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12.0 CITY OF HAMILTON
12.1

Lynden Communal Well System

The City of Hamilton operates a groundwater source water supply and distribution system
located in the Lynden Rural Settlement Area, which is part of the former Town of Flamborough
(amalgamated with the City of Hamilton in 2001). The system collects water from a single
pumping well (FLD-01) located at 3630 Governors Road. The system currently supplies, on
average, approximately 103 m3/d of potable water to 363 residents (127 metered connections)
(BCOS, City of Hamilton, 2008; Genivar, 2007). The well field has been in operation since 19841985 (Dillion, 2010). In 2015, a new production well, FDL-03 was drilled 230 m to the south of
FDL-01. Both wells are screened in a confined overburden (gravel) aquifer between 50 and 55
metres below ground surface. The aquifer is locally confined by a thick deposit of clay and silt.
Neither well meets the requirements to be considered groundwater under the direct influence of
surface water (GUDI) (WSP, 2016). The 200 millimetre diameter well is screened in a confined
gravel aquifer and partially penetrates into the underlying dolostone bedrock of the Guelph
Formation.
The location of the existing well site and serviced area is shown on Map 12-1Map 13-1. The
system currently supplies, on average, approximately 103 m3/d of potable water to 380
residents (City of Hamilton, 2017). With the addition of FDL-03, the system will have a capacity
of 518.4 m3/day (Earthfx, 2018). The raw water passes through a two-stage treatment process
to remove naturally occurring hydrogen sulphide and provide disinfection.
The system operates under an Amended Permit to Take Water (PTTW No. 88P06342000ASERU8); issued on April 10, 2001. . Table 12-1Table 13-1 to Table 12-2Table 13-2
summarizes the system characteristics.
Table 12-1:

DWS
Number

DWS Name
Lynden Communal
Well System FDL01

250001830
1
2

FDL01
1

Operating
Authority
City of
Hamilton

GW or
SW
GW

System
1
Classification
Large Municipal
Residential
System

Number of
2
Users served
363380

as defined by O. Reg. 170/03 (Drinking Water Systems) made under the Safe Drinking Water Act, 2002.
Drinking Water System Regulation 170/03, 2009b2017

Table 12-2:

Well
or
Intake

Municipal Residential Drinking Water System Information for the City of
Hamilton in the Grand River Source Protection Area (Lynden Communal
Well System)

Annual and Monthly Average Pumping Rates for the Lynden Communal Well
System

Annual
Avg.
1
Taking
3
(m /d)
60.6582.
75

Monthly Average Taking
3
(m /d)
Jan
76.38
84

Feb
77.14
77

Mar
68.34
78

Apr
70.70
82

May
80.08
83

Jun
83.70
85

Jul
56.22
92

1

Aug
48.72
80

Sep
41.24
84

Oct
43.82
80

Nov
42.50
81

Dec
38.90
87

source: City of Hamilton 2009 2017 annual summary report
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12.1.212.1.1 Delineation of Wellhead Protection Areas for Lynden Communal System
A numerical groundwater flow model and a hydrologic model for the Fairchild Creek
subwatershed were developed to delineate wellhead protection areas for the Lynden Communal
Wells System (Earthfx, 2018). Five different pumping configurations were tested in order to
simulate a wide range of operational conditions. The most conservative and/or most realistic
WHPA was delineated based on the different capture zones generated under different pumping
configurations.
Groundwater recharge rates for the study area were estimated using a new hydrologic model
developed for this study area using the USGS PRMS hydrologic modelling code. The model
was calibrated to match observed streamflow at Water Survey of Canada gauges on Fairchild
and Spencer creeks. In addition, updated conceptual geologic and hydrostratigraphic models
were developed as part of this study, which incorporated geologic datasets from the OGS and a
previous study by Earthfx (2010).
A single WHPA was delineated for the two Lynden supply wells because of their close proximity
to one another and because they both draw from the same deep sand and gravel aquifer.
Pumping was distributed 2:1 in favour of the new supply well (FDL-03), with a total wellfield
production equal to the maximum permitted rate of 6 L/s. The Lynden WHPA was less sensitive
to pumping configuration and more sensitive to changes in porosity estimates. Decreasing the
porosity by 10% resulted in considerably larger capture zones; however, the baseline porosities
already reflect sufficiently conservative assumptions. Capture zonesThe WHPA are is oriented
inin a the northern direction and does not appear to be influenced by any major hydrogeologic
features. The result of the Lynden Communal System Wellhead Protection AreaWHPA
delineation is presented on Map 12-2.
Delineation requirements of the Wellhead Protection Area (WHPA) associated with the
municipal water supply is specified in Part V of the Technical Rules (MOE, 2009b). The
Wellhead Protection Area represents the area within the aquifer that contributes groundwater to
the well over a specific time period. The Technical Rules specify the delineation of the following
four Wellhead Protection Areas:
•
•
•
•

WHPA-A
WHPA-B
WHPA-C
WHPA-D

100 m radius from wellhead
2-year Time of Travel (TOT) capture zone
5-year Time of Travel capture zone
25-year Time of Travel capture zone

