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David Kerr, P.Geo. The City of Kawartha Lakes

From:

Kim Gilder/Leigh Davis/Lloyd Lemon, P.Geo

Project No.:

071967.00

Subject:

Groundwater Vulnerability Assessment Methods
The City of Kawartha Lakes

OBJECTIVE:
To document the approach and methodology for completing Groundwater Vulnerability Assessments for
the groundwater-based municipal water supplies in the City of Kawartha Lakes (CKL).
OVERVIEW:
Technical Rules presented in Part IV, Part V.3 and Part VII.3 of the Technical Rules Assessment Report,
Clean Water Act, 2006 document as released by the Ontario Ministry of the Environment (MOE) on
December 12, 2008 and as amended in November 2009 provide direction to the requirements for
assessing the vulnerability of municipal groundwater supply systems. Part IV describes methods for
assigning vulnerability of groundwater including the identification of areas where the vulnerability may be
increased due to the presence of transport pathways. Part V.3 describes the delineation of wellhead
protection areas (WHPA) around municipal groundwater supplies. Part VII.3 outlines the procedure for
assigning a vulnerability score to wellhead protection areas.
The six steps followed to complete the Groundwater Vulnerability Assessments are:
Step 1: Review and Assess Available Data and Interpretations.
Step 2: Delineate Wellhead Protection Areas (WHPA).
Step 3: Assess Vulnerability.
Step 4: Consider Vulnerability Increase for Transport Pathways.
Step 5: Assign Vulnerability Score.
Step 6: Evaluate Uncertainty.
A semi-quantitative approach was developed to assist in preparing a consistent assessment of the quality
of the vulnerability assessment and the associated uncertainty. Table B1-1 provides a series of questions
for which a scoring system was developed to provide a score out of 10 based on the responses to the
questions. Details of the scoring system are provided in the discussion for Step 6.
DATA SOURCES:
¾

Construction and Calibration of Numerical Groundwater Flow Models – City of Kawartha Lakes
Groundwater Supplies (GENIVAR) (Appendix A to this study).

¾

The City of Kawartha Lakes parts of the Municipal Groundwater Study for the Trent Conservation
Coalition (Morrison Environmental Limited, 2004).
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¾

Groundwater Modeling of the Oak Ridges Moraine Area, CAMC-YPDT Technical Report Number
01-06 (Earthfx, 2006)

¾

Permit to Take Water Applications and technical reports.

¾

Documentation on well construction and pumping tests.

¾

CAMC/YPDT Version 2.0 and Version 2.1 Hydrostratigraphic Interpretations and boreholes
database.

Step 1: Review and Assess Available Data and Interpretations
The available data for each municipal water supply area was collected and reviewed to consider:
¾

The quantity, distribution, and quality of borehole and groundwater elevation data;

¾

The presence of data gaps within the defined WHPA areas;

¾

The basis for determining groundwater flow patterns;

¾

The information available to describe aquifer properties and their distribution; and

¾

An overall assessment of the conceptual understanding of the aquifer and the groundwater flow
system.

This information has been evaluated to develop a numerical score out of 10 to represent the relative
confidence score in the understanding of the groundwater flow system. This scoring system is illustrated
in Part 1 of Table B1-1.
The previously delineated WHPA (Morrison, 2004) were reviewed to confirm that the WHPA are
appropriate based on:
¾

Current status of wells (including wells that have been added or removed from use).

¾

Relationships of the WHPA with respect to surface water features and surface water divides.

¾

Shapes of the WHPA.

¾

Pumping rates used in the delineation analysis.

¾

Information (particularly new information) that describes the physical geometry and distribution of
the aquifer and aquifer properties.

Following this review, the CKL provided direction to construct 3-D numerical groundwater flow models
that could be used to update the WHPA delineation for the CKL Groundwater supplies. The use of 3-D
models was considered appropriate to attempt to reduce uncertainties that arose in the reviews, provide
consistent delineation of WHPA across the CKL and also within the Trent Conservation Coalition Source
Protection Region. The construction and calibration of the numerical groundwater flow models are
documented in Construction and Calibration of Numerical Groundwater Flow Models – City of Kawartha
Lakes Groundwater Supplies (GENIVAR) (Appendix A to this study).
Step 2: Delineate Wellhead Protection Areas
GENIVAR constructed and calibrated six subregional numerical groundwater flow models to simulate the
groundwater flow conditions surrounding the municipal wells in the CKL. Details on the numerical
groundwater modeling study be found in Appendix A – Construction and Calibration of Numerical
Groundwater Flow Models – City of Kawartha Lakes Groundwater Supplies. The calibrated subregional
models were used to delineate the wellhead protection areas for the individual wells.
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The steps taken to delineate the WHPA from the calibrated numerical models included:
1) Refine the model grid in the vicinity of the local pumping wells.
2) Select an appropriate pumping rate for the individual wells or scenarios with multiple wells in
operation and apply the model to determine simulated groundwater elevations for each model
cell.
3) Apply the MODPATH utility to track the movement of groundwater particles backwards from the
well screen to the boundary condition (i.e.: surficial recharge, lake or river) where they enter the
model. This provides the steady-state pathlines for the maximum capture zone.
4) Conduct a water balance for the steady-state capture zone to confirm that the groundwater inputs
to the model match the volume of water pumped from the wells. Individual model layers were
refined and this step was repeated until a water balance was obtained.
5) Delineate time-of-travel zones along the steady-state pathlines to reflect travel times to the
pumping well of 2 years, 5 years, and 25 years.
6) Repeat steps 2 through 5 for pumping scenarios identified to be appropriate for each well.
7) Import the model pathline outputs for each scenario (and each time interval) into GIS. Construct
a composite WHPA from these to encompass the largest area included in each travel time
interval.
Following much discussion, the CKL directed that the WHPA should be delineated using the most
conservative pumping rates, which are typically the maximum rate allowed under the Permit To Take
Water. Although it was recognized that this selection would overestimate the actual demands required for
normal use in some systems, it was considered to be an appropriate method to allow for uncertainties
due to the amount of data available on which to construct, calibrate, and verify the numerical groundwater
flow models. In a few instances, a pumping rate was proposed for the wells to reflect the maximum future
needs of the system based on review of historical data and discussion with the CKL Planning department.
The WHPA delineated using the numerical models were reviewed and compared to the previous
versions. Where necessary, minor adjustments were made to confirm that the model results provide a
reasonable reflection of the available understanding of the distribution of aquifers and aquitards in the
area of the municipal wells. The composite WHPA were subsequently used in the Vulnerability
Assessment and Threats Assessment as per the Technical Rules.
The confidence in the WHPA delineation was assessed in Part 2 of Table B1-1 as a score out of 10. This
information is incorporated into the overall uncertainty assessment.
Step 3: Assess Vulnerability
The WHPA delineations represent a horizontal Time-of-Travel (TOT) within either the groundwater flow
system or subsurface aquifer layers. The Vulnerability Analysis methods allow an opportunity for the
qualified professional to consider other influences that will consider the effects of low permeability soil
materials in reducing the likelihood that contamination can reach the water supply aquifers. Technical
Rule 37 (Part IV) allows for use of the following methods to be used to assess groundwater vulnerability:
(1)

Intrinsic Susceptibility Index (ISI).

(2)

Aquifer Vulnerability Indices (AVI).

(3)

Surface to Aquifer Advection Times (SAAT).

(4)

Surface to Well Advection Times (SWAT).
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Technical Rule 38 (Part IV) describes how a vulnerable area is sub-divided into areas of “High”,
“Medium”, and “Low” Vulnerability for the above noted assessment methods.
In some cases, it may also be reasonable to justify an assignment of “High” Vulnerability based on
knowledge of thin overburden cover, fractured bedrock, and/or high water tables.
The methodology for each assessment method is described in the following sections.
Intrinsic Susceptibility Index (ISI)
The Intrinsic Susceptibility Index is a specific methodology that utilizes information in the existing Water
Well Information System (WWIS) to qualitatively assess the degree of protection that soil materials above
either the water table in an unconfined aquifer, or the top of a designated confined aquifer. In the
approach recommended by the MOE, the uppermost 2 m-thick confined aquifer is used when there is no
unconfined or water table aquifer. In the ISI method a score is obtained for each well by multiplying a
representative “permeability” or “K” factor by the measured thickness of each unit (or unsaturated
thickness for the water table case). The recommended K factors are summarized in Table B1-2. A high
K factor (5 or 6) represents low permeability soils that typically behave as aquitards and provide vertical
protection to underlying layers. A low K factor (1-2) represents permeable materials (typically sands or
gravels) that can more readily conduct groundwater and contaminants to the municipal well. The sum of
these scores for each layer above the water table or first aquifer is then added to determine an ISI index.
The ISI index is then related as High, Medium, or Low as follows:
ISI/AVI Score

Intrinsic
Vulnerability

< 30

High

30 - 80

Medium

> 80

Low

The diagram presented in Figure B1-1A further describes the ISI methodology. This method was not
considered for use in this study in order to ensure that the vulnerability being assessed reflected the
aquifer that supplies the groundwater to the municipal wells.
Aquifer Vulnerability Index (AVI)
The Aquifer Vulnerability Index (AVI) is calculated in a similar way as the ISI as described above. The
difference is that the AVI is calculated as the sum of the K factor and thickness for each soil layer above
the aquifer of interest with no consideration of the water table. This approach can be either applied using
interpreted geological layers or using the soils data from individual boreholes.
ISI and AVI mapping methods are described in greater detail in Draft Guidance Module 3 (MOE, October
2006). The list of K factors for various geological materials in provided in Appendix 3 of Draft Guidance
Module 3 (MOE, October 2006) and is summarized in Table B1-2. The diagram presented in Figure B11B. Stratigraphic information from individual boreholes was also used in this study and is further
described in Figure B1-1C.
Surface to Aquifer Advection Times (SAAT) or Surface to Well Advection Times (SWAT)
SAAT or SWAT analysis can be performed manually using analytical methods or more typically using a
numerical groundwater flow model. These methods determine the actual time of travel from either ground
surface to the aquifer, or from surface to the municipal well.
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Previous Study Methodology
The original WHPA delineation by MEL in 2004 included a vulnerability assessment. The MEL study
team utilized a well-by-well analysis referred to as an Intrinsic Susceptibility Index (ISI). The approach
was not consistent with the definition of ISI in the Technical Rules. The ISI method used by MEL
considered the overall sum of the thickness of each formation found in the well log multiplied by a K-factor
(a number derived from vertical conductivity values) to reflect the vulnerability. As the depths of the wells
surrounding the municipal wells were typically highly variable, this method is not considered to provide a
consistent and reliable assessment of the vulnerability of the municipal water supply aquifers.
The results of the MEL vulnerability study were reviewed as a check to evaluate the suitability of the
groundwater vulnerability determined for the municipal water supply aquifers using the methodology
described below.
Methodology Applied
For the CKL groundwater supplies, the Groundwater Vulnerability was determined for the local municipal
water supply aquifer(s) using a simplified AVI approach as illustrated in Figure B1-1B. The AVI was
determined for each identified aquifer layer that contributes to the municipal groundwater supply. The
AVI considered the thickness and properties of each interpreted soil layer above the water supply aquifer.
The primary method for determining AVI was through use of the interpreted hydrostratigraphy as provided
by CAMC/YPDT based on the Version 2.0 or 2.1 surfaces. Each aquitard layer was assigned a K factor
of 4, as being a conservative estimate for the less permeable soils that compose an aquitard. Aquifer
layers were subsequently assigned a K factor of 1, again to be conservative for permeable soils. The AVI
from this method was subsequently reviewed with respect to the observed strata in individual boreholes
to confirm that the AVI assignment is defensible. A map of groundwater vulnerability within each
identified WHPA was prepared.
Step 4: Consider Vulnerability Increase due to Transport Pathways
Technical Rules 39 through 41 describe the ability to consider an increase to the vulnerability in areas
where Transport Pathways may affect the natural vulnerability as determined in
Step 4. Transport Pathways are anthropogenic or man-made structures or disturbances such as:
¾

Existing wells or boreholes (all types);

¾

Unused or abandoned wells;

¾

Pits and quarries;

¾

Mines;

¾

Construction Activities (Building foundations);

¾

Storm water infiltration;

¾

Septic Systems; and/or

¾

Storm Sewer, Sanitary Sewer, and Water Distribution System or other buried utility
infrastructure.

Technical Memorandum B2 - Vulnerability Increase – Transport Pathways Methods documents the
method followed to increase the vulnerability locally in the presence of an identified Transport Pathway.
Where present, the vulnerability assigned in Step 4 is increased from medium to high or from low to
medium. The Technical Rules do not permit the Vulnerability to be increased from a value of high. In
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cases where there is a severe concern that man-made structures may significantly increase vulnerability,
the groundwater vulnerability can also be increased from low to high.
Step 5: Assign Vulnerability Score
A Geographic Information System (GIS) has been used to prepare the maps of the WHPA and the
groundwater vulnerability (including increases) within the WHPA. These values were then used to
generate a map of Vulnerability Scores through considering the WHPA and the Vulnerability Rating as
per Table 2.
Table B1-3. Vulnerability Scores based on WHPA and Groundwater Vulnerability
(Technical Rule 83 (Table 2a))
Groundwater Vulnerability

Wellhead Protection Area
(Time-of-Travel)

High

Medium

Low

WHPA-A (< 100 m)

10

10

10

WHPA-B (< 2 Year)

10

8

6

WHPA C (< 5 Year)

8

6

4

8

6

4

6

4

2

WHPA C1 (< 10 year)
where 5 year not determined]
WHPA-D (< 25 Year)

Note:
Groundwater Vulnerability Scores range from 0 to 10 with 10 assigned to the highest vulnerability zones (near the
municipal well(s)) and where there is strong potential for direct hydraulic connection to the municipal water supply
aquifer.

In cases where a WHPA-E has been developed to address the potential conditions of groundwater under
direct influence of surface water (GUDI), the Vulnerability has been determined in accordance with Part
VIII – Vulnerability: Surface Water Intake Protection Zones. Technical Memorandum B3 – Delineation of
WHPA-E/F has been prepared to document this process.
On completion of the Vulnerability Scores, Part 3 of Table 1 was completed to provide a semi-quantitative
evaluation of confidence/uncertainty in the Vulnerability Assessment and the method chosen to represent
the vulnerability for each community.
Step 6: Evaluate Uncertainty
Uncertainty Assessment was a significant component of the Tier 1 Water Quality Risk Assessment as
described in the Draft Guidance Modules (MOE, October 2006). In the Technical Rules, a specific
uncertainty analysis is not outlined for the Vulnerability Assessment component, but there remains a
requirement to document “a description of every uncertainty analysis conducted in accordance with the
Rules and the results of that analysis” (Part 1.2 Assessment Report Contents - Rule 9 (2)(f)). The
Uncertainty Analysis provided herein is intended to provide sufficient capacity to comment on the
uncertainty inherent in the Vulnerability Assessment.
Uncertainty is typically generated by limitations in the quantity and/or quality of data that is available to
support the characterization of the groundwater flow system at the scale of analysis and assessment. In
terms of the Vulnerability Assessment, the uncertainty has been expressed as an Uncertainty Rating of
High or Low for each WHPA and corresponding vulnerability assessment.
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A high uncertainty rating is typically applied for water supply systems that obtain water from fractured rock
aquifers. The typical quantities of data and methods applied to delineate the WHPA and vulnerability
scores often provide a good basic understanding of the most likely areas that contribute water to the wells
and the typical travel times to the wells. In reality, flow to the wells may be governed by individual
fractures and therefore there is some possibility that the delineated WHPA do not reflect the entire
contributing area.
In the City of Kawartha Lakes, the majority of the WHPA have been delineated using models constructed
with and calibrated to a relatively small dataset. In the course of this work, attempts have been made to
make decisions and assumptions that would err on the conservative side. Some examples of these
decisions are:
1) use of maximum permitted pumping rates at steady-state continuous pumping which will result in
substantially larger WHPA than would be obtained for pumping scenarios at typical average rates
with cycled operation during peak periods of the day.
2) AVI scores estimated using the regional layers consider a relatively low K-Factor for the typical
range of observed aquifer and aquitard materials. AVI scores using the actual materials would
likely result in Higher AVI scores and lower vulnerability.
3) Groundwater velocity estimates for granular aquifers are estimated using an assumed effective
porosity that reflects the low range of observed values. This will result in slightly larger time-oftravel zones, hence larger WHPA.
The WHPA delineated under this study are considered to reflect improved understanding of the
groundwater flow systems and increase in confidence that the WHPA areas and Vulnerability Scores
reflect the relative vulnerability of the municipal residential water supply wells in the CKL. Despite these
advances, the requirements of the Technical Rules make it challenging to clearly defend a Low
Uncertainty for these wells. Uncertainty has been reduced relative to the previous study.
For the CKL Municipal Groundwater Supplies, the Uncertainty Rating for the Vulnerability Assessment
was determined through completion of Table B1-1. A Confidence Score out of 10 is determined through
the qualitative assessment of the findings from Step 1, Step 2, and Step 5 above. These three
components were considered together to consider Uncertainty as High for scores greater than 6 and Low
for scores less than 6. The scoring system used in Table B1-1 is typically qualitative and is intended to
reflect relative degrees of uncertainty or confidence.
LAL:nah

LIST OF FIGURES
FIGURE B1-1A
FIGURE B1-1B
FIGURE B1-1C

INTRISIC SUSCEPTIBILITY INDEX (ISI) DIAGRAM
AQUIFER VULNERABILITY INDEX (AVI) DIAGRAM – REGIONAL
AQUIFER VULNERABILITY INDEX (AVI) DIAGRAM – LOCAL – ALL WELLS
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TABLE B1-1: DATA AND WHPA DELINEATION UNCERTAINTY EVALUATION

Part 1. Assessment of Available Data
Confidence
Score
(x/10)

Aquifer(s) Considered:

Water Table/ Uppermost
Aquifer

Target Aquifer

Other Aquifers

Borehole and Water Level Data in WHPA (and surrounding area):

4.4

Are there more than 7 data points of reasonable quality?

Y

Y

N

Is there data around the Municipal Well(s)?

Y

Y

N

Is there Data Coverage beneath Entire Wellhead Protection Area (WHPA)?

N

N

N

Is the Distribution Relatively Uniform?

Y

Y

N

Are there large gaps in data coverage in WHPA ?

Y

Y

N

Are there any Measured/Surveyed Data Points?

Y

Y

N

Was Water Well Information Service (WWIS) Data Available?

Y

Y

N

Minimal Data/Topography?

Y

Y

N

Does Data Reflects Variability?

N

N

N

Are/Was Pumping Test Data Available/Used?

Y

Y

N

Are/Was K Distribution Maps Available/Used?

Y

Y

N

Are estimates based on Soil Materials?

Y

Y

N

Groundwater Flow Direction Determinations Based On:
5.6

Aquifer Characterization:
8.9

Qualitative Assessment of Conceptual Understanding:

4.1

5.8

Is the Groundwater Flow System Simple, Uniform?

Y

Does Groundwater Flow reflect topography & regional watershed drainage?

Y

Are there other reasonable interpretations of Groundwater Flow System?

Y

Are watershed/surface water interactions satisfactorily represented?

Y

Is the Aquifer Confined?

Y

Is the Target Aquifer in a complex Groundwater Flow System?

Y

Is the Target Aquifer in fractured rock?

N

Overall Confidence in Data/Groundwater Flow System Characterization

Part 2. Assessment of WHPA Delineation
WHPA Methodology (Evaluate one only)

7.8

Fixed Radius

Uniform Flow

Analytical
Model

3D Model

Is method appropriate for data & inherent uncertainty?

Y

Is method appropriate for number of pumping wells?

Y

Is method appropriate for pumping rate?

Y

Is method appropriate for geological complexity?

Y

Was approach/model independently verified?

N

Uncertainty in WHPA Delineation

10

8.9

Are pumping rates conservative?

Y

Were multiple scenarios analyzed?

Y

Is the target aquifer present beneath the WHPA confirmed?

Y

Are assigned aquifer properties appropriate over the extent of the WHPA?

Y

Has uncertainty been incorporated into the WHPA Delineation?

Y

Are recharge/surface water features adequately represented?

Y

Is there a water balance for the Time of Travel (TOT) zones?

Y

Could improved confidence in understanding change result to reflect higher
"vulnerability"?

N

Overall Confidence in WHPA Delineation

Part 3. Assessment of Vulnerability Assessment
YES

Is Vulnerability Assessment Warranted?

If "NO" Use TOT-Based Only Vulnerability Scores

N

Is the aquifer fractured rock?

N

Is there less than 6 m of low permeability soil over aquifer?

N

Is a conservative Vulnerability Score desired (Source Protection Committee Decision)?

Y

Is there sufficient information to make a defensible vulnerability assessment?

Vulnerability Method
(Evaluate one method Only):
7.3

Basic
Intrinsic
Hydrogeological Susceptibility
Evaluation
Index (ISI)

Aquifer
Vulnerability
Index (AVI)
Y

Based on/Considers Regional Stratigraphic Interpretations:

Y

Based on/Considers Local (Individual Borehole) Interpretations:

N

Does Vulnerability Assessment reasonably reflect data?

Y

Is Vulnerability Assessment Consistent with Regional Understanding?

Y

Part 4. Uncertainty Assessment
5.8

Assessment of Available Data/Interpretation

8.9

Assessment of WHPA

7.3

Assessment of Vulnerability

HIGH

RECOMMENDED UNCERTAINTY SCORE

Progressive
Evaluation
Detailed
(more than
WAAT/ SAAT/ Hydrogeological
one
SWAT
Evaluation
approach)

AQUIFERS

Table B1-2 - Summary of K-factors for Geological Materials
Primary Material
Gravel / Gravelly Sand
Limestone
Weathered Dolomite/Limestone
Karst
Permeable Basalt
Dolomite
Gravel / Gravelly Sand - with organic material
Interbedded Limestone/Shale
Sand / Silty Sand
Previously Drilled / Missing / Covered
Fill (including topsoil and waste)
Miscellaneous, No Obvious Code
Organic Material (including Peat)
Rock or Potential Bedrock
Sand / Silty Sand
Weathered Clay / Weathered Shale

AQUITARDS

Silt / Sandy Silt / Clayey Silt
Diamicton - clay to clay/silt OR silt to sand
silt matrices
Sandstone
Clay / Silty Clay

Secondary Materials (optional)
none apparent / Rhythmic/graded Bedding / Weathered
none apparent / Weathered

Topsoil / Muck, Peat, Wood Fragments
none apparent

none apparent / Topsoil
Topsoil / Muck, Peat, Wood Fragments / Rhythmic/graded Bedding
none apparent / Topsoil / Muck, Peat, Wood Fragments / Rhythmic/graded
Bedding / Loess
none apparent / Gravel/Sand/Silt/Clay Interbeds / Stoney / Topsoil / with
Muck, Peat, Wood Fragments / Texture Unknown

K-factor
1
1
1
1
1
2
2
2
2
3
3
3
3
3
3
3
4
5
5

none apparent / Topsoil / Muck, Peat, Wood Fragments / Rhythmic/graded
Bedding

Shale
Clay - Till or Unweathered Marine
Unfractured Igneous/Metamorphic Rock
Granite
Source: Tables 3.1 and 3.2 found in Appendix 3 of the Ministry of the Environment Draft Guidance Module 3 (October, 2006).
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Lloyd Lemon, P.Geo
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071967.00

Subject:

Vulnerability Increase - Transport Pathways – Methods
The City of Kawartha Lakes

OBJECTIVE:
To document a consistent approach for identifying and applying an increase to the Vulnerability Score to
consider Transport Pathways as part of the Vulnerability Assessment for groundwater supplies in The City
of Kawartha Lakes.
OVERVIEW:
Technical Rules 39 through 41 of the Technical Rules: Assessment Report, Clean Water Act, 2006
document as released by the Ontario Ministry of the Environment (MOE) on December, 12, 2008, and
amended in November 2009, provide for the consideration of increased vulnerability within source
protection areas where a transport pathway that is anthropogenic in origin may influence the vulnerability
of the water supply.
Rule 41 allows for the increase of vulnerability in consideration of:
(1)

hydrogeological conditions;

(2)

the type and design of any transport pathways;

(3)

the cumulative effect of any transport pathways;

(4)

the extent of any assumptions used in the assessment of the vulnerability of the groundwater.

The purpose of Technical Rules 39 through 41 is to ensure that the vulnerability assessment considers
local, man-made features that may make it easier for contaminants to reach the water supply aquifer.
These features are collectively referred to as Transport Pathways.
The steps followed to apply the vulnerability increase in consideration of transport pathways included:
Step 1:

Assemble Available Data.

Step 2:

Prepare Inventory of Transport Pathways.

Step 3:

Identify the Degree to Increase the Vulnerability.

Step 4:

Increase Vulnerability to consider Transport Pathway.

Step 1: Assemble Available Data
Available data describing the potential presence and extent of Transport Pathways within the Wellhead
Protection Areas (WHPA) for each municipal water supply area was collected and reviewed. Some
examples of the data sources included:
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¾

WHPA Delineation and Vulnerability Assessments (this study, GENIVAR).

¾

Issues Evaluations and Threats Assessments (this study, GENIVAR).

¾

Municipal Groundwater Study Reports (Morrison Environmental Limited).

¾

Watershed Characterization Reports (Conservation Authorities).

¾

Water Well Information System (WWIS) Database (as obtained through the Conservation
Authorities Moraine Coalition/York Peel Durham Toronto (CAMC/YPDT) Groundwater Study data
management system).

¾

Records of municipal servicing.

¾

Records of storm sewer catchments and discharge locations, as required.

¾

Property fabric.

¾

Topographic maps and aerial photographs (digital orthophotography).

