176.6 15 182.7 183.2
52 176.1 176.6 121 181.1 181.6
53 176.1 176.6 121 181.3 181.8
54 176.1 176.6 121 179.1 179.6
55 176.1 176.6 13t 180.8 181.3
56 176.1 176.6 141 182.4 182.9
57 176.1 176.6 24 183.4 183.9
58 176.1 176.6 141 181.6 182.1
59 176.1 176.6 121 182.3 182.8
60 176.1 176.6 13t 182.0 182.5
61 176.1 176.6 13t 181.4 181.9
62 176.1 176.6 141 182.9 183.4
63 176.2 176.7 111 180.7 181.2
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Stillwater Level (m)

Uprush elevation (m)

Horizontal
Reach Wave Uprush
CGVD2013 cevb2s/ ' CGVD2013 cevb2s/

IGLD85 IGLD85
64 176.2 176.7 141 180.6 181.1
65 176.2 176.7 24 184.1 184.6
66 176.2 176.7 16 181.7 182.2
67 176.2 176.7 18 178.7 179.2
68 176.2 176.7 18 185.2 185.7
69 176.2 176.7 20 180.3 180.8
70 176.2 176.7 10t 181.7 182.2
71 176.2 176.7 7t 180.7 181.2
72 176.2 176.7 7t 182.9 1834
73 176.2 176.7 7t 181.1 181.6
74 176.2 176.7 11t 183.2 183.7
75 176.2 176.7 21 182.0 182.5
76 176.2 176.7 19 184.6 185.1
77 176.3 176.8 16 181.7 182.2
78 176.3 176.8 24 180.0 180.5
79 176.3 176.8 25 179.2 179.7
80 176.3 176.8 17 182.8 183.3
81 176.3 176.8 23 178.3 178.8
82 176.3 176.8 33 178.3 178.8
83 176.3 176.8 22 178.0 178.5
84 176.3 176.8 17 182.1 182.6

Note that all values with horizontal wave uprush calculated as less than 15 m were mapped as 15 m due to
possible variability in wave exposure, nearshore slope, water depth at the toe, and bluff height within a reach.
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Table C.2: Stable slope allowance and erosion allowance used to map Erosion Hazard

Staple Slope Allowance Erosion Allowance

Reach i i i
Analysis Secton | for Mapping () | AARRHLSD () | FIOSnRNEnee

1 1 2311 30
2 2 2.3 0.25 25
3 3 2.3:11 30
4 4 2.3:1 30
5 2.3:11 10
6 5 2.3:11 0.43 43
7 6 2.3:11 0.23 23
8 7 3:1 30
9 8 2.3:1 0.09 9
10 2.3:11 0.22 22
11 9 2.3:11 0.08 8
12 10 2.3:1 0.44 44
13 2.3:11 30
14 11 2.3:11 10
15 12 2.3:11 0.69 69
16 3:1 30
17 31 10
18 13 2.3:11 0.28 28
19 14 2.3:11 30
20 15 2.3:11 30
21 16 2.3:11 30
22 17 2.3:11 30
23 2.3:11 10
24 18 2.3:11 30
25 2.3:11 30
26 2.3:11 30
27 19 3:1 10
28 20 2.3:11 30
29 2.3:11 10
30 2.3:11 30
31 21 2.3:11 10
32 22 2.3:11 0.26 26
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Staple Slope Allowance Erosion Allowance
o Aralysis Secion | fo Mapping () | AARRHLSD () | FOSONEHECe
33 23 2.3:1 10
34 24 2.3:11 30
35 2.3:11 10
36 25 2.3:1 0.08 8
37 2.3:1 10
38 26 2.3:1 30
39 27 3.1 10
40 28 2.3:1 30
41 29 2.3:1 10
42 30 2.3:11 30
43 31 2.3:11 30
44 32 2.3:1 30
45 2.3:1 10
46 33 2.3:1 30
47 34 2.3:1 30
48 31 10
49 35 31 30
50 3:1 10
51 31 10
52 31 30
53 36 2.3:1 30
54 2.3:1 10
55 37 2.3:1 30
56 2.3:1 10
57 38 2.3:1 0.21 21
58 3:1 0.39 39
59 31 0.30 30
60 31 30
61 39 2.3:1 0.34 34
62 40 3:1 0.08 8
63 31 10
64 41 31 0.38 38
65 42 14:1 10
66 3:1 30
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Staple Slope Allowance Erosion Allowance
o Aralysis Secion | fo Mapping () | AARRHLSD () | FOSONEHECe
67 31 30
68 43 3:1 30
69 31 10
70 31 0.14 14
71 44 18:1 0.33 33
72 45 1.8:1 0.40 40
73 46 1.8:11 0.51 51
74 47 181 0.34 34
75 181 0.20 20
76 48 1.8:1 30
77 1.8:11 10
78 181 40
79 49 31 40
80 50 3:1 30
81 31 30
82 51 31 30
83 31 30
84 52 3:1 30
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Table C.3: Examples of estimated flood proofing elevations by reach for selected shoreline treatments