Modelling Approach for the Lynden Communal Well System
Capture zones and time-of-travel (TOT) zone analyses were conducted using the USGS
MODPATH code (Pollock, 1989). MODPATH uses simulated heads and flow rates from the
MODFLOW model output along with estimates of aquifer porosity to calculate average
groundwater velocity in each model cell. The MODPATH code uses these velocities to track
virtual particles from their point of entry to a point of discharge. For example, it can track the
path of a particle that enters the system (e.g., as recharge to an upper layer cell) as it travels
through the aquifers and aquitard layers and eventually to the point where it discharges to a well
or stream. Whenever the virtual particle crosses the boundary of a finite-difference cell, the
particle location and time are recorded. These points are linked to form pathlines. Multiple virtual
particles are released to ensure that all likely pathways are defined. MODPATH also has the
ability to backward-track particles from a discharge point (e.g., a well) back to the point of entry
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to the aquifer by manually drawing a polygon around the well that encompassed all particle
locations at 2, 5, and 25 years.
The time of travel zone is based on the vertical projection of the three dimensional particle
tracks onto a two-dimensional map. This has little effect when dealing with unconfined aquifers,
but is a very conservative assumption when dealing with municipal wells screened in confined
aquifers. The vertical travel time through the confining units can add years to the actual time of
travel from the surface. The difference between the time of travel represented by the Wellhead
Protection Area zones and the estimated time of travel from the surface to the well was
considered when assigning vulnerability scores to subzones within the Wellhead Protection
Areas.
Lynden Wellhead Protection Areas
Peer Review
A peer review of the report Hamlet of Lynden, City of Hamilton, Source Protection Study:
Vulnerability Analysis Report #1 (Dillon Consulting Limited, October 22, 2009) was completed
by Christopher Neville of S. S. Papadopulos & Associates, Inc. The overall impressions of the
report by the peer review are as follows:
“In our opinion, the approaches adopted for the Lynden vulnerability assessment are consistent
with the Clean Water Act Technical Rules (December 12, 2008) and the Ontario Ministry of the
Environment Source Water Protection Guidance Documents. The analyses have been
conducted at an appropriate level of detail.”
Responses to the peer review comments were incorporated into the final report. The responses
to the peer review comments enhanced the overall defensibility of the report but did not impact
the outcome of the WHPAs or vulnerability scoring.
Vulnerability Scoring in Wellhead Protection Areas
Aquifer vulnerability was mapped using the Surface to Well Advection Time (SWAT) method
which utilizes the groundwater flow model by tracking particles forward in the model to estimate
their time of travel from ground surface to the municipal wells.
Vulnerability scores were calculated by combining the WHPAs with the vulnerability indices
(High, Medium, and Low) from the SWAT analysis.
The Lynden supply wells is completedare screened beneath a thick deposit of clay till and
simulated water levels indicate relatively little connection with the shallow groundwater system.
Accordingly, the intrinsic vulnerability scores are low. The intrinsic vulnerability of the Lyden
Communal Well System is shown on Map 12-3.
Mapping of the aquifer vulnerability and development of vulnerability scores was performed by
Earthfx Inc. (2010). Mapping of the intrinsic vulnerability of the aquifer was performed using the
Surface to Aquifer Advective Time (SAAT) approach outside of the wellhead protection areas.
This approach involves estimating the travel time for a particle of water to move vertically from
the surface to the top of the aquifer that is being pumped. The surface to well advective time
(SWAT) was used within the WHPAs for Lynden as defined in the Technical Rules (MOE,
2009). The SWAT method considers the actual time of travel for a potential contaminant to
move from the point of application at land surface to the well screen.
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Areas of common travel time are mapped as being either <5 years, 5 to 25 years, and >25
years. To complete this task, Earthfx Inc. used a numerical groundwater flow model to estimate
vertical time of travel from the surface to the aquifer. The 2-year wellhead protection area
includes only the area projected to ground surface through which water flows to the well within
the 2-year period not the entire aquifer.
Vulnerability scores were determined from areas of intersection between the capture zones and
the aquifer vulnerability values, as outlined in Table 13-3. The initial intrinsic vulnerability of the
Lyden Communal Well System is shown on Map 13-3. The initial vulnerability scoring for the
Lynden Communcal Well System is shown on Map 13-4.
Table 12-3:

Vulnerability Scoring Matrix Using SWAT
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Identification of Transport Pathways and Vulnerability Adjustment
Adjustments to the vulnerability scores are needed to account for the presence of transport
pathways (i.e., constructed preferential pathways) that might bypass the natural protective
geologic layers. Preferential pathways can include improperly constructed wells; improperly
decommissioned wells, pits and quarries, storm water ponds and ditches, and pipeline bedding
for storm and sanitary sewers. According to the Technical Rules, the vulnerability of an area
identified as low vulnerability can be increased to medium or high vulnerability because of the
presence of a transport pathway that is anthropogenic in origin (Rule 39). Similarly, an area
assigned a medium vulnerability can be increased to high vulnerability (Rule 40). The
assessment of increased vulnerability should consider:
(1)
(2)

hydrogeological conditions;
the type and design of the transport pathways;

(3)
(4)

the cumulative impact of the transport pathways; and
assumptions used in the assessment of groundwater vulnerability.