Step 2: Prepare Inventory of Transport Pathways
Examples of features that may provide a transport pathway that could result in an increased vulnerability
to a water supply source include:
¾

Existing wells or boreholes (all types);

¾

Unused or abandoned wells;

¾

Pits and quarries;

¾

Mines;

¾

Construction Activities (such as deep building basements/parking garages);

¾

Storm water infiltration;

¾

Septic Systems; and/or

¾

Storm Sewer, Sanitary Sewer & Water Distribution System Infrastructure.

Figure B2-1 illustrates some examples of typical situations that would constitute a Transport Pathway in
which the groundwater vulnerability would be increased.
The available data sources were reviewed to identify the Transport Pathways within the delineated WHPA
for each groundwater-based municipal water supply. Information describing the nature and location of
the Transport Pathways was stored in a relational database and linked to a Geographic Information
System (GIS) project used to map the WHPA and to perform the vulnerability scoring and the Tier 1
Water Quality Risk Assessment. Maps were prepared to illustrate the presence of the Transport
Pathways within the WHPA.
Step 3:

Identify the Degree to Increase the Vulnerability

The Technical Rules allow for the vulnerability to be increased from medium to high, from low to medium,
or from low to high in the presence of a Transport Pathway. The adjusted vulnerability would be used in
determining the groundwater vulnerability scores as per Part VII of the Technical Rules. The Technical
Rules do not provide specific direction on when to increase vulnerability from low to high. For most
scenarios, the vulnerability will be increased by one “step” from medium to high, or from low to medium.
Increases from low to high will be provided in extreme cases where the Transport Pathway is considered
to present an obvious and imminent threat to the groundwater quality at the municipal wells.
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Evaluation of Transport Pathways must consider whether the Transport Pathway extends to sufficient
depth to potentially affect the ability of a contaminant to reach the water supply aquifer. In many cases,
shallow construction, septic systems, underground utilities, fence posts, etc. may not provide an
opportunity to increase the potential for a contaminant to reach a deep, confined aquifer system. In these
cases, the vulnerability will not be increased.
The Transport Pathways identified in the Inventory can be evaluated in terms of the likelihood that they
can affect the water quality of the water supply aquifer. A new map layer in the GIS system has been
created to identify the geographic area influenced by the Transport Pathway and subsequently to
increase the Groundwater Vulnerability Rating.
The majority of the potential transport pathways listed above can be included in the GIS system directly
based on mapping of the known distribution. For example, the extent of a pit, quarry, or buried utility
corridor that is considered likely to result in an increase to the vulnerability of the water supply can be
readily mapped.
Wells or boreholes drilled into the subsurface can provide significant potential to transmit contaminants to
the subsurface as well as to allow contaminants to move between aquifer layers. The potential that a
borehole or well will serve as a Transport Pathway sufficient to contaminate an aquifer will increase
where:
¾

The borehole or well extends to, or through, the municipal water supply aquifer (or into an
overlying aquifer that is hydraulically connected to the municipal water supply aquifer).

¾

The borehole or well has been left in an open condition.

¾

The borehole or well has been backfilled with cuttings or native material.

¾

The well has not been constructed to current provincial standards.

¾

The well materials have corroded due to age.

¾

There is a significant threat identified near the well.

¾

There is an increased density of wells or contaminant threats.

The potential that a borehole or well will serve as a Transport Pathway sufficient to contaminate an
aquifer will decrease where:
¾ The borehole or well extends to a shallow depth and is terminated above the municipal water
supply aquifer (or above an overlying aquifer that is not hydraulically connected to the municipal
water supply aquifer).
¾ The borehole or well has been sealed (or abandoned) in accordance with current provincial
regulations.
¾

The well has been constructed to meet current provincial standards.

¾

The well is relatively new and has not had an opportunity to deteriorate.

¾

There are no significant threats near the well.

¾

There is a low density of wells.

In general, the data necessary to confidently evaluate the above factors for each well is not available.
The best available data is in the WWIS and this can be used in conjunction with three-dimensional
hydrostratigraphic mapping of the aquifer systems and GIS systems to evaluate the relative potential for
wells to constitute a Transport Pathway.
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For this study, the Transport Pathway has been identified for a 30 m radius around an individual well
where all of the following conditions are met:
1) Wells are within the delineated WHPA-A to F and the mapped vulnerability is medium or low.
2) A well either intersects an interpreted water supply aquifer or the bottom of the well extends to
within three (3) m of the interpreted top of the water supply aquifer using available 3D mapping.
3) Wells are more than 10 years old (newer wells are likely to be constructed to a higher standard
and therefore a lower risk).
A 30 m radius has been chosen based on the recommended setback distance from contamination
sources in the Ontario Regulation 903 (Wells Regulation) as amended. This distance has also been
incorporated in the Ontario Building Code. The 30 m radius is the prescribed setback for a shallow dug
well, while 15 m is the prescribed setback for a deeper drilled well. The setback of 30 m was
conservatively applied to all wells identified as a potential Transport Pathway.
In addition, Transport Pathways have also been identified in areas where conditions 1 and 2 above are
satisfied and the well density is greater than six (6) wells within a 100 m radius. This method of
consideration of density allows for inclusion of properties known, or suspected to be serviced by private
wells for which information is not available in the WWIS. In this instance, the Transport Pathway has
been increased in the area occupied by the combined 100 m radius.
Active monitoring wells that were installed under supervision of a qualified professional are not identified
as “Potential Transport Pathways”.
Note that this approach has been developed to address the required identification and consideration of
Transport Pathways as per the Technical Rules. In this regard, the Technical Rules do not provide the
opportunity to further increase the vulnerability in areas of high vulnerability. This is a reasonable
assumption for the method to identify and assess vulnerability and threat. In areas of high vulnerability,
the identification of Transport Pathways remains important as an avenue for management of risks to the
water supply.
Step 4: Increase Vulnerability to Consider Transport Pathway
The area of the transport pathway is assigned an increased vulnerability within the GIS environment.
This increased vulnerability is, in turn, applied in conjunction with the delineated time-of-travel zones in
the WHPA to determine the Vulnerability Score with Part VII of the Technical Rules (Rules 82 to 85).
Further information on the approach followed to determine the Vulnerability Scores is included in
Technical Memorandum B1– Groundwater Vulnerability Assessment Methods.
The Vulnerability Increase for Transport Pathways has been incorporated into the Technical Memoranda
prepared to describe the Vulnerability Analysis for each community water supply. A figure is prepared to
illustrate the location of the Vulnerability Increase.

LAL:nah
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EXAMPLE TRANSPORT PATHWAYS
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Project No.:
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Subject:

Delineation of WHPA-E and WHPA F Methodology

OBJECTIVE:
To document a consistent approach for delineating Wellhead Protection Areas (WHPA) E and F for
Type I groundwater supply wells as required in the Technical Rules: Assessment Report.
OVERVIEW:
The Ontario Ministry of the Environment (MOE) published the Technical Rules: Assessment Report
(Technical Rules) as per the Clean Water Act, 2006 in November 2008, and amended in November 2009.
Revisions were provided on December 12, 2008. These Technical Rules provide the regulatory
requirements for conducting the Vulnerability Analysis, Issues Evaluations and Threat Assessment for
water supplies in Ontario.
WHPA-E and F are to be delineated for situations where municipal water supplies are considered to draw
groundwater that is under direct influence of surface water (GUDI) in accordance with the applicable
Technical Rules (see below). The intent of the Technical Rules is to identify areas where threats to
drinking water could potentially be released and reach the municipal groundwater supplies faster than
would happen through the groundwater transport scenarios used to define WHPA A-D.
WHPA-E delineates the area within the surface water course and contributing storm sewersheds that are
considered to have the capacity to reach the identified point of interaction with the groundwater system
within a minimum of two (2) hours. WHPA-F is to be added to cover the remaining upstream contributing
area of the surface water feature when there is a WHPA-E; an identified Drinking Water Issue; and the
source of the Drinking Water Issue is considered to be outside of the delineated WHPA A-E. Vulnerability
scores for the WHPA-E and WHPA-F are to be determined and used to identify activities or conditions
that are or would be threats within these areas in accordance with the Threats Assessment (See
Technical Memorandum B5).
Further description of the requirements for delineation of WHPA-E and WHPA-F are described below.
The steps followed to delineate WHPA-E and WHPA-F included:
Step 1:

Confirm that a WHPA-E and/or WHPA-F are required.

Step 2:

Obtain Available Data for the analysis.

Step 3:

Confirm that the minimum 2 hour travel time is appropriate.

Step 4:

Identify the Point of Interaction between surface water and groundwater.

Step 5:

Delineate WHPA-E and WHPA-F.

Step 6:

Assign Vulnerability Scores.

NEWMARKET 1091 Gorham Street, Suite 301, Newmarket, ON L3Y 8X7
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TECHNICAL RULE REQUIREMENTS:
Part V of the Technical Rules includes a requirement to delineate a Wellhead Protection Area (WHPA)-E
where:
(a)

The well obtains water from a raw water supply that is groundwater under the direct influence of
surface water as determined in accordance with subsection 2(2) of O.Reg.170/03 (Drinking
Water Systems) made under the Safe Drinking Water Act, 2002;

(b)

A determination has not been made under subsection 2(3) of O.Reg. 170/03 (Drinking Water
Systems) that subsection 2(2) of that regulation does not apply; and

(c)

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 influence of surface water (Part V.3 Rule
49).

Subsection 2(2) of O.Reg.170/03 provides the interpretation of what is a GUDI condition as follows:
2. (2) The following drinking-water systems are deemed, for the purposes of this Regulation to be
drinking water systems that obtain water from a raw water supply that is ground water under the
direct influence of surface water:
1. A drinking-water system that obtains water from a well that is not a drilled well or from a well that
does not have a watertight casing that extends to a depth of six metres below ground level.
2. A drinking-water system that obtains water from an infiltration gallery.
3. A drinking-water system that is not capable of supplying water at a rate greater than 0.58 litres
per second and that obtains water from a well, any part of which is within 15 metres of surface
water.
4. A drinking-water system that is capable of supplying water at a rate greater than 0.58 litres per
second and that obtains water from an overburden well, any part of which is within 100 metres of
surface water.
5. A drinking-water system that is capable of supplying water at a rate greater than 0.58 litres per
second and that obtains water from a bedrock well, any part of which is within 500 metres of
surface water.
6. A drinking-water system that exhibits evidence of contamination by surface water.
7. A drinking-water system in respect of which a written report has been prepared by a professional
engineer or professional hydrogeologist that concludes that the system’s raw water supply is
groundwater under the direct surface water and that includes a statement of his or her reasons
for reaching that conclusion.
In accordance with the Section 2 of the Safe Drinking Water Act – O.Reg. 170/03, the identification of a
well as GUDI requires the water supply from the well to be treated as if the raw water supply were from a
surface water source. Many GUDI wells have primary treatment for filtration and disinfection.
A WHPA-F will be added where:
(1)

the wellhead protection area contains a WHPA-E;

(2)

a drinking water issue is identified in accordance with Part XI.1 in relation to the well; and
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the source of the drinking water issue described in subrule (2) originates outside of areas
WHPA-A, WHPA-B, WHPA-C, WHPAC1 if any, WHPA-D and WHPA-E (Part V.3 Rule 50).

Technical Rules 47 through 50 provide for the delineation of wellhead protection areas for Type 1
systems.
Rule 47. (5) states that WHPA-E, being the area delineated in accordance with the rules in part VI that
apply to the delineation of an IPZ-2, as if an intake for the system were located:
a) At the point of interaction between groundwater that is the source of raw water supply for the well
and the surface water that is directly influencing that groundwater; or
b) At the point in the surface water body influencing the raw water supply for the well that is closest
in proximity to the well, if the point of interaction described in (a) is not known.
According to Technical Rule 55 the point of infiltration associated with a GUDI well would be classified as
a type D intake as this type of intake is not described in Technical Rule 55 (Classification of Intakes)
subrule (1) (2) or (3).
Technical Rule 65 states that an area known as IPZ-2 shall be delineated for each surface water intake
associated with a drinking water system described in Rule 58, and shall be composed of the following
areas:
(1) The area within each surface water body that may contribute water to the intake where the time
of travel to the intake, subject to Rule 66, is equal to or less than the time that is sufficient to
allow the operator of the system to respond to an adverse condition in the quality of the surface
water and where the area abuts land, a setback that is the greater of,
(a) The area of land that drains into the surface water body measured from the high water
mark and the area must not exceed 120 metres, and
(b) If a Conservation Authority Regulation Limit is in effect in the IPZ2, the area of land that is
within the Conservation Authority Regulation Limit.
(2) The area within the storm sewershed of each storm sewer that discharges into a surface water
body that may contribute water to the intake where the time of travel to the intake, subject to
Rule 66, is equal to or less than the time that is sufficient to allow the operator of the system to
respond to an adverse condition in the quality of the surface water;
Technical Rule 66 is also important in that it states that for the purposes of subrules 65(1) and 65(2),
where the time that is sufficient to allow the operator of the system to respond to an adverse condition in
the quality of the surface water is less than two hours, the time of travel to the surface water body intake
shall be deemed to be two hours.
WHPA-E and WHPA-F DELINEATION METHODOLOGY
The intent of delineating WHPA-E and WHPA-F is to provide protection to the areas surrounding surface
water courses that may deliver contaminants to the groundwater supply aquifer faster than would be
considered based on the time-of-travel analysis and the vulnerability consideration. The typical extent of
the WHPA-E is to cover a minimum time-of-travel distance of 2 hours within the surface water course
from the point of infiltration that is considered to be in connection with the water supply aquifer. WHPA-F
would consider the remainder of the contributing watercourse path but would only be delineated in the
event that a Drinking Water Issue is observed. WHPA-E and WHPA-F are typically 120 m in radius from
the surface water feature or reflect the surface water Regulation Limit. Where present, the WHPA-E and
WHPA-F will also consider other contributing areas, such as stormwater catchments that discharge within
the WHPA-E or WHPA-F.
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Step 1: Confirm that WHPA-E and F Are Required
The Technical Rules as described above indicate that a WHPA-E will be required for municipal wells that
are designated GUDI. In most cases the GUDI condition is now established in the Certificate of Approval
(C of A) to operate the municipal water supply.
The Technical Rules allow for systems that are operated as GUDI to be removed from consideration for
the delineation of a WHPA-E if:
1)

In accordance with Technical Rule 49 b) that Subsection 2(3) of O.Reg. 170/03 applies. Subsection
2(3) states:
2.(3)

Subsection (2) does not apply to a drinking-water system if,
(b) a written report prepared after August 1, 2000 by a professional engineer or professional
hydrogeologist concludes that the raw water supply is not ground water under the direct
influence of surface water and the report includes a statement of his or her reasons for
reaching that conclusion; and

2)

(c) in the case of a drinking-water system that requires an approval, the Director agrees that
the water supply is not ground water under the direct influence of surface water
(O.Reg.170, s.2(3).
In accordance with Technical Rule 49 c) it can be demonstrated that the interaction between surface
water and groundwater does not have the effect of decreasing the time of travel to the well.

Through the course of consultation on the implementation of the Technical Rules, the MOE has confirmed
that several conditions that qualify as GUDI may not necessarily require delineation of the WHPA-E.
Some examples include:
¾

Situations where there is no obvious surface water feature in which potential contaminants could
be transported closer to the well.

¾

Situations where the surface water feature is either natural or man-made with no discernable flow
through. Examples could include a man-made pond, a closed depression or a wetland. In these
cases it may still be appropriately conservative to delineate the WHPA-E for the 120 m distance
surrounding the surface water feature.

¾

Situations where the hydraulic connection between surface water and groundwater does not
create a path where the contaminants would arrive at the well sooner than they would by traveling
through only the groundwater flow system.

Step 2: Assemble Available Data around the GUDI well
Collect available data describing the hydrogeologic setting, surface water features and water well
production data within the area of the GUDI well. Some examples of the data sources include:
¾

WHPA Delineation and Vulnerability Assessments (this study, GENIVAR).

¾

Municipal Groundwater Study Reports (Morrison Environmental Limited).

¾

Reports and information documenting GUDI studies at individual well systems.

¾

Water Well Information System (WWIS) Database obtained through CAMC/YPDT (Conservation
Authorities Moraine Coalition/York Peel Durham Toronto) Groundwater Study data management
system.
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¾

Identification of surface water bodies through the use of Water Virtual Flow – Seamless Provincial
Data Set data layer or in the Water Poly Segment data layer housed in the Ontario Land
Information Warehouse.

¾

Results of Contaminant Source Inventory (CSI), where available (unpublished, Jagger Hims
Limited).

¾

Microbial Contamination Control Plans (where available), Jagger Hims Limited.

¾

Records of municipal servicing.

¾

Records of storm sewer catchments and discharge locations, as required.

¾

Property fabric.

¾

Topographic maps and aerial photographs (digital orthophotography).

¾

Engineering reports for municipal water supply systems.

¾

Data and mapping from the conservation authorities regarding stream flow estimates, basin flow
models, and delineation of Regulation Limits.

¾

Project records describing surface water flow measurements and stream profiles.

Step 3: Confirm that the minimum 2 hour time limit is appropriate
The operator of the municipal water supply is to be consulted to confirm that the minimum two (2) hour
response time is considered to be appropriately conservative for identifying and reacting to a potential
water quality threat that could be released in the surface water system upstream of the point of interaction
with the municipal well. If the operator does not confirm that a minimum two (2) hour response time is
appropriate, an estimate of the likely response time is to be provided and used in the following process in
place of the minimum two (2) hour response time.
Step 4: Identify the Point of Interaction between surface water and groundwater
In accordance with Rule 47(5) the point of interaction is to be determined at either a known point where
surface water is known to interact with the groundwater or at the closest point between the surface water
feature and the municipal well.
In most cases, the precise point of interaction between the surface water feature and the groundwater
system is not well defined. The point to be used for delineation of the WHPA-E is therefore the closest
point in the surface water feature to the municipal well. In some situations it may be necessary to
consider groundwater flow patterns to ensure that the physically nearest point also represents all points
where the well can potentially capture groundwater flow that may infiltrate from the surface water system.
Step 5: Delineate WHPA-E and WHPA-F
WHPA-E is to be delineated using available data to estimate the distance along the contributing water
travels from upstream to the point of interaction in less than two (2) hours. The Technical Rules do not
provide specific guidance on acceptable methodologies for estimating the time of travel within the
streams or water courses. In October 2006 the MOE provided the Assessment Report: Draft Guidance
Modules document that contained more specific technical direction than is available in the Technical
Rules. Guidance Module 4, and the accompanying materials, provide an overview of acceptable
methodologies for estimating the travel times in the surface water features.
The objective of this step is to define a conservatively representative distance from within which
contaminants could potentially reach the intake, or in the case of a WHPA-E, the point of interaction. In
this case the conservative distance would be a maximum travel distance that corresponds to the likely
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maximum velocity in the water course (maximum average velocity over a cross-sectional area). The 2
year bank full condition is considered to be suitable for the velocity estimates to delineate the WHPA-E.
The methods that have been offered by the MOE in Appendix B of Draft Guidance Module 4 and those
which have been put forward as useful by the conservation authorities are provided below. The methods
have been placed in order of lowest to highest uncertainty.
1) Direct measurement of velocity using tracer tests at high flow conditions.
2) Direct measurement of stream velocities at high flow conditions.
3) Application of hydrograph data to estimate velocities.
4) Estimation based on calibrated surface water flow model output for high flow scenarios.
5) Estimation based on non-calibrated surface water flow model output for high flow scenarios.
Velocities can be estimated using stream cross-sectional areas or from extrapolation of low-flow
estimates.
6) Calculation of velocities using Manning’s equation.
necessary to define input parameters.

Confidence will reflect the assumptions

7) Estimation based on analogies to similar streams.
In general, the level of uncertainty is proportional to the amount of data available. Minimal data is typically
available for approaches 5) through 7).
Not all cases will require a WHPA-E to be calculated in this manner. In cases where the well is located
near the headwater of a stream it is reasonable to designate the entire catchment up stream of the Point
of Interaction as WHPA-E.
The local conservation authorities typically have the best tools available to assist in making estimates of
stream velocities and therefore the 2 hour travel distances. GENIVAR consulted the local conservation
authorities to discuss the methods used to estimate surface water velocities for each location. The
approaches for each water supply varied in accordance with the available data. The methodology for
each estimate is documented separately for each water supply considered. In cases where the WHPA-E
estimates are based on minimal data a high uncertainty is assigned.
Once the representative stream velocity has been estimated, the two (2) hour time of travel distance is
estimated using the best available data to describe the surface water channel. The upper limit of the
WHPA-E corresponds to the maximum distance estimated. The width of the WHPA-E is determined as
the greater of either the 120 m setback from the edge of the surface water feature or the published
Regulation Limit.
The Technical Rules also require that Transport Pathways be considered in delineation of the WHPA-E
and WHPA-F. In this case the transport pathways considered include the area of the catchment for
drainage outlets or storm sewers that have outflows within the defined WHPA-E or WHPA-F.
In areas where a WHPA-F is required, the remaining contributing area of the surface water system
upstream of the WHPA-E is designated as WHPA-F. As per the WHPA-E, the width of the WHPA-F is
designated as the greater of either a 120 m setback from the edge of the surface water feature or the
published Regulation Limit.
The estimated WHPA-E and WHPA-F were presented to the municipality and the local conservation
authorities for discussion prior to finalization of the analysis.
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Step 6: Assign Vulnerability Scores
The vulnerability scores for WHPA-E and F are to be assigned using the methodologies outlined in Part
VIII of the Technical Rules. The Vulnerability Score for WHPA-E is to be determined using the approach
for an IPZ-2 and the Vulnerability Score for WHPA-F is to be determined using the approach for an IPZ-3.
The Vulnerability Score is the product of the formula,
BxC
Where,
B = the area vulnerability factor of the area of the surface water intake protection zone as
determined in accordance with rules 88 to 93; and
C = the source vulnerability factor of the surface water intake protection zone determined in
accordance with rules 94 and 96.
Review of the Technical Rules indicates that for a WHPA-E, the Area Vulnerability Factor will typically be
a whole number between 7 and 9, where a higher score represents greater vulnerability. In the case of a
WHPA-E, the Area Vulnerability Factor will be affected primarily by the land cover, soil type, permeability
of the land, and the slope of any setbacks and the hydrological and hydrogeological conditions in the area
that contributes water to the area through transport pathways.
The Area Vulnerability Factor for a WHPA-F can be a whole number between 1 and 9 but must be less
than the Area Vulnerability Factor for the WHPA-E. It is possible to subdivide a large WHPA-F into zones
with similar Area Vulnerability Factors. The Area Vulnerability Score for a WHPA-F can also consider the
proximity of the area to the intake (or well).
The Source Vulnerability Factor shall be assigned to the WHPA-E or F through consideration of the depth
of the intake from the top of the water surface, the distance of the intake from land, and the number of
recorded drinking water issues related to the intake. For Type D intakes the Source Vulnerability Factor
can be assigned to be either 0.8, 0.9 or 1.0.
Based on review of several potential scenarios where a WHPA-E is to be considered, it is reasonable that
in most cases the Vulnerability Score will be based on the lowest value in the ranges. These values were
originally proposed for surface water intakes, such as a direct pipe into a lake. The interaction between
the surface water and groundwater systems is likely to be less sensitive than the direct input case. In
cases where there is either greater uncertainty or a clear threat to drinking water, higher vulnerability
factors could be considered. Infiltration of surface water into a fractured bedrock aquifer would be an
example where a higher vulnerability factor would be warranted.
The Vulnerability Factor for WHPA-E and WHPA-F is important within the entire delineated area,
particularly within WHPA-A to D, as the Table of Drinking Water Threats provides consideration for
different threats that are likely to affect surface water intakes relative to groundwater intakes. The most
significant threats that are considered in surface water are associated with pathogens that typically have
a short life-span in the environment. For this reason, the threat assessment is performed independently
for the WHPA-E even in the case where the WHPA-E is completely within an area near the well with a
maximum vulnerability score of 10. A different set of threat activities will potentially be identified within the
WHPA-E.

