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4.0 OXFORD COUNTY WATER QUALITY RISK ASSESSMENT

Three municipal groundwater systems (Table 4-1) are located within the portion of
Oxford County that falls within the Long Point Region Source Protection Area: Dereham
Centre, Oxford South (a&ef—2943—|ncludes NorW|ch Sprlngford and OtterV|IIe) and
T|IIsonburg

Table 4-1: Oxford County Municipal Residential Drinking Water Systems in the Long

Point Region
DWS Operating GW or System Number of Users
Number | DWS Name Authority SW | Classification Served?
260001510 | Dereham Oxford County | GW Small municipal 8448
Centre residential
Oxford South
(includes Large municipal
220000601 | Otterville/ Oxford County GW gem P 6,0024753
i residential
Springford
and Norwich)
220000683 | Tillsonburg | Oxford County | GW Large municipal 19,12016.340
residential

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

2 Source: Oxford County, 2022
The description of each of these systems is included in Sections 4.4 to 4.7.

The annual and monthly average pumping rates are provided for each well-or in
Table 4-2.

These sections outline the common methodology that was used to delineate wellhead
protection areas, vulnerability and threats assessment, and Issues and uncertainty
evaluations for each of these systems.

41 Oxford County Wellhead Protection Areas and Vulnerability Assessment

The delineation of Wellhead Protection Areas (WHPAS) represents the foundation of a
municipal groundwater protection strategy. WHPAs associated with the municipal water
supply represent the areas within the aquifer that contribute groundwater to the well
over a specific time period. According to the Clean Water Act, 2006 Technical Rules
MOECC, 2017, four WHPASs are required, one a proximity zone and the three others
time-related capture zones:

o WHPA-A 100 m radius from wellhead
e WHPA-B 2-year Time of Travel (TOT) capture zone
e WHPA-C 5-year Time of Travel capture zone
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e WHPA-D 25-year Time of Travel capture zone
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Table 4-2: Annual and Monthly Average Pumping Rates for Oxford County Municipal Residential Drinking Water
Systems in the Long Point Region

Annual Monthly Average Taking' (m?d)
Avg.
Well or Intake .
Taking Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(m3/d)
Tillsonbura 1A 1120821 90572 | 964741 | 96568 | 95274 | 87266 | 117344 | 12229 | 12977 | 12795 | 12889 | 128740 | 12277
9 1 1 5 3 2 05 25 41 48 26 27 64
. 50027 | 62628 | 58827 | 50128 | 48528 70936 | 69829 | 72424 | 68044 69132
Tillsonburg 2 636342 3 4 1 5 z 756590 5 3 1 2 680441 9
. 75757 | 47558 | 54553 | 6706841 | 828441 | 107532 | 12763 | 10877 | 98899 | 73150 69146
Tillsonburg 4 832531 7 S 9 4 8 5 32 29 5 9 839297 o
. 56560 | 36769 | 45155 | 550683 | 62862 83056 | 10882 | 98760 | 73027 67731
Tillsonburg 5 717484 2 2 4 8 2 855513 0 10 8 9 849198 5
Tillsonburg 6A 090 0484 00 0204 00 047 00 0210 0479 00 0439 00 00
Tillsonburg 7A 4880 3690 2340 2700 3330 4020 5380 6900 7530 6830 5060 5890 4770
Tillsonbura 9 743 816144 | 81440 | 74144 | 68240 | 83444 | 774402 | 83444 | 79197 | 72140 | 70290 | 471402 | 68310
9 053 53 43 39 54 17 5 05 7 75 8 4 16
Tillsonburg 10 846920 8419411 80892 84593 74782 82892 926359 94595 91698 85882 89082 671829 87191
Tillsonburd 11 290 69145 | 49210 | 48844 | 43410 | 47044 | 288402 | 30044 | 30997 | 22340 | 24790 | 139102 | 34104
9 053 3 43 39 54 17 5 05 7 75 8 4 8
Tilsonburg 12 | 407409 | 14257 | 24350 | 18345 | A0752 | 29950 | 430554 | T20°0 | goyas | O834F | 48131 45430 | 98327
Norwich 2 479320 3733§ 35620 35322 43232 50032 653395 68432 589—1—1 49958 4724; 390326 4522—§
. 21743 | 20130 | 24015 | 21820 | 21114 25515 | 22336 | 22142 | 22514 19743
Norwich 4 223179 4 2 3 1 4 196150 4 2 2 9 279149 8
Norwich 5 285220 23816 | 23737 | 23027 | 27020 | 29825 410232 45521 | 35919 27489 22918 189467 22730
3 4 2 2 3 4 3 9 1
Otterville 3 15164 | 110145 | 10020 | 10250 | 11337 | 15865 | 217430 | 27364 | 23193 1734—; 12644 11390 9218
Otterville 4 14562 | 10645 9636 9850 | 10933 | 15288 | 210134 | 26398 | 22245 | 16687 | 12143 10937 8653
Springford 4 97 915 1164 1347 90 90 90 50 0o 30 120 140 130
Springford 5 9224 9217 | 114744 | 13205 9233 9231 9245 5248 0244 3245 | 12220 14172 | 13248
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Annual Monthly Average Taking' (m?3/d)
Avg.
Well or Intake Taking'
aKing Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(m3/d)
Dereham 910 | 812| 83| 910| 910 99 109 | 118 98| 109| 1010 70| ™™
Centre 2

" Source: Oxford County annual summary reports, based on 20222009 monitoring data.

Nota: onburaWae h heseauenthy been-ren ad-bv We A
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All of the capture zones were delineated using numerical models that were developed
for each municipal production well system and calibrated to the available
hydrogeological data. The models were developed using the computer programs
MODFLOW and MODPATH, and the procedures and results are described in detail in
the Phase Il Groundwater Protection Study (Golder 2001) report. Otterville capture
zones were updated in 2019 using the Long Point Tier 3 model. The specific method
used to delineate each of the WHPAs within Oxford County is described in Section 4.4
to 4.7.

4.1.1 Vulnerability Scoring

Following their delineation, the intrinsic vulnerability of the aquifer within each WHPA is
assessed using one of the methods approved under the Clean Water Act, 2006
Technical Rules (MOE2009a;-MOECC,2017MECP, 2021). The resulting maps rank
aquifer vulnerability as high, medium or low.

In Oxford County, aquifer vulnerability mapping within the WHPAs was completed using
the Aquifer Vulnerability Index (AVI) and Surface to Well Advection Time (SWAT)
method (ARL Groundwater Resources Ltd. 2010; Golder, 2005). Both methods are
approved under the Technical Rules.

The aquifer vulnerability mapping recognized three overburden units based on depth,
with the classification of units as follows: Shallow aquifers occurring from surface to 15
m, intermediate aquifers occurring from 15 — 30 m, deep aquifers occurring at depths
greater than 30 m. The bedrock aquifer was also recognized as a fourth unit.

The AVI method involves assigning a numerical score at each known well location that
is related to the hydraulic conductivity (K) and thickness of the geological layers
(stratum) overlying the aquifer (Golder, 2001). The aquifer vulnerability is classified on
the basis of the AVI scoring following the thresholds provided by Technical Rule 38(1):
High Vulnerability (AVI score <30), Medium Vulnerability (AVI score >30 and <80) or
Low Vulnerability (AVI score >80). The AVI scoring method was used to develop
vulnerability maps for each of the four aquifers identified as part of the aquifer mapping
(shallow overburden, intermediate overburden, deep overburden, bedrock). The results
were also used to develop a composite AVI map for the County. The composite AVI
map reflects the vulnerability of the first aquifer present at each well location in the
County.

A pilot study of the SWAT (surface to well advective travel-time) vulnerability
assessment methodology was performed by Golder (2005). The SWAT approach
provides direct estimates of the travel time from the ground surface to the supply wells,
and a vulnerability map expressed in units of time. The method requires a determination
of the travel time from ground surface to the water table (through the unsaturated zone),
and the travel time from the water table to the pumping well completion zone. The two
travel times are then added to produce the SWAT values across the WHPA. The results
of the SWAT pilot study (Golder 2005) indicated that the method was useful in
assessing the relative vulnerability of the municipal wells to surface sources of
contamination and therefore, was applied to the Tillsonburg municipal production wells.
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The resulting ‘low’, ‘medium’ or ‘high’ aquifer vulnerability rating is then intersected with
the four WHPA zones, and translated into an overall vulnerability score ranging from 2
to 10, where a score of 2 represents lowest relative aquifer vulnerability and a score of
10 represents highest vulnerability. Table 4-3 and Table 4-4 below summarize the
WHPA vulnerability scoring for both the AVl and SWAT methods as stated in the

Technical Rules.

Within each of the WHPAs, aquifer vulnerability was assessed using two methods: the
aquifer specific AVI method for the Dereham Centre and Otterville-Springford systems
(ARL Groundwater Resources Ltd. 2010; Golder, 2001), and the SWAT method for the
Norwich and Tillsonburg systems (Golder, 2005). Both methods are approved under the
Clean Water Act, 2006 Technical Rules. Detailed methodologies for each of these
approaches can be found in the respective sections for each municipality.

Table 4-3: Wellhead Protection Area Vulnerability Scores — AVI
Groundwater
Vulnerability WHPA-A Ualaes bl LD
Category for (100m zone) (2-year time-of- (5-year time-of- (25-year time-of-
gory travel) travel) travel)
the Area
High 10 10 8 6
Medium 10 6 4
Low 10 4 2
Table 4-4: Wellhead Protection Area Vulnerability Scores — SWAT
Groundwater
Vulnerability WHPA-A Lkl 2 bl 220 kil 0]
Category for (100m zone) (2-year time-of- (5-year time-of- (25-year time-of-
gory travel) travel) travel)
the Area
High 10 10 8 6
Medium 10 6 4
Low 10 2 2

At the completion of the vulnerability mapping and scoring, Oxford County completed an
assessment of transport pathways. The results of the transport pathway assessment
were reviewed using professional judgment to determine whether to increase the

vulnerability based on the presence of the pathways.

Identification of Transport Pathways and Vulnerability Adjustment

Following a review of the intrinsic vulnerability scoring maps, an assessment of
transport pathways was undertaken to determine whether adjustments to the
vulnerability assessment were warranted. Technical Rules 39 — 41 address the general
process of how transport pathways would increase vulnerability. Constructed
preferential pathways for groundwater based drinking water systems include: wells
(existing and abandoned), pits and quarries, mines, construction activities, storm water
infiltration, septic systems, sanitary sewer infrastructure.

October 30, 2025
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To evaluate the transport pathways, the WHPAs were superimposed on aerial
photography available from the County. Well locations in the vicinity of the WHPAs,
available from the County well information system (based originally on the MECP Water
Well Information System), were plotted on the aerial photograph maps. Information on
the location of sanitary sewers, septic systems, storm water infiltration facilities and
pits/quarries available from the County information systems were also plotted on the
aerial photograph maps. The locations of petroleum wells within 100 m of the WHPAs
were plotted on maps, based on information available from the oil & gas well database
at the County.