With respect to Item 4, the SWAT method rather than the SAAT method was used within the
WHPAs (Earthfx, 20102018). Further, the uUnsaturated zone travel times were not considered
in the analysis of SWAT times. Therefore, constructed pathways that could possibly reduce
unsaturated zone travel times, such as stormwater ponds and pipeline bedding, would not result
in an increase in the vulnerability scores already assigned. The focus, therefore, was on to
identifying those constructed pathways that could reduce travel times in the saturated zone.
Thisese included a review of:
•
•

bedrock wells that may leak or have been improperly abandoned; and
gravel pits and quarries that extend to or below the water table.

•
•
•
•
•

Wells that may leak or have been improperly abandoned;
Pits and quarries that breech the upper confining unit;
Lakes in connection with the municipal aquifer system;
Landfills located in former pits or quarries that may breach the upper confining unit; or
Other deep excavations.

Transport Pathways in the Lynden Wellhead Protection Areas
The dDischarge of contaminants to deep wells could provide a pathway to deeper zones within
the unconfined aquifers or to the underlying confined aquifers. As an initial screening, all wells
that penetrated the bedrock aquifers were identified. Of these, the wells that were installed after
1990, when Ontario Regulation 903 (Wells) under the Ontario Water Resources Act), set out
minimum standards for the construction and proper decommissioning of all types of wells, were
assumed to be less likely to have failures of the casing or annular seals.
A total of 68 wells were identified within the delineated WHPA-A through WHPA-D areas for the
Lynden supply wells. There areOf these, 13 wells in Lynden that arewere considered high risk
wells that likelyby potentially do not meeting the current MECP well standards and are in
connection with the aquifer used for municipal supply. Recent digital mapping provided by MNR
was used to locate active and inactive pits and quarries in the study area. One former gravel pit
was identified in the Wellhead Protection Area for the Lynden well, as shown on Map 13-5. The
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vulnerability classification within the area outlined by the gravel pits was increased by one
category (e.g., low to medium or medium to high), and the transport pathway area of influence is
shown on Map 13-6. Vulnerability scores were adjusted within the area of the gravel pits
intersected by the Wellhead Protection Area, as shown on Map 13-7.
Adjusted Vulnerability Scoring for the Lynden Wellhead Protection Areas
No adjustments due to transport pathways were made to the Vulnerability vulnerability scores
for the Lynden WHPAs.were adjusted within the areas intersected by the Wellhead Protection
Area as presented in Map 13-4. Transport pathways were used to increase the vulnerability in
WHPA-D from low to medium within the northern portion of the Wellhead Protection Area.
The final results of the vulnerability scoring analysis are summarized below in Table 12-4 and
presented graphically in Map 12-4Map 12-7. As shown on the map, the initial vulnerability
scores vary across the capture zones. The Lynden supply wells isare completed beneath a thick
deposit of clay till and simulated water levels indicate relatively little connection with the shallow
groundwater system. Accordingly, the vulnerability scores are low as the technical rules allowfor
the WHPA-C and D, medium vulnerability for WHPA-B and high vulnerabilty for WHPA-As
(Earthfx, 2018).
Based on the results of the Wellhead Protection Area delineation and the aquifer vulnerability
mapping, vulnerability scores were calculated by Earthfx. WHPA-A received a score of 10, while
WHPA-B received a moderate vulnerability score of 6. Both WHPA-C and WHPA-D received a
low vulnerability score 2; with a small portion of WHPA-D near its northern extent being
classified with a score of 4.
Table 12-4:

Adjusted Vulnerability Scores for the Lynden Wellhead Protection Areas

Limitations and Uncertainty in the Wellhead Protection Area Delineation and Vulnerability
Scoring for the Lynden Communal Well System
Technical Rules 13, 14 and 15 of the Technical Rules require that the uUncertainty associated
with wellhead protection areasWHPAs must be identified as either High or Low. There are
uncertainties and limitations related to both the wellhead protection areaWHPA modeling, the
aquifer vulnerability assessment and the mapping of transport pathways. Results of the final
uncertainty factors for the WHPA delineation and vulnerability scoring are summarized in Table
12-3.
Table 12-3: Summary of Uncertainty Analysis
Uncertainty for
WHPA
Delineation

Uncertainty for
Vulnerability
Scoring

Distribution, variability, quality and relevance of data

Low

Low

Ability of the methods and models used to accurately reflect the
flow processes in the hydrogeological system

High

High

Quality assurance and quality control procedures applied

Low

Low

Uncertainty Element
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Extent and level of calibration and validation achieved for models
used or calculation or general assessments completed.

Low

Low

Accuracy to which the groundwater vulnerability categories
effectively assess the relative vulnerability of the underlying
hydrogeological features.

