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ACT FOR CLEAN WATER ‘\\__‘_

Thames - Sydenham and Region
c/o Upper Thames River Conservation Authority
1424 Clarke Road, London, ON, N5V 5B9

November 12, 2010
Dear reader

Re: Lower Thames Valley Amended Proposed Assessment Report posted for comments

The Thames-Sydenham and Region Source Protection Committee (SPC) has posted the enclosed Lower
Thames Valley Amended Proposed Assessment Report for review and comment by stakeholders.
Comments received through the first posting (Draft Proposed Assessment Report) were considered by
the SPC and that report was revised. Comments received in response to the second posting (Proposed
Assessment Report) were forwarded to the Ministry of the Environment (MOE) with the submission of
the Proposed Assessment Report. Based on directions received from MOE, the Proposed Assessment
Report has now been amended to result in this Amended Proposed Assessment Report for the Lower
Thames Valley Source Protection Area. Following consultation on this report it will be forwarded to the
MOE, along with any comments, for approval.

The recent amendments to the report have helped fill some of the data gaps identified in the Proposed
Assessment Report. These include the delineation of an intake protection zone (IPZ) for the West Elgin
emergency intake, and an update of the IPZ for the West Elgin primary intake with better drainage
information. Also additional threats and risk assessment work has resulted in the identification of a few
more potential significant drinking water threat activities in the Ridgetown and Highgate Wellhead
Protection Areas (WHPA). New mapping products have been added to the report to show managed
lands, livestock density and impervious surfaces in Highly VVulnerable Aquifers (HVA) and Significant
Groundwater Recharge Areas (SGRA). The changes included in this report are summarized in Appendix
4. Local consultation will be conducted with those affected by the amendments to the Proposed
Assessment Report.

The Amended Proposed Assessment Report for the Lower Thames Valley Source Protection Area
represents the next significant milestone in the SPC’s progress in the completion of the first Source
Protection Plans for the Thames-Sydenham and Region. The SPC realizes that this report is a “living
document” which will need to be updated and amended as more information becomes available.

Yours truly,
THAMES-SYDENHAM and REGION

4 g

Robert Bedggood, Chair
Source Protection Committee

Lower Thames Valley Conservation Authority St. Clair Region Conservation Authority Upper Thames River Conservation Authority
100 Thames Street, Chatham, Ontario, 205 Mill Pond Cres., Strathroy, Ontario, 1424 Clarke Road, London, ON
N7L 2Y8 N7G 3P9 N5V 5B9
phone 519-354-7310, fax 519-352-3435 phone 519-245-3710, fax. 519-245-3348 phone 519-451-2800, fax 519-451-1188
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4.0 Vulnerability Assessment

In order to protect drinking water sources it is necessary to identify areas where activities can
affect the drinking water sources. The Clean Water Act refers to these areas as Vulnerable
Areas and requires that they be identified in the Assessment Report. The Vulnerability
Assessment section of the Assessment Report summarizes the work to delineate these
vulnerable areas which was undertaken through various studies. The studies involved the
operating authorities of the water systems and were undertaken through partnerships involving
the Conservation Authorities in the region. The Clean Water Act also requires that these
vulnerable areas be assessed to determine their relative level of vulnerability. There are four
types of vulnerable areas which must be identified and assessed:

o Intake Protection Zones (IPZ)

o Wellhead Protection Areas (WHPA)

o0 Highly Vulnerable Aquifers (HVA)

0 Significant Groundwater Recharge Areas (SGRA)

Activities in these vulnerable areas will be reviewed to determine the risks that they pose to the
drinking water sources. The vulnerability of the area, combined with the hazard associated with
the activity, provide a relative indication of the level of risk associated with a threat. The Source
Protection Plan is focused on reducing the level of risk associated with threats. As such, the
identification of the vulnerable areas and the assessment of vulnerability are cornerstones to the

development of the Source Protection Plan.

Each type of vulnerable area is described in the following sections which summarize the

identification and assessment of the vulnerability within the areas.
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4.1 Peer Review of Vulnerability Assessment

All aspects of the vulnerability assessment are subject to a thorough peer review process. This
process is described in Peer Review of Vulnerability Assessment, Terms of Reference (March
2008). This process includes the forming of a peer review committee comprised of four
professionals with extensive experience in one or more of the areas related to the vulnerability
assessment of the vulnerable areas. Two members of the committee are professional
geoscientists familiar with the assessment of groundwater vulnerability; one with experience
related to Groundwater Under the Direct Influence (GUDI) wells, while the other is also a
member of the peer review committee for the Water Budget work. The third member of the peer
review committee has extensive experience related to the surface water vulnerability
assessment and is working on similar projects in other regions. A fourth member joined the
committee in the peer review of vulnerability assessment studies of groundwater systems
spanning the Oxford and Perth Counties in the Upper Thames River Source Protection Area
(SPA) and the Lake Erie Source Protection Region (SPR). The peer review committee
reviewed each technical report, met with the consultants and project teams to discuss the
project and submitted comments based on their review and the discussion. Comments were
considered and responded to by the consultant or project team members. These comments
and the responses form part of the peer review record along with the terms of reference for the
peer review committee discussed above. The peer review process added considerable value to

the technical report by ensuring that the work was well documented.

One point that involved considerable discussion by the peer reviewers was the uncertainty
analysis undertaken in the technical studies. The rules allow for uncertainty to be determined
as either high or low. While it was generally reported that the uncertainty associated with the
vulnerability assessment or delineation of the vulnerable areas was acceptable for the intended
purpose, there was a wide variation in what consultants viewed as a low level of uncertainty.
The uncertainty reported in this report reflects that which has been identified in the technical
reports. However, following the completion of the peer review of all of these studies, it has been
suggested that the peer reviewers provide a relative comparison of the uncertainty of the
projects so that a consistent interpretation between studies is available. This may result in
changes to the uncertainty reported in this Assessment Report, which would be documented in

a subsequent amendment to the Assessment Report.
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4.2 Intake Protection Zones

An Intake Protection Zone (IPZ) is delineated around an intake in a surface water body. In the
Lower Thames Valley Source Protection Area, the intakes draw water from Lake Erie. Map 4-1
shows the location of the intakes and the IPZ around the intakes. An Intake Protection Zone is
comprised of an IPZ-1, IPZ-2 and IPZ-3. The IPZ-1 and IPZ-2 in the Lower Thames Valley
Source Protection Area were delineated through two projects as discussed below. The IPZ-3

delineation and assessment will be considered in an amended assessment report.

4.2.1. Surface Water Vulnerability Assessment Projects

A large project, led by the Essex Region Conservation Authority (ERCA) was initiated through a
partnership between ERCA and the Conservation Authorities in the Thames-Sydenham and
Region and the plant operators. This project included 7 intakes in the Essex Region and 3
Chatham-Kent intakes in the Thames-Sydenham and Region. Stantec Consulting Limited was
the primary consultant and retained Baird and Associates to undertake the hydrodynamic
modelling work. The Municipality of Chatham-Kent Public Utilities Commission (PUC) was an

active partner in the project and participated in the technical steering of the project.

Another project was led by the Municipality of West Elgin with the Ontario Clean Water Agency
(OCWA) providing technical and project management services for the municipality. The West
Elgin water treatment plant is owned by the Municipality of West Elgin and is managed by the
Tri-County Water Management Committee. The vulnerability assessment study was also
undertaken by Stantec Consulting Limited, who retained Alex McCorquodale for the

hydrodynamic modelling work.