The maps were then reviewed in detail to identify areas where the vulnerability scoring
procedure should incorporate the presence of transport pathways. The process was
based on professional judgment. The review identified areas on the map where other
adjustments to the mapping should be made, such as (a) filling minor
gaps/misalignments within the WHPA, (b) smoothing of the contacts between areas with
different vulnerability ranking/scores and (c) removing what appear to be anomalies in
the scoring that could not clearly be supported by the available hydrogeological
information.

Adjusted Vulnerability Scoring

At the completion of the transport pathways assessment, the Technical Rules allow
investigators to modify the vulnerability scoring if there is a concern that the identified
transport pathways within the WHPAs may increase the vulnerability of the aquifer
beyond that represented by the intrinsic vulnerability. Modification of the vulnerability
score is performed by increasing the vulnerability of the underlying aquifer vulnerability
map from either a low to moderate value or moderate to high value. An intrinsic aquifer
vulnerability value of high cannot be increased. The results of the transport pathway
assessment and adjusted vulnerability scoring for each municipal system are presented
in Sections 4.4 to 4.7.

4.1.2 Oxford County Managed Lands and Livestock Density

Managed Lands

Managed Lands are lands to which nutrients are applied. Managed lands can be
categorized into two groups: agricultural managed land and non-agricultural managed
land. Agricultural managed land includes areas of cropland, fallow, and improved
pasture that may receive nutrients. Non-agricultural managed land includes golf
courses, sports fields, lawns and other built-up grassed areas that may receive nutrients
(primarily commercial fertilizer). Betermining-tThe location and percent managed lands,
the location of agricultural managed lands, and the calculation of livestock density were
used to determine whether the application of agricultural source material (ASM), non-
agricultural source material (NASM), and-fertilizer, and processed organic waste were
significant threats within the WHPAs.

Calculation of the percent managed lands was done in accordance with Part Il, Rule
16(9) of the Technical Rules (MOE, 2009a; MOECC, 2017). Similar to the calculation of
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impervious surfaces, mapping the percent managed lands area is not required where
the vulnerability score for an area is less than the vulnerability score necessary for the
activity to be considered a low, moderate, or significant threat. Based on this, the
percent managed lands were only calculated where the vulnerability score in each
WHPAs A-D was 6 or greater and in a WHPA-E with a score of 4.5 or greater.

Livestock Density Analysis

The calculation of livestock density is required to determine the amount of Nutrient Units
(NU) generated in each vulnerable WHPA scenario. This calculation is only completed
when there are building structures that could house livestock on a farm parcel that
intersects a vulnerable WHPA. This means that for each farm parcel that has a portion
of their land in the WHPA and-alse has a livestock barn on their property (regardless of
whether the barn is in the WHPA), the livestock density in Nutrient Units per acre
(NU/ac) is calculated. The Nutrient Units generated by each farm parcel is area
weighted to determine the proportion applied in each WHPA. The total amount of
Nutrient Units applied in each WHPA is divided by the amount of agricultural managed
land in that same WHPA to determine the livestock density. The agricultural managed
lands in each WHPA scenario wereas calculated in accordance with Part I, Rule 16(10)
of the Technical Rules (MOE, 2009a; MOECC, 2017), and as previously described.
Each parcel of land that intersects each WHPA was assessed for the presence of a
livestock barn. The nutrients that are generated by the livestock are assumed to be
applied only onto that farm parcel.

Farm parcels intersecting each WHPA, as determined in the previous section, were
assessed through air photo interpretation for the presence of barns or other livestock
housing facilities. To aid in verifying the livestock type and whether the structure was
used to house livestock, all available land use information from Oxford County records
and databases were used including incorporating local knowledge from Planners,
Township Chief Building Officials (CBO’s) and other municipal staff who may have been
able to provide local knowledge about a given farm operation. Site visits were also
completed by Oxford County and Long Point Region Conservation Authority staff to
verify the presence/absence of livestock on several properties in Tillsonburg. After all
available knowledge (air photo interpretation and notes/photos from site inspections)
was utilized, a reasonable estimation was made about the type of livestock that was
housed or could be housed in a particular structure.

Once a livestock barn type was identified, the area of the barn was estimated using
measuring tools in ArcMap. The barn area and livestock type were then compared to
the Barn/Nutrient Unit Relationship Table (provided by the GRCA in their “Preliminary
Technical Memo”, issued September 23, 2009). Where the number of livestock is
unknown, barn area is used as a surrogate for the number of animals (and
consequently the amount of nutrients generated) that could be housed in the farm
structure, based on best management practices for barn capacities. A nutrient unit
conversion factor can also be used if the number of livestock present on a farm is
known, which was the case for farm 1 in Norwich. Each type of livestock has its own NU
conversion factor, to determine the number of animals that generate 1 NU. For instance,
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one beef cow produces 1 NU and requires 100 sq.ft. of barn space, so the relationship
for beef barns is 100sq.ft./NU. The ratio assumes that the capacity of each livestock
barn is at the maximum to generate or have the potential to generate that amount of
nutrients.

4.1.3 Percent Impervious Surface Area in Wellhead Protection Areas

To determine whether the application of road salt poses a threat in Oxford County, the
percent impervious surface where road salt can be applied per square kilometre was
calculated as per Technical Rules 16(11).

To calculate the percent impervious surfaces for WHPAs within Oxford County, the
most calculations were performed using a 1 km by 1 km grld centered over each

= Roadways
S|dewalks dr|veways and parklng Iots aII receive appllcatlons of road salt and these
surfaces were considered impervious.

The application of road salt can only be a low, moderate, or significant threat in WHPAs
A-Dareas with a vulnerability score of 6 or greater and in a WHPA-E with a score of 4.5
or greater; therefore, the percent impervious calculation was only completed in these

areas-with-a score of 6-or greater.

Methodology

Roadways, sidewalks, driveways and parking lots were digitized on screen using
ArcMap and 30 cm resolution SWOOP orthoimagery from 2006 displayed at a scale of
1:500, to represent impervious surfaces. Oxford County Staff digitized all impervious
surfaces in the portion of the County within the Lake Erie Source Protection Region. A
1km by 1km grid centred over the source protection area was provided the GRCA. The
impervious surface percentage in each grid cell was calculated by dividing the total
impervious surface area in each grid cell by the total area of the grid cell. It should be
noted that where a grid cell contains a portion of a Wellhead Protection Area with
vulnerability score less than 6, this portion of the Wellhead Protection Area was not

used in the calculatlon of |mperV|ous surfaces Readwasfs—srdewaues—dﬂvewaysand
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-For road salt to be considered a significant threat, the percent of impervious surface
must be greaterthan-380% or more in WHPAs A-D and 6% or more in a WHPA-E.

The results of the impervious surface calculations are presented in Sections 4.4 to 4.7.
4.2 Oxford County Threat 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.”
Drinking water threats are described further in Chapter 3: Water Quality Risk
Assessment.

Drinking W QualityTI
P ibed Drinkina Water Qualitv.T} | . | Use/Activit
Fhe e.StE'b“Sl"'.'e“t.ep. sration-o ||.|a|||tenanse of awaste Hazardous \Waste

dlsp_esal sHe-within H'e. |||ea|||.||g o Parti otthe Disposal

Environmental-Protection-Aet: Licuid Industrial W
o blis| | . . . ‘

¥ ¢ ’ ’ ’ Septic Systems-ete:
T loati : cultural ol 0 Soil- Condit
The | m | : cultural - e Soil Cond
B loati ‘ | fortil land. Aaricul Eortil
Tho | m I : o fortilizor. - | Eortil o
B loati ‘ i land. = I
Tho | m I : cide. - p oS
The handling and storage of road salt. Road Salt Storage
The storage of snow. Snow-Dumps
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Significant threats to Oxford County groundwater supply were assessed through the
development of a desktop land use inventory for the original 2011 version of the
assessment report. Since that time, threat assessments have relied on different sources
of information. Threats are currently assessed through a combination of a desktop land
use inventory, windshield surveys and local knowledge / field verification.

4.2.1 Land Use Inventory

To associate the prescribed drinking water threats with land use activities, Oxford
County compiled a land use inventory. The inventory was based on a review of multiple
data sources which included previous groundwater-related work undertaken by the
County, public records, local knowledge and windshield surveys.

Previous Work

In 2004, Oxford County participated in a groundwater protection pilot project known as
the Land Use and Chemical Occurrence (LUCO) Inventory. The objective of the
inventory was to identify past and present sources of potential threats that may
represent risks to aquifers or are within WHPAs. The inventory was based on the
guidelines from the provincial Groundwater Studies’ Technical Terms of Reference
(2001). Data was obtained primarily through government and commercial databases.
This information was used as the starting point for the current threats inventory.

Local Knowledge

Wherever possible, County and Township staff’s local knowledge was used to
supplement the datasets. Local knowledge was used to confirm road salt application,
details of activities undertaken on properties, and type and number of livestock on
agricultural properties.

Windshield Surveys
Windshield surveys were conducted to:
¢ Gain information on current land uses,

e Confirm land uses, and
e Confirm locations of potential drinking water threats.

The survey was conducted within Oxford County between the spring and fall of 2007.
The windshield survey was often used for verification of data obtained from various
other sources.

Government Databases

Oxford County obtained a number of government and commercial databases during the
2004 LUCO study. Updated versions of these datasets were obtained for the current
land use inventory wherever possible.

Other Sources

October 30, 2025 Oxford County — Chapter 4-12



Long Point Region Source Protection Area Assessment Report

Data sources other than those described above were primarily used for data verification
and improvement. These sources include the County of Oxford On-Line Directory
(COOLOxford), Oxford County’s Land Related Information System (LRIS), the North
American Industry Classification System (NAICS), Industry Canada’s website, and the
Yellow Pages.

The COOLOxford website provides access to a database of public notices, events,
businesses, organizations, and services in Oxford County.

The County’s LRIS, which is maintained by Oxford County, is a Geographic Information
System (GIS) that combines digital maps of the area with related information, such as:

Property owner and registry,

Assessment and apportionments,

Property dimensions,

Structure locations and characteristics,

Topographic features including flood plains and vegetation,

Cultural information including zoning and Official Plan designation, and
Aerial photography.

For the purposes of the initial threats inventory, NAICS codes were used to determine
land use activity names and potential associations with land uses that constitute threats.

Industry Canada provides business and consumer information via the internet. Their
website was used to obtain business/industry profiles.

The on-line version of the yellow pages was used to locate businesses and provided
links to business websites which helped determine activities undertaken by companies.

Detailed Threat Assessment

Detailed threat assessment commenced in late 2010 to acquire site specific threat
information from property owners who had been identified as a potential significant
threat using the information described above. The assessment involved contacting
property owners directly to obtain site specific threat information which was used to
update the S|gn|f|cant threat |nventory Ih4s—dDeta|Ied threat assessment is on-going

; \ uded. tThe detailed

phaseand—thethreats database will contlnue to be updated as new mformatlon is
collected.

4.2.2 Methodology

The prescribed threats could pose a threat to drinking water, but only under certain
circumstances. Circumstances that would cause an activity to be classified as a
significant, moderate or low (risk) threat have been provided in the MOECC-MECP
Technical Rules, Tables of Drinking Water Threats. The Tables of Drinking Water
Threats accounts for the hazard rating associated with particular substances linked with
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certain land use activities. Land use activities were further evaluated using professional
judgement to determine the likelihood that circumstances are present that would
categorize the land use activity as a threat. The circumstances often involve factors
associated with the type of contaminant, its volume and consideration of the likelihood
of release into the environment.