MEW/LAL:nah
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Drinking Water Issue Evaluation Methods
The City of Kawartha Lakes

OBJECTIVE:
To document the approach and methodology for identifying Drinking Water Issues related to municipal
groundwater supplies in the City of Kawartha Lakes.
OVERVIEW:
Technical Rules 114 through 117, in Part XI.1 of the Technical Rules: Assessment Report, Clean Water
Act, 2006 document as released by the Ontario Ministry of the Environment (MOE) on December 12,
2008 and amended in November 2009, provide direction to describing drinking water issues related to
municipal water supplies.
The intent of these technical rules is to identify chemical or bacteriological conditions in the raw drinking
water that will deteriorate water quality of a drinking water source either now or in the future. The
methods described in the next section document a consistent approach to be applied to identify Drinking
Water Issues within the context of the Technical Rules.
A Drinking Water Issue is described through Rule 114 as follows:
If the source protection committee is aware of one of the following, the committee shall describe it as a
drinking water issue under clause 15(2)(f) of the Act in accordance with rule 115:
1) The presence of a parameter in water at a surface water intake or in a well, including a monitoring
well related to a drinking water system to which clause 15(2)(e) of the Act applies, if the parameter is
listed in Schedule 1, 2, or 3 of the Ontario Drinking Water Quality Standards, or Table 4 of the
Technical Support Document for Ontario Drinking Water Standards, Objectives and Guidelines and
a) the parameter is present at a concentration that may result in the deterioration of the quality
of water for use as a source of drinking water source; or
b) there is a trend of increasing concentrations of the parameter at the surface water intake,
well, or monitoring well and a continuation of that trend would result in the deterioration of the
water for use as a source of drinking water;
2) the presence of a pathogen in water at a surface water intake or in a well, including a monitoring well,
related to a drinking water system to which clause 15(2)(e) of the Act does apply, if a microbial risk
assessment undertaken in respect of the pathogen indicates that
a) the pathogen is present at a concentration that may result in the deterioration of the quality of
water for use as a source of drinking water source; or
b) there is a trend of increasing concentrations of the pathogen at the surface water intake, well,
or monitoring well and a continuation of that trend would result in the deterioration of the
water for use as a source of drinking water; and
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3) In respect of drinking water systems in the vulnerable area that are not mentioned in clause 15(2)(e)
of the Act, there is evidence of the widespread presence of a parameter listed in Schedule 2, or 3 of
the Ontario Drinking Water Quality Standards, or Table 4 of the Technical Support Document for
Ontario Drinking Water Standards, Objectives and Guidelines and
a) the parameter is present at a concentration that may result in the deterioration of the quality
of water for use as a source of drinking water source; or
b) there is a trend of increasing concentrations of the parameter at the surface water intake,
well, or monitoring well and a continuation of that trend would result in the deterioration of the
water for use as a source of drinking water.
Rule 115 describes the information that shall be presented to describe a drinking water issue identified in
accordance with Rule 114 where the issue is the result of, or partially the result of anthropogenic causes:
1) The parameter of pathogen concerned;
2) The surface water intake, well, or monitoring well at which the presence of the parameter or
pathogen has occurred;
3) The area within a vulnerable area where activities, conditions that result from past activities and
naturally occurring conditions may contribute to the parameter or pathogen and this area shall be
identified as the “issue contributing area; and
4) The identification of the drinking water threats listed in accordance with rules 118, 119 or 126 that
contribute or may contribute to the parameter or pathogen of concern.
In the event that the information specified by subrules 115(3) and 115(4) cannot be readily ascertained,
rule 116 requires that the Assessment Report shall include,
(1)

a plan that includes a work schedule for ascertaining the information specified by those
subrules, including any additional work that must be carried out as a result of ascertaining this
information; and

(2)

if, after completing the work the source protection committee becomes aware that the
assessment report is no longer accurate or complete, an estimate of the date by which the
source protection committee expects an updated assessment report would be submitted to the
Director under Section 19 of the Act.

For this study, the identification and evaluation of drinking water issues focused on the application of Rule
114 (1) and (2) as it pertains to the municipal residential groundwater supplies in The City of Kawartha
Lakes. Rule 114 (3) does not apply to licensed municipal groundwater supplies and hence the
identification and evaluation of Drinking Water Issues in accordance with Rule 114 (3) is the responsibility
of the corresponding Source Protection Committee.
The steps followed in the evaluation of drinking water issues included:
Step 1: Assemble Available Data.
Step 2: Review Data and Identify Potential Drinking Water Issues.
Step 3: Evaluate Drinking Water Issues.
Step 4: Identify Contributing Area for Drinking Water Issues.
Step 5: Prepare List of Drinking Water Issues.
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Assemble Available Data:

The available data for each municipal water supply area was collected and reviewed. Some examples of
the data sources included:
¾

Municipal Groundwater Study Reports (GENIVAR).

¾

Watershed Characterization Reports (Conservation Authorities).

¾

Microbial Control Plans (where available).

¾

Water Supply System Engineers’ Reports (to describe treatment capacity).

¾

Permit to Take Water Applications and Technical Reports.

¾

Annual Water Supply Water Quality Monitoring Reports available from the City of Kawartha Lakes
(2003-2008).

¾

Municipal Water Supply Water Quality Data (2003-2008).

In addition to these sources, an interview was conducted with a representative of the municipality who is
familiar with the operation of the water supply to provide input on the preliminary identification of Issues.
Step 2: Review Data and Identify Drinking Water Issues
The preliminary list of drinking water issues for each water supply source was prepared in the format of
Table B4-1. The list in Table B4-1 is intended to document all potential drinking water issues. Table B4-1
provides an opportunity to document the review and evaluation of potential drinking water issues. Table
B4-1 will be the preliminary list of potential drinking water issues.
A preliminary list of issues was prepared based on the information provided in the available data.
preliminary list of issues included observations where:

The

¾

The issues were documented in available reports;

¾

The issues and concerns were identified by local System Operators, Health Departments, and
other Stakeholders;

¾

Chemical parameters in raw or treated water where concentrations consistently exceeded an
identified benchmark;

¾

Consistent presence of pathogenic parameters (bacteria) in raw or treated water; and/or

¾

Review of data and or concentration versus time graphs for parameters of interest showed an
increasing trend that would likely reach an identified benchmark in the future.

The primary benchmark for review of water quality data is the Ontario Drinking Water Quality Standard
(ODWQS). The ODWQS include maximum acceptable concentrations for health-related parameters as
well as recommended maximum concentrations for parameters that affect the aesthetics or taste of the
water and those that are used as operational guidelines.
For chemical parameters (primarily organic chemicals) that do not typically occur in nature, the
benchmark used was the laboratory method detection limit (MDL) for groundwater supplies. As many of
these compounds are typically observed in very low concentrations as background in surface water
sources, the benchmark for surface water sources was established based on a value of 25% of the
ODWQS for health-related parameters.
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Step 3: Evaluate Drinking Water Issues:
The preliminary list of Drinking Water Issues on Table B4-1 has been prepared to allow for a qualitative
evaluation of each potential issue, either parameter or pathogen in terms of the requirements of Rule 114.
Table B4-1 is to be prepared for each intake or well source or aquifer.
A decision process was developed, as shown in Figure B4-1 to provide a consistent methodology for
reviewing data to identify Drinking Water Issues. The decision process primarily focuses on the review of
parameter concentrations relative to the benchmarks described above but also allows for consideration of
the quality of data. The reliability of the data is qualitatively evaluated in terms of:
1) whether or not there is sufficient data to confirm that the stated results are real;
2) confirmed presence of the parameter based on the relative frequency of observations; and
3) whether quality control/quality assurance review of the data or operating conditions that suggest
that the values identified above the benchmark may not reflect the actual conditions.
An example of a condition that has been observed is the presence of a parameter in a concentration
slightly above the MAC value in the treated water while sampling on the same day, and all historical
sampling events, indicate that the parameter concentrations in raw water are typically much less than the
MAC value. In this case, the parameter would not be described as a Drinking Water Issue. Another
example observed related to the occasional detection of coliform parameters in a municipal water supply
prior to 2003 when the well was not in regular use. Through regular use the water quality has remained
consistently good and the historical presence of coliforms is not considered to be an issue.
Technical Rule 114 allows the use of the ODWQS tables for parameters that are known to cause effects
to human health as well as for parameters listed in Table 4 of the Technical Support Document for
Ontario Drinking Water Standards, Objectives and Guidelines (MOE June 2006). The parameters
included in “Table 4” provide guidelines for parameters for which there is a recommended range for
optimum performance of a drinking water system (Operational Guideline - OG) or for the potential for the
parameter to aesthetically affect the water (Aesthetic Objective - AO). Common aesthetic effects include
taste, odour, dissolved gases, potential to stain laundry or fixtures, and excessive hardness.
The parameters in “Table 4” can be further subdivided into classes based on whether they are a result of
natural water quality or they represent a parameter that has been introduced by man’s activities (an
anthropogenic source). Parameters that are typically found to be naturally occurring are shown in Table
B4-2.
Some of the parameters in Table B4-2, specifically colour, hardness, iron, and manganese are often
observed in concentrations above the AO or OG. For these parameters alone, they are listed as a
preliminary issue but are only described as an issue through consultation with the municipal water
operator to confirm that the presence of these parameters may result in the deterioration of water for use
as a drinking water source. Sodium and chloride will be identified as an issue in the event that they are
demonstrated to originate from an anthropogenic source.
For parameter concentrations that are not greater than the ODWQS benchmarks, the water quality data
has been reviewed to identify increasing trends that may indicate a future potential to change the water
quality. The parameter would potentially be promoted as a Drinking Water Issue if the operational staff
agrees that the identified condition will deteriorate the quality of water for use as a drinking water source.
The final step in the decision process is to provide a qualitative opinion, based on operational experience
as to whether the parameter meets the requirements of Technical Rule 114. This step allows information
from the operators to be incorporated, particularly for parameters with aesthetic objectives or operational
guidelines, to ensure that the parameter presents a valid Drinking Water Issue in the intent of Rule 114.
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Table B4-2 Summary of Parameters with Aesthetic Objectives and Operational Guidelines

Notes:

Aesthetic Objective
Operational Guideline
Typically Naturally Occurring Parameters
Chloride
Alkalinity
Copper
Aluminum
Dissolved Organic Carbon
Hardness
Iron
Heterotrophic Plate Count
Manganese
Organic Nitrogen
Methane
pH
Odour
Turbidity
Sodium
Sulphate
Sulphide
Taste
Temperature
Total Dissolved Solids
Turbidity
Zinc
Anthropogenic Parameters
1,2-Dichlorobenzene
1,4 Dichlorobenzene
2,4-Dichlorophenol
2,3,4,6-Tetrachlorophenol
2,4,6-Triphenol
2,4,5-Trichlorophenoxy acetic acid
Ethylbenzene*
Monochlorobenzene
Pentachlorophenol
Toluene*
Xylenes*
Typically naturally occurring parameters may also be present as a result of anthropogenic activity, such as
sodium chloride from a road salt situation.
* In some areas of Ontario these parameters are known to be present naturally in low concentrations due to
naturally presence of petroleum hydrocarbon constituents in the bedrock.

In cases where treatment is in place, the parameter is not identified as a Drinking Water Issue but the
parameter is identified and recommendations are provided regarding the benefits of managing the
activities that result in the presence of the parameter within the identified contributing area, or in some
cases, larger watersheds.
Step 4: Identifying Contributing Area for Drinking Water Issues:
Rule 115 (3) requires identification of the area where activities or conditions that result from past activities
may contribute to the Drinking Water Issue.
The parameters and conditions that were considered to be Drinking Water Issues were used to review the
available threats inventory data for the area surrounding each municipal water supply to identify potential
sources of the observed issue. This review did not require that a threat be prioritized as a Significant,
Moderate, or Low Threat in accordance with the Technical Rules. Where a link was identified, mapping
was prepared to identify the general area that is considered to contribute to the Drinking Water Issues.
In some cases the linkages between the Drinking Water Issue and identified threats will be readily
apparent and a link can be directly correlated to a known threat activity or condition. In other cases, the
cause of the issue may be a result of multiple threats or may not be linkable to a specific instance of an
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activity or condition. An example might be the presence of contaminants from fertilizer application that
cannot be specifically linked to any one property.
In the event that the available information is insufficient to confirm the source of the Drinking Water Issue,
an outline for a plan to obtain further information has been provided.
Step 5: Prepare List of Drinking Water Issues:
The final list of Drinking Water Issues was prepared for each water supply source based on the
evaluation via Table B4-1. The list of Drinking Water Issues will identify the parameter, the identifier for
the surface water intake or well where the Drinking Water Issue is observed, the coordinates for the
contributing area for the Drinking Water Issue, and the activities, historical conditions, or naturally
occurring conditions that are contribute to the Drinking Water Issue.

LAL:nah
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Evaluation of Drinking Water Issues - Example
Information Sources:
Watershed Characterization:
Annual Water Quality Reports:
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TECHNICAL MEMORANDUM B5

Date:

August 30, 2010

To:

Mr. David Kerr, P.Geo. – The City of Kawartha Lakes

From:

Tanya Peterson/Lloyd Lemon, P.Geo.

Project No.:

071967.00

Subject:

Water Quality Threat Assessment and Enumeration Methods
City of Kawartha Lakes Groundwater-Based Water Supplies

OBJECTIVE:
To document the approach and methodology for assessing Drinking Water Quality Threats and for
enumerating Significant Drinking Water Threats within the identified wellhead protection areas (WHPA) in
the City of Kawartha Lakes.
OVERVIEW:
Technical Rules presented in Part XI of the Technical Rules Assessment Report, Clean Water Act, 2006
document as released by the Ontario Ministry of the Environment (MOE) on December 12, 2008 provide
direction to the requirements for identifying and assessing the significance of drinking water quality
threats within identified vulnerable areas. Amended rules were published on November 16, 2009 and are
used as the basis for this assessment. Part XI.1 focuses on Drinking Water Issues and is addressed in
more detail in Technical Memorandum A3 - Drinking Water Issues Evaluation Methods (Appendix A).
A Drinking Water Threat is defined in S.2(1) of The Clean Water Act, 2006 as “An activity, or condition
that adversely affects or has the potential to adversely affect the quality or quantity of any water that is or
may be used as a source of drinking water, and includes any activity or condition that is prescribed by the
regulations as a drinking water threat.” An activity is defined as “including a land use” and a condition is
defined as in Part XI.3 of the Technical Rules (see below).
DELIVERABLES:
The following deliverable products are required to be produced in order to meet the requirements of the
Technical Rules under Part I, Part II, and Part XI.2 through XI.5:
1) A list of Activities that are or would be drinking water threats (Part XI.2).
2) A list of Conditions that result from past activities (Part XI.3).
3) Maps showing areas where Activities are or would be Significant, Moderate, or Low Threats
(Technical Rule 9, Part XI.4).
4) Maps showing areas where Conditions are or would be Significant, Moderate, or Low Threats
(Technical Rule 9, Part XI.5).
5) Enumeration of existing Significant Drinking Water Threats (Technical Rule 9).
6) Written Descriptions of the work undertaken to comply with the Technical Rules (Technical Rule
9(2)).
7) Mapping showing the distribution and proportion of Managed Land within identified vulnerable
areas (WHPA) with a vulnerability score sufficient to generate at least a Low Threat (Technical
Rule 16(9)).
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8) Mapping showing the distribution of livestock density within identified vulnerable areas (WHPA)
with a vulnerability score sufficient to generate at least a Low Threat (Technical Rule 16(10)).
9) Mapping showing the percentage of impervious area within the identified vulnerable areas
(WHPA) with a vulnerability score sufficient to generate at least a Low Threat (Technical Rule
16(11)).
Items 7 through 9 are required in order to identify and count the number of significant threats. The
Managed Lands and Livestock Density are used to assess and classify individual circumstances for
agricultural land uses and fertilizer application as Significant, Moderate or Low Threats. The percentage
impervious surface is used to assess and classify circumstances related to application of winter deicing
agents.
PROCESS:
The seven steps followed to identify, assess, and enumerate drinking water quality threats and to prepare
the required deliverables are:
Step 1:

Compile and prepare vulnerability and threat inventory information.

Step 2:

Identify existing threat activities and circumstances that are not prescribed drinking water
threats.

Step 3:

Prepare List of Drinking Water Threats – Activities.

Step 4:

Identify Conditions and Prepare List of Drinking Water Threats – Conditions.

Step 5:

Prepare Maps showing areas that are or would be Significant, Moderate, or Low Drinking
Water Threats.

Step 6:

Enumerate Significant Drinking Water Threats.

Step 7:

Prepare documentation, databases, and geodatabases (GIS Products) for City of Kawartha
Lakes use.

Step 1: Compile and prepare vulnerability and threat inventory information
The determination of vulnerability scores for the individual WHPA is documented in Memorandum A1 –
Groundwater Vulnerability Assessment Methods (Appendix A). The WHPA delineations, Vulnerability
Ratings, and Vulnerability Scores for each community water supply were maintained in a geodatabase
suitable for working within a geographic information system (GIS). These products are to be provided to
the municipality, the source protection region, and the province for use in future studies.
Information from many sources was gathered and compiled to prepare an updated database of land uses
that could be used to identify threats to municipal drinking water sources using the Threats Look-Up
Table (LUT) database and methodology as provided by MOE to meet the requirements of the Technical
Rules.
The following sections describe the various sources of data that were used, methods employed in the
field survey, and the methods followed to prepare the databases to be used in conjunction with the
Threats LUT Database provided by the province to identify and rank threats to drinking water sources.
Version 7.1 of the Threats LUT Database was used for the analysis.
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Data Sources
Information from a wide variety of sources are incorporated into the assessment of drinking water threats.
The most valuable information has come from historical land use inventory work completed in support of
the provincially funded Municipal Groundwater Studies (2001-2004). Other information has been
obtained from datasets maintained by or on behalf of the province, municipalities, or conservation
authorities.
Field Survey
A field survey of land use was completed by Jagger Hims for the areas within and surrounding the
delineated WHPA in 2008. Prior to completing the field survey, existing threats inventory databases from
previous municipal groundwater studies and available property information were used to prepare a
preliminary record for each property. The field survey was completed by driving through the identified
WHPA and recording information that may be relevant to the threat assessment. The owners of
properties or identified businesses were not contacted during this phase of work. The field survey was
completed from the public road right-of-way and private properties were not accessed.
The goal of the field survey was to confirm the land use assignments and to collect readily visible
information that would assist in supplementing the existing databases for use in conducting threats
analysis. A standardized template was prepared for use in collecting information in the field. Aerial
photographs based on the regional orthophotography were also prepared for use by the field survey
team.
Some of the observations included: civic address, Geographic Position System (GPS)
Coordinates, business names, presence of visible fuel tanks or fill pipes, crop types, and types of
livestock.
Geodatabase Preparation
The available information for parcels that lie within or intersect the delineated WHPA were prepared in a
geodatabase that can be used in the GIS environment to conduct an analysis to identify and classify
threats to drinking water and to view and present the outputs of the threat assessment.
The following steps were taken to prepare the geodatabase for use in analysis of drinking water threats:
1) Obtain and import background layers and information for general mapping including municipal
boundaries, watershed and conservation authority boundaries, source protection area
boundaries, lakes, streams, wetlands and other water features, road networks, utility lines,
serviced areas, land use, historical threat inventories, pits and quarries, landfills, golf courses,
forests, and well locations.
2) The following fields from the Municipal Property Assessment Corporation (MPAC) Parcel Fabric
as supplied by either the municipality or the lead conservation authority were included for the
properties that intersect the delineated WHPA areas: Assessment Roll Number (ARN), Property
Code, Location/Address, Sanitary Type, WaterS Type, Hydro Type, Farm Operational Code, and
Legal Description.
3) The mapping of WHPA areas, vulnerability ratings and vulnerability scores were included in the
geodatabase.
4) A data field was assigned to each parcel to reflect the highest vulnerability score intersected by
the property. This value was assigned to the centroid of the parcel, which can lie outside of the
identified vulnerable areas (i.e. WHPA).
5) Relevant information from various threats inventories was added for each parcel for use in
identifying and classifying threats. In general, the data formats are designed to be consistent with
the direction provided in earlier database standards as provided by the MOE/MNR.
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6) A field was added for each parcel record to correlate with the field LanduseActivityName in the
Threats LUT Database. The LanduseActivityName field has been prepared by MOE to identify
the land uses that correspond with the threat categories ((See Table B5-1) based on the North
American Industry Classification System (NAICS) (Canada 2007 Version). The value selected for
each parcel reflects the most appropriate value included in the LanduseActivityName field of the
Threats LUT Database and available information. The MPAC database was the primary source
but other sources such as Canada411, Google, and local municipal business directories as well
as information from aerial photographs and the field survey were used to assign the
LanduseActivityName. Multiple values of LanduseActivityName can be associated with each
parcel. More details on how consistency was maintained in assigning LanduseActivityName are
provided below.
7) Mapping was completed to determine proportions of managed lands, livestock density and
impervious surfaces, in accordance with Technical Bulletins provided by the MOE (more details
provided below). These maps were used to assign a value for managed lands proportion,
livestock density, and impervious surfaces to the geodatabase for each parcel. In the case where
more than one vulnerable area is delineated within a parcel, the highest value for the intersected
vulnerable areas was recorded to the database and used in the analysis.
The prepared database was used as described in Step 6 to identify the threats associated with each
property and to identify and enumerate significant threats.
Step 2: Identify existing threat activities and circumstances that are not prescribed drinking water
threats
Technical Rules 119 to 122 describe the requirements under which a source protection committee can
add activities to be locally considered as drinking water threats with the appropriate approval by the
Director.
The existing land use and threat inventory information was reviewed to identify potential activities that are
currently occurring within the vulnerable areas that could be considered to be a threat to the drinking
water sources but are not included in the Table of Drinking Water Threats.
The existing land uses within the delineated WHPA were considered to correspond to the activities
related to the circumstances described in the Table of Drinking Water Threats. No additional threats have
been considered.
Technical Rules 128-131; 133-134; and 136-137 provide documentation for classifying activities added by
the source protection committee as significant, moderate, or low threats. This includes identifying the
appropriate values to be considered to generate a chemical hazard rating that reflects:
(1) The toxicity of the parameter.
(2) The environmental fate of the parameter.
(3) The quantity of the parameter.
(4) The method of release of the parameter to the natural environment.
(5) The type of vulnerable area in which the activity is or would be located. As described above, no
non-prescribed activities have been added for consideration as drinking water threats in this study
(Technical Rule 120).
In the event that the activity to be added involves a pathogen that is not prescribed, the documentation to
be provided must include a pathogen hazard rating that reflects:
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(1) The frequency of the presence of pathogens that may be associated with the activity.
(2) The method of release of the pathogen to the natural environment.
(3) The type of Vulnerable Area in which the activity is or would be located (Technical Rule 121).
This information for each parameter would be used to generate a risk score for each vulnerable area as
described in Technical Rule 122.
Step 3: Prepare List of Drinking Water Threats - Activities
In accordance with direction provided by the MOE, the List of Drinking Water Threats for Activities is to
consist of the list of activities that are prescribed as drinking water threats for the purpose of the definition
of “drinking water threat” in Subsection 2(1) of the Clean Water Act as defined in Paragraph 1.1(1) of
O.Reg. 287/07, as amended to O.Reg. 385/08.
The list of Activities that are or would be Drinking Water Threats is presented in Table B5-1
Table B5-1

List of Prescribed Drinking Water Threats
Threat Activity

1

The establishment, operation or maintenance of a waste disposal site within the meaning of Part V of the
Environmental Protection Act.

2

The establishment, operation or maintenance of a system that collects, stores, transmits, treats or
disposes of sewage.

3

The application of agricultural source material to land.

4

The storage of agricultural source material.

5

The management of agricultural source material.

6

The application of non-agricultural source material to land.

7

The handling and storage of non-agricultural source material.

8

The application of commercial fertilizer to land.

9

The handling and storage of commercial fertilizer.

10

The application of pesticide to land.

11

The handling and storage of pesticide.

12

The application of road salt.

13

The handling and storage of road salt.

14

The storage of snow.

15

The handling and storage of fuel.

16

The handling and storage of a dense non-aqueous phase liquid

17

The handling and storage of an organic solvent.

18

The management of runoff that contains chemicals used in the de-icing of aircraft.

19

An activity that takes water from an aquifer or a surface water body without returning the water taken to the
same aquifer or surface water body.

20

An activity that reduces the recharge of an aquifer.

21

The use of land as livestock grazing or pasturing land, an outdoor confinement area, or a farm-animal
yard.
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The assessment of Drinking Water Threats for this study is limited to water quality threats and thereby
includes the prescribed Threats Activities numbers 1 to 18 and 21 as provided in Table B5-1. The
activities and circumstances under which these threats are considered to be a significant, moderate, or
low threat to groundwater and surface water sources are described in Table 1 and 2 of the Table of
Drinking Water Threats (MOE, November 2009) (Technical Rule 127, 132, and 135). The Table of
Drinking Water Threats classifies the threats based on the observed Vulnerability Scores within the
identified Vulnerable Area.
Many of the threats circumstances in the Table of Drinking Water Threats use the following definitions
that are consistent with O.Reg. 267/03 under the Nutrient Management Act or other regulations as
referenced:
“Agricultural source material” means any of the following treated, or untreated materials, other than a
commercial fertilizer or compost that meets the guideline entitled Interim Guidelines for the
Production and Use of Aerobic Compost in Ontario prepared by the Ministry of the Environment and
dated November 2007, if they are capable of being applied to land as nutrients:
1. Manure produced by farm animals, including associated bedding materials.
2. Runoff from farm-animal yards and manure storages.
3. Washwaters from agricultural operations that have not been mixed with human waste.
4. Organic materials produced by intermediate operations that process materials described in
paragraph 1, 2, or 3.
“application” in relation to the application of a material to land, does not include the direct deposit onto
land of feces or urine by animals.
“Commercial fertilizer” means a fertilizer or supplement, as both of those terms are defined in the
Fertilizers Act (Canada).
“livestock” includes poultry and ratites.
“Non-agricultural source material” means any of the following materials, other than a commercial fertilizer
or compost that meets the guideline entitled Interim Guidelines for the Production and Use of Aerobic
Compost in Ontario prepared by the Ministry of the Environment and dated November 2007, if the
materials are intended to be applied to land as nutrients:
1. Pulp and paper biosolids.
2. Sewage biosolids.
3. Any other material that is not from an agricultural source that is capable of being applied to land
as a nutrient.
“Outdoor confinement area” means an enclosure for livestock, deer, elk or game animals that has the
following characteristics:
1. It has no roof, except as described in paragraph 3.
2. It is composed of fences, pens, corrals, or similar structures.
3. It may contain a shelter to protect the animals from the wind or another shelter with a roof of an
area of less than 20 square metres.
4. It has permanent or portable feeding or watering equipment.
5. The animals are fed or watered at the enclosure.
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6. The animals may or may not have access to other buildings or structures for shelter, feeding or
watering.
7. Grazing and foraging provides less than 50 per cent of dry matter intake.
“management” means with respect to agricultural source material, the collection, handling, treatment,
transportation, or disposal of agricultural source material (O. Reg. 287/07 (as amended).
“pesticide” has the same meaning as in the Pesticides Act.
“sewage” includes drainage, storm water, commercial wastes and industrial wastes with such other matter
or substance as is specified by the regulations (same meaning as in the Ontario Water Resources
Act).
Technical Rules 119 to 122 describe the requirements under which a source protection committee can
add activities to be locally considered as drinking water threats with the appropriate approval by the
Director. No non-prescribed activities/circumstances have been added for consideration as drinking
water threats in this study.
Prescribed Threat number 16 refers to dense non-aqueous phase liquids, typically referred to as
DNAPLs. This is a class of chemicals that are slightly soluble in water and are therefore often observed
as a separate “oil-like” phase in the subsurface. The oil-like phase is denser than water and as a result,
the presence and migration of the DNAPL liquids is controlled more by gravity, and the distribution of
permeable and conductive features in the subsurface rather than by the groundwater flow directions.
This class of chemicals has been considered as a special case for the assessment of the threat to
groundwater-based drinking sources.
Step 4: Identify Conditions and Prepare List of Drinking Water Threats - Conditions
Technical Rule 126 requires that the list of drinking water threats shall include the following conditions
that exist in a vulnerable area and that result from a past activity:
(1) the presence of a non-aqueous phase liquid in groundwater in a highly vulnerable aquifer,
significant groundwater recharge area or wellhead protection area;
(2) the presence of a single mass of more than 100 litres of one or more dense non-aqueous phase
liquids in surface water in a surface water intake protection zone;
(3) the presence of a contaminant in groundwater in a highly vulnerable aquifer, significant recharge
area or a wellhead protection areas, if the contaminant is listed in Table 2 of the Soil, Ground
Water and Sediment Standards and is present at a concentration that exceeds the potable
groundwater standard set out for the contaminant in that Table;
(4) the presence of a contaminant in surface soil in a surface water intake protection zone if, the
contaminant is listed in Table 4 of the Soil, Groundwater and Sediment Standards is present at a
concentration that exceeds the surface soil standard for industrial/commercial/community
property use set out for the contaminant in that Table; and
(5) the presence of a contaminant in sediment, if the contaminant is listed in Table 1 of the Soil,
Ground Water and Sediment Standards and is present at a concentration that exceeds the
sediment standard set out for the contaminant in that Table.
The following databases and information sources were reviewed to identify known and potential
conditions within the identified WHPA:
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¾

Land Use Inventories and existing threats information databases (Jagger Hims Limited, 2003).