The above referenced technical reports are peer reviewed and components finalized, so that
they could be included in the Assessment Report. The technical studies are listed below In
Table 4-1. The May 2008 West Elgin vulnerability assessment technical study was updated in

an addendum report in November 2009, in order to meet current technical rules.
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Table 4-1 Technical Studies on Vulnerability Assessment

Drinking Water Systems

Technical Study on Vulnerability Assessment

Wheatley, Chatham and
South Chatham-Kent

Technical Memorandum: Delineation, Vulnerability and Uncertainty
Level Analysis for the Thames, Sydenham & Region Water
Treatment Plants. Essex Chatham-Kent Source Protection Planning
Technical Study. Final Report. Stantec Consulting Ltd. November

2009

West Elgin

1.

Intake Protection Zone Delineation, Vulnerability
Assessment Study and Uncertainty Analysis. West Elgin
Water Treatment Plant. Municipality of West Elgin Source
Protection Planning Technical Study. Final Report. Stantec
Consulting Ltd. May 2008.

Surface Water Vulnerability Assessment Addendum. West
Elgin Water Treatment Plant. Municipality of West Elgin
Source Protection Planning Technical Study. Final Report.
Stantec Consulting Ltd. November 2009.

Surface Water Vulnerability Assessment Report for the
West Elgin Water Treatment Plant Emergency Intake.
Municipality of West Elgin Source Protection Planning
Technical Study. Draft. Stantec Consulting Ltd.July 2010.
Technical Memorandum: West Elgin WTP Intake Protection
Zone Update. October 2010.

4.2.2. Intake Characterization

The intakes of the Lower Thames Valley Source Protection Area (LTVSPA) are described in

Table 4-2. All intakes in the LTVSPA draw Lake Erie water. Basic characteristics including

depth of the intake from the lake's surface and distance from shore are included below. The

depth to the intake is based on depth from the top of the intake crib to the low water level in the

lake. The type of the intake is assigned based on the types indicated in the Technical Rules:

Assessment Report.
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Table 4-2 Intake Characteristics

Intake West Elgin Chatham/South Kent Wheatley
South
Chatham Chatham-
Primary Emergency plant Kent plant Primary Emergency
Intake Type A A A
(Great Lake) (Great Lake) (Great Lake)
Approximate 13,680 47,815 12,108 10,700
Population Served
Pump | Maximum 1,554,191 11,553,858 | 2,488,410 3,048,280
Rate Annual
(cubic Average
metre Annual 1,434,038 11,117,375 2,352,900 2,920,668
per Average
day) Monthly 119,503 926,447 196,075 243,389
Rated (design)
Capacity of Plant, 12,160 68,190 22,800 23,864
(cubic metres per day)
Distance from Shore 575 m 7m 701 m 747 m 291 m
Depth to Intake 4.2m 0.4m 7.3m 4.5m 0.9m
Intake Location West Lorne Erie Beach Wheatley Harbour

Vulnerable areas must be defined for all intakes connected to municipal drinking water systems.
West Elgin and Wheatley treatment plants each have 2 intakes: primary and emergency. A
primary intake is located away from shore and used regularly. These primary intakes may be
subject to freezing resulting in the build-up of frazzle ice (crystallized but fluid ice, like runny
slush) around the intakes, reducing their capacity or completely blocking them. The emergency
intakes can be used during these frazzle ice conditions, as well as during maintenance or repair

when the primary intake is closed.

The intake at Erie Beach, referred to as the Chatham/South Kent intake, supplies two water
treatment plant facilities — the South Chatham-Kent plant near the intake, and the Chatham

plant located in Chatham.

An Intake Protection Zone (IPZ) is comprised of an IPZ-1, and an IPZ-2. A third zone around

intakes can also be delineated, referred to as an Intake Protection Zone-3 (IPZ-3).

4.2.3. IPZ-1 Delineation

The vulnerability within an Intake Protection Zone is first assessed by delineating an IPZ-1. On

the Great Lakes, an IPZ-1 is a circle with a radius of 1 km, centred on where the intake draws its
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water from the lake. Where the circle touches shore, the zone is extended 120 m or to the
regulatory limit, where water from that area drains into the in-lake part of the IPZ-1. The
regulatory limit is defined by Conservation Authorities pursuant to the Conservation Authorities
Act to include areas which are flooded under a severe regulatory event. This area also includes
slope and erosion hazard areas along lakeshore and watercourses. An IPZ-1 must be

delineated for all intakes which are connected to drinking water systems.

4.2.4. IPZ-2 Delineation

A second zone, called the Intake Protection Zone-2 (IPZ-2) is delineated based on travel time to
the intake under moderate flow and wind conditions. Determining the extent of the Intake
Protection Zone-2 in the lake is the first step. The upland extent from the shore is then

delineated for areas draining into the in-lake portion of the IPZ-2.

In the Thames-Sydenham and Region, hydrodynamic computer models were used to simulate
currents driven by wind and wave action within the Great Lakes and connecting channels in
order to delineate the lake extent of the Intake Protection Zone-2. The Chatham/South Kent and
Wheatley intakes are part of a larger model (developed by Baird) which includes the western
end of Lake Erie, the Detroit River, Lake St. Clair and the St. Clair River. Numerical modelling
was undertaken in support of the preliminary IPZ-2 delineation using Baird’s proprietary three-
dimensional hydrodynamic model named MISED. Wind data was used to define the boundary
conditions, initial conditions, and external forcing mechanisms for the model. A statistical
analysis was undertaken to define the directional wind speeds for varying return period events,
for use in the model runs. Event based model runs were undertaken and reverse particle
tracking was used to delineate the preliminary in-water IPZ-2s for the intakes. The model was
run for a range of conditions using combined 10-year return period events considering wind and
water flow. The MISED model was calibrated and validated with measured water level and
current (flow) data. The model named HYDROSED was used to conceptualize the mixing
inshore of the surf zone at Wheatley, and further analysis of the shoreline connection was
conducted where tributaries were located within close proximity to the IPZ-2 in-water limits. The
work related to delineating the IPZ-2 for the Wheatley and Chatham/South Kent intakes is

described in the report ‘In-water IPZ-2 Delineation for Essex Region and Chatham-Kent Intakes-
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Phase Il Study’, Baird 2009, which is contained as an appendix to the technical studies

identified above.

A separate model was used for the delineation of the IPZ-2 for the West Elgin primary and
emergency intakes. The in-lake extent of the primary intake IPZ-2 was delineated based on a
model called ECOMSED (Estuarine Coastal and Ocean Model with Sediments). A whole lake
model was developed to avoid problems at a local open boundary. The West Elgin emergency
intake is located within the surf zone. Therefore the emergency intake was delineated using the
ECOMSED model (to estimate the currents due to wind stress) and the Longuet-Higgins
equation (to estimate the wave induced longshore currents). The model validity was checked in
two ways: (1) a correlation between the measured currents near the site and wind data from
London Airport was used to estimate initial IPZ-2s; (2) the velocities near Port Stanley were
compared with those presented by consultants Hall Consultant Canada Limited (HCCL) for the
Port Stanley IPZ-2. The IPZ-2s have been developed using the 10-year winds that were
developed by HCCL for Port Stanley.

The models were used to delineate in-water extents of IPZ-2, simulate particle movement in the
water body and determine time of travel to the intakes. Various scenarios are run to determine
areas which can contribute water or potential contaminants within the time required to close the
intake. In the Thames-Sydenham and Region, all operators determined that they could close
intakes within two hours of being notified of a situation which might cause a deterioration of the

drinking water. Two hours is the minimum time allowed by the Clean Water Act.