Activities that have been inventoried were subjected to the process described above to
determine their risk category based on their hazard to human health, and the
vulnerability of the drinking water source. The risk assessment places activities into one
of three risk categories: significant, moderate, or low.

The inventory compiled for this purpose is based on the available data sources
described in Section 4.8, as well as on assumptions and professional judgement, as
described above.

4.2.3 Conditions

The Clean Water Act, 2006 Technical Rule 126 (MECP, 2021) requires a list of
conditions that are drinking water threats resulting from a past activity to be included in
the Assessment Report if the Source Protection Committee is aware of them:

1) The presence of a non-aqueous phase liquid in groundwater in a highly
vulnerable aquifer 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 or a
wellhead protection area, if the contaminant is listed in Table 2 of the Sail,
Ground Water and Sediment Standards, is present at a concentration that
exceeds the potable groundwater standard set out for the contaminant in that
Table, and the presence of the contaminant in groundwater could result in the
deterioration of the groundwater for use as a source of drinking water.

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, Ground Water 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 the presence of the contaminant in surface soill
could result in the deterioration of the surface water for use as a source of
drinking water.

5) The presence of a contaminant in sediment in an intake protection zone, 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, and the presence of the contaminant in
sediment could result in the deterioration of the surface water for use as a source
of drinking water.
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6) The presence of a contaminant in groundwater that is discharging into an intake
protection zone, if the contaminant is listed in Table 2 of the Soil, Ground Water
and Sediment Standards, the concentration of the contaminant exceeds the
potable groundwater standard set out for that contaminant in the Table, and the
presence of the contaminant in groundwater could result in the deterioration of
the surface water for use as a source of drinking water.

All of Oxford County’s water supply is obtained from groundwater sources. Therefore,
only criteriaenditions 1 and 3 as-listed above are applicable.

4.3 Oxford County’s Drinking Water Issues

The Clean Water Act, 2006 Technical Rules (MOECC,-2047MECP, 2021) requires that
Issues associated with the drinking water quality for the municipal system be identified.
The activities that contribute to identified Issues that have an anthropogenic origin are
deemed to be significant drinking water threats.

The water quality data used in this evaluation was compiled by the Oxford County
Public Works Department. The data comprises the analytical results taken as part of
operating the systems (including those summarized in Annual Drinking Water System
Reports) in addition to water quality results received as part of other programs/projects.
Ministry sources were not utilized as all those sources obtained their information from
the County data. The bulk of the data used in this evaluation is from 2001 onwardte
present. Older data has been used where relevant.

The Issues evaluation {County-of Oxford,-2009b-and-Matrix,2049)-for Oxford County

focused on the water quality parameter groupings outlined in the Ontario Drinking Water
Quality Standards (ODWQS) identified in Ontario Regulation 169/03 under the Safe
Drinking Water Act, 2002 and the related technical support document. These
parameters include: a) Pathogens, b) Schedule 1 Parameters, ¢) Schedule 2 and 3
parameters, and, d) Table 4 parameters. Evaluations completed by the County of
Oxford (2009b) and Matrix (2019) were supplemented by data from 2010 to mid-2024 to
provide a high-level update on the state of water quality.

Parameters have been screened for closer investigation where any of the following
criteria have been met:

e Consistent presence of microbiological parameters;

e The parameter has a health-related Maximum Acceptable Concentration (MAC)
associated with it and the concentration in the raw or treated water exceeds half
of the MAC level (with the exception of fluoride); and

e The parameter does not have a health-related MAC but the concentration
observed exceeds the objective or guideline associated with the ODWQS.

Water quality parameters meeting the screening threshold above were further reviewed
to determine whether to identify them as Issues. The considerations included:

o Whether the concentration is at or trending towards a health related MAC;
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The frequency with which the parameter meets the screening threshold;
Capabilities of the treatment facility;

The ability of the parameter to interfere with/upset the treatment process;
Whether the parameter is related to Issues raised by the public; and
Importance of the well to the overall supply.

A detailed evaluation of Issues present for each municipal water supply is presented in
Sections 4.4 to 4.7.

4.4 Dereham Centre Water Supply

The Dereham Centre water system (Map 4-1) is supplied by a single well (Well 2)
located in the southeast part of the village. At the time of the Phase Il Groundwater
Protection Study (2001), the water system was supplied by a different well (Well 1)
located approximately 225 m to the north of Well 2. The water well record indicates that
the original supply well was screened in gravel (17.1 — 17.7 m below surface) and
considered to be part of the Intermediate Aquifer (Golder 2001). The current supply well
(Well 2) was constructed in 2000 with a well screen set from approximately 35 — 36 m
below surface. The water well record indicates that the screened interval is overlain by
fine grained sediments (clay). It is a Small Municipal Water system as defined by

Regulation 170/03-and-serves-apopulation-of-approximately-48.

4.4.1 Wellhead Protection Areas and Vulnerability

The MODFLOW groundwater model was used to generate Wellhead Protection Areas
for the Dereham Centre system (Golder, 2001). The model covers an area of
approximately 28 km?, and is oriented in a northeast to southwest direction, parallel to
the direction of regional groundwater flow in the municipal supply (intermediate) aquifer.
The following sections below provide a summary of the groundwater model based on
hydrogeological information available at the time of the Golder (2001) study.

The Wellhead Protection Areas developed in the original model were based on
Dereham Centre’s municipal Well 1. This well is no longer in use and has since been
replaced by Well 2. The Wellhead Protection Areas for Well 2 were delineated in 2007
using the same 2001 model. A pumping rate of 9 m3/day was used to model the
Wellhead Protection Area for Well 2.

The following provides a summary of the Dereham Centre Groundwater Flow Model
based on hydrogeological information available at the time of the Golder (2001) study.

Stratigraphy

Dereham Centre is primarily underlain by Port Stanley Till, a low permeability silty clay
with a sandy silt matrix. The till is approximately 17 m thick in the area of the Dereham
water supply well, and there is no Shallow Aquifer mapped in this area. To the north of
Dereham Centre, the shallow aquifer is present, and was included in the groundwater
model where present. The intermediate aquifer was assigned a thickness of 4 min the
groundwater model. The Dereham Centre well (Well 2) is screened approximately 35 to
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36 metres below ground surface (mbgs). The water well record indicates that the
screened interval is overlay by fine-grained clay sediments.

Groundwater Flow Boundaries

Groundwater flow in the intermediate aquifer at Dereham Centre is inferred to occur in a
southeasterly direction. To the northeast and southwest of Dereham, the model
boundaries follow inferred groundwater contours and were assigned as constant head
boundary conditions. To the northeast, a constant head boundary ranging in elevation
from 261 metres above sea level (masl) to 275 masl was assigned.

Groundwater will flow into the model across this boundary. To the southwest, a constant
head boundary elevation of 260 masl was assigned. Groundwater will flow out from the
model across this boundary. To the southeast and northwest of Dereham Centre the
model boundaries follow inferred groundwater flowlines; and were therefore assigned as
"no flow" boundaries. It was assumed that groundwater flow in the intermediate aquifer
does not occur across these boundaries.

Groundwater/Surface Water Interaction

Given the thickness and low permeability of the Port Stanley Till that overlies the
intermediate aquifer, the surface water systems are considered to be hydraulically
isolated from the aquifer in the Dereham Centre area. Direct intermediate aquifer
groundwater and surface water interactions were not included in the model.

Recharge

Recharge into the till, which covers the majority of the model area, was applied at a rate
of 20 millimeters per year (mm/yr).

Hydraulic Conductivity and Porosity

There was no record of aquifer tests completed for the Dereham Centre well that would
provide an estimate of the local aquifer properties. The hydraulic conductivity of the
intermediate aquifer in the model was assigned at 5x10* m/s, with an effective porosity
of 25%. This hydraulic conductivity was established through the model calibration
process.

Other Water Takings

No private water takings from the intermediate aquifer were identified in the review of
the MECPMOE PTTW Database for the Dereham Centre area. It was assumed that the
Dereham Centre water supply well is the only water taking from the intermediate aquifer
in this area.

Calibration of the Dereham Centre Groundwater Model involved the adjustment of the

recharge rate into the aquifer and the hydraulic conductivity of the intermediate aquifer
until there was a reasonable match between the simulated groundwater elevations and
the recorded groundwater elevations for Dereham Centre area overburden wells in the
MECPMOE Well Record Database. As defined above, the hydraulic conductivity of the
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intermediate aquifer was estimated to be 5x10# m/s, with a recharge rate of 20 mm/yr
over most of the model area. The average annual pumping rate in 1999 (of 6.6 m3/day)
was used in the calibration process. Map 4-2 illustrates the Wellhead Protection Areas
for the Dereham Centre Water System. The Wellhead Protection Areas extend
approximately 3.4 km to the northeast, terminating near the Village of Mount Elgin.

Vulnerability Scoring

The intrinsic vulnerability for the intermediate aquifer (as defined by Golder (2001) and
using the AVI method), within Well 2’s Wellhead Protection Areas is low for WHPAs A,
B, and C and a large portion of WHPA-D has a moderate vulnerability.

The vulnerability mapping within Oxford County was completed using the AVI method
(ARL Groundwater Resources 2010; Golder, 2001) with score thresholds of <30, 30-80,
and >80 to identify areas of high, medium and low vulnerability respectively.

The assessment of transport pathways forwithin wWell 2 only ‘s-\Welthead Protection
Areas-resulted-foundin a limited number of private wells located-within the Wellhead
Protection Areas, and- nNo adjustments were made to the vulnerability as a result-ef-the
assessment. The intrinsic vulnerability is shown on Map 4-3. Final vulnerability scoring
is shown on Map 4-4. Vulnerability scores range from 10 in WHPA-A, to 6 in WHPA-B,
to 4 in WHPA-C and 2 - 4 in WHPA-D.

4.4.2 Managed Lands and Livestock Density

Managed lands and livestock density calculations for Dereham Centre- are shown in

we#e—eemaleted—m—WHRA-A—WHRA—B—Table 4- 5 —pFeweles—H:re—FesHLts—ef—the

Table 4-5: Managed Lands and Livestock Density in the Dereham Centre
Wellhead Protection Area

Percent Livestock
Vulnerable AreaWHPA Zone Managed Density (NU/acre)

Land (%)
Dereham Centre Well 2 WHPA-A 99% 0.0
Dereham Centre Well 2 WHPA-B 79% 0.7

Note: A value of 0 was assigned where no agricultural livestock barns are present to contribute nutrients.