¾

Microbial Contamination Control Plans (Jagger Hims Limited, 2005).

¾

Spills Database (as provided by MOE).

¾

MOE local office file records (Datahound search for delineated WHPA areas).

¾

MOE Brownfield Site Registry (available through internet).

¾

Information obtained by request to the City of Kawartha Lakes or through discussions with
operators or staff who are familiar with the history in the delineated WHPA areas.

¾

Aerial photographs and other historical information.

Where conditions were identified, a list of conditions was prepared for each identified WHPA. The list of
conditions includes information regarding the identified water intake or well, the chemical or pathogen
threat and the uncertainty associated with each identified condition.
The criteria provided for confirming a condition require detailed knowledge on the presence of NAPL
liquids or on the measured concentrations of parameters that exceed the Soil, Groundwater and
Sediment Standards. The majority of the data sources that are readily available do not contain this
information. This information is typically contained in specific study reports that are available to the
property owners or operators. The information that is available is sufficient to identify potential conditions
and data gaps to be confirmed through further work. In the event that sufficient information is available to
suggest that a condition may exist, particularly in areas where the vulnerability score is confirmed to be
greater than 8, a list of potential issues and data required to confirm the issue was prepared.
Technical Rules 128-131; 133-134; and 136-137 provide documentation for classifying activities added by
the source protection committee as significant, moderate, or low threats. As described above, no nonprescribed activities have been added for consideration as drinking water threats in this study.
Step 5: Prepare Maps showing areas that are or would be Significant, Moderate, or Low Drinking
Water Threats
Technical Rules 9(ix), 9(x) and 9(xi) require preparation of maps that show:
9(ix)

Areas determined in accordance with Parts X and XI.4 to be areas within vulnerable areas where
activities listed as drinking water threats in accordance with Parts X and XI.2 are or would be
significant, moderate, or low drinking water threats.

9(x)

Areas determined in accordance with Part XI.5 to be areas within vulnerable areas where
activities listed as drinking water threats in accordance with Parts XI.3 are or would be significant,
moderate, or low drinking water threats.

9(xi)

Areas within a vulnerable area where drinking water threats listed in accordance with rule 118 or
119 may contribute to a parameter or pathogen associated with a drinking water issue described
in accordance with rule 114.

These maps will illustrate the areas around the water supply sources where land use activities either are,
for the case of existing activities, or would be, for the case of potential future activities, significant,
moderate, or low drinking water threats. Given the immense number of circumstances in the Table of
Drinking Water Threats it is a substantial challenge to communicate all of this information on a single
map. The method chosen is to use a map for each of the threat types (Pathogen, Chemical, or DNAPL)
and to use a key table to direct the reader to the appropriate list of threats that corresponds to the
combination of vulnerable area (I.e. WHPA-A, -B, -C, -D, -E) and vulnerability score (10, 8, 6). The maps
to be prepared will show the significant, moderate, or low threats in colours as assigned by the MOE.
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The Tables that list the threats that correspond to the possible permutations of vulnerable area and
vulnerability score for each parameter are to be generated for reference by the MOE. These tables will
provide the Source Protection Committees and municipal planners with a consistent tool for correlating
the land use activity/circumstances that will result in threats to drinking water within the identified
vulnerable areas. The tables can be found at:
http://ourwatershed.ca/documents/assessment_report/threatslist.php.
Table B5-2 provides a summary of the numbers of circumstances that are generated based on
vulnerability scores for significant, moderate, or low threats. Table B5-2 includes a subset of the
vulnerability scores typically assigned for WHPA-E.
Where Conditions are identified a map outlining where the condition is or would be a Significant,
Moderate, or Low Threat is prepared. According to the Technical Rules (Rule 139), the possible Hazard
Scores for Conditions is 6 or 10. A hazard score of 10 is applied if there is evidence that the condition is
causing off-site contamination and/or the condition is on a property or well related to the drinking water
system. A Hazard score of 6 is applied in all other situations. Therefore, using the equation--hazard rating
x vulnerability score equals the risk score--if the Hazard Score is 10 the Condition would be Significant
Threat in areas with a Vulnerability Score of 8 and 10 and Moderate Threat in areas with Vulnerability
Scores of 6. If the Hazard Score is 6 then the Condition is a Moderate Threat in areas with a Vulnerability
Score of 10 and low threat in an area with a vulnerability score of 6. Table B5-3 illustrates this scoring.
Table B5-3 Risk Scores for Conditions

Vulnerability
Score

Evidence that the condition is causing offsite contamination and/or condition is on a
property or well related to the drinking water
system

All other situations

Hazard score

Risk
score

Are or Would be
Conditions Risk

Hazard
score

Risk
score

Are or Would be
Conditions Risk

10

10

100

Significant

6

60

Moderate

8

10

80

Significant

6

48

Low

6

10

60

Moderate

6

36

Negligible risk

4

10

40

Negligible risk

6

24

Negligible risk

In the event that a Drinking Water Issue is identified, a supplementary list of activities and circumstances
that are to be considered Significant Threats within the Issues Contributing Area is required. The Threats
LUT Database will be used to generate a list of all threats that can generate a significant, moderate, or
low threat for the identified Drinking Water Issue parameter. As per the Technical Rules, all activities and
circumstances that can release the parameter to the environment will be considered as a Significant
Threat.
Step 6: Enumerate Significant Drinking Water Threats
Technical Rule 9 and Paragraph 13(1)(6) of O.Reg. 287/07, as amended to O.Reg. 385/08, provides a list
of other information that is to be included in the Assessment Report as required under Section 15(2)(i) of
The Clean Water Act, 2006. In accordance with Paragraph 13(6) of O.Reg. 287/07, the Assessment
Report is to include:
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“For each vulnerable area identified under clause 15 (2)(d) or 15(2)(e) of the Act, i. the number of
locations at which a person is engaging in an activity listed under subclause 15(2)(g)(i) of the Act that is
or would be a significant drinking water threat, and ii. the number of locations at which a location listed
under subclause 15(2)(g)ii) of the Act is a significant drinking water threat.”
These requirements are also restated in Technical Rule 9 to clarify that subclause i relates to “activities”
and that subclause ii relates to “conditions”. Direction provided by the MOE in interpreting the Technical
Rules advise to interpret “is” in subclause i or ii as meaning where an activity is currently known to occur.
“Would be” is to be interpreted as a situation where infrastructure is in place to allow an activity to occur.
The enumeration of “activities” or “conditions” that are or would be significant drinking water threats is
limited to the wellhead protection areas. Through review of the Table of Drinking Water Threats it does
not appear to be possible for a Significant Drinking Water Threat to be identified outside of a wellhead
protection area or an intake protection zone (IPZ).
The counting of Significant Threats has been accomplished using:
a) the maps of vulnerability score as determined following the methodology in Technical
Memorandum B1 –Groundwater Vulnerability Assessment Methods;
b) the updated threats databases as described above; and
c) the electronic database associated with the Table of Drinking Water Threats (The Threats LUT
Database Version 7.1.2) as provided by the MOE.
Before the number of significant threats and the number of parcels containing significant threats can be
determined, some pre-processing is necessary to generate information required in the analysis. This
information includes: pre-classification of residential properties to create a surrogate field that relates to
multiple entries in the Threats LUT Database; and determination of the proportions of managed lands,
agricultural managed lands, livestock density, and impervious surfaces associated with the vulnerable
areas. These values are required to identify land use activities that correspond with specific
circumstances in the Table of Drinking Water Threats. The completed maps are used to update the fields.
The methods followed to create each of these products are described below.
Once these products are available and the databases are prepared for use in the Geographic Information
System, the first step in the enumeration is to add the vulnerability score and WHPA designation to each
property that intersects the WHPA using the Geographic Information System (GIS). The updated threats
database prepared in Step 1 is then linked to the Threats LUT Database on the common field of
LanduseActivityName. This process generates a georeferenced table containing the information
describing the threat circumstances from the Table of Drinking Water Threats that are associated with the
identified land uses. For each property a list of all identified drinking water quality threats is created that
identifies all circumstances that are considered to be drinking water threats, and in particular significant
drinking water threats. This information is available within the GIS environment and can be output in a
variety of mapping or tabular formats as requested by the authorized user.
For this study, the information generated is used to compile the list of significant threats for each discrete
WHPA area in the format of Table B5-3. Table B5-3 is based on the format suggested by the MOE and
provides an ability to identify the number of occurrences of each of the 19 water quality threat activities
and the number of affected parcels. Note that the total number of threats will normally be greater than the
number of affected parcels as several prescribed threat activities can be associated with a single land
use.
Where a Drinking Water Issue has been identified, the number of circumstances and associated
properties within the Issues Contributing Area that can potentially produce the identified chemical or
pathogen parameter associated with the issue are also determined and added to Table B5-3.
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Assessing Threat Circumstances for Specific Land Use Activities
The following sections describe the data processing undertaken to assign information to the geodatabase
for specific threat circumstances relating to the observed land use.
Surrogate for Residential Land Use
In general, the “LanduseActivityName” field in the Threats LUT Database can be relied upon to list all
threat circumstances that will correspond with each entry. In some cases, it is necessary to use multiple
entries of the “LanduseActivityName” field to generate all threats that may be associated with the
situations that are observed on a property.
Review of the Threats LUT Database showed that there was not one consistent “LanduseActivityName”
entry that corresponded to residential land uses. In fact, at least four of the prescribed threat activities
could be associated with residential properties and in some cases there is also a need to make decisions
based on quantities and storage attributes that would influence the identification and classification of
threats.
As there are many residential properties within the areas to be processed for classification of threats, a
simple classification system was developed to streamline the processing and to provide an improved
ability to check that the appropriate individual threat circumstances were used for each property. For
each parcel that was considered to include a residential land use a numbered surrogate code (R1, R2,
R3…) was assigned based on the possible combinations of circumstances that would likely be associated
with the property. Figure B5-1 illustrates a decision tree that was used to facilitate the classification.
Table B5-4 has been prepared to illustrate the specific circumstances in the Threats LUT Database that
correspond to the residential classes.
The following factors were considered in developing and applying the residential classification system:
1) Due to the Provincial ban on pesticide application for cosmetic use, all potential threats relating to
the application of pesticides or the storage of pesticides are not considered on residential
properties.
2) All residential properties were considered to have potential for application of commercial
fertilizers. The threat classification for these properties is related to the proportion of managed
lands and livestock density.
3) The handling and storage of commercial fertilizers was considered on some residential
properties. A residence on its own (i.e. not a residence with farming) was considered to not store
fertilizer (the quantity stored is too low to become a significant threat). A residence in combination
with a farming activity was considered to store fertilizer between 250 – 2500 L.
4) The areas that are known to be serviced by municipal sewage systems were used to identify
residential parcels that are serviced by private sewage disposal systems. Multiple pathogen and
chemical parameters are associated with individual sewage systems but these have not been
counted as individual circumstances. Two (2) threat circumstances are identified in the Table of
Drinking Water Threats relating to the private sewage disposal systems and holding tanks. This
results in there being two (2) threat circumstances assigned by the Threats LUT Database for
each privately serviced parcel. As described under Quality Control, these are being considered
as one threat activity.
5) The storage of fuel was evaluated as a potential drinking water threat in two ways. Firstly, where
data was available to support an opinion that home heating fuel was or was not stored and used
on a property, then a decision step results in a classification for fuel storage in a size typically
observed for residential household use (250 – 2500 L). If information is available regarding the
presence of a tank being above grade, this would also result in a different threat classification.
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Fuel storage tanks stored below grade, including in basements, are treated in the Threats LUT
Database such that the threat is higher than for above grade tanks. The chemical parameters for
these situations represent the components of diesel or home heating fuels.
Secondly, where there is considered to be no fuel storage for heating fuel, the < 25 L category for
fuel storage identified in the Table of Drinking Water Threats is used. The fuel type for these
cases is considered to be gasoline either as stored in vehicles or as stored for use with home
yard and garden equipment.
Where multiple land use activities are considered on a property that is also used for residential purposes,
the residential classification is assigned as well as the other LanduseActivityName and used to generate
the list of threats associated with the property.
Threat circumstance number 1957 has been considered to apply to municipal sewer lines and
connections and can represent a significant pathogen threat where the vulnerability score is 10. For the
purpose of the threat enumeration, one threat circumstance on one parcel (the municipal road right-ofway) has been considered for municipalities where there are municipal sanitary service lines within the
delineated WHPA. It is recognized that there is a potentially increased threat associated with each
property connection to the sanitary sewer. It is considered that regular maintenance of this entire system
will provide the necessary risk reduction to prevent the threat from affecting the drinking water quality.
Classification of Agricultural Lands
The Table of Drinking Water Threats contain many circumstances that relate to various activities that
occur on agricultural lands. There are approximately 13 land uses in the LanduseActivityName field in
the Threats LUT Database that relate to different agricultural activities. In addition to the basic activities
several other data values are relevant to the analysis for identification of significant threats such as crop
types, barn size, types of animals kept, number of nutrient units, and size and location (i.e. above or
below ground) of manure storage areas.
The agricultural LanduseActivityName was first determined based on the Agricultural Property Code
contained in the MPAC parcel fabric database. This information was reviewed with respect to other data
sources. Findings of the field survey and aerial photography to either confirm or document a change that
reflects the observed conditions.
In cases where the type of farm or crop could not be confirmed, either the “Other Crop Farming” or
Oilseed and Grain Farming fields (or both) were assigned.
The presence of animals was used to provide a direct flag to identify threat activities related to the
management and storage of Agricultural Source Material ASM and where relevant for the use of land as
livestock grazing or pasturing land, an outdoor confinement area, or a farm-animal yard. These activities
would typically be recognized as a source of pathogens that could be a Significant Threats to Drinking
Water where the Vulnerability Score is greater than 10 for a groundwater system.
Further analysis was undertaken to determine whether the agricultural activities would potentially
constitute a chemical threat using the methodology provided by in the Technical Bulletins released by the
MOE. Based on conversations with the MOE representatives, these methods were intended to identify
areas where cumulative activities would potentially result in an increased threat to the drinking water
source for the relevant chemicals. The identification of significant threats through this method utilizes
mapping prepared to describe the proportions of managed lands and livestock density on agricultural
managed lands. In some cases it is possible that a threat activity can be present on a specific, individual
property but it would not be identified as a significant threat unless there is sufficient density of managed
lands or livestock within the identified vulnerable area.
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Where animals are considered to be present, the appropriate animal type was assigned and the livestock
density was estimated. Guidance was provided by the agricultural representatives of the South Georgian
Bay Lake Simcoe Source Protection Committee to assist in distinguishing different types of operations
based on interpretation of aerial photographs. Where the animal type could not be confirmed the property
was classified as mixed. This assignment was also supported by review of the tables provided by MOE to
correlate the nutrient units for observed barn sizes and animal types and the observation that the mixed
type would provide a reasonably conservative estimate of the livestock density. This approach has been
developed as a surrogate since direct data is not available. This will be identified as a data gap and
opportunity to reduce uncertainty in future Assessment Reports.
The number of nutrient units associated with each agricultural property farm was estimated from the
assigned animal type and the size of the barn using Table 2 from the “Technical Bulletin: Proposed
Methodology for Calculating Percentage of Managed Lands and Livestock Density for Land Application of
Agricultural Source Material and Commercial Fertilizers” (MOE, September 2009). The barn size was
calculated from the orthophotography and assigned to the geodatabase.
The presence of Agricultural Source Material (ASM) storage facilities was recorded. When animals are
present, ASM storage is assumed and automatically assigned as below grade for a groundwater system
and above grade for a surface water system (most potential to create a threat). Where ASM storage is
visible as above grade on the aerial photographs, the ASM Storage is changed to reflect above grade.
This assumption of ASM Storage and the below grade circumstance can be confirmed by site inspection
or contacting the property owner/operator. Direct data to assist with this step is not available. This will be
identified as a data gap and an opportunity to reduce uncertainty in future Assessment Reports.
Proportion and Distribution of Managed Lands
The proportion and distribution of Managed Lands were determined following the basic approach
described in the “Technical Bulletin: Proposed Methodology for Calculating Percentage of Managed
Lands and Livestock Density for Land Application of Agricultural Source Material and Commercial
Fertilizers” (MOE, November 2009). Managed Land means land to which agricultural source material,
commercial fertilizer, or non-agricultural source material is applied (Part 1.1 Technical Rules; Definitions).
These methods for evaluating managed lands and livestock density products were developed in
consultation with the South Georgian Bay Lake Simcoe technical support staff. These methods are
considered to be reasonably conservative and are based on available data. The Trent Conservation
Coalition technical Support staff provided completed map products developed based on regional
methodologies. The TCC maps were used for reference only and are not included in the products
prepared for the City of Kawartha Lakes. The TCC maps are available for use by the Source Protection
Committee although they are not developed based on local data.
The areas of Managed Lands were identified from the MPAC property codes and land use data and were
verified by orthophotography. The following land uses were included in the managed land areas:
¾

Residential (assumed that 50% of the property area would be Managed Land);

¾

Golf Courses;

¾

Parks/Recreational Facilities/Sporting Fields;

¾

Institutional lands;

¾

Agricultural Managed Lands (see below).
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The following areas were not included in the areas of managed land:
¾

Forests;

¾

Wetlands;

¾

Lakes, Rivers;

¾

Pits and Quarries;

¾

Roads; and

¾

Commercial Properties (100% removed on confirmation by aerial photograph).

The area of managed lands was determined on a parcel level for each vulnerable area (i.e. WHPA-A,
WHPA-B, WHPA-C, WHPA-C1, WHPA-D, WHPA-E, WHPA-F, IPZ-1, IPZ-2, IPZ-3) where the
Vulnerability Score is sufficient to result in a significant, moderate, or low threat [6 for WHPA A-D; 4 for
IPZ-1-3 and WHPA-E, WHPA-F].
The “Technical Bulletin: Proposed Methodology for Calculating Percentage of Managed Lands and
Livestock Density for Land Application of Agricultural Source Material and Commercial Fertilizers” (MOE,
November 2009) describes that “where only a portion of a managed land parcel falls within a vulnerable
area, only the portion of the parcel within the vulnerable area should be factored into the calculations for
the total managed land in the vulnerable area”. This guidance was provided after previous guidance that
recommended that the entire areas of properties that intersected the vulnerable areas should be
considered. In order to maintain consistency across the South Georgian Bay Lake Simcoe Source
Protection Region, a decision was reached to continue to estimate Managed Land Areas using the total
area of properties that intersect individual vulnerable areas. The approach followed has potential to
overestimate or underestimate the calculated proportions depending on a variety of factors.
The Percent Managed Land was determined for each vulnerable area as follows:
Managed Land Area within Properties Intersecting Vulnerable Area x 100%
Total Area of Properties Intersecting Vulnerable Area
In the case where a property intersects more than one Vulnerable Area, the property was included in the
managed land calculation for each area.
The Calculated % Managed Lands were grouped in the geodatabase to reflect the ranges used in the
Table of Drinking Water Threats:
¾

% Managed Land < 40%

¾

% Managed Land > 40% and < 80%

¾

% Managed Land > 80%

A Managed Land Map was prepared to illustrate the distribution of Managed Lands and the above
classifications for each vulnerable area associated with the municipal water supply intake or well. The
map is referred to as a Managed Lands Map as per Technical Rule 16(9). The Managed Lands
proportion assigned to each parcel within the vulnerable area was written back to the geodatabase and
used to identify and classify threat activities and circumstances as Significant, Moderate, or Low Threats.
Distribution of Agricultural Managed Lands
The distribution of Agricultural Managed Lands were determined following the basic approach described
in the “Technical Bulletin: Proposed Methodology for Calculating Percentage of Managed Lands and
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Livestock Density for Land Application of Agricultural Source Material and Commercial Fertilizers” (MOE,
November 2009). Agricultural Managed Lands are required to be delineated in order to determine
livestock density for evaluation of specific threats circumstances in the Table of Drinking Water Threats.
Agricultural Managed Land means Managed Land that is used for agricultural production, including areas
of cropland, fallow land, and improved pasture where agricultural source material, commercial fertilizer, or
non-agricultural source material (NASM) is applied or may be applied (Part 1.1 Technical Rules;
Definitions).
The Agricultural Managed Lands were identified using the MPAC property codes, land use data, field
survey information, and revised as necessary based on aerial photography interpretation and
observations from the windshield surveys.
The following areas were not included in the areas of Agricultural Managed Land:
¾

Residential;

¾

Golf Courses;

¾

Parks/recreational Facilities/Sporting Fields;

¾

Institutional Lands;

¾

Forests;

¾

Wetlands;

¾

Lakes, Rivers;

¾

Pits and Quarries;

¾

Roads; and

¾

Commercial Properties (100% removed on confirmation by aerial photograph).

The agricultural managed lands were identified on a parcel level for each vulnerable area (i.e. WHPA-A,
WHPA-B, WHPA-C, WHPA-C1, WHPA-D, WHPA-E, WHPA-F) where the Vulnerability Score is sufficient
to result in a significant, moderate, or low threat [6 for WHPA A-D; 4 for WHPA-E, WHPA-F].
Livestock Density
The livestock density was estimated following the basic approach described in the “Technical Bulletin:
Proposed Methodology for Calculating Percentage of Managed Lands and Livestock Density for Land
Application of Agricultural Source Material and Commercial Fertilizers” (MOE, November 2009). The
livestock density is required for evaluation of specific threats circumstances in the Table of Drinking Water
Threats.
The livestock density was estimated on a parcel level (parcels identified as Agricultural Managed Lands)
for each vulnerable area (i.e. WHPA-A, WHPA-B, WHPA-C, WHPA-C1, WHPA-D, WHPA-E, WHPA-F,
IPZ-1, IPZ-2, IPZ-3) where the Vulnerability Score is sufficient to result in a significant, moderate, or low
threat [6 for WHPA A-D; 4 for IPZ-1-3 and WHPA-E, WHPA-F). The entire area of a parcel that intersects
the vulnerable area was included in the calculation.
The number of nutrient units on each parcel was estimated using the type of livestock and the barn size
as described above and as outlined in the Technical Bulletin. The Livestock Density was estimated for
each vulnerable area as:
Sum of Nutrient Units in All Properties Intersecting Vulnerable Area
Total Area of Agricultural Managed Lands in Properties Intersecting Vulnerable Area

8/30/2010 2:55 PM H:\Proj\07\1967\00\Wp\Final\LAL-TM B5 - Threats Methodology.doc

Technical Memorandum B5
Water Quality Threat Assessment and Enumeration Methods
The City of Kawartha Lakes

960754.09
August 30, 2010
Page 16 of 19

The Livestock Density was grouped in the geodatabase to reflect the ranges used in the Table of Drinking
Water Threats:
¾

Livestock Density: < 0.5 Nutrient Units/Acre

¾

Livestock Density: > 0.5 Nutrient Units/Acre; <1.0 Nutrient Units/Acre

¾

Livestock Density: > 1.0 Nutrient Units/Acre

A Livestock Density Map was prepared to illustrate the distribution of Livestock Density and the above
classifications for each vulnerable area associated with the municipal water supply intake or well. The
map is referred to as the Livestock Density Map as per Technical Rule 16(10). The Livestock Density
assigned to each parcel within the Vulnerable Area was written back to the geodatabase and used to
identify and classify threat activities and circumstances as Significant, Moderate, or Low Threats.
Proportion of Impervious Areas
The proportion of Impervious Areas within the identified vulnerable areas was determined as follows:
1)

A 1 km grid was set up based on the centre of each source protection region.