Once the in-lake extent of the Intake Protection Zone-2 was delineated, the upland extent of the
Intake Protection Zone-2 could be determined. Where the in-water portion of the IPZ-2 touches
shore, the time remaining from the two hours is used to determine the distance the IPZ-2
extends up tributaries. For example, if a tributary outlet is 1 hour and 30 minutes from the
intake then the remaining 30 minutes is used to determine how far the zone should extend up
the tributaries. The remaining time is referred to as residual travel time. Estimates of the water
course velocities under bank full conditions are used to determine distance up the tributaries for
the residual travel time. Bank full conditions usually occur during a runoff event which occurs, on

average, every two to five years (generally referred to as a two or five year storm). Along the
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parts of the tributaries that contribute water to the intake within the two hour period, the IPZ-2

extends 120 m from the high water mark or to the extent of the regulatory limits.

Storm Sewersheds and Transport Pathways

IPZ-2 is also extended to include any storm sewersheds which drain within the IPZ-2. Storm
sewersheds are areas drained by storm sewers and catch basins. Areas where transport
pathways allow water to drain to the IPZ-2 may also be included within IPZ-2, again to the
extent that they can contribute water within the two hour response time used to define the extent
of IPZ-2. Transport pathways could include natural or man-made pathways such as drains,
creeks, agricultural tile drains, or overland flow. While areas contributing to the IPZ-2 could be
determined by topographic information, this has often been artificially altered by agricultural and
urban drainage. Information on these drains is available, however the property- specific
information, especially related to tile drainage, is not considered to be accurate enough for the
purposes of establishing transport pathways. As a result, the Source Protection Committee
(SPC) chose to include all parcels abutting on the buffered watercourses where there was the
potential that they drain, either naturally or artificially, to the watercourse in the IPZ-2. Through
the Tier 2 (site-specific) Risk Assessment, if these areas are found to be beyond the time of
travel or drain away from the IPZ-2, the inclusion of these areas will be reconsidered. These

changes would be made through an amended Assessment Report.

Maps 4-2, 4-3 and 4-4 show the IPZ-1 (as well as IPZ-2) for the intakes in the Lower Thames
Valley Source Protection Area. The 120 m setback and regulatory limits are indicated on the

maps.

Chatham/South Kent Transport Pathways

There are six municipal drains discharging within the alongshore extent of the IPZ-2; two closed
systems and four systems which include both open and closed parts. They are Unnamed Drain
1, Unnamed Drain 2, County Road 10 Drain, JA Smith Drain, Carswell Drain and Story Drain.
All municipal drains discharge to Lake Erie as closed systems. As mentioned above, parcels

abutting the buffered watercourses were included as transport pathways. Seven storm sewer

Lower Thames Valley Assessment Report Amended Proposed — November 12, 2010

4.0 Vulnerability Assessment www.sourcewaterprotection.on.ca
Page 4-8




Lower Thames Valley Source Protection Area
Assessment Report

outfalls exist within the alongshore extent of the IPZ-2 and their associated networks were

included in the upland IPZ-2 in their entirety.

Chatham/South Kent Sewersheds

A small storm sewershed to the west of County Road 10 was included due to the small drainage

area and its quick response to rainfall.

The individual components of the Chatham/South Kent IPZ-1 and IPZ-2 are illustrated on Map
4-2.

West Elgin Transport Pathways

The up-tributary extents of the primary and emergency intakes’ IPZ-2 were estimated for the
Hauser Drain, Brock Creek, Mumford Drain, Bonn Drain, Lindeman Drain, and Government

Drain No. 1. As discussed above, parcels abutting the buffered watercourses were included.

West Elgin Sewersheds

There are no storm sewersheds in the primary and emergency intakes’ IPZ-2.

Map 4-4 shows the components of the West Elgin IPZ-1 and IPZ-2 for both the primary and

emergency intakes.
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Wheatley Transport Pathways

At Wheatley, there are seven municipal drains within the upland part of the primary and
emergency Intake Protection Zones. The up-tributary extents of the IPZ-2 for both the primary
and emergency intakes were estimated for the Atwell Drain, Collision Drain, Detan Drain,
Muddy Creek/Wheatley Harbour, Two Creeks West and Two Creeks East. If the full extent of
the watercourse was less than the calculated distance up-tributary, the delineation terminated at
the headwaters of the watercourse with a circular cap radius of 120 m. As mentioned above,

parcels abutting the buffered watercourses were included in the IPZ as transport pathways.

Six storm sewer outfalls exist within the alongshore extent of the IPZ-2 and their associated
sewersheds were included in the upland IPZ-2 in their entirety. Pulley Drain has two outfalls in
the alongshore extent, and were also included. The full extent of Pulley Drain is contained
within the 120 m lake setback.

There is one municipal storm water ditch located between Detan Drain and Two Creeks West
Branch. The upland IPZ-2 was extended to include the entire length of the ditch, inclusive of its

Two Creeks West Branch outfall, and the 120 m setback has been applied.

Wheatley Sewersheds

As mentioned above, a 120 m setback was applied to one municipal storm water ditch located
between Detan Drain and Two Creeks West Branch. This resulted in the inclusion of a storm
sewershed to the west of Two Creeks West Branch. A storm sewershed to the east of the wider
portion of the Two Creeks West Branch, and which drains towards Lake Erie, is included. A

storm sewershed between the Two Creeks West and East Branches is also included.

Map 4-3 shows the components of the Wheatley IPZ-1 and IPZ-2.

Revisions to the Wheatley IPZ

It is important to point out that while the Wheatley intake is located within the Lower Thames
Valley Source Protection Area, the western portion of the IPZ is largely within the neighbouring
Essex Region Source Protection Area. As discussed earlier, the project for the delineation of

the IPZ for the Wheatley and Chatham/South Kent intakes was undertaken through a joint
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partnership between project teams from both regions. The maps illustrate the portions of the
IPZ in both SPASs, however it is important that the reader refer to the appropriate Assessment
Report for the official IPZ portion relevant to the watershed of interest. Although the project for
the delineation and vulnerability scoring of the IPZ was undertaken by the same consultant, the
Assessment Reports have been completed at different times. As a result, it is possible that final
amendments in one SPA are not reflected in the Assessment Report for the other SPA. ltis
also important to note that both source protection committees considered similar methodologies
for the consideration of transport pathways. However, late changes to the methodologies used
in the Essex Region Source Protection Area were not adopted in the Thames-Sydenham and
Region by the Thames-Sydenham and Region Source Protection Committee. The committee
preferred the more conservative and precautionary approach of including the entire parcels
where there was no information suggesting an area should be excluded from the IPZ-2. The
committee acknowledged as part of their consideration that this is unlikely to have much impact
on these properties due to the low vulnerability scores, but preferred the more conservative
approach rather than excluding areas which may contribute within the two hour travel time. If,
however, during subsequent risk assessment or policy development, it is found that parts of the
properties should be excluded from the IPZ-2, revisions to the lines would be required or

otherwise acknowledged in the policies affecting these properties.

4.2.5. IPZ-3 Delineation

A third zone around intakes can also be developed. This zone is referred to as an Intake
Protection Zone-3 (IPZ-3). For Great Lakes intakes, the IPZ-3 includes areas which can
contribute contaminants under an extreme event at a concentration which would result in a
deterioration of the source water for the purposes of human consumption. The IPZ-3 work is yet

to be undertaken and will be part of an amended Assessment Report.