4.4.3 Percent Impervious Surface Area in Wellhead Protection Areas
E%Dereham@en#e—theuhmpemous surfaces we#eueaJeulated—m—WHPA—AandAA#HPA—
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Dereham Centre are shown in Map 4-7. shew-that-dDue to the low percent impervious
surfaces, the application of road salt cannotweuld-ret be a significant threat. (Map-48)-
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Map 4-1: Serviced Areas for the Dereham Centre Water Supply
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Map 4-2:
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Map 4-3: Dereham Centre Intrinsic Vulnerability
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Map 4-4: Dereham Centre Wellhead Protection Area Vulnerability
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Map 4-7: Percent Impervious Surfaces within the Dereham Wellhead Protection Area
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Prescribed drinking water threats listed in Section 1.1 of O. Reg. 287/07 include
Chemical, Dense Non-Aqueous Phase Liquid (DNAPL), and Pathogen threats. Chapter
3, Water Quality Risk Assessment, provides a summary of the types of threats and their
significance, based on vulnerable area and vulnerability score (as shown in the maps in
this chapter).
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AreaWellhea | Vulnerabili | nt Threats
Zone 80+ <60
<80
DNAPLs WHPA-D 2 No No No
Pathogens WHPA-A | O¥es No
Pathogens WHPA-B 6 No No “Yes
Hathsgers WHH2A-CE D | AmveSeere | Ble Mg =le
Drimking. V. -

Under the preliminary threats assessment, available desk-top level land use information,
air photo interpretation and local knowledge of County and municipal staff was used to
determine the types of land use activity information and therefore, the threats and
circumstances associated with these land uses. In most cases, professional judgment
and assumptions were made when determining the presence of significant threats for
each property. Consultation with property owners to verify the existence of
circumstances that constitute a significant threat is ongoing.-will-berefined-ata-later

WHRA-A—A Ilst of all S|gn|f|cant threat types |dent|f|ed in Dereham Centre as—ef
September2017-and the number of times each threat occurs is shown in Table
4-6Table-4-8 below.

Table 4-64-8: Significant Drinking Water Quality Threats in the Dereham Centre Wellhead
Protection Areas (current to February 2024)

Threat Subcategory’ :thzzgf Vulxt:;:ble

2.2 Onsite sewage works 3 WHPA-A
3.1 Application of agricultural source material (ASM) to land 1 WHPA-A
8.1 Application of commercial fertilizer to land 1 WHPA-A
10.1 Application of pesticide to land 1 WHPA-A
13.1 Handling and storage of road salt — exposed to precipitation or runoff 1 WHPA-A
13.2 l;f?fr:igf? and storage of road salt — potentially exposed to precipitation 1 WHPA-A
14.1 Storage of snow on a site 1 WHPA-A
Total Number of Activities

Total Number of Properties

"Threats enumerated according to the 2021 Technical Rules (MECP, 2021)
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Note: Certain types of incidental activities on residential properties may constitute significant drinking water threats but
are not enumerated. These threats include the application of commercial fertilizer and pesticides; the handling
and storage of organic solvents and dense non-aqueous phase liquids; the storage of fuel (e.g., heating fuel tanks)
in natural gas serviced areas; and the handling and storage of road salt that may be exposed or potentlally
exposed to preC|p|tat|on or runoff - g ’
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4.4.5 Dereham Centre Drinking Water Issues

Health Related Parameters

Mlcroblologlcal results are conS|stentIy satisfactory and indicate no Issues. —Average
arsenic concentrations in raw water are naturally above the 10 ug/L MAC in Dereham
Center The MAC for arsenic was reduced from 25 ug/L to 10 ug/L in January 2018.

be#enmnngpwarelsln 2021 filters were mstalled at the system to remove arsenic from
the water. Following implementation of the new filters, arsenic in treated water does not
exceed the half MAC. In 2023, average annual raw and treated water arsenic results
from quarterly sampling were 11.58 ug/L and 3.68 ug/L, respectively. -Concentrations-of
arsenic-are-below the MAC-of0.025-mg/L-Based on 2010-2023 Annual Drinking Water
System Reports, no other health-related parameters were found to exceed their
applicable ODWQS MAC.

Aesthetic or Operationally Significant Parameters

In the previous Issues evaluation (County of Oxford, 2009b), no operational or aesthetic
parameters, w\#/ith the exception of hardness, iron and organic nitrogen, were found to
no-operationaloraesthetic parameters-exceed the associated ODWQS. Hardness,
which has an Operational Gguideline range from 80 to 100 mg/L, is typically exceeded
in groundwater systems. Prior to 2010, -tFhe Dereham Centre well’'s hardness
concentration wasis 235 mg/L;- tFhe iron concentration in the system wasis slightly
above the ODWQS Aesthetic Objective of 0.30 mg/L at 0.49 mg/L; and,- o©rganic
nitrogen concentrations wereare at the Aaesthetic Oebjective of 0.15 mg/L. Organic
nitrogen can be associated with unpleasant taste and high levels can reduce the
effectiveness of chlorine as a disinfectant.

Based on samples collected from 2010 to 2022, the average hardness concentration in
raw water at Well 2 is 241 mg/L. For this same period, iron concentrations in raw water
samples from Well 2 remain elevated, with an average concentration of 0.68 mg/L. In
June 2021, Dereham Center switched from the addition of sodium silicate for iron
sequestration to iron removal through a new filtration process. Following this treatment
update, samples for iron in treated water are generally less than the detection limit.
Organic nitrogen in raw water sampled from Well 2 has been much below the Aesthetic
Objective since 2010.

114.
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4.5 Oxford South: Norwich

The Norwich portion of the Oxford South water system (Map 4-8) is supplied by three
secure bedrock wells. Two wells (Wells 2 and 5) are located at the Public Utilities
Commission building in the centre of the town. The third well (Well 4) is located on the
east edge of the town, approximately 1.4 km east of Wells 2 and 5. Wells 2 and 5 are
approximately 34 and 40 mbgs, respectively. Well 4, constructed in 2003, was
completed at approximately 26 mbgs.

Groundwater is treated at two locations, the Pitcher Street and Main Street facilities.
The Pitcher Street facility treats groundwater from Wells 2 and 5 with filtration to remove
iron and disinfection with sodium hypochlorite. The Main Street facility treats Well 4 with
sodium hypochlorite for disinfection and sodium silicate to sequester iron.

The Oxford South water system, which the Norwich wells are a part of, is a Large

Municipal Water system as defined by Regulation 170/03:-the-serviced-population-of
Nerwich-is-approximately-3150. Norwich operated as an independent system until

November 2013, when a transmission main connecting the Norwich system to the
Otterville-Springford system was commissioned, forming the Oxford South Water
System

4.5.1 Norwich Wellhead Protection Areas and Vulnerability

The Norwich groundwater model developed by Golder (2001) covers an area of
approximately 135 km?, and is oriented in a northwest to southeast direction, parallel to
the direction of regional groundwater flow in the bedrock aquifer. The following provides
a summary of the Norwich Groundwater Flow Model based on hydrogeological
information available at the time of the Golder (2001) study.

Well 1 used in the original Golder (2001) model is no longer in use and has been
replaced by Well 5, which is situated at the same location as Well 1. The Wellhead
Protection Areas for Wells 2 and 5 were re-assessed by Golder in 2007 using the 2001
model and the original pumping rates. The modelling showed no change to the original
2001 Wellhead Protection Areas. A forecasted pumping rate of 912 m3/day was used to
model the Wellhead Protection Areas.

Stratigraphy

The Norwich Groundwater Model was constructed using a single layer of bedrock. The
limestone bedrock layer in the model contributing flow to the well was assumed to be 20
metres thick.

Groundwater Flow Boundaries

Groundwater flow in the bedrock at Norwich is inferred to occur in a southeasterly
direction and the Norwich Groundwater Model was therefore oriented in this direction.
To the northeast and southwest of the water supply wells the model boundaries follow
inferred groundwater flowlines, and were therefore assigned as "no flow" boundaries. It
is assumed that groundwater flow in the bedrock does not occur across these
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boundaries. To the northeast, the model boundary coincides with an inferred
groundwater contour in the bedrock and was assigned as a constant head boundary at
an elevation of 295 masl. Groundwater inflow to the model occurs across the northeast
boundary. To the southeast, the model boundary was also assigned a constant head
boundary at elevations ranging from 235.8 masl in the southwest to 255 masl in the
southeast. Groundwater flow occurs out of the model at the southeast boundary.

Groundwater/Surface Water Interaction

Otter Creek flows through the town of Norwich in a south/southeasterly direction. While
there is the potential for groundwater discharge from the bedrock to Otter Creek in this
area, the bedrock groundwater elevation contour map does not provide any clear
indication that this is occurring. It is assumed in the model that Otter Creek is not
directly connected to the bedrock aquifer and that leakage to/from the creek is
negligible.

Recharge

No recharge was applied to the bedrock aquifer in the Norwich Groundwater Model.
Hydraulic gradients are primarily horizontal to slightly upward over much of the model
area and local recharge rates are expected to be very low to negligible. The bedrock
aquifer is likely recharged to the northwest of Norwich in the area of the St. Thomas and
Ingersoll Moraine. This recharge is introduced into the Norwich Groundwater Model as
inflow across the northwest boundary.

Hydraulic Conductivity and Porosity

The transmissivity of the bedrock aquifer was estimated from the results of the
November 2000 pumping test at Norwich Well 2 (Lotowater Technical Memorandum,
December 7, 2000) to be 95 m?#day. Assuming an aquifer thickness of 10 m (the
estimated open interval of the water supply well); this corresponds to an aquifer
hydraulic conductivity of 1.1x10* m/s. The hydraulic conductivity in the Norwich
Groundwater Model was assigned at 1.3x10* m/s, with an effective porosity of 3%.

Other Water Takings

There were no significant private water takings from the bedrock aquifer identified in the
review of the MECPMOE PTTW Database for the Norwich area. It was thus assumed
that the Norwich water supply wells are the only water taking from the bedrock aquifer in
this area.

Calibration of the Norwich Groundwater Model involved the adjustment of the recharge
into the bedrock aquifer and the hydraulic conductivity of the bedrock until there was a
reasonable match between the simulated groundwater elevations and the recorded
groundwater elevations for Norwich area bedrock wells in the MECPMOE Well Record
Database. The hydraulic conductivity of the bedrock aquifer was estimated to be 1.3x10-
4 m/s, with no recharge applied to the bedrock. The average annual pumping rate in
1999 (729 m3/day) was used in the calibration process. Map 4-9 illustrates the Wellhead
Protection Areas for the Norwich area. A forecasted pumping rate of 912 m3/day was
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used to delineate the Wellhead Protection Areas, which both extend approximately 14
km to the northwest. The Wellhead Protection Area occurs as two lobes, one from the
wells located in the centre of the town and one from Well 4. The lobes merge and
overlap at a distance of approximately 4 km from the wells.

Vulnerability Scoring

The intrinsic vulnerability for the Wellhead Protection Areas for the municipal wells were
mapped using the SWAT method. Wellhead Protection Areas A, B, C and D are all
determined to have low intrinsic vulnerability.

The vulnerability scoring was extended to fill gaps within the WHPA using professional
judgment. The results show a vulnerability score of 6 in both lobes of WHPA-B. With the
exception of two areas where adjustments were made to account for potential transport
pathways, vulnerability scores are 2 in both Zones C and D of the WHPAs as presented
on Map 4-10.