Notes:

1. Lake Erie 100-year Static Lake Level (values from Baird analysis used, as they are more conservative):
175.16 m IGLD85
174.70 m CGVD2013

ok~ D

Depth limited breaking wave assumed; Tp=10s
Uprush on beach calculated using Stockdon et. Al. (2006)
All other uprush calculated using EurOTop (2018)
Tables provide examples only. Flood proofing elevation should be determined on a site specific basis by a

Professional Engineer with experience in flood proofing.

Lake Erie 100-year Storm Surge

Reaches Reach 100-year 100-year static lake | 100-year
number storm surge | level plus 100-year | flood level
from MNR | (m) from storm surge (m (m
(1989) MNR (1989) CGVvD2013) CGVD2013)

1to7 West County Limit to Nanticoke | E-18 1.77 176.41 175.9

810 28 Nanticoke to Hoover Point E-18/E-19 | 1.84 176.48 176.0

29t0 62 | Hoover Point to Low Point E-19 1.84 176.48 176.1

63to 76 | Low Point to Mohawk Point E-20/E-21 | 2.04 176.68 176.2

77 to 84 | Mohawk Point to Lowbanks E-22 2.32 176.96 176.3
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Lake Erie Minimum Floodproofing Standard Elevation (m)

*Note: does not include freeboard allowance, minimum 0.3 m recommended

Reaches | 100-year static lake Structure Toe Elevation | Water depth Wave Uprush Uprush Uprush
level plus 100-year (m CGVD2013) (m) Height (m) Elevation Elevation
storm surge (m (m) (m CGVD2013) | (m IGLD85)
CGVD2013)
lto7 176.4 1:50 sloped beach 172.4 4.0 3.1 1.0 177.4 177.9
1:10 sloped dune 175.4 1.0 0.8 2.2 178.6 179.1
1:10 sloped dune 174.4 2.0 1.6 25 178.9 179.4
1:10 sloped dune 173.4 3.0 2.3 3.0 179.4 179.9
1:10 sloped dune 172.4 4.0 3.1 35 179.9 180.4
1:2 sloped revetment 175.4 1.0 0.8 2.4 178.8 179.3
1:2 sloped revetment 174.4 2.0 1.6 4.7 181.1 181.6
1:2 sloped revetment 173.4 3.0 2.3 6.9 183.3 183.8
1.2 sloped revetment 172.4 4.0 3.1 9.0 185.4 185.9
vertical wall 175.4 1.0 0.8 3.3 179.7 180.2
vertical wall 174.4 2.0 1.6 3.0 179.4 179.9
vertical wall 173.4 3.0 2.3 4.5 180.9 181.4
vertical wall 172.4 4.0 3.1 6.0 182.4 182.9
810 28 176.5 1:50 sloped beach 172.5 4.0 3.1 1.0 1775 177.9
1:10 sloped dune 175.5 1.0 0.8 2.2 178.7 179.1
1:10 sloped dune 174.5 2.0 1.6 25 179.0 179.4