4.2.6. Vulnerability Assessment of Intake Protection Zones

Within the Intake Protection Zones, the vulnerability must be assessed based on a number of
factors. These factors include the vulnerability of the source and the area in the Intake

Protection Zone.
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Area Vulnerability factor: According to Rule 88, IPZ-1 is assigned an area vulnerability factor of
10, while the factor for IPZ-2 is between 7 and 9, where a higher number corresponds to a
higher vulnerability. The area vulnerability factor for Intake Protection Zone-2 is dependent on
the percentage of area that is land in the IPZ-2 (a higher percentage of land contributes to a
higher area vulnerability factor) land cover, soil type and permeability of the land, slope of any
setbacks (a greater runoff potential contributes to a higher area vulnerability factor), and the
hydrological and hydrogeological conditions in the area that contributes water to the area
through transport pathways (faster or more numerous transport pathways contributes to a

higher area vulnerability factor).

The upland IPZ-2 area of the Chatham/South Kent intake is comprised of more than 70% land
of which less than 10% is impervious. These areas are characterized by flat topography with
little relief. The land use activities within the upland area consist mostly of agricultural lands with
minimal residential development along the shoreline. The pervious land is typically
characterized by clay, clay loam, loam and silt loam soils. Seven constructed municipal drains
as well as six storm sewer outlets discharge within the alongshore extent of the IPZ-2. A

moderate area vulnerability factor of 8 was selected for the Chatham/South Kent intake.

The upland IPZ-2 area of the West Elgin primary intake is comprised of 59% land. The upland
IPZ-2 area of the West Elgin emergency intake is comprised of 80% land. The topography in
both IPZ-2 areas is gently sloping with generally well-drained sandy soils. Permeability is high
due to natural land cover. The topography and the sandy soils support a lower area vulnerability
factor. Six open watercourses located in the IPZ-2 areas convey water to Lake Erie. While
extensive agricultural activity is present within the IPZ-2s, the aerial photography shows that all
of the open channels have vegetated buffers. These buffers reduce the potential of runoff. An
area vulnerability factor of 7 was selected for the West Elgin primary intake, while an area

vulnerability factor of 8 was selected for the West Elgin emergency intake.

The upland IPZ-2 areas of both Wheatley intakes are comprised of more than 50% land of
which less than 15% is impervious. These areas are characterized by flat topography with little
relief. The land use activities within the upland area consist of agriculture lands, with minimal

residential development along the shoreline and commercial development (contributing to
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impervious areas) within close proximity of Wheatley Harbour. The pervious land is composed
predominately of clay, with sandy soils existing along the Lake Erie shoreline. There are seven
municipal drains, six storm sewer outlets exist and one municipal storm water outlet in the
upland IPZ-2 areas of both intakes. A moderate area vulnerability factor of 8 was selected for

the Wheatley intakes.

Source Vulnerability factor: For a Great Lakes intake the source vulnerability factor is between
0.5 and 0.7 where a higher number corresponds to a higher vulnerability. According to the
technical rules, this is dependent on depth of the intake (deeper intake contributes to a lower
source vulnerability factor), distance of the intake from shore (longer intake contributes to a
lower source vulnerability factor), and the history of water quality concerns related to the intake
(no concerns contributes to a lower source vulnerability factor). In addition to the factors
required to be considered by the rules, the Ministry of Environment (MOE) guideline for
minimum submergence of an intake and the Michigan vulnerability categories for Great Lakes
intakes (based on distance and depth) were considered for the Chatham/South Kent, West

Elgin and Wheatley intakes in assessing the source vulnerability factor.

The intake depth and lengths are provided in Table 4-2 in this Section. The emergency intakes
are typically closer to the shore and less deep than primary intakes, supporting a higher source
vulnerability factor for the IPZ-2 of the emergency intakes. However the primary intakes are far

out enough into the Lake to support moderate source vulnerability factors.

For the Chatham/South Kent intake, raw (untreated) water quality review and plant operator
opinions were considered. Overall there was not a large number of drinking water concerns
identified for this intake. A source vulnerability factor of 0.5 was assigned to the Chatham/South

Kent intake considering intake depth, length and number of water quality concerns.

For the West Elgin intakes, raw (untreated) water quality review and plant operator opinions
were considered. High turbidity levels occur due to natural bluff erosion. Considering intake
depth, length and number of water quality concerns, a source vulnerability factor of 0.6 was
assigned to the West Elgin primary intake and a source vulnerability factor of 0.7 was assigned

to the West Elgin emergency intake.
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For the Wheatley intakes, besides raw (untreated) water quality review and plant operator
opinions, the historical concerns related to the previous Wheatley Harbour Area of Concern
(AOC) (http://www.ec.gc.calraps-pas/default.asp?lang=En&n=299C927C-1) are considered in
assigning the source vulnerability factor. A factor of 0.6 was assigned to the Wheatley primary
intake while a factor of 0.7 was assigned to the Wheatley emergency intake considering intake

depth, length and number of water quality concerns.
The Source Vulnerability factor is then multiplied by the Area Vulnerability factor to determine
the Vulnerability Score of the zone. The vulnerability factors and scores of the Intake Protection

Zones of the Lower Thames Valley Source Protection Authority are summarized in Table 4-3.

Table 4-3 Summary of Vulnerability Score of Intakes

Intake Area Vulnerability Source Vulnerability Score
Factor Vulnerability
IPZ-1 IPZ-2 Factor IPZ-1 IPZ-2

Chatham/South Kent 10 8 0.5 5.0 4.0
Intake

Wheatley Primary 10 8 0.6 6.0 4.8
Intake

Wheatley 10 8 0.7 7.0 5.6
Emergency Intake

West Elgin Primary 10 7 0.6 6.0 4.2
Intake

West Elgin 10 8 0.7 7.0 5.6
Emergency Intake

Due to the nature of the technical rules in assigning source vulnerability factors to Great Lakes
intakes, the vulnerability scores would be below 8 in all cases. This influences the level of threat
that could occur in a vulnerable area around a Great Lakes intake, as discussed in the Threats
and Risk Assessment Section of this Assessment Report. In the Lower Thames Valley Source
Protection Area, the vulnerability scores of the Lake Erie IPZ-1s range from 5.0 to 7.0, and for
IPZ-2s, range from 4.0 to 5.6. Activities in these Great Lakes intakes vulnerable areas are not
classified as significant threats because for a Great Lakes intake, the vulnerability scores that
can be assigned are less than 8. Further, in IPZ-2 for the Chatham/South Kent Intake there can

be no threats as the rules require that for an activity to be considered a threat it must occur in an
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area with a vulnerability score greater than 4. This is discussed in more detail in Section 7 -

Threats and Risk Assessment.

4.2.7. Uncertainty in Intake Protection Zone delineation

The technical rules require that an analysis of the uncertainty, characterized by ’high‘ or ’low* be

made in respect of the delineation and vulnerability assessment of surface water intake

protection zones. The factors to be considered in the analysis include:

(0]

(0]

the distribution, variability, quality and relevance of data used;

the ability of the methods and models used to accurately reflect the flow processes in the
hydrological system;

the quality assurance and quality control procedures applied,;

the extent and level of calibration and validation achieved for models used or
calculations or general assessments completed;

the accuracy to which the area vulnerability factor and the source vulnerability factor

effectively assess the relative vulnerability of the hydrological features.

Table 4-4 below summarizes the uncertainty assessed for the Chatham/South Kent and

Wheatley Intake Protection Zones as identified by the consultants involved in the studies.
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Table 4-4 Uncertainty Analysis for the Chatham/South Kent Intake, Wheatley Primary and
Emergency Intakes

Component IPZ-1 IPZ-2
Intake Protection Zone Delineation In-Water LOW HIGH
Upland LOW HIGH
Overall LOW HIGH
Vulnerability Assessment LOW LOW
Overall Uncertainty Level LOW HIGH*
* A combined rating defaults to high level with presence of high in any component.