Not applicable

High

High

High

Overall

While a good overall calibration was achieved, we recognize that the Fairchild Creek model may
be overpredicting drawdown and underpredicting water levels. For that reason, the model
uncertainty is considered to be high.
Average groundwater recharge, a common source of uncertainty in groundwater models, was
estimated by developing and calibrating a separate hydrologic model (PRMS). The uncertainty
and limitations associated with PRMS include the absence of field measured values for
groundwater recharge, limited ability to represent groundwater feedback using an uncoupled
surface model, and uncertainty in the input and calibration target data.
While the application of a calibrated numerical groundwater model to delineate the WHPAs is
considered to be the most robust and precise of the options available for determining the time of
travel to a well, sources of uncertainty are introduced from both the groundwater flow model and
the time of travel analysis itself. Subtle variations in the flow directions near the wells caused by
local variation in aquitard or aquifer thickness, aquifer and aquitard hydraulic conductivity
values, and/or recharge rates can lead to significant changes in the flow paths of the particles.
For this study, the uncertainty in the groundwater flow patterns was relatively low due to the
uniformity of the municipal aquifer system.
The overall uncertainty of the vulnerability score has been assessed and is considered to be
high, consistent with the low level of uncertainty associated with the groundwater flow
component of the study.
Uncertainties associated with the vulnerability score map are controlled largely by uncertainties
associated with both the wellhead protection area modelling, and calculation of the aquifer
vulnerability. A third source of uncertainty is the application of transport pathway information to
modify the aquifer vulnerability, which in turn is used to modify the vulnerability scoring.
Since information on the presence or absence of transport pathways did not involve
confirmatory site visits, the actual presence of the identified transport pathways is unknown.
Therefore, the mapped extent of the area where these transport pathways exist is deemed
conservative. Furthermore, the degree to which any transport pathway is contributing to
reducing the natural protection of the overlying aquitard is difficult to assess. While there maybe
some wells that are in poor condition and their presence do increase the vulnerability of the
aquifer, it is likely that most of the former wells would not fall into this category.
The identified data gap is the confirmation of the presence/absence of transport pathways on
the identified properties. To fill this gap, site specific information could be obtained through site
visits or surveys. The resulting data should be used to update the Transport Pathway map, and
the Final Vulnerability Scoring Map, if necessary.
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Based on the discussion above, the uncertainty associated with the vulnerability assessment is
deemed “High”, as defined by the Technical Rules.

December 6, 2018

12-10

Grand River Source Protection Area
Map 12-3

Draft Updated Assessment Report

Lynden Communal Well System Wellhead Protection Area Initial Intrinsic
Vulnerability
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Lynden Communal Well System Wellhead Protection Area Adjusted
Vulnerability
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Managed Lands within the Lynden Wellhead Protection Area
Under the Technical Rules Part II, Rule 16 (9), the location and percentage of managed lands
within the delineated WHPAs must be identified. The Percent Managed Land Area analysis
identifies lands to which nutrients are applied (e.g., agricultural source material (ASM), fertilizer,
non-agricultural source material (NASM)). The analysis categorizes managed lands into two
groups: agricultural managed lands and non-agricultural managed lands. Agricultural managed
lands include areas of cropland, fallow, and improved pasture that may receive nutrients. Nonagricultural managed lands include golf courses, sports fields, lawns and other built-up areas
that may have received nutrients (primarilysuch as commercial fertilizers). The methodology
followed is based on the Ministry of the Environment Technical Bulletin, dated November 2009,
describing the proposed methodology for calculating managed lands and livestock density. The
Technical Bulletin requires the portion of a parcel that falls within the vulnerable area to be
factored into the calculation. Calculations were completed only on areas where vulnerability is
considered high enough for a threat to be present. This includes scores of 6 or higher for
groundwater. Consequently, Wellhead Protection Areas C and D are excluded from the analysis
since they exhibit scores below this threshold.The assessment of managed lands is only
necessary for areas within a WHPA that have a vulnerability score of 6 or greater.areas of which
some portion has been assigned a vulnerability score greater than or equal to 6.
Assessment parcels and MPAC property codes are used to identify parcels that belong to the
agricultural managed lands category. Next, satellite imagery interpretation is used to adjust this
area to exclude features within each parcel not considered managed lands, such as buildings,
driveways, and forests.
Using a similar approach, features belonging to the non-agricultural managed lands category
are delineated, such as residential lawns. The percent managed land area within a subset of a
vulnerable area (e.g. WHPA-A / Score 10) is computed by summing the total area of agricultural
managed land and non-agricultural managed land, dividing by the total land area within the
area, and multiplying by 100. The percentages of managed lands in the Lynden WHPA is high
given the rural location of the wellfield. Managed lands were completed using the methodology
outlined in Chapter The 3, with results of the managed lands calculations are presented in
Table 12-4 and Map 12-512-8.
Table 12-4:

Percent Managed Lands in the Lynden Wellhead Protection Areas

Wellhead Protection Area

Lynden FDL01

Lynden FDL03

A
B
C
D

76%

100%
91%
94%
76%

Livestock Density within the Lynden Wellhead Protection Area
The Livestock Density analysis determines the intensity of livestock animals and is the a
surrogate measure of the potential for gathering, storing and applying ASM agricultural source
materials (ASM) as a source of nutrients source within the vulnerable areas. Assessment
parcels and MPAC property codes are initially used to identify parcels that have the potential to
house farm animals in barns. Next, the confirmation of the presence and type of livestock was
accomplished through a windshield survey, also noting the location of grazing land. The size of
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the buildings (with potential to house animals) and grazing yard is measured through satellite
imagery interpretation. This measurement is then converted to a nutrient unit (NU) estimate
using the Barn/Nutrient Relationship Table provided in the Technical Bulletin. The conversion
table provides an average sq. m/nutrient unit ratio for each animal type. Next, the number of
nutrient units is adjusted to reflect the requirements of the Technical Bulletin. In the case where
a portion of the farm unit falls within a vulnerable area the NUs generated on the entire parcel of
land should be factored into the calculations rather than the NUs generated within the portion of
land that falls within the vulnerable area.This is accomplished by estimating nutrient units for the
entire lot (or grazing land area) and then multiplying it by its proportion within the vulnerable
area. Livestock density for land application of nutrients is expressed in nutrients per acre by
summing the total nutrient units for all categories of poultry and livestock, divided by the total
area of agricultural managed lands for the vulnerable area.
Based on the a windshield survey within the Lynden WHPA, it was determined that ‘livestock
density for grazing and pasture land’ iswas not applicable to this analysis. This conclusion iwas
based an interpretation of the windshield survey results observed situations during the survey
that that suggested that most of the livestock permanently dwell in barns, and only occasionally
use their grazing lands. Furthermore, the area of grazing lands appeareds too small to serve as
a permanent livestock dwelling areas. A summary of the calculated livestock density is
presented in Table 12-5 and Map 12-612-9.
Confirmation of the actual situations would require a site visits and interviews with property
owners.
Table 12-5:

Livestock Density (NU/Acre) in the Lynden Wellhead
Protection AreasWHPA

Wellhead
Protection Area

WHPA-A
WHPA-B
WHPA-C
WHPA-D

Livestock Density (NU/Acre)
Application of NutrientsFDL01
Livestock
Grazing or
PasturingFDL03
0.230
N/A0.0
0.257
N/A
0.3300
N/A
0.1100
N/A

Percentage of Impervious Surface Area within the Lynden Wellhead Protection Areas
The Technical Rules 16(11) and 17 require the calculation and mapping of the percentage of
total impervious surface area where road salt can be applied per square kilometre in each of the
vulnerable areas. The resulting is impervious surface area maps mapping isare to be used in
the MOE MECPwater quality risk scoring and the assessment of threat circumstances relating
to road salt application. Total impervious surface area is defined in the Technical Rules as the
surface area of all highways and other impervious land surfaces used for vehicular traffic and
parking, and all pedestrian paths. The method used to calculate impervious surfaces for the
Lynden WHPAs is the 1x1 km grid and detailed in Chapter 3 of the Assessment Report.
The results of the assessment are presented in on Map 12-7. The and where percent
impervious surface area range from 0areis a combination of the ‘<1%’ and ‘1% to <8%’
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classification categories (within the WHPAsall Wellhead Protection Areas) to 3.6% in WHPA-C.,
A thin area on the outer western edge of the WHPA-D is classified as ‘8% to <80%’ percent
impervious surface.
Overall, the error associated with the analysis is deemed low since the lands are predominantly
agricultural in use with little few impervious surface features expected.
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Lynden Communal Well System Percent Managed Lands
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Lynden Communal Well System Livestock Density
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Lynden Communal Well System Percent Impervious Surfaces
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12.1.312.1.2 Lynden Drinking Water Quality Threats Assessment
The Ontario Clean Water Act, 2006 defines a Drinking Water Threat 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 an activity or condition that is
prescribed by the regulation as a drinking water threat.”
The Technical Rules (MOE, 2009) list five ways in which to identify a drinking water threat:
a)

Through an activity prescribed by the Act as a Prescribed Drinking Water Threat;

b)

Through an activity identified by the Source Water Protection Committee as an
activity that may be a threat and (in the opinion of the Director) a hazard
assessment confirms that the activity is a threat;

c)

Through a condition that has resulted from past activities that could affect the quality
of drinking water;

d)

Through an activity associated with a drinking water issue; and

e)

Through an activity identified through the events based approach (this approach has
not been used in this Assessment Report).

Activities that Are or Would be Drinking Water Quality Threats in the Wellhead Protection
Areas
Ontario Regulation 287/07, pursuant to the Clean Water Act, provides a list of Prescribed
Drinking Water Quality Threats that could constitute a threat to drinking water sources.
Table 13-7 lists the activities that are prescribed as water quality related prescribed drinking
water threats. Listed beside the prescribed drinking water threats are the typical land use
activities that are associated with the threat.
In addition, there is one local threat that has been identified in the Lake Erie Source Protection
Region: the transportation of oil and fuel products through a pipeline.
A spill of oil and fuel products could result in the presence of petroleum hydrocarbons or BTEX
in groundwater. The conveyance of oil by way of an underground pipeline that would be
designated as transmitting or distributing “liquid hydrocarbons”, including “crude oil”,
“condensate”, or “liquid petroleum products”, and not including “natural gas liquids” or “liquefied
petroleum gas”, within the meaning of Ontario Regulation 210/01 under the Technical Standards
and Safety Act or is subject to the National Energy Board Act, was approved as a local threat.
The letter of approval from the Director of the Source Protection Programs Branch and table of
hazard ratings is found in Appendix D.
Table 12-7:

Drinking Water Quality Threats

1: As confirmed by the letter from the Director of the Source Protection Programs Branch in Appendix D.