An adjustment of low to medium was made within the village of Burgessville located in
the WHPA-D for Well 2 and Well 5 to account for transport pathways (clusters of septic
systems and private wells) located in this area.{see-Map-4-10). This resulted in an
increase vulnerability score from 2 to 4 in the Burgessville area in WHPA-D. Further,
adjustments were made along Highway 59 located in the WHPA for Well 4 due to the
high density of private wells and septic systems. This adjustment increased the
vulnerability from low to moderate. The resulting vulnerability scores for these areas
were increased from 2 to 4 in WHPA-D and from 2 to 6 for WHPA-C (Map 4-11).

Fhe-adjusted-vulnerability-for Norwich-ispresented-on-Map-4-13-—Although the sanitary

sewer system is indicated as a transport pathway within the WHPA surrounding Well 2
and 5, an increase in vulnerability was determined not to be necessary. The overburden
thickness is approximately 20 - 30 m in the Norwich area, with fine-grained (lower K)
sediments making up a significant portion of the overburden (Golder, 2001). It is unlikely
that the sewer system extends more than about 3 — 5 mbgs. As a result, the
vulnerability was not adjusted.

The adjustments resulted in an increase in the vulnerability scores within these portions
of the WHPA. The final vulnerability scores are presented on Map 4-12.

4.5.2 Managed Lands and Livestock Density in Norwich
The managed Iands and I|vestock denS|ty results weplefor Norvvlch waeeempleteel—m
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Table 4-7 Managed lands percentage in the Norwich Wellhead Protection Areas

Well WHPA-A WHPA-B WHPA-C WHPA-D
Wells 2 & 5 39% 54% N/A N/A
Well 4 76% 97% 86% N/A

Note: N/A indicates that the vulnerability score in this area is less than 4. Significant drinking water threats are
therefore not possible and this area has not been assessed.

Table 4-8 Livestock density (NU/acre) in the Norwich Wellhead Protection Areas

Well WHPA-A WHPA-B WHPA-C WHPA-D
Wells 2 & 5 0 0 N/A N/A
Well 4 76% 97% 86% N/A

Note: A value of 0 was assigned where no agricultural livestock barns were present to contribute nutrients. N/A
indicates that the vulnerability score in this area is 4 or less. Significant drinking water threats are therefore not
possible and this area has not been assessed.

4.5.3 Impervious Surfaces in Norwich

For-Nerwich-limpervious surfaces results for Norwich-were-mapped-inWHPA-A;
WHPA-B-and-in-enly-a-pertion-of WHPA-C.Theresulis are presented in Map 4-15.

show-thatd Due to the low percent impervious surfaces, the application of road salt
cannotweuld-net be a significant threat.
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Map 4-9: Norwich Wellhead Protection Areas
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Map 4-10: Norwich Wellhead Protection Area Initial Vulnerability
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Map 4-11: Norwich Wellhead Protection Area Transport Pathways Area of Influence
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Map 4-12: Norwich Wellhead Protection Area Adjusted Vulnerability
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Map 4-13: Percent Managed Lands within the Norwich Wellhead Protection Area
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Map 4-14: Livestock Density within the Norwich Wellhead Protection Area
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Map 4-15:

Percent Impervious Surfaces within the Norwich Wellhead Protection Area
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4.5.4 Norwich Threats Assessment

Prescribed drinking water threats listed in Section 1.1 of O. Reg. 287/07 include
Chemical, Dense Non-Aqueous Phase Liquid (DNAPL), and Pathogen threats. Chapter
3, Water Quality Risk Assessment, provides a summary of the types of threats and their
significance, based on vulnerable area and vulnerability score (as shown in the maps in
this chapter).

BNAPLs WHPA-D 2

Pathogens wWHPA-ASE T s
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Under the preliminary threats assessment, a desk-top land use inventory was
developed to determine the types of land use activity information and therefore, the
threats and circumstances associated with these land uses. In most cases, professional
judgment and assumptions were made when determining the presence of significant
threats for each property. Consultation with property owners to verify the existence of

circumstances that constitute a significant threat is ongoing. currenthy-being-conducted-

N-the aWa l_.-.t N 1anifi N a 1 AP A A a¥a RVAY = D A a )

5andwetL4—A list of aII S|gn|f|cant threat types |dent|f|ed in the Norwich WeIIhead
Protection Areas-as-eof September 2017 and the number of times each threat occurs is
presented on Table 4-9Table 4-11.

Table 4-94-10: Significant Drinking Water Quality Threats in the Norwich Wellhead
Protection Areas (current to February 2024)
Number of | Vulnerable
1
[RIEULE S e Activities Area
2.2 Onsite sewage works 1 WHPA-A
3.1 Application of agricultural source material (ASM) to land 2 WHPA-A
13.1 Handling and storage of road salt — exposed to precipitation or runoff 13 WHPA-A
13.2 Handling and storage of road salt — potentially exposed to precipitation 13 WHPA-A
or runoff
14.1 Storage of snow on a site 10 WHPA-A
Total Number of Activities 39
Total Number of Properties 15

"Threats enumerated according to the 2021 Technical Rules (MECP, 2021)

Note: Certain types of incidental activities on residential properties may constitute significant drinking water threats but
are not enumerated. These threats include the application of commercial fertilizer and pesticides; the handling
and storage of organic solvents and dense non-aqueous phase liquids; the storage of fuel (e.g., heating fuel tanks)
in natural gas serviced areas; and the handllng and storage of road salt that may be exposed or potentlally
exposed to preC|p|tat|on or runoff C , v
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Protection-Areas
Numberof | Vulnerable
PDWT #* Threat-Subcategory? Activitios Area
W Dj Si - ‘ I bed i
3 clauses-{p)—{ag-tH-{ts)-tH-or-t)-of-the-definition-of 3 WHPA-A
hazardous-waste
96> S Hafy 4 WHPA-A

Systems + PAA
3 Application-Of Agricultural Source Materia {ASM) To-Land 2 WHPA-A
10 Application-Of Pesticide To-Land 2 WHPA-A
11 Handling-and-Storage-Of A-Pesticide 1 WHPA-A
15 Handling-and-Storage-Of Fuel 4 WHPA-A

Handling-and-Storage-Of- A-Dense-Non-Agueocus-Phase WHPA-A
16 Liquid (DNAP! 5 WHPA_C
17 i ' + WHPAA
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4.5.5 Norwich Drinking Water Issues

Issues Evaluation Results

Health Related Parameters

No health-related parameters were found to exceed their ODWQS MAC. Microbiological
results at Well 4 are consistently satisfactory. From 2010 to mid-2024, tThere have
been occasional low counts of total coliforms and-E-celi-in the raw water at Wells 2 and
5. There does not appear to be a regular trend to the results and does not indicate a
concern.

Aesthetic or Operationally Significant Parameters

The Norwich wells have several operational or aesthetic parameters that exceed the
ODWQS, as that-are-detailed below.

Hardness which has a guideline range from 80 to 100 mg/L is typically exceeded in
groundwater systems. Prior to 2010, tFhe Norwich’s well’s’ hardness concentrations-are
typically ranged from 305 to 320 mg/L. Based on raw water samples from 2010 to 2022,
hardness in Wells 2, 4, and 5 ranged from 231 to 342 mg/L. This parameter is naturally
occurring in the groundwater and does not pose a health risk, nor does it impact the
treatment process.

The raw water from the Norwich wells exceeds the objective of 0.3 mg/L for iron. Prior
to 2010, rRaw water iron concentrations are approximately 0.6 mg/L. Based on raw
water samples from 2010 to mid-2024, iron in Wells 2, 4, and 5 average 0.73 mg/L. Iron
is an aesthetic parameter and does not interfere with the treatment process. -Ne

. . Lis evident

Prior to 2010, sSodium concentrations wereare on occasionatly marginally above the
Medical Officer of Health reporting level of 20 mg/L (but well below the Aesthetic
Objective of 200 mg/L). Based on raw water samples from 2010 to 2022, sodium
concentrations are below 20 mg/L in Well 4 but above 20 mg/L in Wells 2 and 5
(ranging from 22.5 to 33.2 mg/L). Fheresultsare-well below-the-objective-of 200-mgf-
Chloride concentrations are guite-low suggesting that the sodium ismay not be caused
by road salt application but is naturally occurring. Continued data collection is necessary

to assess potential trends in the data. Ne-increasing-trend-isevident-inthe resulis-

The Aaesthetic Oebjective for colour is 5 “True Colour Units” (TCU). Concentrations are
generally below this objective with one result before 2010 that was marginally above
and another result marginally above in raw water sampled from Well 2 in 2022. There is
no evidence of an upwards trending and the parameter does not impact the treatment
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process. thosnoclosead o e oo o o cocnen e copane o o0 o codep o

1ssue-

Organic nitrogen concentrations at Well 5 wereare above the Aaesthetic Oebjective of
0.15 mg/L prior to 2010, with average concentrations of 0.23 mg/L. Raw water samples
from Wells 2, 4, and 5 indicate occasional exceedances (observed in 2010 and 2016),
but sampling results in 2019 and 2022 were generally less than the detection limit.
Organic nitrogen can be associated with unpleasant taste and high levels can reduce
the effectiveness of chlorine as a disinfectant. There is no history of objectionable taste
that is sometimes associated with organic nitrogen.

Summary of Identified Issues

No drinking water Issues have been identified under Technical Rule 114.

4.6 Oxford South: Otterville — Springford Wells

The Otterville — Springford portion of the Oxford South Drinking Water System provides
water from four secure groundwater wells.

The water is treated in both Otterville and Springford with sodium hypochlorite for
disinfection. The Oxford South water system, which the Otterville and Springford wells
are a part of, is a Large Municipal Water system as defined by Regulation 170/03:-the

Otterville and Springford were formerly two separate drinking water systems; in 2004 a
3.3 km long transmission main was constructed to connect these two communities into
one system. In 2013, another transmission main connecting the Norwich system to the
Otterville-Springford system was commissioned, forming the Oxford South Water
System.

Within Otterville, as shown on Map 4-16 the two overburden production wells (Wells 3, 4)
are located east of the village on the north side of Otterville Road. The Otterville wells are
completed in a regionally extensive overburden aquifer, comprised of fine to coarse-
grained sand and gravel. In the Otterville area, this aquifer extends to ground surface,
creating a shallow unconfined aquifer. Most wells in the area are completed in this shallow
aquifer. To the east and southeast, these sands pinch out as the Port Stanley Drift
thickens and forms the core of the Tillsonburg Moraine. The Otterville municipal wells are
completed with screen depth settings at approximately 13 m bgs.
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The two overburden production wells near Springford (Wells 4, 5) are located in the
northwest part of the village and are completed in the intermediate aquifer at a depth of
20 to 25 mbgs, respectively. These production wells were added to the water supply
system as shown on Map 4-23 in about 2004 as a replacement for the original supply
wells (Wells 1, 2, 3) that were located on the east side of the village.

4.6.1 Otterville Wellhead Protection Areas

The Otterville Wellfield WHPAs were delineated using the Long Point Region Tier 3
groundwater flow model. This regional-scale model was originally developed as a part
of the Long Point Region Tier 3 Water Budget Study (Matrix, 2015). To ensure the Tier
3 model was suitable to predict capture zones for the Otterville municipal wells, the
Otterville area within the model was locally refined and calibrated. Details on how the
model was updated are found in the Wellhead Protection Area Delineation report for the
Otterville wellfield -(Matrix, 2019). This process entailed local refinements to zones of
hydraulic conductivity in different hydrostratigraphic units and zones of recharge to
achieve a match between observed and simulated water levels.