Based on the data, model, model application, and model calibration, Baird and Associates, who
did the hydrodynamic modelling (to delineate the in-lake IPZ-2) recommended that a high level
of uncertainty be assigned to the Wheatley and Chatham/South Kent intakes IPZ-2 in-water
delineations. According to Baird, the uncertainty is not a reflection of the quality of work, but
recognition of the limitations presented. Data gaps include recent bathymetry data and local (at
the intake) wind data. MISED model limitations include it being a partial-lake model (hence
cannot model lake-wide circulation movements) and not considering wave-induced currents.
Further details are available in the Stantec Consulting Ltd. vulnerability assessment technical

report on the Wheatley and Chatham/South Kent intakes.

Table 4-5 below summarize the uncertainty assessed for the West Elgin Intake Protection

Zones.

Table 4-5 Uncertainty Analysis for the West Elgin Intakes
IPZ-1

(Primary and IPZ-2 IPZ-2

Component Emergency (Primary | (Emergency
Intakes) Intake) Intake)
In-water LOW LOW HIGH
Intake Protection Zone Delineation Upland LOW LOW LOW
Overall LOW LOW HIGH
Vulnerability Score LOW LOW LOW
Overall Uncertainty Level LOW LOW HIGH*

* A combined rating defaults to high level with presence of high in any component.

The modeller of the in-lake IPZ-2 for the West Elgin intakes has assigned a moderate to low
level of uncertainty in the ECOMSED model to suitably represent the in-water conditions and

shoreline connection required to model the in-water IPZ-2 for the primary intake. The model
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was validated. The magnitude of simulated currents was in agreement with the currents
presented by HCCL for the Port Stanley IPZ-2 (approximately 33 km southeast of the intake)
and Acoustic Doppler Current Profiler (ADCP) derived surface currents were comparable to the
ECOMSED model derived currents. Assumptions made due to unavailable information (strength
of rip currents, horizontal momentum transfer parameters) were of a conservative nature and
based on values that have been used in other surface waters where formal calibration was
completed and/or on the modeller’s experience in application of the 3-dimensional models to
surface systems. Considering this, the modeller has assigned a moderate to low level of
uncertainty in the delineation of the in-water IPZ-2 for the primary intake. The technical rules
require an uncertainty value of either ‘high’ or ‘low’ and as such, the modeller has selected ‘low’

as the reported uncertainty level.

A higher uncertainty was associated with the in-water portion of the West Elgin emergency
intake IPZ-2. Due to the intake location in the surf zone, considerable uncertainty existed with
regard to the alongshore extent of the model result. This uncertainty may be reduced in the

future by visual observation of rip currents and calibration with ADCP data.

The peer reviewers have had considerable discussion with the consultants who have
undertaken the studies for both surface water and ground water vulnerability assessment.
Through that discussion it has become apparent that there is considerable subjectivity to the
assignment of the uncertainty factors. It has been suggested that upon completion of the peer
review of all of the reports that an overall assessment and comparison of the uncertainty be
undertaken so that relative comparison between studies can be made and priorities for future
assessment can be identified. It is important to understand that a high uncertainty associated
with any aspects of the work does not suggest that the conclusions are inappropriate for the
purposes that the results are being used. This is merely an acknowledgement of the potential
for a better understanding with further analysis or data. If it were identified that the uncertainty
was too great, additional work would have been undertaken to reduce the level of uncertainty if
data were available to support the additional work. Even with the completion of additional work,

it is unlikely that all uncertainty can be eliminated.
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As described above, due to such things as data gaps and model limitations, there is uncertainty
with the delineation of the vulnerable areas. In areas of lower vulnerability, this uncertainty
would not affect assessment of risk or the types of policies which would be developed in the
Source Protection Plan. However, in areas of higher vulnerability which require threats
assessments and policy development, the Source Protection Committee is satisfied that the

uncertainty for all three intakes in the SPA is low enough for the purposes intended.

4.3Wellhead Protection Areas

Wellhead Protection Areas or WHPAs, as they are often referred to, are the vulnerable areas

which are delineated around groundwater sources of drinking water. Wells are used to extract
the water from aquifers in the ground where water is contained in spaces, voids or fractures in
the soil or rocks. Often many wells are used in an area to extract sufficient water to supply the

needs of the customers. Multiple wells in an area are often referred to as a well field.

A WHPA can be delineated through one of the methods identified in rule 42:
A computer based three-dimensional groundwater flow model;
Two-dimensional analytical model,

Uniform flow method; or

O O O o

Calculated fixed radius method.

In the Lower Thames Valley Source Protection Area, WHPAs have be delineated using
computer based three-dimensional groundwater flow models as discussed in the Technical
Studies section below. The models are used to calculate the time it takes for water to travel to
the wells through the aquifer. For each well or well field, three areas are delineated based on

the time of travel, while one is a fixed radius around the wells.

WHPA-A — 100 m fixed radius around each well

WHPA-B — 2 year time of travel to the well, excluding the area of WHPA-A
WHPA-C — 2 to 5 year time of travel to the well

WHPA-D — 5 to 25 year time of travel to the well
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4.3.1. Technical Studies

The models used to delineate the time of travel based zones were originally developed through
the county groundwater studies. The models for the systems in the Lower Thames Valley
Source Protection Area were developed in the Essex Region/Chatham-Kent Region
Groundwater Study (Volume 1: Geologic/Hydrogeologic Evaluation), December 2004. Through
MOE technical studies the models were updated and refined by Dillon Consulting Limited as
part of a project led by the Chatham-Kent Public Utilities Commission. The results of this work
are included in the Source Protection Study: Ridgetown and Highgate Municipal Systems
Vulnerability Assessment Report (Final Draft Report October 2009). All groundwater
vulnerability assessment projects were subject to the peer review process described in Section

4.1 above.

4.3.2. WHPA-A

WHPA-A is a fixed radius around the well(s). Location of the wells were confirmed with the
municipality and compared against orthographic imagery. A circle with a 100 m radius was
delineated around the well using Geographic Information System (GIS) tools. This zone is
shown with the other parts of the WHPAs in Map 4-5 and 4-6.

4.3.3. WHPA-B, WHPA-C and WHPA-D

The WHPAs in the Lower Thames Valley Source Protection Area were delineated with
computer models as discussed earlier in the technical studies section. This work involved the
development of a conceptual groundwater flow model based on current understanding of the
local groundwater flow conditions and the aquifer properties. The aquifer locations and extents
are conceptualized at this stage. A computer model is then developed based on the conceptual
understanding. United States Geologic Survey (USGS) MODFLOW numerical groundwater
flow model was developed through the previous Essex Region/Chatham-Kent Region
Groundwater Study (2004). The models were calibrated and MODPATH was used to simulate
particle movement in the capture zones and determine the extent of the travel time based
WHPA. This estimates the horizontal travel time (within the aquifer) to the well. The model is
run in reverse to determine where particles arriving at the well within the specified travel time

could have originated.
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The WHPAs in the Lower Thames Valley Source Protection Area are illustrated in Map 4-5 and
4-6.