2)

The impervious area (where salt could be applied for winter de-icing purposes) was estimated for
road right of way and individual land parcels designated as parking lots in the MPAC database.
The width of road right-of-ways were assigned based on the road types as found in the Ontario
Road Network (ORN) database:

3)

¾

Arterial road– 15m

¾

Collector road– 12m

¾

Expressway/Highway – 12m

¾

Freeway – 25m

¾

Local road – 10m

¾

Ramp/Service road – 5m

¾

Resource/Recreation road – 8m

The proportion of impervious surface within each 1 km grid square was determined by GIS.

The Impervious Surface proportion within individual grid cells was grouped in the geodatabase to reflect
the following ranges:
¾

Impervious Surface: < 1%/km2

¾

Impervious Surface: > 1%/km2 ; < 8%/km2

¾

Impervious Surface: < 8%/km2 ; 80%/km2

¾

Impervious Surface: < 80%/km2

A Total Impervious Surface Area Map was prepared to illustrate the distribution of impervious surfaces
within the portion of each vulnerable area where a drinking water threat could be associated with the
municipal water supply intake or well.
The map is referred to as a Total Impervious Surface Area Map as per Technical Rule 16(11). This map
does not truly reflect the total area of impervious surfaces as the area of buildings and parking lots on
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private lands are not included. This is appropriate as the intent of the mapping is to reflect an increased
threat related to the application of winter de-icing agents.
Quality Control Considerations
In preparation of Table B5-4 for individual WHPA a series of quality control checks were followed to
confirm that the threats identified from the Threats LUT database could be present on the identified
parcel. This process was used as a first step to screen the output data from the threats analysis with the
intent of confirming that the activities identified as being significant threats can reasonably be associated
with the property and should be included in the enumeration.
The quality control checks typically involve application of professional judgement as described below.
The situations identified below reflect considerations that were observed and applied on a regular basis.
Quality Control decisions that affect an individual parcel are documented in the text. All Quality Control
decisions were documented in the databases.
1) In many instances, the Threats LUT database will generate more than one significant threat for an
activity on a parcel because there are often many similar circumstances with associated with each
threat activity as listed in Table B5-1 that relate to specific chemical or pathogen parameters. The
significant threats identified on each parcel were reviewed and evaluated to confirm that similar
significant threats circumstances relating to one activity were recorded as one activity in the final
enumeration. For example, individual chemical or pathogen threats associated with the same activity
have been counted as one significant threat circumstance for Table B5-4. Another example is the
identification of a private sewage holding tank and leaching bed would be represented as one
Significant Threat under the category of threat #2 in Table B5-1. In the case that there were two
private sewage disposal systems, two threats would be recorded.
2) For parcels that partially intersect the identified vulnerable areas the aerial photograph coverage was
reviewed. Professional judgement was applied to assess whether the activity that would be
considered as a threat circumstance was likely to occur within the identified vulnerable area. If not,
the information in the database and the metadata were adjusted so that the activity was either
removed or downgraded but ultimately not counted as a significant drinking water threat. These
adjustments are documented in the geodatabase. In some cases, the vulnerability score for the
parcel was lowered so that other threats are identified. In some cases additional information may be
required to confirm or document the threat associated with the parcel. In this case, the parcel and
activities were counted as significant threats and a data gap was identified for the land use activity
and circumstances to be confirmed.
An example would be the situation where a residential property with private sewage servicing was
identified from the database as a significant threat. If GIS analysis showed that only a small portion
of the parcel intersected the vulnerable area, but the aerial photograph showed that the residence
and the likely location of the onsite sewage system was substantially outside of the vulnerable area,
then the threat is not significant and the on-site sewage threat would be removed from the list and
documented in the metadata in the geodatabase. Threats were only removed from consideration
where were clearly not within the delineated vulnerable area
3) Vacant lots and areas of future development would not be included in the enumeration of significant
threats. Once the land use changes, the threat for future land use will be assessed.
4) The identified significant threat activities were reviewed to confirm that they are reasonable based on
the identified land use. In cases where the available information is considered to be sufficiently
accurate that the identification of the significant threat on the property would not change, then the
activities were added to the list. If it was felt that additional information from the property owner could
potentially change the number of significant threats identified, then this parcel was flagged.
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5) The list of properties where additional information is considered to have potential to reduce the
number of significant threats identified was generated and is to be provided to the municipality and
source protection committee. At their direction the property owners and operators can be contacted
in accordance with the Section 88 property entry rules to obtain information that would reduce
uncertainty in the assessment that may change the number of significant threats identified.
6) The quality control process considers resolutions reached through consultation with the SGBLS
Region and other consultants, to achieve consistency in the enumeration decision process. The
consistency was required due to the varied approach of enumerating significant threats across the
SGBLS Region and the linkages between land use type and threats found in the Threats LUT
Database. Through a consultative process, the land uses for several threat subcategories were
revised for consistency. The resolutions for the affected threat subcategories are listed below:
7) The Application of Pesticide to Land:
¾

The application of pesticides was only applied to agricultural properties and golf courses. All
other property types are addressed by the Provincial pesticide ban for cosmetic uses.

8) The Storage of A Pesticide:
¾

The storage of pesticides was only applied to land uses found in Table B5-6. Residential
land uses were removed from this threat subcategory due to the Provincial pesticide ban for
cosmetic uses.

9) The Application of Non-Agricultural Source Material (NASM):
¾

Only properties found in the Bio-Solids database were considered to have the potential for
applying NASM to land. All other sites were excluded.

10) The Storage of Non-Agricultural Source Material:
¾

The storage of NASM was only applied to land uses found in Table B5-7. The table differs
from the land uses found in the Land Threats LUT Database with the exclusion of grocery
stores and the addition of municipal composting facilities.

11) The Storage of Commercial Fertilizer:
¾

All of the identified related land uses found in the Threats LUT Database were applied with
the exclusion of residential properties as it was unlikely for a residential property to store
fertilizer at a quantity high enough for significance. The land use listing is found in Table B58.

12) The Storage of a Dense Non Aqueous Phase Liquid (DNAPL):
¾

Table B5-9 outlines an abbreviated list of Threats LUT Database land uses where the
storage and handling of DNAPL’s were considered. The land use activities associated with
DNAPL’s found in the Threats LUT Database was modified to remove land uses that would
be unlikely store DNAPL’s or land uses that don’t exist within the Source Protection Region.
Examples of excluded land uses include “Offices of Physicians”, “Elementary Schools” and
“Coal Mining”.

13) The Storage of an Organic Solvent.
¾

Table B5-10 outlines an abbreviated list of Threats LUT Database land uses where the
storage of Organic Solvents were considered.

14) The Storage of Fuel:
¾

The TSSA fuel storage database is used to develop an initial listing of potential fuel storage
locations. Quantities and locations (i.e. above or below ground) found in this database were
used)
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In addition to the fuel storage database, Table B5-11 outlines an abbreviated list of Threats
LUT Database land uses where the storage and handling of fuel was considered.

15) Waste Disposal Site - Storage of wastes described in clauses (p), (q), (r), (s), (t) or (u) of the
definition of hazardous waste:
¾

The LanduseActivityName associated with this threat within the Threats LUT Database vary
from innocuous land use for “Religious Organizations” that were assigned to facilities such
as churches to landuse that could more reasonably be considered to be a waste disposal
site such as “Remediation and other Waste Management Services”. Through the initial
analysis, threats were enumerated which clearly were not waste disposal sites. Discussions
with the MOE clarified the intent of this threat subcategory and subsequently clearer
direction was provided on what type of sites are considered waste disposal sites under this
threat subcategory.

¾

In order to be identified as a waste disposal site under this threat subcategory, a site must be
considered either a “waste receiver” or a “waste generator” and require a C of A. The
Provincial waste generators and waste receivers database was used to identify Waste
disposal sites.

Step 7: Prepare documentation, databases and geodatabases (GIS Products) for the City of
Kawartha Lakes Use
All databases, geodatabases, and other GIS Products have been prepared in a manner that will allow
them to be transferred to the City of Kawartha Lakes or the Source Protection Committees for future use
in the threat assessment process. Documentation for the geodatabases includes lists of fields and
products available. Metadata corresponding to the generation of the databases is incorporated into the
databases.
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Table B5-2

Summary of Number of Significant, Moderate, or Low Threat Circumstances

Vulnerability
Score1
10
8
6

Pathogens
Number of circumstances in Table of Drinking Water
Threats2
Significant
Moderate
Low
3
50 (PW10S )
14 (PW10M)
0
0
50 (PW8M)
14 (PW8L)
0
0
50 (PW6L)

1

Areas with vulnerability scores less than 6 can not have significant, moderate or low threats. Pathogens are not a
threat in WHPA C, C1 or D: 2 The number of circumstances was calculated using the Upper Thames River
Conservation Authority Threats Analysis Tool (http://maps.thamesriver.on.ca/SWPThreats/). More details and the
official number of activities and circumstances that result in prescribed threats within the identified vulnerable areas
are available within the Table of Drinking Water Threats. 3 Refers to the MOE Reference Table that corresponds

to this vulnerability score and parameter (see Appendix).

Vulnerability
Score1
10
8
6
1

Chemicals
Number of circumstances in Table of Drinking Water
Threats2
Significant
Moderate
Low
3
528 (CW10S )
824 (C210M)
211 (CW10L)
5 (CW8S)
792 (CW8M)
717 (CW8L)
0
5 (CW6M)
1126 (CW6L)

Areas with vulnerability scores less than 6 can not have significant, moderate or low threats: 2 The number of

circumstances was calculated using the Upper Thames River Conservation Authority Threats Analysis Tool
(http://maps.thamesriver.on.ca/SWPThreats/). More details and the official number of activities and circumstances
that result in prescribed threats within the identified vulnerable areas are available within the Table of Drinking
Water Threats. 3 Refers to the MOE Reference Table that corresponds to this vulnerability score and parameter

(see Appendix).

Vulnerability
Score / WHPA1
WHPA A, B, C,
C1
(< 5 year TOT)
6

DNAPLS
Number of circumstances in Table of Drinking Water
Threats2
Significant
Moderate
Low
75(all) (DWAS3)

0

0

0

3 (DW6M)

22 (DW6L)

1

Areas with vulnerability scores less than 6 can not have significant, moderate or low threats. 2 The number of
circumstances was calculated using the Upper Thames River Conservation Authority Threats Analysis Tool
(http://maps.thamesriver.on.ca/SWPThreats/). More details and the official number of activities and circumstances
that result in prescribed threats within the identified vulnerable areas are available within the Table of Drinking
Water Threats. 3 Refers to the MOE Reference Table that corresponds to this vulnerability score and parameter
(see Appendix).
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Vulnerability
Score1
9
8.1
8
7.2
7
6.4
6.3
5.6
5.4
4.9
4.8

1

WHPA-E (Pathogens)
Number of circumstances in Table of
Threats2
Significant
Moderate
3
41 (PIPZWE9S )
27 (PIPZWE9M)
40 (PIPZWE8.1S) 13 (PIPZWE8.1M)
40 (PIPZWE8S)
13 (PIPZWE8M)
0
41 (PIPZWE7.2M)
0
41 (PIPZWE7M)
0
40 (PIPZWE6.4M)
0
40 (PIPZWE6.3M)
0
0
0
0
0
0
0
0

Drinking Water
Low
4 (PIPZWE9L)
19 (PIPZWE8.1L)
15 (PIPZWE8L)
27 (PIPZWE7.2L)
27 (PIPZWE7L)
28 (PIPZWE6.4L)
28 (PIPZWE6.3L)
53(PIPZWE5.6L)
53 (PIPZWE5.4L)
53 (PIPZWE4.9L)
53 (PIPZWE4.8L)

4.5

0

0

53 (PIPZWE4.5L)

4.2
4
3.5

0
0
0

0
0
0

53 (PIPZWE4.2L)
53 (PIPZWE4L)
53 PIPZWE3.5L)

Areas with vulnerability scores less than 6 can not have significant, moderate or low threats: 2 The number of

circumstances was calculated using the Upper Thames River Conservation Authority Threats Analysis Tool
(http://maps.thamesriver.on.ca/SWPThreats/). More details and the official number of activities and circumstances
that result in prescribed threats within the identified vulnerable areas are available within the Table of Drinking
Water Threats. 3 Refers to the MOE Reference Table that corresponds to this vulnerability score and parameter

(see Appendix).
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Vulnerability
Score1
9
8.1
8
7.2
7

WHPA-E (Chemicals)
Number of circumstances in Table of
Threats2
Significant
Moderate
3
239 (CIPZWE9S ) 942 (CIPZWE9M)
819
14 (CIPZWE8.1S)
(CIPZWE8.1M)
13 (CIPZWE8S)
820 (CIPZWE8M)
424
0
(CIPZWE7.2M)
0
349 (CIPZWE7M)

6.4

0

71 (CIPZWE6.4M)

6.3

0

40 (CIPZWE6.3M)

5.6

0

0

5.4

0

0

4.9

0

0

4.8

0

0

4.5

0

0

4.2

0

0

Drinking Water
Low
646 (CIPZWE9L)
888
(CIPZWE8.1L)
878 (CIPZWE8L)
1163
(CIPZWE7.2L)
1170 (CIPZWE7L)
1257
(CIPZWE6.4L)
1257
(CIPZWE6.3L)
949
(CIPZWE5.6L)
833
(CIPZWE5.4L)
536
(CIPZWE4.9L)
424
(CIPZWE4.8L)
239
(CIPZWE4.5L)
40 (CIPZWE4.2L)

1

Areas with vulnerability scores less than 6 can not have significant, moderate or low threats: 2 The number of
circumstances was calculated using the Upper Thames River Conservation Authority Threats Analysis Tool
(http://maps.thamesriver.on.ca/SWPThreats/). More details and the official number of activities and circumstances
that result in prescribed threats within the identified vulnerable areas are available within the Table of Drinking
Water Threats. 3 Refers to the MOE Reference Table that corresponds to this vulnerability score and parameter
(see Appendix).

30/08/20102:57:14 PMH:\Proj\07\1967\00\Tech\Technical Memoranda Methods\THreat Method\TableB5-2 Summary of Number of Significant, Moderate, or Low Threat
Circumstances.doc

Table B5-4 Sample Threat Enumeration Table
Enumeration of Significant Threats (Wellhead Protection Areas)
Threat
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
21

Significant Threat Counts by Vulnerability
VS=10
WHPA B & C
#
#
#
#
threats
parcels
threats
parcels

The establishment, operation or maintenance of a waste disposal site within the
meaning of Part V or the Environmental Protection Act.
The establishment, operation or maintenance of a system that collects, stores,
transmits, treats or disposes of sewage.
The application of agricultural source material to land.
The storage of agricultural source material.
The management of agricultural source material.
The application of non-agricultural source material to land.
The handling and storage of non-agricultural source material.
The application of commercial fertilizer to land.
The handling and storage of commercial fertilizer.
The application of pesticide to land.
The handling and storage of pesticide.
The application of road salt.
The handling and storage of road salt.
The storage of snow.
The handling and storage of fuel.
The handling and storage of a dense non-aqueous phase liquid.
The handling and storage of an organic solvent.
The management of runoff that contains chemicals used in the de-icing of aircraft.
The use of land as livestock grazing or pasturing land, an outdoor confinement area, or
a farm-animal yard.

TOTAL
0
0
0
0
0
TOTAL NUMBER OF SIGNIFICANT THREATS:
0
TOTAL PARCELS WITH SIGNIFICANT THREATS:
Note: The number of parcels identified will typically be less than the number of significant threats as multiple threats can be observed per
parcel.
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Table B5-5: Correlation of Threat Activities for Residential Classes
Class
R1

R2

R3

R4

R5

R6

Land Use Activity
Residential Lawns

Threat
Application of Commercial Fertilizer to Land

Residential Fuel/Hydrocarbon Storage

Storage of Fuel

Residential Lawns

Application of Commercial Fertilizer to Land

Residential Fuel/Hydrocarbon Storage

Storage of Fuel

Residential Lawns

Application of Commercial Fertilizer to Land

Residential Fuel/Hydrocarbon Storage

Storage of Fuel

Residential Lawns

Application of Commercial Fertilizer to Land

Residential Fuel/Hydrocarbon Storage

Storage of Fuel

On-Site Septic Systems-Recreation/Residential

Sewage System or Sewage Works - Septic System

Residential Lawns

Application of Commercial Fertilizer to Land

Residential Fuel/Hydrocarbon Storage

Storage of Fuel

On-Site Septic Systems-Recreation/Residential

Sewage System or Sewage Works - Septic System

Residential Lawns

Application of Commercial Fertilizer to Land

Residential Fuel/Hydrocarbon Storage

Storage of Fuel

On-Site Septic Systems-Recreation/Residential

Sewage System or Sewage Works - Septic System
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Circumstance
*calculated as per Managed Land % and Livestock Density
*stored above grade
*250-2500 litres
*calculated as per Managed Land % and Livestock Density
*stored below grade
*250-2500 litres
*calculated as per Managed Land % and Livestock Density
*stored above grade
*less than 25 litres
*calculated as per Managed Land % and Livestock Density
*stored above grade
*250-2500 litres
*septic system is subject to the OWRA
*calculated as per Managed Land % and Livestock Density
*stored below grade
*250-2500 litres
*septic system is subject to the OWRA
*calculated as per Managed Land % and Livestock Density
*stored above grade
*less than 25 litres
*septic system is subject to the OWRA

Table B5-6 – Revised list of land use activities to be considered for each threat subcategory:
Pesticide Land Use

Handling and Storage of Pesticides
Building Material and Supplies Dealers
Forest Nurseries and Gathering of Forest Products
Fruit and Tree Nut Farming
Golf Courses and Country Clubs
Greenhouse, Nursery and Floriculture Production
Lawn and Garden Equipment and Supplies Stores
Oilseed and Grain Farming
Other Crop Farming
Pesticide, Fertilizer and Other Agricultural Chemical Manufacturing
Support Activities for Crop Production
Vegetable and Melon Farming
Zoos and Botanical Gardens
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Table B5-7 – Revised list of land use activities to be considered for each threat subcategory:
Non-Agricultural Source Material Land Use

Non-Agricultural Source Material Storage
Sewage Treatment Facilities
Animal Food Manufacturaing
Beverage Manufacturing (excluding 312130 Wineries)
Converted Paper Product Manufacturing
Dairy Product Manufacturing
Meat Product Manufacturing
Other Farm Product Wholesaler - Distributors
Other Food Manufacturing
Pulp, Paper and Paperboard Mills
Seafood Product Preparation and Packaging
Sugar and Confectionary Product Manufacturing
Tobacco Product Manufacturing
Bakeries and Tortilla Manufacturing
Food Wholesaler - Distributor
Fruit and Vegetable Preserving and Specialty Food Manufacturing
Grain and Oilseed Milling
Municipal Composting Facilities
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Table B5-8 – Revised list of land use activities to be considered for each threat subcategory:
Commercial Fertilizer Land Use

Fertilizer Storage
Fertilizer Manufacturing
Forest Nurseries and Gathering of Forest Products
Fruit and Tree Nut Farming
Golf Courses and Country Clubs
Greenhouse, Nursery and Floriculture Production
Oilseed and Grain Farming
Other Crop Farming
Residential Lawns
Timber Tract Operations
Vegetable and Melon Farming
Zoos and Botanical Gardens
Home Building Supply Stores
Hardware Stores
Lawn and Garden Equipment and Supplies Store
Grocery Stores
Department Stores
Pesticide, Fertilizer and Other Agricultural Chemical Manufacturing
Building Material and Supplies Dealers
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Table B5-9 – Revised list of land use activities to be considered for each threat subcategory:
DNAPLS
DNAPLS
Aerospace Product and Parts Manufacturing
Agricultural, Construction and Mining Machinery Manufacturing
Alumina and Aluminum Production and Processing
Animal Food Manufacturing
Architectural and Structural Metals Manufacturing
Audio and Video Equipment Manufacturing
Automobile Dealers
Automotive Parts, Accessories and Tire Stores
Automotive Repair and Maintenance
Bakeries and Tortilla Manufacturing
Basic Chemical Manufacturing
Beverage Manufacturing
Boiler, Tank and Shipping Container Manufacturing
Building Material and Supplies Dealers
Cement and Concrete Product Manufacturing
Charter Bus Industry
Coating, Engraving, Heat Treating and Allied Activities
Commercial and Industrial Machinery and Equipment (except Automotive and Electronic) Repair and
Maintenance
Commercial and Service Industry Machinery Manufacturing
Communications Equipment Manufacturing
Community Colleges and C.E.G.E.P.s
Computer and Peripheral Equipment Manufacturing
Converted Paper Product Manufacturing
Cutlery and Hand Tool Manufacturing
Dairy Product Manufacturing
Dry Cleaning and Laundry Services
Electric Lighting Equipment Manufacturing
Electric Power Generation, Transmission and Distribution
Electrical Equipment Manufacturing
Electronic and Precision Equipment Repair and Maintenance
Engine, Turbine and Power Transmission Equipment Manufacturing
Forging and Stamping
Foundries
Fruit and Vegetable Preserving and Specialty Food Manufacturing
Gasoline Stations
General Freight Trucking
General Medical and Surgical Hospitals
Grain and Oilseed Milling
Hardware Manufacturing
Household and Institutional Furniture and Kitchen Cabinet Manufacturing
Household Appliance Manufacturing
Industrial Machinery Manufacturing
Interurban and Rural Bus Transportation
Iron and Steel Mills and Ferro-Alloy Manufacturing
Lawn and Garden Equipment and Supplies Stores
Machine Shops, Turned Product, and Screw, Nut and Bolt Manufacturing
Manufacturing and Reproducing Magnetic and Optical Media
Marinas
Meat Product Manufacturing
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Table B5-9 – Revised list of land use activities to be considered for each threat subcategory:
DNAPLS
DNAPLS
Medical and Diagnostic Laboratories
Medical Equipment and Supplies Manufacturing
Metalworking Machinery Manufacturing
Motor Vehicle Body and Trailer Manufacturing
Motor Vehicle Manufacturing
Motor Vehicle Parts Manufacturing
Natural Gas Distribution
Navigational, Measuring, Medical and Control Instruments Manufacturing
Non-Ferrous Metal (except Aluminum) Production and Processing
Non-Scheduled Air Transportation
Office Furniture (including Fixtures) Manufacturing
One-Hour Photo Finishing
Other Chemical Product Manufacturing
Other Electrical Equipment and Component Manufacturing
Other Fabricated Metal Product Manufacturing
Other Food Manufacturing
Other Furniture-Related Product Manufacturing
Other General-Purpose Machinery Manufacturing
Other Heavy and Civil Engineering Construction
Other Miscellaneous Manufacturing
Other Motor Vehicle Dealers
Other Personal Services (812921 - Photo Finishing Laboratories (except One-Hour)), (812922 - OneHour Photo Finishing)
Other Professional, Scientific and Technical Services
Other Schools and Instruction
Other Support Activities for Air Transportation
Other Transit and Ground Passenger Transportation
Other Transportation Equipment Manufacturing
Other Wood Product Manufacturing
Paint, Coating and Adhesive Manufacturing
Personal and Household Goods Repair and Maintenance
Pesticide, Fertilizer and Other Agricultural Chemical Manufacturing
Petroleum and Coal Product Manufacturing
Pharmaceutical and Medicine Manufacturing
Photo Finishing Laboratories (except One-Hour)
Photographic Services
Plastic Product Manufacturing
Printing and Duplicating
Pulp, Paper and Paperboard Mills
Rail Transportation
Railroad Rolling Stock Manufacturing
Recyclable Metal Wholesaler-Distributorsá(e.g. Junk/Scrap/Salvage Yards)
Research and Development in the Physical, Engineering and Life Sciences
Resin, Synthetic Rubber, and Artificial and Synthetic Fibres and Filaments Manufacturing
Rubber Product Manufacturing
Sawmills and Wood Preservation
Scheduled Air Transportation
Scientific Research and Development Services
Seafood Product Preparation and Packaging
Semiconductor and Other Electronic Component Manufacturing
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Table B5-9 – Revised list of land use activities to be considered for each threat subcategory:
DNAPLS

DNAPLS
Ship and Boat Building
Soap, Cleaning Compound and Toilet Preparation Manufacturing
Specialized Freight Trucking
Spring and Wire Product Manufacturing
Steel Product Manufacturing from Purchased Steel
Sugar and Confectionary Product Manufacturing
Support Activities for Air Transportation
Support Activities for Rail Transportation
Technical and Trade Schools
Tobacco Manufacturing
Universities
Urban Transit Systems
Utility System Construction
Veneer, Plywood and Engineered Wood Product Manufacturing
Ventilation, Heating, Air-Conditioning and Commercial Refrigeration Equipment Manufacturing
Waste Collection
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Table B5-10 – Revised list of land use activities to be considered for each threat subcategory:
Organic Solvents
Solvents
Dry Cleaning and Laundry Services
Audio and Video Equipment Manufacturing
Basic Chemical Manufacturing
Communications Equipment Manufacturing
Computer and Peripheral Equipment Manufacturing
Electrical Equipment Manufacturing
Other Chemical Product Manufacturing
Other Electrical Equipment and Component Manufacturing
Pharmaceutical and Medicine Manufacturing
Resin, Synthetic Rubber, and Artificial and Synthetic Fibres and Filaments Manufacturing
Rubber Product Manufacturing
Electric Lighting Equipment Manufacturing
Fruit and Vegetable Preserving and Specialty Food Manufacturing
Household Appliance Manufacturing
Industrial Injection / Waste Disposal Wells
Leather and Hide Tanning and Finishing
Manufacturing and Reproducing Magnetic and Optical Media
Meat Product Manufacturing
Navigational, Measuring, Medical and Control Instruments Manufacturing
Other Leather and Allied Product Manufacturing
Pesticide, Fertilizer and Other Agricultural Chemical Manufacturing
Petroleum and Coal Product Manufacturing
Pulp, Paper and Paperboard Mills
Semiconductor and Other Electronic Component Manufacturing
Soap, Cleaning Compound and Toilet Preparation Manufacturing
Converted Paper Product Manufacturing
Bakeries and Tortilla Manufacturing
Beverage Manufacturing
Seafood Product Preparation and Packaging
Sugar and Confectionary Product Manufacturing
Tobacco Manufacturing
Funeral Services
Machine Shops, Turned Product, and Screw, Nut and Bolt Manufacturing
Other Personal Services (812921 - Photo Finishing Laboratories (except One-Hour)), (812922 - OneHour Photo Finishing)
General Medical and Surgical Hospitals
Other Fabricated Metal Product Manufacturing
Other Food Manufacturing
Paint, Coating and Adhesive Manufacturing
Plastic Product Manufacturing
Printing and Related Support Activities
Fabric Mills
General Freight Trucking
Interurban and Rural Bus Transportation
Medical and Diagnostic Laboratories
Other Professional, Scientific and Technical Services (541940 - Veterinary Services)
Other Textile Product Mills
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Table B5-10 – Revised list of land use activities to be considered for each threat subcategory:
Organic Solvents