The total pumping rate assigned to the Otterville municipal wells for the WHPA
delineation was 360 m3/day. This rate represents an approximate 16.5% increase over
recent average pumping rates from 2012 to 2016. This increase in total municipal
demand is consistent with planned growth for Otterville. The pumping rate of 360
m3/day used for the capture zone delineation was split equally between the two
Otterville municipal wells to provide consistency with the actual proportion of takings
between the two wells from 2012 and 2016.

Capture zones were delineated by releasing virtual particles in the groundwater flow
model which were tracked forward or backward in time through the subsurface for
various time intervals. Particle tracking was completed for the locally refined and
calibrated Tier 3 model (Base Case scenario) and a set of sensitivity scenarios.
Sensitivity scenarios were designed to assess the impact of parameter uncertainty on
the delineated capture zones. Composite capture zones were delineated from all of the
particle pathlines from both the Base Case and sensitivity scenarios.

Four WHPAs were delineated for the two Otterville wells. WHPA-A was delineated as a
100 m fixed radius zone around each of the wells, independent of the time-of-travel
capture zone. WHPA-B was delineated as the area outside the WHPA-A, within which
the time-of-travel to the well is less than or equal to 2 years. WHPA-C was delineated
as the area outside WHPA-B, within which the time-of-travel to the well is greater than 2
years, but less than or equal to 5 years. Lastly, WHPA-D was delineated as the area
outside WHPA-C, within which the time-of-travel to the well is greater than 5 years, but
less than or equal to 25 years.

4.6.2 Springford Wellhead Protection Areas

The groundwater model covers an area of approximately 11 km?, and is oriented in a
northwest to southeast direction, parallel to the direction of regional groundwater flow in
the overburden aquifer. The following provides a summary of the Springford
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Groundwater Flow Model based on hydrogeological information available at the time of
the Golder (2001) study.

The municipal wells in the original Golder (2001) model (Wells 1, 2 and 3) are no longer
in use and were replaced in 2004 by 2 overburden wells (Wells 4 and 5). These newer
production wells are located in the northwest part of the village. The original supply
wells were interpreted to be part of the intermediate aquifer. The depth of the screens at
Wells 4 and 5 are between 20 to 25 mbgs, indicating that they are also completed in the
intermediate aquifer. The forecast pumping rate used for the Wellhead Protection Area
delineation in the Phase || Groundwater Protection Study was 69 m3/day.

Stratigraphy

The intermediate aquifer is the principal overburden aquifer in the Springford area. It is
reported to occur over a depth range of 18 to 26 mbgs in the area of the Springford
wells (Burnside, 1999). The shallow aquifer is present although it is generally limited to
the southwest area of the village. The Springford wells are screened in the intermediate
aquifer and overlain by varied sediments which may serve to semi-confine the municipal
aquifer. Approximately one km to the north of Springford, the Port Stanley Till
predominates the surficial sediments. The bedrock surface is at a depth of about 30 to
35 mbgs.

Based on the above, the Springford Groundwater Model was constructed using three
overburden layers; an upper overburden layer primarily represented by till; a second
overburden layer that was varied spatially within the model area based on the
distribution of the Shallow Aquifer and Port Stanley Till; and a 10 m thick intermediate
aquifer layer. The base of the model was assumed to be defined by the base of the
intermediate aquifer.

Groundwater Flow Boundaries

Groundwater flow in the intermediate aquifer at Springford is inferred to occur in a
southeasterly direction and the Springford Groundwater Model was therefore oriented in
this direction. To the northwest and southeast of Springford the model boundaries follow
inferred groundwater contours and were assigned as constant head boundary
conditions. To the northwest, a constant head boundary elevation of 260 masl was
assigned. Groundwater will flow into the model across this boundary. To the southeast,
a constant head boundary ranging in elevation from 235 masl to 250 masl was
assigned. Groundwater will flow out from the model across this boundary. To the east
and west of Springford the model boundaries follow inferred groundwater flowlines; and
were therefore assigned as "no flow" boundaries. It is assumed that groundwater flow in
the intermediate aquifer does not occur across these boundaries.

Groundwater/Surface Water Interaction

The shallow aquifer (where present) is inferred to discharge to Spittler Creek to the
east/northeast of Springford as well as to the creek (Plumb Creek) that runs west to
east to the south of Springford. These creeks are not deeply incised and are therefore
not considered to be directly connected to the intermediate aquifer. However,
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groundwater discharge from the intermediate aquifer may discharge to these surface
drainage features via the shallow aquifer. In the Springford Groundwater Model, these
surface drainage features were assumed to be directly connected to the overburden
aquifers (where present) and the surface water elevation in the drainage system (from
the DEM) was assumed to be similar to the overburden groundwater elevation beneath
the creek (i.e., the upper layer of overburden in the model).

Recharge

Three separate recharge zones were established for the model to reflect the variability
in overburden sediments that overlie the intermediate aquifer around Springford:: a
recharge rate of 150 mm/yr was assigned where the shallow aquifer is present; a
recharge rate of 50 mm/yr was assigned where there are surficial sands and gravels
present; and a recharge rate of 20 mm/yr was assigned where the intermediate aquifer
is overlain by Port Stanley Till. These values were established through the model
calibration process.

Hydraulic Conductivity and Porosity

The transmissivity of the intermediate aquifer at Springford was estimated to be on the
order of 30 m?#/day based on an eight-hour pumping test completed in December 2000
(Lotowater, 2000b). Assuming an aquifer thickness of about 5 to 10 m, this corresponds
to an aquifer hydraulic conductivity on the order of 4.4x10-° to 6.9x10-°> m/s. Following
model calibration, the hydraulic conductivity of the intermediate aquifer in the Springford
Groundwater Model was assigned at 1x10-* m/s, with an effective porosity of 25%. The
hydraulic conductivity for the Port Stanley Till was assigned at 1x10-" m/s.

Other Water Takings

Approximately 160 m to the north (upgradient) of the Springford water supply there is a
private water taking permit (95-P-1051) with a permitted groundwater extraction rate of
37.7 m3/day from the intermediate aquifer. A well at this location was included in the
groundwater model, with an average annual pumping rate of 37.7 m3/day. There was no
other private water taking wells located in the intermediate aquifer in the Springford area
identified in the MECPMOE PTTW Database.

Calibration of the Springford Groundwater Model involved the adjustment of the
recharge rates and hydraulic conductivity of the intermediate aquifer, until there was a
reasonable match between the simulated groundwater elevations and the recorded
groundwater elevations for Springford area overburden wells in the MECPMOE Well
Record Database. As defined above, the hydraulic conductivity of the intermediate
aquifer was estimated to be 1x10 m/s, with recharge rates ranging from 20 mm/yr (Port
Stanley Till) to 150 mm/yr (shallow aquifer). The average annual pumping rate in 1999
(of 69 m3*/day) was used in the calibration process.
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4.6.3 Otterville-Springford Vulnerability, Transport Pathways and Vulnerability
Adjustment

Map 4-17 and Map 4-24 illustrate the Wellhead Protection Areas for the Otterville and
Springford wells. The WHPAs for the Otterville wells extend approximately 2.5 km east
of the well site. Land use is primarily rural agricultural. The Wellhead Protection Areas
for the Springford wells extend to the northwest for a distance of approximately 850 m.
Land use in the WHPAs is primarily rural-agricultural. The forecast pumping rate used
for the Springford Wellhead Protection Area delineation in the Phase Il Groundwater
Protection Study was 69 m3/day.

Vulnerability Scoring

The vulnerability for the Otterville-Springford WHPAs was mapped using the AVI
method as a part of the Golder (2001) study. The Otterville WHPAs are all mapped as
highly vulnerable as the municipal aquifer is shallow and unconfined. The vulnerability
of the Springfield WHPAs is low since the municipal aquifer has been mapped as being
a part of an intermediate, confined system. Intrinsic vulnerability is shown in maps

Map 4-18 and Map 4-25.

The vulnerability mapping within Oxford County was completed using the AVI method
(ARL Groundwater Resources Ltd., 2010; Golder, 2001) with score thresholds of <30,
30-80, and >80 to identify areas of high, medium and low vulnerability respectively.

The assessment of transport pathways forin Springford’s Wellhead-Protection-Areas
resulted-in-found only a limited number of private wells located within the Wellhead
Protection Areas and- nNo adjustments were made to the vulnerability as a result-ef-the
assessment. A transport pathway assessment was not completed for the Otterville
WHPAs as the intrinsic vulnerability is high; therefore, transport pathways cannot
increase the vulnerability score.

Final vulnerability scoring is shown on Map 4-19 and Map 4-26. In Springford,
vulnerability scores, which reflect the low vulnerability of the aquifer, range from 10 in
WHPA-A, to 6 in WHPA-B, 4 in WHPA-C and 2 in WHPA-D. In Otterville, where aquifer
vulnerability is high, vulnerability scores range from 10 in WHPA-A and -B, to 8 in
WHPA-C, and 6 in WHPA-D. There are no anticipated changes between the current
vulnerability scoring and the revised scoring for both Otterville and Springford using an
AVI threshold of >30 for areas of high vulnerability.

4.6.4 Managed Lands and Livestock Density for Otterville-Springford

4-42—pFesen%sJeheThe results of the percent managed Iands calculatlons for OtterV|IIe

and Springford are shown in -showing-that the zones-fallinto-eitherthe-moderate-or
high-percent-managed-tands-category{Table 4-12, Map 4-20 and Map 4-27,. Livestock
density is shown ilustrated-in Table 4-13, Map 4-21 and Map 4-28-for Otterville-and

Springford.
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Table 4-10 Managed lands percentage in the Otterville and Springford Wellhead

Protection Area

Location Well WHPA-A WHPA-B WHPA-C WHPA-D
Otterville Wells 3 & 4 78% 70% 75% 87%
Springford Well 4 68% 86% A% -97%
Springford Well 5 77% 97% N/A N/A

Note: N/A indicates that the vulnerability score in this area is 4 or less, therefore significant drinking water threats are

not possible and this area has not been assessed.

Table 4-11 Livestock density (NU/acre) in the Otterville and Springford Wellhead

Protection Area

Location Well WHPA-A WHPA-B WHPA-C WHPA-D
Otterville Wells 3 & 4 0 0 0 0.493
Springford Well 4 0.3 0.2 N/AO N/AO
Springford Well 5 0 0 N/A N/A

Note: A value of 0 was assigned where no agricultural livestock barns are present to contribute nutrients. N/A
indicates that the vulnerability score in this area is 4 or less, therefore significant drinking water threats are not
possible and this area has not been assessed.

4.6.5 Percent Impervious Surface Area in Wellhead Protection Areas in Otterville-
Springford

th%eaiare shown in (Map 4-22 and Map 4 29) Due to the Iow percent |mperV|ous
surfaces, the application of road salt cannot be a significant threat.