4.3.4. WHPA-E and WHPA-F

Two other WHPASs can be delineated for wells which are under the direct influence of surface
water (Groundwater Under the Direct Influence or GUDI). Systems are assessed to determine if
they are GUDI through requirements of the Safe Drinking Water Act, 2002 (subsection 2(2) of
O. Reg 170/03). Highgate is currently identified as a GUDI system. The status of this system
as GUDI is being discussed with MOE. Should a surface water body effectively bypass the
aquifer's protection, a WHPA-E must be delineated. Rule 49(3) states that a WHPA-E is to be
defined if the interaction between surface water and groundwater has the effect of decreasing
the time of travel of water to the well when compared to the time it would take water to travel to
the well if the raw water supply for the well was not under the direct influence of surface water.
Rule 50 requires that a WHPA-F be delineated if the WHPA-E was delineated, and if the well is
subject to issues which originate from outside the other parts of the WHPA. The MOE directed
that the workplans for WHPA-E and WHPA-F for the Highgate system not be included in the
Assessment Report as information available at this time indicates that the system does not meet
the test in Rule 49 (3).

4.3.5. Vulnerability Assessment of the WHPA

Within the WHPA zones, the vulnerability must be assessed using one of the four methods
described in Rule 37 of the Technical Rules: Assessment Report:

o Intrinsic susceptibility index (ISI).

o Aaquifer vulnerability index (AVI).

o Surface to aquifer advection time (SAAT).

0 Surface to well advection time (SWAT).
Rule 15.1 also allows the use of a method which is equivalent or better than these methods
provided the reason for the use of this method is documented in the Assessment Report and the

Director has provided approval for the use of the alternative method.
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In the WHPAs in the Lower Thames Valley Source Protection Area, two methods have been
used. Intrinsic Susceptibility Index (1SI) was used for the vulnerability assessment of Highgate.
This method uses an index of depth and permeability of the materials which offer protection to
the aquifers. The permeability of the material overlying the aquifer supplying the well is
assessed at each location with a well record. The Ministry of the Environment's (MOE) Water
Well Information System (WWIS) contains borehole information collected at the time of the well
construction. The province undertook a project to characterize the materials identified in this
database so that a 'k' value can be assigned to each material identified in the well log. The 'K’
value is then multiplied by the thickness of the material in metres and summed over the depth to
the aquifer of interest. It results in a score which is then categorized as high, medium or low as
identified in rule 38 (1). A high vulnerability is assessed where the sum of the thickness times
the k value is less that 30. A medium vulnerability is assessed in areas where the sum of the
products of thickness and k is less than 80 and greater than or equal to 30. Higher scores are
considered low vulnerability. The ISl of the Highgate Wellhead Protection Area is shown in Map
4-5.

At Ridgetown, Surface to Well Advection Time (SWAT) was used to assess the vulnerability of
the municipal groundwater wells. SWAT is the time it takes for a particle of groundwater to
move from the ground’s surface to the well. The SWAT is comprised of two major components:
(1) the time it takes for a particle to move from the ground’s surface to the water table in the
unsaturated zone (UZAT), and (2) the time it takes for a particle of water to move from the water
table to the well (WWAT). Ridgetown has a relatively high water table (<3 m) and the additional
travel time in the unsaturated zone is considered insignificant, therefore only the WWAT
analysis was performed. The groundwater flow models developed to delineate the Ridgetown
capture zones (MODFLOW and MODPATH) were also used in the SWAT analysis. WWIS data
was used for static water levels. A grid of particles to be released at the water table was
established. Particles were spaced 100 metres apart in the upgradient area of each well. The
travel time of each particle to move from its original position to the water table was then
calculated, in order to determine WWAT. Travel time is represented in years and is mapped as:
less than 5 years, 5 to 25 years, or greater than 25 years. A SWAT of greater than 25 years
represents a low intrinsic vulnerability as illustrated in Map 4-6. Like the ISI, the SWAT is also

categorized into high, medium, or low vulnerability.
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Vulnerability of an area within a WHPA is assigned a score of 2 to 10 dependent on the WHPA
zone that it is within (WHPA-A, WHPA-B, WHPA-C, WHPA-D, WHPA-E or WHPA-F), the
method used to assess vulnerability (such as ISI or SWAT), and the vulnerability category (high,
medium or low). Table 4-6 summarizes the possible vulnerability scoring using I1SI or SWAT,
according to the Technical Rules: Assessment Reports. A higher score signifies a greater
vulnerability to contamination. For GUDI systems, WHPA-E is assessed similar to the methods

of assessing IPZ-2 and WHPA-F is assessed similar to the methods of assessing IPZ-3.

Table 4-6 WHPA vulnerability scoring (Technical Rules)

Groundwater Vulnerability Score
Vulnerability
Category WHPA-A | WHPA-B | WHPA-C WHPA-D
Using ISI

| High 10 10 8
Medium 10 8 6 4
Low 10 6 4 2

Using SWAT

| High 10 10 8
Medium 10 8 6 4
Low 10 6 2 2

The results of the vulnerability assessment for the WHPA in the Lower Thames Valley Source
Protection Area are shown in Maps 4-5 and 4-6. Vulnerability scores are summarized below in
Table 4-7.

Table 4-7 WHPA vulnerability scores in LTVSPA

Well Supply System Vulnerability Score
WHPA-A | WHPA-B | WHPA-C | WHPA-D
Ridgetown wells
(Erie and Scane well fields) 10 6 2 2
Highgate wells 10 6 4 2
Lower Thames Valley Assessment Report Amended Proposed — November 12, 2010
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As described in section 4.3.4, the MOE directed that the workplans for WHPA-E and WHPA-F
for the Highgate system not be included in the Assessment Report as information available at

this time indicates that the system does not meet the test in Rule 49 (3).

4.3.6. Adjustments to vulnerability to reflect transport pathways

Following the assessment of intrinsic vulnerability, information on constructed transport
pathways is reviewed in order to examine whether an increase in the vulnerability score due to
the presence of the transport pathways is needed. Transport pathways are man-made
constructions such as oil wells, pipelines or excavations that may circumvent the natural
protective layers above a groundwater aquifer. Factors such as hydrogeological conditions, type
and nature of transport pathways, and cumulative impact of these pathways are considered.
Water wells can also be transport pathways if they are not properly constructed or maintained.
An inventory of transport pathways was completed by the consultant and reviewed with the
system operators. Natural transport pathways such as fracturing and karst are already

considered, where appropriate, under the intrinsic vulnerability assessment.

For the Ridgetown and Highgate systems, the vulnerability of the pumped aquifer was not
increased. Most of the identified transport pathways were not deemed significant, as these
features are of shallow construction relative to the thickness (30 to 50 m) of the clay till aquitard
that overlies the pumped aquifer. Transport pathways that are deemed to penetrate into the
aquifer include both potable water wells and oil and gas wells. The density of these wells
appears to be low based on the available data, and therefore an increase in the vulnerability of
the aquifer is not considered necessary. Potential areas that may warrant a vulnerability
increase include former and current well fields where the potential for yet to be discovered
former wells exists. The Chatham-Kent Public Utilities Commission has informed Dillon that over
the last number of years, abandoned wells associated with the municipal water supply have

been identified, and properly decommissioned to MOE requirements.

Other identified transport pathways are not deemed significant with respect to their ability to
degrade the protection that the overlying aquitard provides. These features, such as sewers,
water main, and septic systems are relatively shallow, and would not compromise the integrity

of the aquitard.
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4.3.7. Uncertainty in the Vulnerability Assessment of WHPA

The technical rules state that an analysis of the uncertainty, characterized by ’high‘ or ’low* shall
be made in respect of the delineation and assessment of groundwater wellhead protection
areas. The factors to be considered in the analysis include:
o the distribution, variability, quality and relevance of data used;
o the ability of the methods and models used to accurately reflect the flow processes in the
hydrological system;
o the quality assurance and quality control procedures applied;
o the extent and level of calibration and validation achieved for models used or
calculations or general assessments completed;
o the accuracy to which the groundwater vulnerability categories effectively assess the

relative vulnerability of underlying hydrogeological features.