Solvents
Other Wood Product Manufacturing (321991 - Manufactured (Mobile) Home Manufacturing)
Sawmills and Wood Preservation
Scientific Research and Development Services
Specialized Freight Trucking
Textile and Fabric Finishing and Fabric Coating
Textile Furnishings Mills
Urban Transit Systems
Veneer, Plywood and Engineered Wood Product Manufacturing
Coating, Engraving, Heat Treating and Allied Activities
Dairy Product Manufacturing
Grain and Oilseed Milling
Other Support Activities for Transportation
Other Transit and Ground Passenger Transportation
Scenic and Sightseeing Transportation, Land
Scenic and Sightseeing Transportation, Other
Support Activities for Road Transportation
Cut and Sew Clothing Manufacturing (315292 - Fur and Leather Clothing Manufacturing)
Fibre, Yarn and Thread Mills
Charter Bus Industry
School and Employee Bus Transportation
Taxi and Limousine Service
Rail Transportation
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Table B5-11 – Revised list of land use activities to be considered for each threat subcategory:
Fuel Storage

Fuel storage
Aerospace Product and Parts Manufacturing
Agricultural, Construction and Mining Machinery Manufacturing
Alumina and Aluminum Production and Processing
Animal Aquaculture
Animal Food Manufacturing
Architectural and Structural Metals Manufacturing
Audio and Video Equipment Manufacturing
Automobile Dealers
Automotive Equipment Rental and Leasing
Automotive Parts, Accessories and Tire Stores
Bakeries and Tortilla Manufacturing
Basic Chemical Manufacturing
Beverage Manufacturing
Boiler, Tank and Shipping Container Manufacturing
Building Equipment Contractors
Building Finishing Contractors
Building Material and Supplies Dealers
Cattle Ranching and Farming
Cement and Concrete Product Manufacturing
Charter Bus Industry
Chemical (except Agricultural) and Allied Product Wholesaler-Distributors
Clay Product and Refractory Manufacturing
Clothing Accessories and Other Clothing Manufacturing
Clothing Knitting Mills
Coating, Engraving, Heat Treating and Allied Activities
Commercial and Industrial Machinery and Equipment (except Automotive and Electronic) Repair and
Maintenance
Commercial and Industrial Machinery and Equipment Rental and Leasing
Commercial and Service Industry Machinery Manufacturing
Communications Equipment Manufacturing
Community Colleges and C.E.G.E.P.s
Computer and Peripheral Equipment Manufacturing
Construction, Forestry, Mining, and Industrial Machinery, Equipment and Supplies WholesalerDistributors
Converted Paper Product Manufacturing
Cut and Sew Clothing Manufacturing
Cutlery and Hand Tool Manufacturing
Dairy Product Manufacturing
Deep Sea, Coastal and Great Lakes Water Transportation
Defence Services
Dry Cleaning and Laundry Services
Educational Support Services
Electric Lighting Equipment Manufacturing
Electric Power Generation, Transmission and Distribution
Electrical Equipment Manufacturing
Electronic and Precision Equipment Repair and Maintenance
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Table B5-11 – Revised list of land use activities to be considered for each threat subcategory:
Fuel Storage

Fuel storage
Elementary and Secondary Schools
Engine, Turbine and Power Transmission Equipment Manufacturing
Fabric Mills
Farm, Lawn and Garden Machinery and Equipment Wholesaler-Distributors
Fibre, Yarn and Thread Mills
Fishing
Forest Nurseries and Gathering of Forest Products
Forging and Stamping
Foundation, Structure, and Building Exterior Contractors
Foundries
Fruit and Tree Nut Farming
Fruit and Vegetable Preserving and Specialty Food Manufacturing
Gasoline Stations
General Freight Trucking
General Medical and Surgical Hospitals
Glass Product Manufacturing from Purchased Glass
Grain and Oilseed Milling
Greenhouse, Nursery and Floriculture Production
Hardware Manufacturing
Hardware Stores
Highway, Street and Bridge Construction
Hog and Pig Farming
Household and Institutional Furniture and Kitchen Cabinet Manufacturing
Household Appliance Manufacturing
Industrial Gas Manufacturing
Industrial Machinery Manufacturing
Inland Water Transportation
Interurban and Rural Bus Transportation
Iron and Steel Mills and Ferro-Alloy Manufacturing
Junk / Scrap / Salvage Yards
Land Subdivision
Lawn and Garden Equipment and Supplies Stores
Lime and Gypsum Product Manufacturing
Logging
Lumber, Millwork, Hardware and Other Building Supplies Wholesaler-Distributors
Machine Shops, Turned Product, and Screw, Nut and Bolt Manufacturing
Manufacturing and Reproducing Magnetic and Optical Media
Marinas
Meat Product Manufacturing
Medical and Diagnostic Laboratories
Medical Equipment and Supplies Manufacturing
Metalworking Machinery Manufacturing
Motor Vehicle Body and Trailer Manufacturing
Motor Vehicle Manufacturing
Motor Vehicle Parts Manufacturing
Motor Vehicle Wholesaler-Distributors
Municipal Fire-Fighting Services
Natural Gas Distribution
Navigational, Measuring, Medical and Control Instruments Manufacturing
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Table B5-11 – Revised list of land use activities to be considered for each threat subcategory:
Fuel Storage
Fuel storage
Non-Ferrous Metal (except Aluminum) Production and Processing
Non-Metallic Mineral Mining and Quarrying
Non-residential Building Construction
Non-Scheduled Air Transportation
Office Furniture (including Fixtures) Manufacturing
Oil and Gas Extraction
Oilseed and Grain Farming
Other Ambulatory Health Care Services
Other Animal Production
Other Chemical Product Manufacturing
Other Crop Farming
Other Electrical Equipment and Component Manufacturing
Other Fabricated Metal Product Manufacturing
Other Food Manufacturing
Other Furniture-Related Product Manufacturing
Other General-Purpose Machinery Manufacturing
Other Heavy and Civil Engineering Construction
Other Miscellaneous Manufacturing
Other Motor Vehicle Dealers
Other Non-Metallic Mineral Product Manufacturing
Other Personal Services (812921 - Photo Finishing Laboratories (except One-Hour)), (812922 - OneHour Photo Finishing)
Other Pipeline Transportation
Other Recyclable Material Wholesaler-Distributors
Other Schools and Instruction
Other Specialty Trade Contractors
Other Support Activities for Air Transportation
Other Support Activities for Transportation
Other Textile Product Mills
Other Transit and Ground Passenger Transportation
Other Transportation Equipment Manufacturing
Other Wood Product Manufacturing
Paint, Coating and Adhesive Manufacturing
Personal and Household Goods Repair and Maintenance
Pesticide, Fertilizer and Other Agricultural Chemical Manufacturing
Petrochemical Manufacturing
Petroleum and Coal Product Manufacturing
Petroleum Product Wholesaler-Distributors
Pharmaceutical and Medicine Manufacturing
Pipeline Transportation of Crude Oil
Pipeline Transportation of Natural Gas
Plastic Product Manufacturing
Poultry and Egg Production
Printing and Related Support Activities
Provincial Fire-Fighting Services
Psychiatric and Substance Abuse Hospitals
Pulp, Paper and Paperboard Mills
Rail Transportation
Railroad Rolling Stock Manufacturing
Recyclable Metal Wholesaler-Distributorsá(e.g. Junk/Scrap/Salvage Yards)
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Table B5-11 – Revised list of land use activities to be considered for each threat subcategory:
Fuel Storage
Fuel storage
Remediation and Other Waste Management Services
Research and Development in the Physical, Engineering and Life Sciences
Residential Building Construction
Residential Fuel / Hydrcarbon Storage
Resin, Synthetic Rubber, and Artificial and Synthetic Fibres and Filaments Manufacturing
Rubber Product Manufacturing
RV (Recreational Vehicle) Parks and Recreational Camps
Sawmills and Wood Preservation
Scenic and Sightseeing Transportation, Land
Scenic and Sightseeing Transportation, Other
Scenic and Sightseeing Transportation, Water
Scheduled Air Transportation
School and Employee Bus Transportation
Scientific Research and Development Services
Seafood Product Preparation and Packaging
Semiconductor and Other Electronic Component Manufacturing
Sheep and Goat Farming
Ship and Boat Building
Soap, Cleaning Compound and Toilet Preparation Manufacturing
Specialized Freight Trucking
Specialty (except Psychiatric and Substance Abuse) Hospitals
Spring and Wire Product Manufacturing
Steel Product Manufacturing from Purchased Steel
Sugar and Confectionary Product Manufacturing
Support Activities for Air Transportation
Support Activities for Crop Production
Support Activities for Forestry
Support Activities for Mining and Oil and Gas Extraction
Support Activities for Rail Transportation
Support Activities for Road Transportation
Support Activities for Water Transportation
Taxi and Limousine Service
Technical and Trade Schools
Textile and Fabric Finishing and Fabric Coating
Textile Furnishings Mills
Timber Tract Operations
Tobacco Manufacturing
Universities
Urban Transit Systems
Used Motor Vehicle Parts and Accessories Wholesaler-Distributors
Utility System Construction
Vegetable and Melon Farming
Veneer, Plywood and Engineered Wood Product Manufacturing
Ventilation, Heating, Air-Conditioning and Commercial Refrigeration Equipment Manufacturing
Warehousing and Storage
Waste Collection
Waste Treatment and Disposal
Water, Sewage and Other Systems
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TECHNICAL MEMORANDUM C1

Date:

August 27, 2010

To:

David Kerr, P.Geo. – The City of Kawartha Lakes

From:

Leigh Davis/Sarah Dignard/Kim Gilder/Lloyd Lemon, P.Geo.

Project No.:

071967.14

Subject:

Groundwater Vulnerability Assessment - Woodville

OBJECTIVE:
To document the Groundwater Vulnerability Assessment for the groundwater supply for the Woodville
municipal residential water supply system in The City of Kawartha Lakes.
OVERVIEW:
A Groundwater Vulnerability Assessment was completed to address the requirements of Part IV, Part V.3
and Part VII.3 of the Technical Rules Assessment Report, Clean Water Act, 2006 document as released
by the Ontario Ministry of the Environment (MOE) on December 12, 2008 and amended in November,
2008. The approach followed by GENIVAR to complete the Groundwater Vulnerability Assessment is
outlined in Technical Memorandum B1 - Groundwater Vulnerability Assessment Methods.
The six steps of the Groundwater Vulnerability Assessment included:
Step 1: Review and Assess Available Data and Interpretations.
Step 2: Delineate Wellhead Protection Area (WHPA).
Step 3: Assess Vulnerability.
Step 4: Consider Vulnerability Increase for Transport Pathways.
Step 5: Assign Vulnerability Score.
Step 6: Evaluate Uncertainty.
As part of the uncertainty evaluation, information from each of these steps was examined semiquantitatively using the questions outlined in the attached form (Table C1-1). A scoring system has been
assigned to estimate the confidence in the available data and in each of the assessment phases.
DATA SOURCES:
¾

Construction and Calibration of Numerical Groundwater Flow Models - City of Kawartha Lakes
Groundwater Supplies by GENIVAR, 2010, (Appendix A).

¾

The City of Kawartha Lakes Part of the Municipal Groundwater Study for the Trent Conservation
Coalition by Morrison Environmental Limited (MEL) in 2004.

¾

Groundwater Modeling of the Oak Ridges Moraine Area, CAMC-YPDT Technical Report Number
01-06 by Earthfx, 2006.

¾

Village of Woodville 2006 Water Level Monitoring Report, Updated to April 2007 by Jagger Hims
Limited, 2007.
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¾

Village of Woodville 2005 Water Level Monitoring Report, Updated to September 2006 by Jagger
Hims Limited, 2006.

¾

Village of Woodville Supplemental Groundwater Investigations and Testing of Standby Well
TW03-1 by Jagger Hims Limited, 2003.

¾

Village of Woodville Engineers’ Report for Water Works, Hydrogeologic Component by Jagger
Hims Limited, 2001.

¾

Village of Woodville Supplemental Groundwater Investigations and Testing of Standby Well
TW99-5 by Jagger Hims Limited, 1999.

¾

Village of Woodville Groundwater Supply Investigation, Permit To Take Water TW99-2 by Jagger
Hims Limited, 1999.

¾

Permit to Take Water Number 3545-6WVT2L Lot 6, 4, Concession 13 Township of Mariposa,
Kawartha Lakes, 2007.

¾

Amended Certificate of Approval, Municipal Drinking Water Systems, Number 1007-6C3QR4,
2005.

¾

CAMC/YPDT Version 2 Hydrostratigraphic Interpretations and boreholes database.

Municipal Wells and Aquifers
The Woodville Well Supply System, located to the south of the main community, currently consists of two
water supply wells: Well 1 (TW2/99) and Well 2 (TW1/03). The municipal well locations are shown in
Figure C1-1. Two former municipal wells, Old Well 1 and Old Well 2, were located within the community
and have been decommissioned.
The original Well 2 was designated TW5/99 and was replaced following damage during some on-site
work. TW5/99 operated as Well 2 from 1999 to 2004. Well 2 now refers to TW1/03, which has been in
operation since 2003. Well 1 has been in operation since 1999 and was originally designated as TW2/99.
The Woodville wells are completed in limestone bedrock with well depths ranging between 4.3 and
8.5 mbgs. The wells are open hole into bedrock between 6.7 and 7.9 mbgs. The well logs for the
Woodville municipal residential wells is presented in Appendix C1-1.
The bedrock aquifer into which the municipal wells are constructed is designated as the Woodville
Aquifer. The bedrock in this area is identified as the fine to coarse grained limestone with shale partings
of the lower member of the Lindsay Formation. A cross-section showing the well screens and the eightlayer Version 2 hydrostratigraphic surfaces provided by CAMC/YPDT is provided in Figure C1-2. The
section shows a thin sandy silt to silty sand aquifer layer with layers of silty sand to sandy silt or clay silt
till aquitard overlying the bedrock surface. The geology presented in the well logs (Appendix C1-1)
generally corresponds with the interpreted hydrostratigraphy with confining till layers overlying the
bedrock.
The well screens for the Woodville wells appear to be located in an aquitard layer overlying the bedrock in
Figure C1-2. The information for the Woodville wells has been projected onto the cross-section line and
the hydrostratigraphy at the well site may not correspond exactly with the regional interpretations. The
hydrostratigraphic layers and bedrock surfaces shown in these cross-sections have been interpolated
using available data points and were generated on a regional scale. As such, the layers and surfaces
may not always reflect the hydrostratigraphic contacts in an individual well log. This is clearly the case for
the Woodville wells. The hydraulic conductivity of the numerical model layers near the wells was adjusted
to correspond to the observed local stratigraphy. Additional well data in the area surrounding the
municipal wells would improve confidence in the regional hydrostratigraphic interpretations.
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The Woodville wells operate under Permit To Take Water #3545-6WVT2L which expires December 31,
2016. Under this Permit, Well 1 and Well 2 can each operate at a maximum rate of 409 L/min
(589.2 L/day). The permit includes a third well, Well 3, which serves occasional use to replenish a pond
located near the municipal well site. The third well was not included in this study. The maximum
combined rate for the system is 589,162 L/day.
Step 1: Review and Assess Available Data and Interpretations
Review of the hydrostratigraphic and hydraulic data indicates that the glacial till overburden acts as a
semi-confining layer for the fractured bedrock. Groundwater flow patterns are observed to reasonably
reflect the observed topography and the pumping of the municipal wells as shown in Figure C1-1. All of
the information for the wells produces a reasonably consistent interpretation that is reflected in the
GENIVAR numerical groundwater flow model (Appendix A).
The Overall Confidence in the available data for Woodville as assessed in Table C1-1 is 5 out of a
possible 10. A value greater than 6 is considered to reflect sufficient confidence that the results can be
relied upon for the purpose of the Vulnerability Assessment. This score reflects the poor distribution of
data in the vicinity of the municipal wells. The score also reflects the inherent uncertainty of the fractured
bedrock aquifer.
Step 2: Delineate Wellhead Protection Area
GENIVAR constructed and calibrated a numerical groundwater flow model that simulates the
groundwater flow conditions surrounding the municipal wells that service Woodville. Details on the
numerical groundwater modeling study conducted by GENIVAR can be found in Appendix A –
Construction and Calibration of Numerical Groundwater Flow Models – City of Kawartha Lakes
Groundwater Supplies. A version of the Woodville/Woods of Manilla Sub-Regional Model with a refined
grid around the pumping wells has been applied to delineate the WHPA for Woodville. The calculated
groundwater elevations and the calculated residuals relative to the measured groundwater elevations at
observation wells used in the calibration are shown in Figure C1-1.
The numerical modeling approach was requested to corroborate and improve confidence in previous
analysis of municipal well capture zones as determined during the Municipal Groundwater Studies project
under the direction of the Trent Conservation Coalition (Morrison, 2004).
The model domain was set to encompass approximately 216,000 ha from Lake Simcoe in the west to
Lake Scugog in the east. The dimensions of the model domain are 40,000 m on the north and south
sides and 54,000 m on the east and west sides.
The model incorporated the 8-layer Version 2 interpreted hydrostratigraphic layers, constructed by
CAMC/YPDT as part of their ongoing groundwater study as released in 2006. A representative crosssection showing a west to east cut across the Woodville WHPA (cross-section location shown in Figure
C1-1) is presented in Figure C1-2. The cross-section shows a fractured limestone bedrock aquifer with a
surficial layer of glacial till that is locally confining. As mentioned above, the stratigraphy observed at the
wells has the bedrock layer at the top of the illustrated well screen interval. This change was
incorporated into the numerical model but remains available for improvement in the Version 2
CAMC/YPDT interpretation. .
Hydraulic properties for all model layers were first estimated using published values (Earthfx, 2006).
During the model calibration process, hydraulic properties were adjusted to match observed groundwater
flow patterns. Recharge from precipitation infiltration was estimated using surficial geology maps and
published values for recharge (Earthfx, 2006).
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Historical pumping test data were used to verify the hydraulic conductivity of the lower aquifer in the
vicinity of the wells.
The calibrated four-layer model was used to produce pathlines for three pumping scenarios as shown in
Table C1-2. Scenario 3 represents both wells in operation which would produce the maximum extent of
groundwater capture.
TABLE C1-2
MUNICIPAL WELL PUMPING SCENARIOS
SCENARIO

FIGURE

WELL 1 (TW2/99)

WELL 2 (TW1/03)

1

C1-3

589.16 m3/day

OFF

2

C1-4

OFF

589.16 m3/day

3

C1-5

294.58 m3/day

294.58 m3/day

For each scenario, MODPATH was used to track particles backwards from the well screen to their
boundary condition (i.e.: surficial recharge, lake or river) in order to determine the steady-state pathlines.
As part of the model calibration, a water budget was calculated for the steady-state capture zone with the
aim of balancing the recharge with the extraction rate of the wells that were active in the scenario. Where
required, the pumped aquifer layer was subdivided and additional backward tracking particles were added
until the water budget was balanced within the steady-state pathline area.
Delineation of the envelope around the steady-state pathlines gives the steady-state capture zone of the
well. The steady-state pathlines were truncated to delineate the 2-, 5- and 25-year capture zones for
each scenario as shown in Figures C1-3 through C1-5.
Figure C1-6 represents the composite WHPA for the Woodville wells. The composite WHPA incorporates
the greatest combined extent for each time-of-travel zone by overlaying the resulting capture zones from
each scenario. Figure C1-6 is proposed to be used as the WHPA for the Woodville water supply.
The delineated WHPA reflect a reasonable estimate of capture zones for the municipal wells based on
the numerical groundwater flow model and the conservative assumptions used to construct and calibrate
the model.
The Overall Confidence in the WHPA delineation step as assessed in Table C1-1 is 8.9 out of a possible
10. A value greater than 6 is assumed to reflect sufficient confidence that the results can be relied upon
for the purpose of the Vulnerability Assessment.
Step 3: Assess Vulnerability
Previous Vulnerability Assessment
The original WHPA delineation (MEL, 2004) included a vulnerability assessment. The study team utilized
a well-by-well Intrinsic Susceptibility Index (ISI). This method considered the overall sum of the thickness
of each formation found in the well log multiplied by a K-factor (a number derived from vertical
conductivity values) to reflect the vulnerability.
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Ratings of High, Medium, and Low are based on the following matrix:
ISI/AVI Score

Vulnerability

< 30

High

30 – 80

Medium

> 80

Low

MEL calculated ISI values for a total of 127 wells in the Woodville area and found 65% returned ratings of
High Vulnerability including Well 1 and Well 2, while 31% rated Medium Vulnerability, and 4% rated Low
Vulnerability. Figure 10 in Appendix E-12 of MEL, 2004 shows the distribution of the predominantly high
ISI ratings in the Woodville area.
The method used by MEL does not differentiate wells that may be constructed in aquifers that are above
or below the aquifer used by the Woodville wells. This may produce results that do not accurately reflect
the actual vulnerability of the Woodville Aquifer. The MEL vulnerability does not provide a consistent
representation for the water supply aquifer, as is intended under the Technical Rules.
An updated Groundwater Vulnerability was assessed by calculating the Aquifer Vulnerability Index (AVI)
based on the CAMC/YPDT regional hydrostratigraphic interpretations. The results were reviewed to
confirm that the assessed vulnerability reflects the observed geological materials.
Aquifer Vulnerability Index (AVI)
Details of the AVI methodology used are provided in Technical Memorandum B1 - Groundwater
Vulnerability Assessment Methods.
The CAMC/YPDT regional hydrostratigraphic interpretation is generally considered to reasonably reflect
the regional distribution of aquifer and aquitard layers and, was therefore, used to determine an AVI for
the Woodville Aquifer. A cross-section of the CAMC/YPDT hydrostratigraphic interpretation is shown in
Figure C1-2. The location of the cross-section is shown in Figure C1-1.
The AVI was determined for the Woodville Aquifer by first assigning each layer of the regional
hydrostratigraphic interpretation a conservative permeability factor of either 1 (aquifers) or 4 (aquitards).
The thickness of each interpreted layer was multiplied by this factor (K-factor) and then each of these
values was added together to get a total sum to the top of the water supply aquifer.
This resulting AVI for the Woodville Aquifer is shown in Figure C1-7. This interpretation shows a
predominantly Medium Vulnerability within the WHPA, with a large portion within the west section of the
WHPA showing High Vulnerability.
This AVI was compared to the previous MEL vulnerability and locally available data and was found to
underestimate the vulnerability of the Woodville Aquifer. Wells drilled in the vicinity of the municipal wells
show thin sequences of sandy soil overlying the bedrock. Also, local ponds exist near the municipal wells
that have removed the protective overburden cover. Local springs also exist near the municipal wells that
reverse under pumping conditions. All of these factors combined suggest that it is appropriate to assign a
High Vulnerability Rating across the WHPA for the Woodville Aquifer. This revised vulnerability is shown
in Figure C1-8. Figure C1-8 is recommended for use to represent the Vulnerability Rating for the
Woodville WHPA.
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Step 4: Consider Vulnerability Increase for Transport Pathways
The transport pathways that were considered to have potential to increase the vulnerabilities in the
delineated WHPA are:
¾

Municipal infrastructure (water mains, sewage, cable, power),

¾

Building foundations,

¾

Private wells (including unused or abandoned, but not properly decommissioned wells).