Table4-13: 1| ious Surface P aae for Otterville/Sorinaford

Well Impervious Surface (%)
Otterville Wells 3 &4 0% to2.6%
Springford Wells 4 &5 2%
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Map 4-16: Serviced Areas for Oxford South (Otterville)
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Map 4-17: Otterville Wellhead Protection Area
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Map 4-18: Otterville Intrinsic Vulnerability
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Map 4-19: Otterville Wellhead Protection Area Vulnerability
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Map 4-20: Percent Managed Lands within the Otterville Wellhead Protection Area
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Map 4-21: Livestock Density within the Otterville Wellhead Protection Area

~— Roads

~~—— Streams

L& RON®
WHPA - Nutrient Units per Acre W<¢>E M
25 Lake/Reservoir <05

S
e Municipal Well [ 05-10

-0 0

Livestock Density (ASM)

Map created: 1-May-2019

=]

N IN0S°

WLE ROAD

Ottk\erville

\
“‘ \

SN | \ ¢ st

TOWNSHIP OF NORWICH

X
\

NEW ROAD

October 30, 2025

Oxford County — Chapter 4-60



Long Point Region Source Protection Area

Assessment Report
Map 4-22: Percent Impervious Surfaces within the Otterville Wellhead Protection Area
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Map 4-23: Serviced Areas for Oxford South (Springford)
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Map 4-24: Springford Wellhead Protection Area
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Map 4-25: Springford Intrinsic Vulnerability
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Map 4-26: Springford Wellhead Protection Area Vulnerability
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Map 4-27: Percent Managed Lands within the Springford Wellhead Protection Area
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Map 4-28: Livestock Density within the Springford Wellhead Protection Area
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Map 4-29: Percent Impervious Surfaces within the Springford Wellhead Protection
Area
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Prescribed drinking water threats listed in Section 1.1 of O. Reg. 287/07 include
Chemical, Dense Non-Aqueous Phase Liquid (DNAPL), and Pathogen threats. Chapter
3, Water Quality Risk Assessment, provides a summary of the types of threats and their
significance, based on vulnerable area and vulnerability score (as shown in the maps in
this chapter).
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Signifiea | Mederat | Low
Wellhead -

. Vulnerabili | nt e Threats

ARSI Zf:eﬂen brSeore Harests | Fhreats | =40-te
80+ 60-to <80 | <60
Chemicals WHPA-A R - Yes Yes
Chemicals WHPA-B 8 No Yes Yes
Chemicals WHPA-C 4 No No No
Chemicals WHPA-D 2 No Neo Neo
DNAPRLs WHPA-A, B & | Any-Score | Yes No No
DNAPRLs WHPA-D 2 No No No
Pathogens WHPA-A - Yes Ne
Pathogens WHPA-B 8 Neo No Yes
Pathogens WHPA-C & D | Any Score | No No No

Drinkina W oy

Under the preliminary threats assessment, a desktop land use inventory was used to
determine the types of land use activity information and therefore, the threats and
circumstances associated with these land uses. In most cases, professional judgment
and assumptions were made when determining the presence of significant threats for
each property. Consultation with property owners to verify the existence of

circumstances that constitute a significant threat is ongoing.-currenthy-being-conducted:

Otterville Drinking Water Threats

L\
the—tGA—A Ilst of all S|gn|f|cant threat types |dent|f|ed in the OtterV|IIe WeIIhead
Protection Area as-of March-2049-and the number of times each threat occurs can be
seen in Table 4-12Table 4-15.

Table 4-124-42: Significant Drinking Water Quality Threats in the Otterville Wellhead
Protection Areas (current to February 2024)
Number of | Vulnerable
1
Ll SR S Activities Area

WHPA-A

2.2 Onsite sewage works 22 WHPA-B
WHPA-ICA

WHPA-A

3.1 Application of agricultural source material (ASM) to land 18 WHPA-B
WHPA-ICA

WHPA-A

4.1 Storage of agricultural source material (ASM) 9 WHPA-B
WHPA-ICA
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Number of | Vulnerable
1
U liet S e Activities Area
WHPA-A
8.1 Application of commercial fertilizer to land 18 WHPA-B
WHPA-ICA
WHPA-A
9.1 Handling and storage of commercial fertilizer 9 WHPA-B
WHPA-ICA
10.1 Application of pesticide to land 4 wngﬁ:g
11.1 Handling and storage of a pesticide 2 wngﬁ:g
13.1 Handling and storage of road salt — exposed to precipitation or runoff 2 \\;Vv:EQ:Q
13.2 Handling and storage of road salt — potentially exposed to precipitation > WHPA-A
or runoff WHPA-B
14.1 Storage of snow on a site 1 w:gﬁg
15.1 Handling and storage of fuel 2 wngﬁ:g
17.1 Handling and storage of an organic solvent 1 \\;VVHEQII;
21.1 Agricultural source material (ASM) generation — livestock grazing or iy
) 3 WHPA-B
ESUITE WHPA-ICA
Total Number of Activities 93
Total Number of Properties 26

"Threats enumerated according to the 2021 Technical Rules (MECP, 2021)

Note: Certain types of incidental activities on residential properties may constitute significant drinking water threats but
are not enumerated. These threats include the application of commercial fertilizer and pesticides; the handling
and storage of organic solvents and dense non-aqueous phase liquids; the storage of fuel (e.g., heating fuel tanks)
in natural gas serviced areas; and the handling and storage of road salt that may be exposed or potentlally
exposed to preC|p|tat|on or runoff S g v
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Springford-Land-Use-lnventory-and Drinking Water Threats

Ir-the-case-of Springford;significant-threats-oceurin- WHPA-A-A list of all significant
threat types identified in the Springford Wellhead Protection Area-as-of September 2047

and the number of times each threat occurs can be seen in Table 4-13Table 4-16.

Table 4-134-13: Significant Drinking Water Quality Threats in the Springford
Wellhead Protection Areas (current to January 2024)
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Number of | Vulnerable

1

VLS ST BEl 2 (5] Activities Area

2.2 Onsite sewage works 5 WHPA-A

3.1 Application of agricultural source material (ASM) to land 1 WHPA-A

13.1 Handling and storage of road salt — exposed to precipitation or runoff 3 WHPA-A

13.2 Handling and storage of road salt — potentially exposed to precipitation 3 WHPA-A
or runoff

14.1 Storage of snow on a site 2 WHPA-A

211 Agricu_ltural source material (ASM) generation — livestock grazing or 1 WHPA-A
pasturing

Total Number of Activities 15

Total Number of Properties

"Threats enumerated according to the 2021 Technical Rules (MECP, 2021)

Note: Certain types of incidental activities on residential properties may constitute significant drinking water threats but
are not enumerated. These threats include the application of commercial fertilizer and pesticides; the handling
and storage of organic solvents and dense non-aqueous phase liquids; the storage of fuel (e.g., heating fuel tanks)
in natural gas serviced areas; and the handllng and storage of road salt that may be exposed or potentlally
exposed to prempltatlon or runoff = y
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4.6.7 Otterville Issues Evaluation Results

Ontario regulation 170/03 requires regular testing of microbiological and chemical

parameters, with increased testing frequency for certain parameters depending on the
results of regular analysis. The County takes regular samples of both the effluent from
the Otterville Water Treatment Facility (WTF) and raw water in Otterville Wells 3 and 4.

Microbiological Parameters

Summaries of weekly samples analyzed for Escherichia coli (E. coli) and total coliforms
were available from 2009 to 2014 and weekly sample data was available from 2016 to
mid-20242018. Microbiological results are typically good however occasional low level
positive results for Total Coliforms have been found when one of the wells is operated in
standby mode. In 2007, there was a six-month period where Total Coliforms counts
were higher than usual and there were occasional low level E. coli positive results as
well. Following rehabilitation of the well in January 2008, the levels returned to normal.
Between 2016 and mid-20242018, there were no detections of E. coli in either well and
occasionalenly-ene detections of total coliforms in both Otterville Well 3 and Well 4.

Due to the infrequency of detections, no microbiological parameters were identified as
Issues. Additionally, the current treatment (disinfection by sodium hypochlorite) at the
Otterville WTF is considered sufficient for this level of microbiological contamination.

Health Related Chemical Parameters

In the previous Issues evaluation (County of Oxford, 2009b), no health-related
parameters were identified as Issues. However, a review of 2010-2018new analytical
data (2010-2018)revealed that quarterly analytical nitrate results from effluent at the
Otterville WTF began to exceed 5 mg/L (50% of the MAC for nitrate) in 2012. Since
2012, concentrations of nitrate in the treated effluent have consistently remained above
5 mg/L, but below 10 mg/L (the MAC for nitrate). Regular sampling of nitrate the-in the
raw water from Otterville Wells 3 and 4 began in late 2016. With some limited
exceptions at Otterville Well 3, analytical results from these samples have consistently
shown concentrations of nitrate between 5 and 10 mg/L. Analysis of four consecutive
weekly samples of raw water from Otterville Well 4 in 2017 showed concentrations of
nitrate exceeding the MAC. Raw water samples from 2018 to mid 2024 (see Figure 1)
continue to show largely consistent nitrate concentrations in Otterville Well 3 and Well 4
between 5 and 10 mg/L. MAC exceedances were observed in raw water sampled from
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Well 4 in 2024 and concentrations are approaching the MAC in treated water. Due to
these results nitrate is identified as an Issue at the Otterville Wellfield. No other health-
related chemical parameters were found to exceed 50% of their respective ODWQS
MAC.

A Otterville WTF - Treated @ Otterville Well 3 - Raw = Otterville Well 4 - Raw
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Figure 4-1:  Nitrate (as N) concentrations at Otterville.

Aesthetic or Operationally Significant Parameters

The Otterville wells have several operational or aesthetic parameters that exceed the
associated objectives or guidelines as detailed below.

Hardness, which has a guideline range from 80 to 100 mg/L is typically exceeded in
groundwater systems.

between-277-and-304-mg/—Previous to 2010, hardness concentrations ranged from
247 to 366 mg/L. In raw water samples taken between 2010 and 2016, The Ottervilie’s
hardness-concentrations{2010-t0-2016}-areresults showed hardness between 277 and
304 mg/L. Raw water sample results from 2019 and 2022 continue to indicate elevated
hardness values in Well 3 and Well 4 (ranging between 291 and 340 mg/L). This
parameter is naturally occurring in the groundwater and does not pose a health risk, nor
does it impact the treatment process.

water-from-Otterville- Wells 3-and-4-rangingfrom-24+-1t0-31-0-mg/—Previous to 2010,
sodium ins raw water ranged from 28 to 44 mg/L. Between 2010 and 2016, analytical
results showed concentrations of sodium in the raw water from Otterville Wells 3 and 4
ranging from 21.1 to 31.0 mg/L. Raw water sample results from 2019 and 2022 indicate
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similar sodium concentrations in Well 3 and Well 4 (ranging from 25.1 to 39.5 mg/L).
While these concentrations are well below the Aaesthetic Oebjective for sodium (200
mg/L), they are above the recommended-thresheld-foerrepeorting(MOE-2006b}Medical
Officer of Health reporting threshold of 20 mg/L. Chloride concentrations were also
reported well below their respective Aaesthetic Oebjective. Low concentrations of these
parameters suggest that the parameters are naturally occurring in groundwater and not
related to road salting. No trend was observed in the available data resulis-between
2010 and 202216.