Haldimand County Lake Erie Hazard Mapping and Risk Assessment
Technical Report

12969.101.R2.Rev3 Appendix C



Reaches | 100-year static lake Structure Toe Elevation | Water depth Wave Uprush Uprush Uprush
level plus 100-year (m CGVD2013) (m) Height (m) Elevation Elevation
storm surge (m (m) (m CGVD2013) | (m IGLDS5)
CGVD2013)
1:10 sloped dune 173.5 3.0 23 3.0 179.5 179.9
1:10 sloped dune 172.5 4.0 3.1 35 180.0 180.4
1.2 sloped revetment 175.5 1.0 0.8 2.4 178.9 179.3
1:2 sloped revetment 174.5 2.0 1.6 4.7 181.2 181.6
1:2 sloped revetment 173.5 3.0 2.3 6.9 183.4 183.8
1:2 sloped revetment 172.5 4.0 3.1 9.0 185.5 185.9
vertical wall 175.5 1.0 0.8 3.3 179.8 180.2
vertical wall 174.5 2.0 1.6 3.0 179.5 179.9
vertical wall 173.5 3.0 23 4.5 181.0 181.4
vertical wall 1725 4.0 3.1 6.0 182.5 182.9
29t062 | 176.5 1:50 sloped beach 172.5 4.0 3.1 1.0 177.5 177.9
1:10 sloped dune 175.5 1.0 0.8 2.2 178.7 179.1
1:10 sloped dune 174.5 2.0 1.6 25 179.0 179.4
1:10 sloped dune 173.5 3.0 2.3 3.0 179.5 179.9
1:10 sloped dune 172.5 4.0 3.1 35 180.0 180.4
1.2 sloped revetment 175.5 1.0 0.8 2.4 178.9 179.3
1:2 sloped revetment 174.5 2.0 1.6 4.7 181.2 181.6
1:2 sloped revetment 173.5 3.0 2.3 6.9 183.4 183.8
1:2 sloped revetment 172.5 4.0 3.1 9.0 185.5 185.9
vertical wall 175.5 1.0 0.8 3.3 179.8 180.2
vertical wall 174.5 2.0 1.6 3.0 179.5 179.9
vertical wall 173.5 3.0 2.3 4.5 181.0 181.4
vertical wall 1725 4.0 3.1 6.0 182.5 182.9
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Reaches | 100-year static lake Structure Toe Elevation | Water depth Wave Uprush Uprush Uprush
level plus 100-year (m CGVD2013) (m) Height (m) Elevation Elevation
storm surge (m (m) (m CGVD2013) | (m IGLDS5)
CGVD2013)
63t0 76 | 176.7 1:50 sloped beach 172.7 4.0 3.1 1.0 177.7 178.1
1:10 sloped dune 175.7 1.0 0.8 2.2 178.9 179.3
1:10 sloped dune 174.7 2.0 1.6 2.5 179.2 179.6
1:10 sloped dune 173.7 3.0 23 3.0 179.7 180.1
1:10 sloped dune 172.7 4.0 3.1 3.5 180.2 180.6
1.2 sloped revetment 175.7 1.0 0.8 2.4 179.1 179.5
1:2 sloped revetment 174.7 2.0 1.6 4.7 181.4 181.8
1:2 sloped revetment 173.7 3.0 2.3 6.9 183.6 184.0
1:2 sloped revetment 172.7 4.0 3.1 9.0 185.7 186.1
vertical wall 175.7 1.0 0.8 3.3 180.0 180.4
vertical wall 174.7 2.0 1.6 3.0 179.7 180.1
vertical wall 173.7 3.0 2.3 4.5 181.2 181.6
vertical wall 172.7 4.0 3.1 6.0 182.7 183.1
77t084 | 177.0 1:50 sloped beach 173.0 4.0 3.1 1.0 178.0 178.4
1:10 sloped dune 176.0 1.0 0.8 2.2 179.2 179.6
1:10 sloped dune 175.0 2.0 1.6 25 179.5 179.9
1:10 sloped dune 174.0 3.0 23 3.0 180.0 180.4
1:10 sloped dune 173.0 4.0 3.1 35 180.5 180.9
1.2 sloped revetment 176.0 1.0 0.8 2.4 179.4 179.8
1:2 sloped revetment 175.0 2.0 1.6 4.7 181.7 182.1
1:2 sloped revetment 174.0 3.0 2.3 6.9 183.9 184.3
1:2 sloped revetment 173.0 4.0 3.1 9.0 186.0 186.4
vertical wall 176.0 1.0 0.8 3.3 180.3 180.7
vertical wall 175.0 2.0 1.6 3.0 180.0 180.4
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Reaches | 100-year static lake Structure Toe Elevation | Water depth Wave Uprush Uprush Uprush
level plus 100-year (m CGVD2013) (m) Height (m) Elevation Elevation
storm surge (m (m) (m CGVD2013) | (m IGLDS5)
CGVD2013)
vertical wall 174.0 3.0 2.3 4.5 181.5 181.9
vertical wall 173.0 4.0 3.1 6.0 183.0 183.4
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Flood Depth Mapping for Flood Preparedness
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Road and Building Flood Depth Mapping
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Area #1 — Dunnville 100-year Flood Depths