As stated in Source Protection Study, Ridgetown and Highgate Municipal Systems, Vulnerability
Assessment Report, Final Draft Report (October 16, 2009):

"The delineation of wellhead protection areas comprises a number of assumptions and
estimates based on data such as lithology described in water well records and
hydrogeological information provided from pumping test reports. Examples include the
assumption that hydraulic properties such as permeability and porosity do not vary within
a hydrostratigraphic unit (i.e., the aquifer). The boundary conditions are also
assumptions that are based on the conceptual model. Each model was developed using
the available data and, therefore, the model results represent an estimate based on that
data. In general, the results of models can always be improved by incorporating
additional information as it becomes available in the future. Even with this uncertainty,
the wellhead delineation process provides a good indication of the source of the water
for the water supply system, which can facilitate the development of a water resource

protection policy."
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Modelling

The most significant limitation for the Highgate groundwater flow model is the assumption that
the aquifer is continuous over the entire model area. However, considering the limited extent of
the 25-year time of travel area and the correlation of the contact aquifer at other wells in the
area, the uncertainty associated with this factor is considered low. Similarly, for the Ridgetown
system, the most significant limitation for the groundwater flow model is the
unpredictable/unknown nature of the regional groundwater flow at the site. The static water
levels recorded in the water well records are notably erratic. Although uncertainty in water well
record data is quite well known, the Ridgetown well data is particularly erratic. However, the

certainty of the model is deemed to increase in the immediate vicinity of the well field.

For both the Highgate and Ridgetown systems, there is a high uncertainty associated with
hydraulic head levels (taken at different times of the year over several decades), groundwater
recharge values (which are not measured directly), and the heterogeneity of the overburden

aquifer hydraulic conductivity (could not be completely identified based on the data available).

Intrinsic Vulnerability Assessment

The ISI values show relatively continuous high values (low vulnerability) across the entire study
area, and well beyond the limits of the capture zones. Therefore, uncertainty associated with the
vulnerability assessment of the Highgate system using ISl is considered low. The results of the
Ridgetown WHPA model using SWAT are consistent with the GUDI assessment of 2002.
Overall, the uncertainty associated with the vulnerability assessment of the Ridgetown System

is also low.

Transport Pathways

Some uncertainty is associated with the mapping of transport pathway information for both the
Highgate and Ridgetown well systems. Since information on the presence or absence of
transport pathways did not involve confirmatory site visits, the actual presence of the identified

transport pathways is unknown. Therefore, the mapped extent of the area where these transport
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pathways exist is deemed conservative. The only features of concern would be poorly

maintained water wells or oil and gas wells. Many of these locations are unknown.

Overall Uncertainty

Based on the discussion above, the uncertainty associated with the vulnerability assessment of
both the Highgate and Ridgetown Wellhead Protection Areas is deemed 'High', as defined by
the technical rules. The ranking is based largely on the uncertainty associated with the wellhead

protection area modelling rather than the aquifer vulnerability assessment for both systems.

As discussed above in the Surface Water section, the peer reviewers have had considerable
discussion with the consultants who have undertaken the studies for both surface water and
ground water vulnerability assessment. Through that discussion it has become apparent that
there is considerable subjectivity to the assignment of the uncertainty factors. It has been
suggested that upon completion of the peer review of all of the reports that an overall
assessment and comparison of the uncertainty be undertaken so that relative comparison
between studies can be made and priorities for future assessment can be identified. Itis
important to understand that a high uncertainty associated with any aspects of the work does
not suggest that the conclusions are inappropriate for the purposes that the results are being
used. This is merely an acknowledgement of the potential for a better understanding with
further analysis or data. If it were identified that the uncertainty was too great, additional work
would have been undertaken to reduce the level of uncertainty if data were available to support
the additional work. Even with the completion of additional work, it is unlikely that all uncertainty

can be eliminated.

4.4 Highly Vulnerable Aquifers

As discussed earlier, there are four methods with which the vulnerability of an aquifer can be
assessed. These methodologies were applied to the assessment of the wellhead protection
areas as discussed above. These same methodologies can be applied, on a much larger scale,

to the assessment of the vulnerability (or intrinsic susceptibility as it is also referred to) of the
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first significant aquifer across the entire Source Protection Region. Areas which are identified
through these methods as being highly vulnerable, and the aquifers beneath them, are to be
identified as Highly Vulnerable Aquifers according to rule 43 of the Technical Rules:

Assessment Report.

In the Thames-Sydenham and Region, Highly Vulnerable Aquifers (HVA) were mapped using
the Intrinsic Susceptibility Index described above. ISI was available across the entire region
from the county groundwater studies. In some areas the other vulnerability assessment
methodologies (AVI, SWAT or SAAT) have been calculated and mapped, however they have
not been applied across the entire region. A seamless product across the region is needed. It
is acknowledged that there will likely be challenges in matching the vulnerability assessment
map discussed here, with the mapping products developed by neighbouring source protection
regions. This will need to be considered in subsequent assessment reports after all of the
neighbouring regions’ products have been developed. This will present a challenge for
municipalities which are within more than one Source Protection Region. These differences will
also need to be considered in the development of the Source Protection Plan in those areas. In
determining which vulnerability assessment method to apply in the region it was also important
to consider the data which is available to support the methodology. As the data necessary to
apply these other methods is not available in many of the areas, it was not possible to apply the
other methods across the entire region without undertaking considerably more work. As such,

ISI was used to assess the vulnerability in the Thames-Sydenham and Region.

Although the county groundwater studies followed a consistent terms of reference and
methodology and were reviewed through an MOE developed peer review process, there were
significant challenges when edge matching the work between adjacent studies. Many of the
products developed through the groundwater studies (such as water table elevation and
overburden thickness) were edge matched in the Southwest Region Edge-Matching Study
Results (Waterloo Hydrologic Inc., 2005). ISI, however, was not able to be seamlessly matched
throughout the region. Instead, a product was developed which identified the areas of overlap
between study areas where the ISI index was one or two levels different (Map 18 of Appendix
5). In order to use this product to describe the intrinsic vulnerability in the region, it needed to

be updated to ensure seamless mapping across the entire region. Further, it is important that
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consistent methodologies be applied to all areas within the region. The work described in this
section is described in detail in the Highly Vulnerable Aquifer Identification (Upper Thames River

Conservation Authority, November 2009) report.

The ISI scores from the wells across the region were obtained from the data of the county
groundwater studies. This data covered most of the region, however it was identified that in the
western end of Elgin County there were very few points where the ISI had been calculated.
Updated Water Well Information System (WWIS) data was reviewed in the hopes that it
contained additional information in this area which was not used during the county groundwater
studies. The updated WWIS had been corrected to reduce the locational uncertainty of many of
the data points. This newer data resulted in very few additional points in the western end of
Elgin County. Therefore it was necessary to reconsider the location screening which was
applied to the data. In the previous study, lot centroid values were removed from the
interpolation due to the level of uncertainty in the location of the well. Due to the lack of data in
this area, it was determined that it was better to use the lot centroid information than have the
entire area interpolated based on data from outside this area, as was done in the previous
study. As a result, the wells with a modest level of locational uncertainty were included in the
analysis. Dillon was contracted to undertake the ISI calculations for the wells in this area so
that they could be included in the regional interpolation of the I1SI scores. These points, when
supplemented with the surficial geology discussed below, result in significant improvements in
the assessment of the vulnerability in this area from that which was available from the county

groundwater studies.