Identification of Significant, Moderate and Low Drinking Water Quality Threats for the Lynden
Communal Well System
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Table 12-6 provides a summary of the threat levels possible in the DundalkLynden WHPAs Well
Supply for Chemicals,, Dense Non-Aqueous Phase Liquids (DNAPLs), and Pathogens. A
checkmark indicates possible that the threat classification level is possible ffor the indicated
threat type under the corresponding vulnerable area / vulnerable score; a blank cell indicates
that it is not. The colours shown for each vulnerability score correspond to those shown in Map
12-7.The identification of a land use activity as a significant, moderate, or low drinking water
threat depends on its risk score, determined by considering the circumstances of the activity
and the type and vulnerability score of any underlying protection zones, as set out in the Tables
of Drinking Water Threats available through www.sourcewater.ca. Information on drinking water
threats is also accessible through the Source Water Protection Threats Tool: http://swpip.ca. For
local threats, the risk score is calculated as per the Director’s Approval Letter, as shown in
Appendix C. The information above can be used with the vulnerability scores shown in
Map 13-7 to help the public determine where certain activities are or would be significant,
moderate and low drinking water threats.
Table 13-8 provides a summary of the threat levels possible in the Lynden Well System for
Chemical, Dense Non-Aqueous Phase Liquid (DNAPL), Pathogen, and Local Threats (Oil
Pipelines). A checkmark indicates that the threat classification level is possible for the indicated
threat type under the corresponding vulnerable area / vulnerable score; a blank cell indicates
that it is not. The colours shown for each vulnerability score correspond to those shown in
Map 13-7.
Table 12-6:

Identification of Drinking Water Quality Threats in the Lynden Wellhead
Protection Areas

Threat Type

Chemicals
Handling / Storage of
DNAPLs

Vulnerable
Area
WHPA-A
WHPA-B
WHPA-C/D
WHPA-A/B/C
WHPA-D
WHPA-A
WHPA-B
WHPA-C/D

Pathogens

Vulnerability
Score
10
6
2
&
Any Score

Threat Classification Level
Significant
Moderate
Low
80+
60 to <80
>40 to <60











2
&

10
6
Any Score






Enumeration of Significant Drinking Water Quality Threats for the Lynden Communal
Well System
The number of significant Prescribed Drinking Water Threats identified by EarthFX (2018) are
tabulated in Table 12-7. A total of 26 significant threats, 5 moderate and 33 low level threats
were identified within the Lynden WHPA. Significant threats were primarily associated with
agricultural activities in the area, the use of septic systems and handling, and storage of fuel
associated with residential dwellings.
Table 12-7:

Significant Drinking Water Quality Threats for the Lynden Communal
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Well System (current to the year 2018)
PDWT
#
2

1
2

Threat Subcategory

Number of
Activities

Vulnerable
Area

5

WHPA-A

6

WHPA-A

2
6
6

WHPA-A
WHPA-A
WHPA-A

1

WHPA-A

Sewage System Or Sewage Works – Onsite
Sewage Systems

Application Of Agricultural Source Material (ASM)
To Land
9
Storage Of Commercial Fertilizer
10
Application Of Pesticide To Land
15
Handling and Storage Of Fuel
The use of land as livestock grazing or pasturing
21
land, an outdoor confinement area or farm –animal
yard. O. Reg.385/08, s. 3.
Total Number of Activities
Total Number of Properties
3

26
7

1: Prescribed Drinking Water Quality Threat Number refers to the prescribed drinking water threat listed in O.Reg
287/07 s.1.1.(1).
2: Where applicable, waste, sewage, and livestock threat numbers are reported by sub-threat; fuel and DNAPL by
Prescribed Drinking Water Threat category
Note: Storm sewer piping is not considered to be part of a storm water management facility.

12.1.4 Conditions Evaluation
Conditions are contamination that already exist and are a result of past activities that could
affect the quality of drinking water. To identify a Condition, Part XI.3, Rule 126 of the Technical
Rules lists the following two criteria for groundwater sources:
•

The presence of a non-aqueous phase liquid in groundwater in a highly vulnerable
aquifer, significant groundwater recharge area or wellhead protection area.

•

The presence of a contaminant in groundwater in a highly vulnerable area, significant
groundwater recharge area or a wellhead protection area, if the contaminant is listed in
Table 2 of the Soil, Groundwater and Sediment Standards and is present at a
concentration that exceeds the potable groundwater standard set out for the
contaminant in that Table.

The above listed criteria were used to evaluate potentially contaminated sites within the WHPAs
to determine if such a Condition was present at a given site.
Conditions Evaluation for the Lynden Communal Well Supply
After review of several databases and a discussion with municipal staff, there is no evidence of
a Condition for the Lynden Communal Well Supply. It is possible that condition-related drinking
water threats do exist; however, no data is available to either confirm or refute this possibility.
Limitations and Uncertainty of the Enumeration of Significant Drinking Water Quality
Threats for the Lynden Communal Well System
No significant data gaps were encountered during the identification of significant drinking water
threats. There was a general lack of information on the presence/absence of contamination
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associated with historical land uses. As a result, no condition-related drinking water threats (if
present) were identified. In addition, the type and amounts of chemicals stored/used/applied at
the agricultural operations within the wellhead protection areas is unknown. In the absence of
site-specific information, a conservative approach was taken, namely the assumption that all
chemicals/materials that are commonly used in a given land use type are present.