Review of the local geology as presented in the cross-section shows that there is typically more than 8 m
of fine-grained glacial till sediment overlying the Woodville Aquifer. Typical excavations for municipal
infrastructure and residences are not likely to increase the vulnerability in this area.
Areas to increase vulnerability in consideration of transport pathways were identified in two steps. First,
well clusters (where six wells are located within a 100 m radius of each other) were identified within the
WHPA. This review identified no well clusters within the Woodville WHPA. The second step delineated a
30 m buffer around the wells within the WHPA that extend to, through, or to within 3 m above, the
Woodville Aquifers. None of the wells in the WHPA meet these criteria.
In situations where the Vulnerability Assessment already assigns a Vulnerability rating of High as is the
case in a large portion of the Woodville WHPA, the Technical Rules do not allow for further vulnerability
increase. The vulnerability increase can only be considered for areas where the Vulnerability is assigned
a value of Medium or Low, therefore, no vulnerability increase is required for the Woodville WHPA.
Step 5: Assign Vulnerability Score
The Vulnerability Score assigned to the Woodville WHPA based on the previously discussed analysis are
illustrated in Figure C1-8. Figure C1-8 is based on direct interpretation of the Vulnerability or modeled
WHPA delineations.
The Overall Confidence in the Vulnerability Assessment as per Table C1-1 is 5.0 out of a possible 10.
This value reflects the inherent uncertainty associated with fractured rock aquifers and the variable
thicknesses of overburden cover.
Fractured rock aquifers present a particular challenge for
hydrogeological characterization, particularly for defining flowpaths to the wells with confidence.
Investigations and assessments relating to municipal water supplies typically focus on defining bulk
characteristics and properties. These may not reflect the actual pathways that occur in the fractured rock
aquifer. The modelling analysis used simplifying assumptions to represent groundwater flow in fractured
rock and although these are considered to be conservative, may not reflect all possible flowpaths in the
fractured rock system. This component of the uncertainty rating does not reflect the available data or the
methods used.
Step 6: Evaluate Uncertainty
The Uncertainty Rating recommended for the Woodville Vulnerability Assessment, based on Table C1-1
is High. The High Uncertainty Rating reflects the possibility that the potential variability in the actual
subsurface conditions may result in an underestimate of the contributing areas, the travel of time to the
wells, or the protection provided by the soil materials overlying the aquifer. The assumptions made in the
course of the analysis, including selection of hydraulic conductivity parameters, effective porosities,
maximum pumping rates, and K-factors for the AVI analysis are intended to be conservative and
protective of the water supply. In general, there is a higher uncertainty associated with fractured bedrock
aquifers.
LAL:nah
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Appendix C1-1
Woodville Municipal Residential Well
Logs

TECHNICAL MEMORANDUM C2

Date:

August 31, 2010

To:

Mr. David Kerr, P.Geo. – The City of Kawartha Lakes

From:

Mike Wilson, P.Geo/Lloyd Lemon, P.Geo

Project No.:

071967.19

Subject:

Delineation of WHPA-E and WHPA-F - Woodville

OBJECTIVE:
To document the delineation of Wellhead Protection Areas (WHPA) E and F for the Woodville water
supply in the City of Kawartha Lakes.
OVERVIEW:
An analysis was completed to address the requirements of Part V.3, VIII.2 and VIII.3 of the Technical
Rules Assessment Report Clean Water Act, 2006, document as released by the Ontario Ministry of the
Environment (MOE) in December, 2008 and amended in November 2009. Part of the delineation of
vulnerable areas for groundwater supplies includes the requirement to delineate a WHPA-E and WHPA-F
for groundwater systems that are under direct influence of surface water (GUDI) in accordance with the
applicable Technical Rules. The intent of these Rules is to identify areas where threats to drinking water
could potentially be released and reach the municipal groundwater supplies faster than would happen
through the groundwater transport scenarios used to define WHPA A-D. The requirements of the
Technical Rules and an overview of the general methodology followed are provided in Technical
Memorandum B3 – Delineation of WHPA-E and WHPA-F Methodology (Appendix B).
WHPA-E is to delineate the area within the surface water course and contributing storm sewersheds that
are considered to have the capacity to reach the identified point of interaction with the groundwater
system within a minimum of two (2) hours. WHPA-F is to be added to cover the remaining upstream
contributing area of the surface water feature when there is a WHPA-E; an identified Drinking Water
Issue; and the source of the Drinking Water Issue is outside of the delineated WHPA A-E. Vulnerability
scores for the WHPA-E and WHPA-F are to be determined and used to identify activities or conditions
that are or would be threats within these areas in accordance with the Threats Analysis (See Technical
Memorandum B5).
The steps followed to delineate WHPA-E and WHPA-F included:
Step 1:

Confirm that a WHPA-E and possibly a WHPA-F are required.

Step 2:

Obtain Available Data for the analysis.

Step 3:

Confirm that the minimum 2 hour time-of-travel is appropriate for delineation of
WHPA-E.

Step 4:

Identify the Point of Interaction between surface water and groundwater.

Step 5:

Delineate WHPA-E and WHPA-F

Step 6:

Assign Vulnerability Scores

NEWMARKET 1091 Gorham Street, Suite 301, Newmarket, ON L3Y 8X7
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Municipal Wells and Aquifers
The new Woodville groundwater supply system consists of two municipal wells located south of the Glen
Road and east of Regional Highway 46 within Lot 6, Concession XIII within the City of Kawartha Lakes.
This system has a new pumphouse located approximately 40 m east of Highway 46 and two bedrock
wells (Well 1 and Well 2) located approximately 180 m east of the pumphouse. The two wells are located
in close proximity to one another. The locations of the wells, the proposed WHPA, the minor unnamed
creek oriented east to west flowing past the water supply wells and a wetland area west of the well field
are shown in Figure C2-1.
Well 1 (constructed as TW2/99) was completed March 15, 1999 to a total depth of 15.24 meters. The
well is provided with 6.71 meters of steel casing. The casing extends through brown clay and a grey
shale interval to the top of a grey limestone aquifer. The well is open hole between 6.71 meters and the
bottom of the hole. The current Well 2 (constructed as TW1/03) was completed January 9, 2003 to
replace the original Well 2 (constructed as TW5/99) to a total depth of 12.19 meters. Well 2 is provided
with 6.71 meters of steel casing. The casing extends through gray and brown clay and a brown shale
interval to the top of a grey limestone aquifer. The well is open hole between 6.71 meters and the bottom
of the hole. Both municipal residential wells are producing water from a confined to semi-confined
limestone bedrock aquifer.
The Municipal water supply wells operate under Permit To Take Water # 3545-6WVT2L, which expires on
December 31, 2016. The Permit To Take Water allows for 589.162 m3/day at a maximum rate of
409 L/min from Well 1 or Well 2.
The Woodville Water Treatment Plant Compliance Inspection Report dated November 2, 2006 indicates
that a GUDI assessment has been performed for the Woodville Water Supply System and that the GUDI
assessment confirmed the source as GUDI. The GUDI assessment determined that the wells do not
have effective in-situ filtration. Both water supply Well 1 and Well 2 are considered to be GUDI wells.
The Woodville wells are designated as GUDI because local hydrogeologic conditions suggest a hydraulic
connection between the aquifer at wells TW2/99 (Well 1) and TW1/03 (Well 2) and a small pond (springfed) approximately 25 m north of TW1/03. There is also a small, unnamed creek oriented in an east to
west direction approximately 30 m south of the TW1/03 well. This creek originates on the periphery of the
delineated WHPA and is observed to flow from east to west past the Woodville Water Supply wells.
WHPA-E and WHPA-F DELINEATION
Step 1: Confirm that WHPA-E and F Are Required
Well 1 and Well 2 of the Woodville Water Supply are designated to be Groundwater under the Influence
of Surface Water. A WHPA-E is required in accordance with Technical Rule 49a).
The GUDI designation is based on the potential for infiltration of surface water to reach the water supply
aquifer. It is reasonable that the minor, unnamed creek be delineated as a WHPA-E in accordance with
the Technical Rules to ensure that the typical threats that may be associated with land use activities that
can affect surface water are considered in the Threats Analysis.
A WHPA-F is required for situations where a WHPA-E is required and a Drinking Water Issue is identified
for which the source of the Drinking Water Issues originates outside of WHPA-A to WHPA-E.
Technical Memorandum C3 (Appendix C) provides a review of the water quality data for the Woodville
Water Supply wells and documents the process followed to identify Drinking Water Issues as per the
Technical Rules. No Drinking Water Issues were identified for the Woodville wells. Therefore, a
WHPA-F is not required
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Step 2: Assemble Available Data around the GUDI Well
The available data that were used to delineate the WHPA-E included:
¾

GUDI Investigations Woodville Municipal Wells.

¾

Wellhead Protection Groundwater Study for Woodville, City of Kawartha Lakes report for Trent
Conservation Coalition by: Morrison Environmental Limited (April 2004).

¾

Permit to Take Water # 3545-6WVT2L for Woodville Municipal Wells (Well 1 and Well 2).

¾

Response to MOE Comments – Supplemental Permit to Take Water Woodville Municipal Wells
prepared by Jagger Hims Limited in 2003 on behalf of the City of Kawartha Lakes.

¾

Microbial Contamination Control Plan, Woodville Municipal Water Supply prepared by Jagger
Hims Limited in 2005 on behalf of the City of Kawartha Lakes.

¾

Groundwater Elevation Monitoring Data – Woodville (2006-2009).

¾

Topographic maps and aerial photographs (digital orthophotography).

¾

Digital mapping to illustrate the locations of streams and wetland features.

Step 3: Confirm that the minimum 2 hour time limit is appropriate
The Woodville Well Supply and the identified water course are located near the top of the watershed.
The distance from the watershed divide to the wells is less than 1000 m. For surface water to reach the
wells within 2 hours it would be traveling in the stream channel at a velocity greater than 0.01 m/sec. This
velocity would be considered relatively slow for a stream of this type under conditions of spring meltwater
runoff or a heavy precipitation event. It is therefore reasonable that the entire tributary upstream of the
wells is delineated as the WHPA-E.
Step 4: Identify the Point of Interaction between surface water and groundwater
The extent of the mapped minor unnamed creek is illustrated on Figure C2-2. The extent of the unnamed
creek that passes through the 100 m capture zone is considered to be the area of interaction between
surface water and groundwater (Figure C2-2).
Step 5: Delineate WHPA-E and WHPA-F
Figure C2-2 illustrates the mapped extent of the minor unnamed creek and a 120 m radius from the
mapped feature. The area on Figure C2-2 is recommended as WHPA-E.
Transport Pathways
The typical transport Pathways that are considered to have potential to deliver water to within the area of
the WHPA-E include storm sewers and irrigation drains. In the case of the Woodville water supply wells
there are no features known that would be considered to be transport pathways that discharge within the
tributary area adjacent to the wells.
The proposed extent of WHPA-E is illustrated in Figure C2-2. The uncertainty associated with the
delineation of the WHPA-E for the Woodville Water Supply is considered to be low. This designation is
appropriate as the area to be designated is defined by the mapped extent of the surface water features
and incorporates an appropriate buffer.
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Step 6: Assign Vulnerability Scores
The Vulnerability Score for the WHPA-E is the product of the formula,
BxC
Where,
B = the area vulnerability factor of the area of the surface water intake protection zone as
determined in accordance with Technical Rules 88 to 93; and
C = the source vulnerability factor of the surface water intake protection zone determined in
accordance with Technical Rules 94 and 96.
The Area Vulnerability Factor and a Source Vulnerability Factor have each been selected to reflect the
land cover, soil type, permeability, hydrological and hydrogeological conditions and the depth of the well
intake. For the Woodville Water Supply the factors of the Vulnerability Score have been selected based
on the relative sensitivity of the bedrock aquifer and the relationships with the surface water flow system.
Table C2-1 provides a summary of the Area Vulnerability Factor, Source Vulnerability Factor and
Vulnerability Scores assigned to the WHPA-E for the Woodville water supply. These values are also
illustrated in Figure C2-3.
Table C2-1

Vulnerability Scores – WHPA-E, Woodville Water Supply

Vulnerable Area

Area Vulnerability Factor

Source Vulnerability Factor

Vulnerability Score

WHPA-E

7

0.8

5.6

The Uncertainty associated with the WHPA-E delineation is considered to be low.
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TECHNICAL MEMORANDUM C3

Date:

March 22, 2010

To:

David Kerr, P.Geo. - City of Kawartha Lakes

From:

Sarah Dignard/Kim Gilder/Lloyd Lemon, P.Geo.

Project No.:

071967.14

Subject:

Drinking Water Issues Evaluation - Woodville

OBJECTIVE:
To document the Drinking Water Issues Evaluation for the municipal residential groundwater supply for
Woodville in the City of Kawartha Lakes.
OVERVIEW:
Work has been completed to meet the requirements of Technical Rules 114 through 117 of the Technical
Rules: Assessment Report, Clean Water Act, 2006 as provided by the Ontario Ministry of the
Environment on December 12, 2008 and as amended in November 2009. The Drinking Water Issues
Evaluation portion focuses on identifying recurring water quality impacts or situations with a possibility of
impacting drinking water sources in the short-term. This work results in a preliminary list of identified
issues.
The approach for the Drinking Water Issues Evaluation is described in more detail in “Technical
Memorandum B4 - Drinking Water Issue Evaluation Methods”. The steps included:
Step 1: Assemble Available Data
Step 2: Review Data and Identify Potential Drinking Water Issues
Step 3: Evaluate Drinking Water Issues
Step 4: Identify Contributing Area for Drinking Water Issues
Step 5: Prepare List of Drinking Water Issues
Municipal Wells and Aquifers
The Woodville municipal residential groundwater supply is obtained from two water supply wells: Well #1
and Well #2. Both wells currently supply the municipal system. The two wells are located in close
proximity to one another. Two former municipal wells, Old Well 1 and Old Well 2, were located within the
community and have been decommissioned.
The Woodville wells operate under Permit To Take Water #3545-6WVT2L which expires December 31,
2016. Under this Permit, Well 1 and Well 2 can each operate at a maximum rate of 409 L/min
(589,162 L/day). The Permit includes a third well, Well 3, which is occasionally uses to replenish a pond
located near the municipal well site not included in our study. The maximum rate for this well is 23 L/min
(32,832 L/day). The maximum permitted combined rate for the system is 589,162 L/day.
The original Well 2, designated TW99-5, was replaced following damage during some on-site work.
Well 2 now refers to the well constructed as TW03-1.
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Well 1 has been in operation since its construction in 1999. TW99-5 operated as Well 2 from 1999 to
2004. TW03-1 has operated as Well 2 since 2003. The Woodville wells are completed in limestone
bedrock with well depths ranging between 4.3 and 8.5 mbgs.
Step 1:

Assemble Available Data:

The data sources that were reviewed to identify potential issues included:
¾

Kawartha Conservation Watershed Characterization Report;

¾

MOE Compliance Inspection Report;

¾

Annual Water Supply Water Quality Monitoring Reports (2003-2007);

¾

Municipal Water Supply Treated Water Quality Data (2003-2007); and

¾

Operator Interview.

Mrs. Lucy Burke and Mrs. Cindy Coffin of the City of Kawartha Lakes were interviewed to obtain operator
insight into potential issues identified in the published data as well as identifying potential issues that may
not have been identified in published data to date.
Step 2: Review Data and Identify Potential Drinking Water Issues:
Tables C3-1, C3-2 and C3-3 have been prepared to document a series of potential issues from Well #1,
Well #2 and the treated water system as identified from various data sources. Tables C3-1, C3-2 and C33 are designed to document:
1) The source reports or data that result in the identification of a parameter as a potential Drinking
Water Issue;
2) Results of comparison of observed parameter concentrations to relevant benchmarks and
situations where:
i.
Parameter concentrations exceed the primary benchmark established by the Ontario Drinking
Water Quality Standard (ODWQS);
ii.
Parameter concentrations exceed a locally established benchmark value (typically a
background concentration);
iii.
Parameter concentrations exceed the established method detection limit (MDL) [typically
applied for organic chemical parameters];
3) Professional judgment on the reliability of the data based on the number of measurements and
the relative consistency of the observed occurrence;
4) The nature of observed trends in parameter concentrations;
5) Input from local System Operators and other Stakeholders as to the significance of the parameter
as a Drinking Water Issue;
6) Whether treatment is in place for the observed parameters and its effectiveness; and
7) The nature of the source of the parameter listed as a potential issue.
Trends were determined through graphing municipal water supply system water quality data. Parameters
listed on the preliminary list of drinking water threats for each well have been assessed graphically for
trends. The available data has been provided between 2003 and 2007. Most of the available data for
Woodville was for treated water only. Raw water quality data was only available for pathogens.
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Step 3: Evaluate Drinking Water Issues:
Tables C3-1, C3-2 and C3-3 have been developed to identify Drinking Water Issues in accordance with
the “Decision Process for Identification and Evaluation of Drinking Water Issues” as presented in Figure
B4-1 of the “Technical Memorandum B4 - Drinking Water Issues Evaluation Methods”.
The positive or negative responses entered in the C3 series of tables correspond to the steps in the
decision process. Professional judgment was built into the decision process in the evaluation of data
reliability to identify anomalous conditions and in the consideration of operational insights. Trend analysis
was used to identify parameters that are projected to exceed the ODWQS within approximately 50 years.
The C3 series of tables also allows for the identification of the source of the potential Drinking Water
Issue, whether treatment is in place, and its effectiveness.
For the Woodville well supply, all of the parameters identified in Tables C3-1 through C3-3 are not
considered to be Drinking Water Issues. Parameters that were removed from consideration include:
¾

Coliforms and E.Coli are tested frequently in the raw water. Coliforms are typically absent but
can be observed on rare occasions in low numbers. The presence of coliforms in the raw water
is not persistent or indicative of deterioration of raw water quality. Treatment is in place and is
effective.

¾

For the treated water at all wells, turbidity results occasionally exceeded ODWQS results on very
rare occasions (<0.001%) in low numbers. These incidents are not persistent. They are not
considered to have potential to result in the deterioration of the water quality in the Woodville well
supply.

¾

Nitrate concentrations in Well #1 and Well #2 do not exceed ODWQS values in the raw water
data but they are slightly increasing, as seen in Figure C3-1. Concentrations are not projected to
exceed the ODWQS guideline within the next 50 years. Nitrate is therefore not considered to
have potential to result in the deterioration of the water quality in the current water supply for the
Community of Woodville and should not be considered a Drinking Water Issue. Reduction of
nitrate use in the contributing watershed would be beneficial to the drinking water quality.

¾

Concentrations of organic nitrogen persistently exceed aesthetic or operational objectives in Well
#1 and Well #2 and trends are increasing. This parameter is considered to be naturally occurring
and does not have potential to result in the deterioration of the water quality at the Community of
Woodville.

¾

Concentrations of sodium are consistently less than the ODWQS value of 200 mg/L in Well #1,
Well #2 and in the treated water. The sodium concentration data displays a slight increasing
trend in Well #2, as seen in Figure C3-2. Concentrations are not projected to exceed the
ODWQS objective of 200 mg/L within 50 years. Sodium is therefore not considered to be a
Drinking Water Issue at these locations. Concentrations have not exceeded 20 mg/L in the
treated water.

Step 4: Identifying Contributing Area for Drinking Water Threats:
No Drinking Water Issues were identified for Well #1 and Well #2 of the Woodville water supply.
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Step 5: Prepare List of Drinking Water Issues:
No Drinking Water Issues were identified for Well #1 and Well #2 of the Woodville water supply.
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Table C3-1
Municipality:
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Drinking Water Source:
Issues Review Date:
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Evaluation of Drinking Water Issues
Information Sources:
Watershed Characterization:
2003-2007
Annual Water Quality Reports:
Interview (person/title/date): Lucy Burke /Cindy Coffin / City of Kawartha Lakes / September 16, 2009

Evaluate Trends

Source of Issue

Treatment
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Y
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Evaluation of Drinking Water Issues
Information Sources:
Watershed Characterization:
2003-2007
Annual Water Quality Reports:
Interview (person/title/date): Lucy Burke /Cindy Coffin / City of Kawartha Lakes / September 16, 2009

Evaluate Trends

Source of Issue

Treatment

NO
NO

Chemicals
Nitrate
Y
Y
Y
Y
N
Y
Y
Y
N
N
NO
Sodium
Y
Y
Y
Y
N
Y
Y
Y
N
N
NO
N
Y
Y
N
N
NO
Y
Turbidity
Y
Y
Y
Y
Y
*It is noted that the raw water quality data provided for coliforms and E.Coli consisted of a summary describing the range of results received from the raw water sampling and did not describe the number of incidents where the results were positive.
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Figure C3-1

Trend Graph for Nitrate - System - Woodville Water Supply
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Figure C3-2

Trend Graph for Sodium - System - Woodville Water Supply
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TECHNICAL MEMORANDUM D1

Date:

August 27, 2010

To:

David Kerr, P.Geo. – The City of Kawartha Lakes

From:

Leigh Davis/Sarah Dignard/Kim Gilder/Lloyd Lemon, P.Geo

Project No.:

071967.08

Subject:

Groundwater Vulnerability Assessment – Woods of Manilla

OBJECTIVE:
To document the Groundwater Vulnerability Assessment for the groundwater supply for the Woods of
Manilla municipal residential water supply system in The City of Kawartha Lakes.
OVERVIEW:
A Groundwater Vulnerability Assessment was completed to address the requirements of Part IV, Part V.3
and Part VII.3 of the Technical Rules Assessment Report, Clean Water Act, 2006 document as released
by the Ontario Ministry of the Environment (MOE) on December 12, 2008 and amended in November
2009. The approach followed by GENIVAR to complete the Groundwater Vulnerability Assessment is
outlined in Technical Memorandum B1 - Groundwater Vulnerability Assessment Methods.
The six steps of the Groundwater Vulnerability Assessment included:
Step 1: Review and Assess Available Data and Interpretations.
Step 2: Delineate Wellhead Protection Area (WHPA).
Step 3: Assess Vulnerability.
Step 4: Consider Vulnerability Increase for Transport Pathways.
Step 5: Assign Vulnerability Score.
Step 6: Evaluate Uncertainty.
As part of the uncertainty evaluation, information from each of these steps was examined semiquantitatively using the questions outlined in the attached form (Table D1-1). A scoring system has been
assigned to estimate the confidence in the available data and in each of the assessment phases.
DATA SOURCES:
¾

Construction and Calibration of Numerical Groundwater Flow Models - City of Kawartha Lakes
Groundwater Supplies by GENIVAR, 2010 (Appendix A).

¾

The City of Kawartha Lakes Part of the Municipal Groundwater Study for the Trent Conservation
Coalition by Morrison Environmental Limited (MEL) in 2004.

¾

Groundwater Modeling of the Oak Ridges Moraine Area, CAMC-YPDT Technical Report Number
01-06 by Earthfx, 2006.

¾

Amended Certificate of Approval, Water, Number 4955-6UXQGP, 2006.

¾

Permit to Take Water # 3458-7JBRT2, Lots 1 and 2, Concession VIII, City of Kawartha Lakes.

¾

CAMC/YPDT Version 2.1 Hydrostratigraphic Interpretations and boreholes database.
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Municipal Wells and Aquifers
The Woods of Manilla water supply, located in the former Mariposa Township, is obtained from two water
supply wells: Well 1 and Well 2. The Woods of Manilla water supply wells lie within the Peterborough
Drumlin Field and are located on the crest of a north-south trending hill (drumlin). The well locations are
shown in Figure D1-1.
Well 1 is completed to a depth of 45.7 mbgs with a screen section totaling 4.9 m in length set over three
intervals within a 12.8 m thick section granular aquifer. Well 2 was completed to a depth of 53.9 mbgs
with screens set over two intervals in an 8.84 m thick aquifer. The well logs for the Woods of Manilla
municipal residential wells are presented in Appendix D1-1.
The Woods of Manilla wells are completed into a confined granular sand aquifer, designated as the
Woods of Manilla Aquifer. The sand and gravel aquifer occurs near the interface with the fractured
limestone bedrock and corresponds to the Thorncliffe Aquifer in the 8-layer Version 2 hydrostratigraphic
surfaces provided by CAMC/YPDT. A cross-section showing the hydrostratigraphic layers and the wells
screens is presented in Figure D1-2. The section shows a sandy silt to silty sand aquifer overlying
bedrock and overlain by a shallower aquifer layer and two confining silty sand till aquitard layers. The
geology presented in the well logs (Appendix D1-1) corresponds with the interpreted cross-section, with
confining aquitard layers and the wells constructed in a deeper aquifer. The bedrock in this area is
identified as the fine to coarse grained limestone with shale partings of the lower Lindsay Formation.
As the Woods of Manilla Aquifer is located above the bedrock, the wells will likely draw some water from
the uppermost layer of the bedrock and the layer of sand and gravel. There is not sufficient information to
evaluate the extent to which the sand and gravel layer dominates flow and there is reason to consider
that the fractured rock aquifer is laterally extensive. The groundwater is therefore considered to be
sufficiently influenced by the fractured bedrock aquifer that the uncertain aspects of groundwater flow in
fractured rock aquifers will be considered in the assessment of uncertainty.
The Woods of Manilla wells operate under Permit To Take Water #3458-7JBRT2 which expires February
1, 2018. Well 2 is Permitted to pump at a maximum rate of 109 L/min (157,110 L/day) while Well 1 is
Permitted to pump at a maximum rate of 50 L/min (72,009 L/day). Well 2 is operated as the primary duty
well and Well 1 serves as a backup water source. The wells are Permitted to operate together for a
maximum combined taking of 229,119 L/day.
Step 1: Review and Assess Available Data and Interpretations
Review of the hydrostratigraphic and hydraulic data indicates that the aquifer system is well confined
within the study area. Groundwater flow patterns are observed to reasonably reflect the observed
topography and the pumping of the municipal wells as shown in Figure D1-1. All of the information for the
wells produces a reasonably consistent interpretation that is reflected in the GENIVAR numerical
groundwater flow model (Appendix A).
The Overall Confidence in the available data for Woods of Manilla as assessed in Table D1-1 is 5.8 out of
a possible 10. A value greater than 6 is considered to reflect sufficient confidence that the results can be
relied upon for the purpose of the Vulnerability Assessment. This score reflects the poor distribution of
data in the vicinity of the municipal wells.
Step 2: Delineate Wellhead Protection Area
GENIVAR constructed and calibrated a numerical groundwater flow model that simulates the
groundwater flow conditions surrounding the municipal wells that service Woods of Manilla. Details on
the numerical groundwater modeling study conducted by GENIVAR can be found in Appendix A –
Construction and Calibration of Numerical Groundwater Flow Models – City of Kawartha Lakes

01/09/2010 12:42 PM H:\Proj\07\1967\08\Wp\TM - D1 Vulnerability - WoodsofManilla.doc

Technical Memorandum D1
Groundwater Vulnerability Assessment – Woods of Manilla
The City of Kawartha Lakes