The ISI calculations consider the vulnerability only at points where information on the depth and
type of materials overlaying the water table is available. The information source for this
geologic interpretation was the Water Well Information System (WWIS). This database includes
a characterization of the materials encountered in the drilling of water wells. Materials are
described by the drillers and then entered into this information system along with other details
associated with the well, such as the static level of the water in the completed well. As
discussed earlier, the 1SI score had previously been calculated at each well. This data,
augmented with the newly calculated ISI in the parts of western Elgin County, was used as the

basis for the initial vulnerability map. Geographic Information System (GIS) tools are often used
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to interpolate values between the discrete points where the value is known. These tools
determine the best fit of a surface through the thousands of values across a region. Various
computer algorithms are available in the GIS programs to undertake this interpolation or
smoothing. The county groundwater studies used different tools to undertake this smoothing of
the ISI. For a seamless product across the entire Source Protection Region it was necessary to
use the same algorithms across the entire region. The ‘Natural Neighbour’ method was used by
many of the studies to provide an interpolation of data between neighbouring water well
locations. In some of the studies, the results were similar to the ‘Kriging’ method. Natural
Neighbour is, however, simpler to apply with fewer options as to how to apply the method. This
is an advantage as this method will be better able to be reproduced and updated in the future.

Natural Neighbour was therefore used for the seamless update of the ISI across the region.

Another difference between the studies was in which values of intrinsic vulnerability were
interpolated. In some studies the ISI scores were interpolated, whereas other studies
interpolated an index which represented whether the score was high, medium or low. As
discussed above, an ISI score of less than 30 results in a high vulnerability. These were
assigned an index value of 1, whereas medium vulnerabilities were assigned an IS| of 2 and
lows were assigned an ISI of 3. In many of the county groundwater studies, these 1, 2 and 3
values were interpolated across the study areas. This resulted in a continuously variable
surface with values ranging from less than 1 to greater than 3. It was therefore necessary to
determine the breakpoints between high, medium and low within this continuous surface to
determine where the lines should be between the high, medium or low area. In investigating
this, the study team found that this was not well documented and that it was apparent that
various breakpoints were used for the separation of high, medium and low areas. For the
purposes of this update, the scores were interpolated rather than the index values, allowing the
breakpoints specified in the rules to be used in the delineation between high, medium and low

vulnerability.

As discussed above, an ISI score is only calculated at points where the WWIS contained
information. Even with the extensive number of wells which were used, there are areas where
there are no wells to define the vulnerability. A simple illustration of this is to consider where

wells are generally located. They will normally be located in an area where there are homes or
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other buildings. The buildings tend to be located close to the roads. As a result, areas between
the roads tend not to have many wells. Sand and Gravel information from the surficial geology
(OGS) was used to define features which were not well represented in the ISI data. In some
areas, the surficial geology sand and gravel areas suggests that small areas of high vulnerability
identified through the ISI mapping may be more extensive or connected to other areas which
the ISI had identified as high vulnerability. This required professional judgment through an
extensive comparison of the well records within and around these features to determine whether
areas of highly vulnerable aquifers were missed in the ISI mapping that was developed. This
work was undertaken by the region's staff hydrogeologist and was peer reviewed as described
in the peer review section above. Where the sand and gravel information agreed with the water
well records, the extent of the surficial geology feature (sands and gravels) was used to connect
smaller pockets of high vulnerability. Where water well information did not seem to agree with
the surficial geology information, examination of the well record and air photo interpretation
were used to determine if the well record should be included in the ISl interpolation. Further,
an assessment as to whether the sand and gravel area identified in the surficial geology
features is likely to contain an aquifer was also undertaken where these areas were being
added to the highly vulnerable areas identified through the seamless ISI. Where individual
pixels smaller than 200 m square were identified in the seamless ISI mapping they were

screened out.

The areas where the ISI score was calculated or interpolated to be less than 30 are identified as
Highly Vulnerable Aquifers. The use of a second data source (surficial geology features) and
professional judgment to supplement and confirm the results of the ISI work give more certainty
to the areas delineated as Highly Vulnerable Aquifers. This also resulted in a more
comprehensive identification of highly vulnerable aquifers across the region than could be
provided by the ISl information calculated and interpolated from well locations. Map 4-7
illustrates the highly vulnerable aquifers within the Lower Thames Valley Source Protection

Area.

These areas of high vulnerability identified as HVAs were overlaid over the areas of medium or
low vulnerability from the seamless ISI| developed as described above to produce a seamless

vulnerability mapping across the region. In this manner, areas identified as Highly Vulnerable
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Aquifers were assigned a vulnerability of high. Those areas which were not identified as highly
vulnerable aquifers retained the low or medium vulnerability from the seamless vulnerability

mapping. The resulting regional scale map is included as Map 4-7a.

4.5 Significant Groundwater Recharge Areas

Significant Groundwater Recharge Areas or SGRAs are delineated through the Water Budget
Process. In the Lower Thames Valley Source Protection Area these were delineated through
the Tier 1 Water Budget. The delineation of the SGRAs are described in detail in Section 3 —

Water Budget and Water Quantity Stress Assessment.

Rule 44 defines Significant Groundwater Recharge Areas as those areas where the recharge is:
o more than 1.15 times the average recharge in the area or

0 55% or more of the volume determined by subtracting the annual evapotranspiration for

the whole of the related groundwater recharge area from the annual precipitation for the

whole of the related groundwater recharge area.

The areas which meet either of these criteria are shown in Map 4-8 which shows the delineated
SGRA. Map 4-8 filters out areas which are based on single grids from the analysis (less than

25 hain area).

Vulnerability within these Significant Groundwater Recharge Areas was assessed using the ISI
developed for delineation of the Highly Vulnerable Aquifers. The combined HVA and seamless
ISI map (Map 4-7a) was used to assess the vulnerability of the SGRAs. SGRAs which have a
high vulnerability are assessed a vulnerability score of 6, while medium areas are scored 4, and

low areas are scored 2. The vulnerability of the SGRAs is illustrated in Map 4-9.
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4.6 Data Gaps and Next Steps

The data gaps encountered in the assessment of vulnerability are listed in the Table 4-8.

Table 4-8 Vulnerability Assessment Data Gaps Relevant to the Lower Thames Valley

SPA
Data Gap Description

IPZ-3 for Lake Erie Intakes Gap is allowed in technical rules provided a work
plan is submitted. The work plan to fill the gap (in an
amended Assessment Report) is in Section 9 - Data
Gaps and Next Steps

Better drainage information to Adjustments may be made to IPZ-2 transport

delineate IPZ-2 transport pathways pathways and storm sewersheds as a result of

and storm sewersheds better drainage information determined through site-
specific (Tier 2) Risk Assessment

Groundwater model parameters Lack of data; might be an opportunity for future

(hydraulic conductivity, recharge, monitoring

hydraulic head)

WHPA Transport Pathways Locations of water, oil and gas wells in WHPA

Edge matching of HVA and SGRA This work will be considered when neighbouring

with neighbouring regions regions' HVA and SGRA maps are complete

Water well data in western portion of Lack of data; might be an opportunity for future

Elgin County, for HVA determination monitoring

Aquifer mapping Better understanding of the conceptual geologic
model including mapping of the lateral extent of the
aquifers and aquitards and recharge areas feeding
these aquifers
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