The level of uncertainty associated with the threats assessment was classified as high
(Earthfx, 2018). The level of uncertainty could be reduced by contacting the owners of
the properties within the WHPA to confirm storage and application quantities and to
identify any mitigation or containment measures that may be in place to reduce potential
impacts to drinking water quality.
12.1.5
12.1.6 Drinking Water Quality Issues Evaluation
12.1.7 The objective of the Issues evaluation is to identify drinking water Issues where
the existing or trending concentration of a parameter or pathogen at an intake,
well or monitoring well would result in the deterioration of the quality of water for
use as a source of drinking water. The parameter or pathogen must be listed in
Schedule 1, 2 or 3 of the Ontario Drinking Water Quality Standards (ODWQS) or
Table 4 of the Technical Support Document for Ontario Drinking Water Standards,
Objectives and Guidelines (Technical Rules XI.1 (114 – 117)).
12.1.8 Once a drinking water Issue is identified, the objective is to identify all sources
and threats that may contribute to the Issue within an Issue Contributing Area and
manage these threats appropriately. If at this time the Issue Contributing Area can
not be identified or the Issue can not be linked to threats then a work plan must be
provided to assess the possible link.
12.1.9 If an Issue is identified for an intake, well or monitoring well, then all threats
related to a particular Issue within the Issue Contributing Areas are as significant
drinking water threats, regardless of the vulnerability.
Water Quality Issues Evaluation for the Lynden Communal Well Supply
The Issues evaluation focused on the water quality parameter groupings outlined in the Ontario
Drinking Water Quality Standards (ODWQS). These include: a) Pathogens, b) Schedule 1
parameters, c) Schedule 2 and 3 parameters and, d) Table 4 parameters. In addition to these
parameters, the Source Protection Committee may identify other parameters that are to be
evaluated; however, to date, no additional parameters have been selected.
Assessment of the possible Issues related to the raw water quality at the municipal water
system, was conducted following a two-step screening and evaluation process. This process
involved the comparison of available water quality information to water quality benchmarks and
other comparison criteria. The first step was a screening evaluation, where parameters were
flagged for further scrutiny based largely on their concentration relative to the ODWQS and
whether the operator identifies the parameter as a concern. Flagged parameters were then
further evaluated relative to degree, duration and frequency of ODWQS exceedances, water
treatment capacity, and opinion of operating authority.
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Numerous sources of data have been used for this analysis, where available, to review the
current and historical water quality for the well system in question. Available Annual Drinking
Water System Reports (2003-2008) and quarterly reports (2009) for the Lynden Well Supply
were reviewed and scrutinized. These reports summarize the results of testing completed during
the reporting year for the municipal system. Reported parameters include Schedules 1, 2 and, 3
and Table 4 parameters, along with other parameters that may be individually important to a
specific well. Additional information, such as treatment method, system improvements and any
breakdowns in the treatment equipment are also available in the annual reports.
Drinking water issues were evaluated for the Lynden Communal Well System by reviewing the
available water quality data (EarthFX, 2018). The reviewed information consists of the
following:
No known pathogens have beenwere detected based on the available test results for the
Lynden Communal Well System.
No Schedule 2 or 3 parameters were have been notedidentified as potential or actual Issues
based on a review of the available raw water quality information.
It should be noted, however, that the City of Hamilton has reported thatthe detection of lead has
been detected a number of times within the Lynden distribution system in Lynden. The operator
has reported that "Turbidity is caused by colloidal sulphur, a byproduct of the reaction between
hydrogen sulfide and chlorine. The colloidal sulfur acts as a scavenger and concentrates very
low levels (close to none- detect) of lead in the raw water. The sulphur precipitate therefore
contains significant levels of lead. So long as the precipitate stays at the bottom of the tank it
does not cause problem in the distribution system." Since the concentration of lead is a byproduct of the treatment and not a parameter of the raw water, lead has not been identified as
an Issue under Technical Rule 114.
Between the period of 2003 and 20082017, there were 313 756 reported raw water samples
collected and analyzed for E.coli, total coliforms, and background colonies. There were no
instances of E.coli and no instances of or total coliforms in any of the reported raw water
samples.
Since 2005, there have been multiple reported water samples that containwith sodium
concentrations greater than above the 20 mg/L Medical Officer of Health notification level. None
of these reports samples exceeded the 200 mg/L ODWQS aesthetic objective. Concentrations
reported at greater than 20 mg/L occurred in in 2005 and again between 2007 and 2017. The
mMaximum reported sodium concentrations (of 67 mg/L) was occurred in 2005 and again in
2007. Concentrations have been reported at greater than 20 mg/L in 2005 and 2007-200179.
Data forbetween the years of 2007- and 201709 is only available as a range. Both the upper
and lower bounds of the sodium concentration range exceeded 20 mg/L. Sodium is deemed to
be naturally occurring in the groundwater and is not classified as an Issue under Technical Rule
114.
Based on the historical data fromdating from 2005 to 2008, the raw water turbidity for the
Lynden well system ranges between 0.26 and 3.77 NTU. More recent raw water turbidity for the
Lynden wellsystem ranges between 0.07 to 0.66 NTU, with one maximum value in 2015 of 2.30
NTU. The maximum reported values for the ranges reported between 2003 and 2005 2017
never exceeded the aesthetic objective of 5 NTU (as measured at point of consumption). Since
the data is only available as a range, no trend can be determined at this time. The higher
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reported values prior to 2006 may be related to reporting protocol at the time that required
reporting of all turbidity spikes including those noted during well startup. This parameter should