100-yr flood level = 176.2m
CGVvD2013

Flood level when street becomes
impacted

CGVvVD2013 IGLD85

HYDRO STREET 175.2 175.7
TAMARAC STREET &

FRONT STREET 175.8 176.2
BROAD STREET EAST 175.7 176.1
NIAGARA STREET 175.6 176.1
CENTRAL LANE 175.3 175.8
QUEEN STREET 175.8 176.3
BRANT STREET &

BRACE STREET 175.6 176.1

TAYLOR ROAD 176.0 176.5



Area #2 — Nanticoke 100-year Flood Depths

100-yr flood level = 175.9m
CGVvD2013

Flood level when street becomes
impacted

CGVvVD2013 IGLD85

ERIE AVENUE 174.9 175.4
ERIE STREET 174.9 175.4



Area #3 — Selkirk 100-year Flood Depths

100-yr flood level = 176.0m
CGVvD2013

Flood level when street becomes
impacted

CGVvVD2013 IGLD85

BLUE WATER PKWY 175.3 175.8
EAST LAKESHORE RD 1741 174.6
HALDIMAND ROAD 53 175.7 176.2



Area #4 — Hoover Point 100-year Flood Depths

100-yr flood level = 176.1m
CGVvD2013

Flood level when street becomes
impacted

CGVvVD2013 IGLD85




Area #5 — Featherstone Point 100-year Flood Depths

100-yr flood level = 176.1m
CGVvD2013

Flood level when street becomes
impacted

CGVvD2013 IGLD85

BIRCH LANE 175.4 175.9
SWALLOW LANE 175.3 175.8
LAKESHORE ROAD 175.5 175.9
SEAGULL LANE 174.6 175.1
WINGER BAY LANE 175.4 175.8
AULD LANE 176.0 176.4
VIDEOWAY LANE 175.8 176.3
HEATHER LANE 175.5 176.0
PIKE LANE 175.8 176.2

LAKESHORE ROAD (at
KOHLER ROAD) 175.6 176.0



Area #6 — Featherstone Point 100-year Flood Depths

100-yr flood level = 176.1m
CGVvD2013

Flood level when street becomes
impacted

CGVvVD2013 IGLD85

REICHELD ROAD 175.1 175.6
LAKESHORE ROAD 175.7 176.2



Area #7 — Century Beach Park 100-year Flood Depths

100-yr flood level = 176.1m
CGVvD2013

Flood level when street becomes
impacted

CGVvVD2013 IGLD85

LAKESHORE ROAD (at

R47) 175.1 175.6
LAKESHORE ROAD (at

R49) 175.3 175.7
WHITE CAP LANE 174.5 175.0

EVAN'S POINT LANE 175.6 176.0



Area #8 — James Allan Provincial Park 100-year Flood Depths

100-yr flood level = 176.2m
CGVvD2013

Flood level when street becomes
impacted

CGVvVD2013 IGLD85

MYRNAM BEACH

ROAD 174.9 175.4
BRIAR LINE 175.0 175.5
PARADISE LINE 174.9 175.4
BAYGROVE LINE

(parallel to shore) 175.2 175.7
BAYGROVE LINE 175.0 175.5

SANDY BAY ROAD 174.8 175.2



Area #9 — Port Maitland 100-year Flood Depths

100-yr flood level = 176.2m
CGVvD2013

Flood level when street becomes
impacted

CGVvVD2013 IGLD85

DOVER STREET 175.8 176.3
PORT MAITLAND RD 174.9 175.4
THE ESPLANADE 174.6 175.0
FEEDER CANAL RD 175.0 175.4
SIDDALL ROAD 175.5 176.0
BECKLY LINE 175.0 175.5
SIDDALL LINE 175.3 175.8

CONNOR BAY LINE 175.8 176.3



Area #10 — Lowbanks 100-year Flood Depths

100-yr flood level = 176.3m
CGVvD2013

Flood level when street becomes
impacted

CGVvVD2013 IGLD85
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