0071967.08
August 27, 2010
Page 3 of 6

Groundwater Supplies. A version of the Woodville/Woods of Manilla Sub-Regional Model with a refined
grid around the pumping wells has been applied to delineate the WHPA for Woods of Manilla. The
calculated groundwater elevations and the calculated residuals relative to the measured groundwater
elevations at observation wells used in the calibration are shown in Figure D1-1.
The numerical modeling approach was requested to corroborate and improve confidence in previous
analysis of municipal well capture zones as determined under the Municipal Groundwater Studies project
under the direction of the Trent Conservation Coalition (Morrison, 2004).
The model domain was set to encompass approximately 216,000 ha from Lake Simcoe in the west to
Lake Scugog in the east. The dimensions of the model domain are 40,000 m on the north and south
sides and 54,000 m on the east and west sides.
The model incorporated the 8-layer Version 2 interpreted hydrostratigraphic layers, constructed by
CAMC/YPDT as part of their ongoing groundwater study as released in 2006. A representative crosssection showing a northwest to southeast cut across the Woods of Manilla WHPA (cross-section location
shown in Figure D1-1) is presented in Figure D1-2. The cross-section shows an intermediate sand and
gravel layer overlying a fractured bedrock aquifer and overlain by glacial till deposits at the location of the
municipal wells.
Hydraulic properties for all model layers were first estimated using published values (Earthfx, 2006).
During the model calibration process, hydraulic properties were adjusted to match observed groundwater
flow patterns. Recharge from precipitation infiltration was estimated using surficial geology maps and
published values for recharge (Earthfx, 2006).
Historical pumping test data were used to verify the hydraulic conductivity of the aquifer in the vicinity of
the wells.
The calibrated model was used to produce pathlines for four pumping scenarios as shown in Table D1-2.
Scenario 3 represents both wells in operation which would produce the maximum extent of groundwater
capture.
TABLE D1-2
MUNICIPAL WELL PUMPING SCENARIOS
SCENARIO

FIGURE

WELL 1

WELL 2

1

D1-3

72 m3/day

OFF

2

D1-4

OFF

157.1 m3/day

3

D1-5

3
72 m /day

157.1 m3/day

For each scenario, MODPATH was used to track particles backwards from the well screen to their
boundary condition (i.e: surficial recharge, lake or river) in order to determine the steady-state pathlines.
As part of the model calibration, a water budget was calculated for the steady-state capture zone with the
aim of balancing the recharge with the extraction rate of the wells that were active in the scenario. Where
required, the pumped aquifer layer was subdivided and additional backward tracking particles were added
until the water budget was balanced within the steady-state pathline area.
Delineation of the envelope around the steady-state pathlines gives the steady-state capture zone of the
well. The steady-state pathlines were truncated to delineate the 2-, 5- and 25-year capture zones for
each scenario as shown in Figures D1-3 through D1-5.
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Figure D1-6 represents the composite WHPA for the Woods of Manilla wells. The composite WHPA
incorporates the greatest combined extent for each time-of-travel zone by overlaying the resulting capture
zones from each scenario. Figure D1-6 is proposed to be used as the WHPA for the Woods of Manilla
water supply.
The delineated WHPA reflect a reasonable estimate of capture zones for the municipal wells based on
the numerical groundwater flow model and the conservative assumptions used to construct and calibrate
the model.
The Overall Confidence in the WHPA delineation step as assessed in Table D1-1 is 8.9 out of a possible
10. A value greater than 6 is assumed to reflect sufficient confidence that the results can be relied upon
for the purpose of the Vulnerability Assessment.
Step 3: Assess Vulnerability
Previous Vulnerability Assessment
The original WHPA delineation (MEL, 2004) included a vulnerability assessment. The study team utilized
a well-by-well Intrinsic Susceptibility Index (ISI). This method considered the overall sum of the thickness
of each formation found in the well log multiplied by a K-factor (a number derived from vertical
conductivity values) to reflect the vulnerability.
Ratings of High, Medium, and Low are based on the following matrix:
ISI/AVI Score

Vulnerability

< 30

High

30 – 80

Medium

> 80

Low

MEL calculated ISI values for a total of 50 wells in the Woods of Manilla area and found 26% of them
returned ratings of High Vulnerability, while 28% rated Medium Vulnerability, and the remaining 46%
rated Low Vulnerability. Figure 10 in Appendix E-14 of MEL, 2004 shows the distribution of the ISI ratings
in the Woods of Manilla area.
The method used by MEL does not differentiate wells that may be constructed in aquifers that are above
or below the Woods of Manilla Aquifer. This may produce results that do not accurately reflect the
vulnerability of the Woods of Manilla Aquifer. The MEL vulnerability does not provide a consistent
representation for the water supply aquifer, as is intended under the Technical Rules.
An updated Groundwater Vulnerability was assessed by calculating the Aquifer Vulnerability Index (AVI)
based on the CAMC/YPDT regional hydrostratigraphic interpretations. The results were reviewed to
confirm that the assessed vulnerability reflects the observed geological materials.
Aquifer Vulnerability Index (AVI)
Details of the AVI methodology used are provided in Technical Memorandum B1 – Groundwater
Vulnerability Assessment Methods.
The CAMC/YPDT regional hydrostratigraphic interpretation is considered to reasonably reflect the
regional distribution of aquifer and aquitard layers and, was therefore, used to determine the AVI for the
Woods of Manilla Aquifer. A cross-section of the CAMC/YPDT hydrostratigraphic interpretation is shown
in Figure D1-2. The location of the cross-section is shown in Figure D1-1.
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The AVI was determined for the Woods of Manilla Aquifer by first assigning each layer of the regional
hydrostratigraphic interpretation a conservative permeability factor of either 1 (aquifers) or 4 (aquitards).
The thickness of each interpreted layer was multiplied by this factor (K-factor) and then each of these
values was added together to get a total sum to the top of the water supply aquifer.
The AVI for the Woods of Manilla Aquifer is shown in Figure D1-7. This interpretation shows
predominantly Low Vulnerability across the WHPA. Areas of Medium Vulnerability are interpreted in a
small portion of the southeastern extent of the Woods of Manilla WHPA. Figure D1-7 is recommended for
use to represent the Vulnerability Rating within the Woods of Manilla WHPA.
Step 4: Consider Vulnerability Increase for Transport Pathways
The transport pathways that were considered to have potential to increase the vulnerabilities in the
delineated WHPA are:
¾

Municipal infrastructure (water mains, sewage, cable, power),

¾

Building foundations,

¾

Private wells (including unused or abandoned, but not properly decommissioned wells).

Review of the local geology as presented in the cross-section shows that there is typically more than 20
m of fine-grained glacial till sediment overlying the Woods of Manilla Aquifer
upgradient of the municipal wells.
The area upgradient of Woods of Manilla is
predominantly rural and typical excavations for municipal infrastructure and residences are not likely to
increase the vulnerability in this area.
Areas to increase vulnerability in consideration of transport pathways were identified in two steps. First,
well clusters (where six wells are located within a 100 m radius of each other) were identified within the
WHPA. This review identified no well clusters within the Woods of Manilla WHPA. The second step
delineated a 30 m buffer around the wells within the WHPA that extend to, through, or to within 3 m
above, the Woods of Manilla Aquifer. No wells were identified within the Woods of Manilla WHPA that
penetrate the Woods of Manilla Aquifer or is completed within 3 m of the interpreted top of the aquifer.
Step 5: Assign Vulnerability Score
The Vulnerability Scores assigned to the Woods of Manilla WHPA based on the previously discussed
analysis are illustrated in Figure D1-8. Figure D1-8 is based on direct interpretation of the Vulnerability on
modeled WHPA delineations.
The Overall Confidence in the Vulnerability Assessment as per Table D1-1 is 5.0 out of a possible 10. A
value greater than 6 is assumed to reflect sufficient confidence that the results can be relied upon for the
purpose of the Vulnerability Analysis.
Step 6: Evaluate Uncertainty
The Uncertainty Rating recommended for the Woods of Manilla Vulnerability Assessment, based on
Table D1-1 is high. The High Uncertainty Rating primarily reflects the unpredictability of groundwater flow
in fractured rock aquifers but also the confidence scoring assigned from the assessment of the quantity,
quality, and distribution of the available data as well as the assessment of the WHPA delineation from
Parts 1 and 2 of Table D1-1. The High Uncertainty Rating reflects the possibility that the potential
variability in the actual subsurface conditions may result in an underestimate of the contributing areas, the
travel of time to the wells, or the protection provided by the soil materials overlying the aquifer. The
assumptions made in the course of the analysis, including selection of hydraulic conductivity parameters,
effective porosities, maximum pumping rates, and K-factors for the AVI analysis are intended to be
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conservative and protective of the water supply. In general, there is a higher uncertainty associated with
fractured bedrock aquifers. The availability of additional data within the delineated WHPA for the Woods
of Manilla Aquifer would increase overall confidence in the WHPA delineation and Vulnerability
Assessment and could reduce the Uncertainty Rating.
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TECHNICAL MEMORANDUM D2

Date:

March 22, 2010

To:

David Kerr, P.Geo. - City of Kawartha Lakes

From:

Sarah Dignard/Kim Gilder/Lloyd Lemon, P.Geo.

Project No.:

071967.08

Subject:

Drinking Water Issues Evaluation – Woods of Manilla

OBJECTIVE:
To document the Drinking Water Issues Evaluation for the municipal residential groundwater supply for
Woods of Manilla in the City of Kawartha Lakes.
OVERVIEW:
Work has been completed to meet the requirements of Technical Rules 114 through 117 of the Technical
Rules: Assessment Report, Clean Water Act, 2006 as provided by the Ontario Ministry of the
Environment on December 12, 2008 and as amended in November 2009. The Drinking Water Issues
Evaluation portion focuses on identifying recurring water quality impacts or situations with a possibility of
impacting drinking water sources in the short-term. This work results in a preliminary list of identified
issues.
The approach for the Drinking Water Issues Evaluation is described in more detail in “Technical
Memorandum B4 - Drinking Water Issue Evaluation Methods”. The steps included:
Step 1: Assemble Available Data
Step 2: Review Data and Identify Potential Drinking Water Issues
Step 3: Evaluate Drinking Water Issues
Step 4: Identify Contributing Area for Drinking Water Issues
Step 5: Prepare List of Drinking Water Issues
Municipal Wells and Aquifers
The municipal residential Woods of Manilla water supply, located in the former Mariposa Township, is
obtained from two wells: Well 1 and Well 2. The Woods of Manilla water supply wells lie within the
Peterborough Drumlin Field and are located on the crest of a north-south trending hill (drumlin). Both
production wells are completed into a confined granular sand aquifer.
The Woods of Manilla wells operate under Permit To Take Water #3458-7JBRT2 which expires February
1, 2018. Well 2 is Permitted to pump at a maximum rate of 109 L/min (157,110 L/day) while Well 1 is
Permitted to pump at a maximum rate of 50 L/min (72,009 L/day). Well 2 is operated as the primary duty
well and Well 1 serves as a backup water source. The wells are Permitted to operate together for a
maximum combined taking of 229,119 L/day.
Well 1 is completed to a depth of 45.7 mbgs with a screen section totaling 4.9 m in length set over three
intervals within a 12.8 m thick section of granular aquifer. Well 2 was completed to a depth of 53.9 mbgs
with screens set over two intervals in an 8.84 m thick aquifer.
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Assemble Available Data:

The data sources that were reviewed to identify potential issues included:
¾

Kawartha Conservation Watershed Characterization Report;

¾

MOE Compliance Inspection Report;

¾

Annual Water Supply Water Quality Monitoring Reports (2003-2007);

¾

Municipal Water Supply Treated Water Quality Data (2003-2007); and

¾

Operator Interview.

Mrs. Lucy Burke and Mrs, Cindy Coffin of the City of Kawartha Lakes, were interviewed to obtain operator
insight into potential issues identified in the published data as well as identifying potential issues that may
not have been identified in published data to date.
Step 2: Review Data and Identify Potential Drinking Water Issues:
Tables D3-1 and D3-2 have been prepared to document a series of potential issues from TW1 and TW2.
Only treated water results were available. Tables D3-1 and D3-2 are designed to document:
1) The source reports or data that result in the identification of a parameter as a potential Drinking
Water Issue;
2) Results of comparison of observed parameter concentrations to relevant benchmarks and
situations where:
a. Parameter concentrations exceed the primary benchmark established by the Ontario Drinking
Water Quality Standard (ODWQS);
b. Parameter concentrations exceed a locally established benchmark value (typically a
background concentration);
c. Parameter concentrations exceed the established method detection limit (MDL) [typically
applied for organic chemical parameters];
3) Professional judgment on the reliability of the data based on the number of measurements and
the relative consistency of the observed occurrence;
4) The nature of observed trends in parameter concentrations;
5) Input from local System Operators and other Stakeholders as to the significance of the
parameter as a Drinking Water Issue;
6) Whether treatment is in place for the observed parameters and its effectiveness; and
7) The nature of the source of the parameter listed as a potential issue.
Trends were determined through graphing municipal water supply system water quality data. Parameters
listed on the preliminary list of drinking water threats for each well have been assessed graphically for
trends. The available data has been provided between 2003 and 2007. Most of the available data for
Woods of Manilla was for treated water only. Raw water quality data was only available for pathogens.
Step 3: Evaluate Drinking Water Issues:
Tables D3-1 and D3-2 have been developed to identify Drinking Water Issues in accordance with the
“Decision Process for Identification and Evaluation of Drinking Water Issues” as presented in Figure B4-1
of the “Technical Memorandum B4 - Drinking Water Issues Evaluation Methods”.
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The positive or negative responses entered in Tables D3-1 and D3-2 correspond to the steps in the
decision process. Professional judgment was built into the decision process in the evaluation of data
reliability to identify anomalous conditions and in the consideration of operational insights. Trend analysis
was used to identify parameters that are projected to exceed the ODWQS within approximately 50 years.
Tables D3-1 and D3-2 also allow for the identification of the source of the potential Drinking Water Issue,
whether treatment is in place, and its effectiveness.
For the Woods of Manilla well supply, all of the parameters identified in Tables D3-1 and D3-2 are not
considered to be Drinking Water Issues. Parameters that were removed from consideration include:
¾

Coliforms and E.Coli are tested frequently in the raw water. Coliforms and E.Coli are typically
absent but can be observed on rare occasions in low numbers. The presence of coliforms and
E.Coli in the raw water is not persistent or indicative of deterioration of raw water quality.
Treatment is in place and is effective.

¾

For the treated water at all wells, turbidity results occasionally exceeded ODWQS results on very
rare occasions (<0.001%) in low numbers. These incidents are not persistent. They are not
considered to have potential to result in the deterioration of the water quality in the Community of
Woods of Manilla well supply.

¾

Concentrations of nitrate are consistently less than the ODWQS value of 10 mg/L in the treated
water at both wells. The source of the observed nitrate concentrations is considered to be
regional applications of agricultural source material, fertilizers and private septic systems. These
data are mostly constant and show a slight increase in mid-2006. Monitoring of nitrate
concentrations should continue to determine whether there is a trend for which actions are
required. Nitrate is therefore not considered to be a Drinking Water Issue at this location.

¾

Concentrations of sodium are consistently less than the ODWQS value of 200 mg/L in the treated
water at both wells. The sodium concentration data displays increasing trends, as are displayed
on Figure D2-1. Concentrations are not projected to exceed the ODWQS objective of 200 mg/L.
Sodium is therefore not considered to be a Drinking Water Issue at these locations.
Concentrations have occasionally exceeded the guideline of 20 mg/L. Sodium is a concern at 20
mg/L as the Medical Officer of Health is to advise individuals on low-sodium diets. Observed
concentrations of sodium are variable and the source has not been confirmed, but is typically
related to winter de-icing or septic system effluents from water softeners. Reduction of sodium
use in the contributing watershed would be beneficial to the drinking water quality.

Step 4: Identifying Contributing Area for Drinking Water Issues:
No Drinking Water Issues were identified for TW1 and TW2 of the Woods of Manilla water supply.
Step 5: Prepare List of Drinking Water Issues:
No Drinking Water Issues were identified for TW1 and TW2 of the Woods of Manilla water supply.
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Evaluation of Drinking Water Issues
City of Kawartha Lakes
Woods of Manilla
TW1 (Standby Well)
March

Information Sources:
Watershed Characterization:
2003-2007
Annual Water Quality Reports:
Interview (person/title/date): Lucy Burke /Cindy Coffin / City of Kawartha Lakes / September 16, 2009
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Table D2-1
Municipality:
Community:
Drinking Water Source:
Issues Review Date:

Pathogens
Coliforms (raw)*

Y

Coliforms (treated)
E.Coli (raw)*
E.Coli (treated)

Y
Y

Y

Y
Y

Y

Y

Chemicals
Nitrate
Y
Y
Y
Y
N
Y
Y
Y
N
N
NO
Sodium
Y
Y
Y
Y
N
Y
Y Y
N
N
NO
Turbidity (raw)
Y
Y
Y
Y
N
Y
Y
Y
N
N
NO
Y
Turbidity (treated)
Y
Y
Y
Y
N
Y
Y
Y
N
N
NO
Y
*It is noted that the raw water quality data provided for coliforms and E.Coli consisted of a summary describing the range of results received from the raw water sampling and did not describe the number of incidents where the results were positive.
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Evaluation of Drinking Water Issues
City of Kawartha Lakes
Woods of Manilla
TW2 (Lead Well)
March 16, 2010

Information Sources:
Watershed Characterization:
2003-2007
Annual Water Quality Reports:
Interview (person/title/date): Lucy Burke /Cindy Coffin / City of Kawartha Lakes / September 16, 2009

Evaluate Trends

Treatment

Chemicals
Nitrate
Y
Y
Y
Y
N
Y
Y
Y
N
N
NO
Sodium
Y
Y
Y
Y
N
Y
Y Y
N
N
NO
Turbidity
Y
Y
Y
Y
Y
N
Y
Y
N
N
NO
Y
*It is noted that the raw water quality data provided for coliforms and E.Coli consisted of a summary describing the range of results received from the raw water sampling and did not describe the number of incidents where the results were positive.
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Y
Y
Y
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Y
Y
Y
Y
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N
N
N
N
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Y
Y
Y
Y
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Y
Y
Y
Y
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Y
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Table D2-2
Municipality:
Community:
Drinking Water Source:
Issues Review Date:

Y
Y
Y
Y

Y
Y
Y
Y

Y
Y
Y
Y

Y
Y
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Figure D2-1

Trend Graph for Sodium - System - Woods of Manilla Water Supply
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Table 1: WOODVILLE - WELL HEAD TIME OF TRAVEL CAPTURE ZONE PEER REVIEW EVALUATION RESULTS
GENERAL
System Name:
Reviewed Report:
Terms of Reference:
Model Type:
Score:
Pass:
Critique Ref:
System Characteristics
Hydrogeological Complexity

Woodville
Wellhead Protection Groundwater Study, Woodville (MEL, 2004); Technical Memorandum C1, Groundwater Vulnerability Assessment-Woodville, Genivar, 2010.
Ontario Ministry of the Environment and Energy, 2001; Groundwater Studies, 2001/2002, Technical Terms of Reference, November 2001.
Local 3-D Modflow
7.5
Yes
Sent to Client_Group 1 Peer Review Score Card Results_060110

Spatial variability in Aquifer Vulnerability

Known water Quality Issues
EVALUATION RESULTS

Medium - confined to semi confined
bedrock aquifer. Confining layer spatially
discontinuous
Medium, partially confined
(discontinuous), no anthropogenic
impacts in aquifer noted
None noted

Criterion
Awarded
Score

General Comments

Comments / Recommendations
Critical
Deficiencies

Long-term opportunities

Objective Criteria
10

1. Were reasonable pumping rates used and documented?

Pass

The Woodville Well Supply System, located to the south of the main community, currently
consists of two water supply wells: Well 1 (TW2/99) and Well 2 (TW1/03). Two former municipal
wells, Old Well 1 and Old Well 2, were located within the community and have been
decommissioned. The Woodville wells are completed in limestone bedrock with well depths
ranging between 4.3 and 8.5 mbgs. The wells are open hole into bedrock between 6.7 and 7.9
mbgs. The Woodville wells operate under Permit To Take Water #3545-6WVT2L. Under this
Permit, Well 1 and Well 2 can each operate at a maximum rate of 409 L/min (589.2 L/day). The
permit includes a third well, Well 3, which serves occasional use to replenish a pond located
near the municipal well site. The third well was not included in this study. The calibrated fourlayer model was used to produce pathlines for three pumping scenarios. The three pumping
scenarios included:
Scenario #1: Well#1 589.16 m3/day, Well #2 = OFF;
Scenario #2: Well#1 OFF, Well#2 = 589.16 m3/day;
Scenario #3: Well#1 = 294.58 m3/day, Well#2 = 294.58 m3/day.
The pumping rates are deemed adequate, as they represent the PTTW maximum rates.

None

Should pumping regime change, then model should be
updated.

3-D Analytical Solution is permissible

None

Perform continuous updating and verification/validation of
the model data.

2. Were rule-approved models and methods used?

Subjective Criteria
10

7

Medium complexity. The bedrock aquifer into which the municipal wells are constructed is
designated as the Woodville Aquifer. The bedrock in this area is identified as the fine to coarse
grained limestone with shale partings of the lower member of the Lindsay Formation. A crosssection showing the well screens is provided in Figure C1-2 (Genivar, 2010) . The section shows
a thin sandy silt to silty sand aquifer layer with layers of silty sand to sandy silt or clay silt till
aquitard overlying the bedrock surface. The geology presented in the well logs (Appendix C1-1)
generally corresponds with the interpreted hydrostratigraphy with confining till layers overlying
the bedrock. Based on cross sections in Appendix A, some upstream recharge areas may have
little or no overburden protecting the aquifer.

None

10

8

Multiple aquifers in area, and wellfield for system is completed in partially confined bedrock
aquifer. Aquitard may be spatially discontinuous in some areas. Confining overburden layers
presumed to decrease in thickness in upstream recharge areas. Hydraulic conductivity
distribution based on cross-sections developed for the area, and is spatially variable based on
presence/absence of overburden in model domain

None

3a. Is geological setting complex?

3b. Is Geological Model / Understanding Adequate for assessment method selected?

Improve geological model by additional borehole
construction

presence/absence of overburden in model domain
10

7

Yes - locally scaled 3D numerical flow model used, model is deemed adequate. There seems to
be a good number and distribution of calibration wells across the model domain. Information
obtained from MOE WWIS was QA/QC'd and filtered for increased model accuracy. EPM
approach may be questionable for a fractured medium, if flow patterns are dominated by a few
fractures (generally an EPM approach is more valid the more fractured the medium).

None

Additional monitoring wells positioned upgradient of well
field would be beneficial to validate model

5

7

Generally yes - Hydraulic properties for all model layers were first estimated using published
values (Earthfx, 2006). During the model calibration process, hydraulic properties were adjusted
to match observed groundwater flow patterns. Recharge from precipitation infiltration was
estimated using surficial geology maps and published values for recharge (Earthfx, 2006). Also,
it should be noted that variable ratios of horizontal:vertical hydraulic conductivity were used in all
layers of the model corresponding to the best fit of calculated versus observed head values.
Hydraulic properties are deemed adequate.

None

Additional field work would improve estimates. Ideally,
hydraulic properties obtained from recent pumping tests
could be used to better approximate capture zones from
municipal wells.

10

7

Yes - observed head values and natural flow field were used to calibrate the model, boundary
conditions appear acceptable. It is noted that drain boundary conditions were assigned to
simulate some surface water features within the model domain, while the "river" boundary
conditions within MODFLOW were used to represent others. The rationale for using different
boundary conditions could be further explored and validated.

None

Further validate boundary condition choices. It is unclear if
boundary conditions were adjusted during model
calibration.

5

9

Yes- Water level and screen information from the CAMC-YPDT database was used to establish
groundwater elevation targets for the numerical model. The well screen intervals were reviewed
and classified in accordance with the dominant layer in which they intersect. Table A7-5 in
Appendix A shows a complete set of calibration statistics for the model. Notably, the model RMS
was 9.6%, which is acceptable (generally RMS in of values <10% are deemed acceptable), and
the residual mean error was 5.1 m. Furthermore, a database containing all stream baseflow
measurement locations within the City of Kawartha Lakes was reviewed to determine if any
locations were within the Victoria Glen Sub-Regional Model domain. 10 baseflow measurement
locations were within the model domain, which was used to provide a second set of calibration
points.

None

Model was calibrated to the local hydrogeological system,
and results of calibration process are presented. A better
correlation between the predicted GW flow system, and
that observed in the field would be preferred. Any updated
information for the area could be incorporated into the flow
model.

5

8

In addition to the statistical evaluation of the calibration, work was performed to evaluate the
model uncertainty and sensitivity using industry-accepted approaches.
The uncertainty and sensitivity analysis showed that the observation data set is sufficient to
reasonably represent the groundwater flow system. Also, the observation data is sufficient to
estimate parameter values with enough confidence that the model predictions can be considered
representative of the groundwater flow system. Finally, uncertainty/sensitivity analysis showed
that parameter values are not strongly correlated, meaning that the parameters (hydraulic
conductivities) may have a relatively low degree of uncertainty associated with them. It is noted
that there is a significant difference between capture zones established in 2004 (MEL) and those
presented by Genivar (2010). This is presumed to be a result of increased model accuracy from
the 2-D solution, to the full 3-D numerical solution (in particular, the increased accuracy of the
model as a result of the hydraulic conductivity distribution). The final zones were a composite of
all three pumping scenarios

None

Perform uncertainty analysis at the local scale by varying
input variables, and consider uncertainty in flow field

Designation not provided in report, but Dillon recommends that it be assessed as high

None

4. Is Flow Model Complexity Appropriate?

5. Are model input parameters (recharge, porosity, K) reasonable?

6. Was natural flow field adequately incorporated into model?
(Numerical Model)

10
7. Was natural flow field adequately incorporated into model?
(Analytical Model)

8. Was the Model Calibrated?

9. Was Uncertainty considered in the analysis?

High
10. What is the Uncertainty?