continue to be monitored, as there is no filtration incorporated in this water system, and
increasing turbidity can possibly hinder the disinfection process.
Summary of Water Quality Issues Evaluation of the Lynden Communal Well System
There are no identified Issues for the Lynden Communal Well Supply.
Sodium concentrations regularly exceeded the local Medical Officer of Health notification level
of 20 mg/L but have not been reported to be above 50% of the ODWQS MAC. The sodium
present in the Lynden Communal Well System is deemed to be naturally occurring in the
groundwater and is not identified as an Issue.
Turbidity has also been noted as a concern for continued monitoring. Like Similar to sodium,
turbidity is classified as likely having a natural source.
The City of Hamilton has reported the presence of that lead has been detected within the
distribution system, . The cause of the leadwhich is reported to be a by-product of the treatment
process where lead-containing sulphur precipitate (containing lead) has becomes mobilized. It
iswas reported that as long as the precipitate staysremains at the bottom of the treatment tank,
there is no problem in the distribution system. Since the concentrationpresence of lead is a byproduct of the water treatment process, rather than being present at elevated concentrations
within the raw water, it is not identified as an Issue under Technical Rule 114. Furthermore there
are plans for a new treatment and pumping station to be built in order to replace the existing one
and to service the two wells (FDL-01 and FDL-03) (WSP, 2017).
Limitations and Uncertainty of the Water Quality Issues Evaluation
The results of this assessment are based on the review of the available data available at the
time of the assessment (EarthFX, 2018). This was, which is generally limited to water system
annual reports. Overall, the number of tested parameters for raw water quality is limited. Since
sampling and analysis is not part of this review, the analysis and conclusions drawn herein can
only be based on previous data obtained by others. This analysis can also not comment on the
method by which these samples were obtained or as to the laboratories used in the analysis.
Any errors in data reporting or analysis associated with the referenced reports will be
unknowingly carried forward through this analysis.
Data for the years between 2003 and 2008 2017 were reviewed. Therfore the analysis of any ,
and the potential to review any trends in the data iswas limited to this time span. Nevertheless,
the reviewed data iwas deemed adequate for the purpose of this assessment, and no significant
data gaps arewere identified.
12.1.10 Enumeration of Significant Drinking Water Threats
While any of the activities in Table 13-7 could pose a threat to drinking water, the MOE
recognizes that these prescribed activities would only pose a threat under certain
circumstances. Therefore, elaboration regarding the specifics of these Prescribed Drinking
Water Threats (PDWT) has been provided in Tables 1 & 2 of the MOE Technical Rules
(November, 2009). Tables 1 & 2 list detailed circumstances set forth for each PDWT that may
result in the threat being classified as posing a low, moderate or significant risk, based on the
vulnerability scores of the area in which they occur (columns 4, 5, and 6, respectively). The
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circumstances often involve factors associated with the type of contaminant, its volume and
consideration of the likelihood of release.
Data Sources for the Enumeration of Significant Drinking Water Quality Threats
Windshield surveys were conducted to gain information on current land uses and to confirm the
land use and location of potential drinking water threats identified from other data sources. The
survey was conducted in the Fall of 2009 and the Spring of 2010, and involved viewing land
parcels from public thoroughfares to visually identify potential threats. Windshield surveys were
the main source of data for identification of threats related to agriculture (manure, fertilizer and
pesticide use), type of farm, cemeteries and storm water management ponds. For agriculture
land uses, farmsteads were highlighted as potential areas for fuel, pesticide, fertilizer and/or
manure storage.
Information on historic and existing land uses that involved the storage of potential
contaminants were obtained primarily from Provincial, Federal and commercial databases listed
below. These databases were provided through a third-party vendor, EcoLog ERIS.
Government Databases
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Federal Contaminated Sites: June 2000-Sept 2002
MOE Spills Database (Occurrence Reports)
Ontario Inventory of PCB Storage Sites
O. Reg 347 - Waste Generators Summary
O. Reg 347 - Waste Receivers Summary
Private Fuel Storage Tanks (TSSA)
Inventory of Coal Gasification Plants (MOE)
Pesticide Register (MOE)
Wastewater Discharger Registration Database (MOE)
Sewage Treatment Plants (MOE)
Certificates of Approval (MOE)
Waste Disposal Site Inventory (MOE)
DataHounds (MOE)
Record of Site Condition Registry (MOE)

Commercial Databases
•
•
•
•

Retail Fuel Storage Tanks
Anderson's Waste Disposal Sites
Scott's Manufacturing Directory
Automobile Wrecking & Supplies

Limitations and Uncertainty of the Enumeration of Significant Drinking Water Quality
Threats for the Lynden Communal Well System
No significant data gaps were encountered during the identification of significant drinking water
threats. There was a general lack of information on the presence/absence of contamination
associated with historical land uses. As a result, no condition-related drinking water threats (if
present) were identified. In addition, the type and amounts of chemicals stored/used/applied at
the agricultural operations within the wellhead protection areas is unknown. In the absence of
site-specific information, a conservative approach was taken, namely the assumption that all
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chemicals/materials that are commonly used in a given land use type are present. Only through
site visits and interviews with the property owners could the type and quantity of chemicals/
pathogen containing materials be confirmed.
The level of uncertainty associated with the threats asessment has been classified as high
(Earthfx, 2018). The level of uncertainty could be reduced by contacting the owners of the
properties within the WHPA to confirm storage and application quantities and to identify any
mitigation or containment measures that may be in place to reduce potential impacts to drinking
water quality.
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