Weu—3+2946+and—h¥+ee—m—©¥teﬁm+eANel+4—é2949—2944%—PreV|ous to 2010 organlc

nitrogen concentrations were 0.29 mg/L. Between 2010 and 2016, analytical results
showed concentrations of organic nitrogen in the raw water from Otterville Wells 3 and 4
ranging from below the method detection limit (MDL) to 0.83 mg/L. Analytical results
from the three sampling events (2010, 2014, and 2016) showed concentrations
exceeding the Oeperational Gguideline once in Otterville Well 3 (2016) and twice in
Otterville Well 4 (2010, 2014). Subsequent raw water sampling events in 2019 and 2022
showed low concentrations in Well 3 and Well 4 that were below or near the MDL.
Organic nitrogen can be associated with unpleasant taste and high levels can reduce
the effectiveness of chlorine as a disinfectant. There is no history of objectionable taste
that is sometimes associated with organic nitrogen.

4.6.8 Springford Issues Evaluation Results

Health Related Parameters

Mlcroblologlcal results are typlcally good however occaS|onaI low Ievel posmve results
for Total Coliforms have been found in raw water when one of the wells is operated in
standby mode.

Naturally occurring fluoride concentrations are present in the Springford wells above the
MAC of 1.5 mg/L. Water that contains fluoride in the range of 1.5 - 2.4 mg/L is
considered acceptable for consumption but must be reported to the Medical Officer of
Health. Prior to 2010, fEluoride concentrations are-were typically 1.65 mg/L. Treated
water samples from 2017 and 2022 average 1.62 mg/L. -which-is-abeve-halfof-the MAC
of 2.4 mg/L. The fluoride is naturally occurring in the groundwater, Tthere is no evidence

of an upwards trendirg and its presence does not impact the treatment process.

Aesthetic or Operationally Significant Parameters

The Springford wells have several operational or aesthetic parameters that exceed the
associated objectives or guidelines.

October 30, 2025 Oxford County — Chapter 4-77



Long Point Region Source Protection Area Assessment Report

Previous to 2010, sSodium concentrations at the well-field ranged from 44 to 47 mg/L
which is above the Medical Officer of Health reporting level of 20 mg/L but well below
the Aesthetic Osbjective of 200 mg/L. Raw water samples from Well 4 and Well 5 in
2019 and 2022 similarly ranged from 41.2 to 50.7 mg/L. Chloride concentrations are
quite low suggesting that the sodium is not caused by road salt application but rather is
naturally occurring. No increasing trend is evident in the results.

The Aaesthetic Oebjective for colour is 5 TCU. Prior to 2010, tFhe source hads a value
of 8 TCU. Limited data available in 2010 and 2022 indicate results below the Aesthetic
Objective. There is insufficient evidence to comment on any trending. The parameter
does not impact the treatment process.

4.6.9 Summary of Identified Issues
As a result of elevated nitrate concentrations in Otterville Wells 3 and 4, nitrate has
been identified as an Issue under Technical Rule 114.

No drinking water Issues have been identified under Technical Rule 114 at the
Springford Wellfield.

Issue Contributing Area (WHPA-ICA) for Otterville Wells 3 and 4

With the identification of nitrate as an Issue for Otterville Wells 3 and 4, an WHPA-ICA
was delineated for these wells. The area was delineated using the refined Long Point
Tier 3 model, the same as that was-doneused for-the WHPA delineation with the
exception;-except that existing (i.e., average of 2012 to 2016 rates) pumping rates were
used to assess the nitrate WHPA-ICA. The total existing demands (i.e.,310 m3/day)
were modeled as a 50/50 split (i.e., 155 m3/day each) between the two municipal wells,
which is consistent with the relative proportion of takings between 2012 and 2016.

Composite capture zones were delineated for Wells 3 and 4 using a 100 m buffer
surrounding the municipal wells, and time-of-travel capture zones using backward and
forward particle pathlines simulated using the Base Case model and sensitivity
scenarios. This included 2-, 5-, 10-, 25-, and 60-year time-of-travel zones. This
maximum time-of-travel was consistent with the estimate that significant nitrate
application from fertilizer began approximately 60 years ago. The shape and extent of
the nitrate WHPA-ICA is slightly different than the WHPA-A to WHPA-D area as the
WHPA-ICA reflects the Otterville wells pumping at current average rates rather than
future rates. Further, the WHPA-ICA reflects groundwater flow within a maximum of 60
years rather than 25 years, which was used for WHPA-D delineation.

The nitrate lssue-Contributing-AreaWHPA-ICA for Otterville Wells 3 and 4 is illustrated
on Map 4-30.
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Chapter 3, Water Quality Risk Assessment, lists all prescribed threat activities that are
associated with nitrogen and that would be identified as a significant drinking water
threat if they exist within the WHPA-ICA.

4.6.10 Otterville Uncertainty Assessment

Uncertainty in the delineation of the WHPAs was addressed through the simulation of
multiple scenarios. The scenarios for WHPA delineation produced similarly shaped
capture zones, which were all encompassed in the final WHPA delineation. Additionally,
the reliability of the delineated WHPAs is supported by the reasonability of the
calibrated model. The groundwater flow model is calibrated using model parameters
that reflect hydraulic field tests and have values that are within expected ranges for the
various hydrogeological units. This results in a low uncertainty for the capture zone
delineation. The vulnerability category is high throughout the Study Area, and this
designation has low uncertainty due to the shallow, coarse soils and a high water table.
Therefore, the uncertainty with respect to the vulnerability score is also considered low.
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4.7 Tillsonburg Water Supply

There are 910 active production wells supplying the Tillsonburg water system
{Map-4-31), one inactive well (Well 6A) and one* planned well (Wwell 3) (Map 4-31).
The southeast group of wells includes Well 1A, 2, 9, 10, 11 and 12. The north group of
wells includes Well 3, 4, 5, 6A and 7A. Note that Well 7 was replaced by nearby Well 7A
in 2009, in the same aquifer and at a similar depth. As described below, some data,
analysis and discussion were based on Well 7.

The Tillsonburg Drinking Water System is a Large Mun|C|paI Water system as defined

by Regulation 170/03-2 e. Wells
1A, 2, 4,5, 7A,9 and 10 are GUDI wells W|th effectlve in- S|tu f|Itrat|on Wells 3, 6A, 11
and 12 are secure groundwater wells.

All of the Tillsonburg production wells are completed in the overburden aquifer system.
The southeast group of wells is located in the Norfolk Sand Plain and is screened over
depth intervals of approximately 20 — 25 mbgs. In the north group, Wells 3, 4, 5 and 7
(now 7A) are screened over depth intervals of approximately 18 — 23 mbgs; the screen
setting in Well 6A is deeper (29 — 35 m) (County of Oxford, 2009a; MOECC, 2015).

The Phase Il Groundwater Protection Study (Golder, 2001) indicates that the
Tillsonburg Groundwater Model was constructed using two overburden layers. The
upper layer was characterized to represent the surficial sediments present in the
Tillsonburg area, varying from sand deposits (typical of the Norfolk Sand Plain) in the
southeast to till deposits (silty clay to sandy silt typical of the Port Stanley Till) in the
north. The lower overburden layer was characterized as an aquifer. In the model, the
north group of production wells (3, 4, 5, 6A, and 7) is completed in the lower aquifer
layer. The south group of production wells (1A, 2, 9, 10, 11, and 12) is completed in the
upper aquifer layer.

The Phase Il Groundwater Protection Study (2001) updated in 2007 indicates that the
Tillsonburg Wellhead Protection Areas were based on the fellewing-forecasted pumping
rates as provided in Table 4-14Table 4-17.

Wellhead Protection Areas for the only Tillsonburg Northern wellfield were later
remodelled in 2014 (Matrix, 2014) fellowing-the-completion-efusing the Long Point
Region Tier Three groundwater flow model (Matrix, 2013). Updated pumping rates,
which accounted for growth projections to 2026, were used to generate the Tillsonburg
Northern wellfield Wellhead Protection Areas. These pumping rates are provided below
in Table 4-15.
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Table 4-144-14: Tillsonburg Production Wells Forecasted Pumping Rates
Wellfield Well Pumping Rate

1A 1,669-m*/day-(19:3-Lis)

2 714-milday (8.2 L/s)
Northern wellfield 3 N/A*
Northern wellfield 4 1,637 m3/day (18.9 L/s)
Northern wellfield 5 1,168 m3/day (13.5 L/s)
Northern wellfield 6A 122 m3/day (1.4 L/s)
Northern wellfield 7 180 m¥/day (2.1 L/s)
Southern wellfield 1A 1,669 m3/day (19.3 L/s)
Southern wellfield 2 711 m3/day (8.2 L/s)
Southern wellfield 9 1,309 m3/day (15.2 L/s)
Southern wellfield 10 688 m3/day (8 L/s)
Southern wellfield 11 375 m3/day (4.3 L/s)
Southern wellfield 12 1,309 m3/day (15.2 L/s)

* The flow rate used in the model to generate the Wellhead Protection Area for Well 3 is 8 L/s. The maximum capacity
of the well is 16.7 L/s.

Table 4-154-15: Tillsonburg Northern Production Wells Forecasted Pumping Rates
used in 2014 Re-modelling
WellNorthern Wellfield Pumping Rate
3 161 m3/day
4 731 m3/day
5 540 m3/day
6A 161 m3/day
7A 401 m3/day

4.7.1 Tillsonburg Wellhead Protection Areas and Vulnerability Scoring

The Tillsonburg groundwater model covers an area of approximately 150 km?, and is
aligned in a northwest to southeast direction, approximately parallel to Big Otter Creek.
The following provides a summary of the Tillsonburg Groundwater Flow Model based on
hydrogeological information available at the time of the Golder (2001) study.
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Stratigraphy

The Tillsonburg area is generally separated into two distinct hydrogeological areas by
Big Otter Creek. To the north of Big Otter Creek the surface is primarily defined by silty
clay to sandy silt sediments (Port Stanley Till) which confine the deeper aquifers
beneath. To the south of Big Otter Creek, glaciolacustrine shallow water deposits (fine
to medium sand, minor silt) predominate and form what is known as the Norfolk Sand
Plain.

The overburden aquifers in this area are typically unconfined. The shallow, intermediate
and deep aquifers in Tillsonburg are underlain by till at depth, which is in turn underlain
by limestone bedrock. The Tillsonburg Groundwater Model was constructed using two
overburden layers. The upper layer varies spatially across the model area as
determined from the distribution of the surficial soil deposits (i.e., the Norfolk Sand Plain
versus the Port Stanley Till). The second overburden layer is entirely comprised of
aquifer material. The base of the model is defined as the top of the deeper till.

Groundwater Flow Boundaries

North of Tillsonburg, groundwater flow in the overburden aquifers occur in a southerly
direction towards Stony and Big Otter Creek. The northwestern boundary in the
groundwater model was assigned a constant head boundary condition based on
inferred groundwater contours in the overburden (260 masl) aquifer. Groundwater inflow
to the model occurs across this boundary. The western and eastern model boundaries
follow inferred groundwater flowlines and were therefore assigned as "no flow"
boundaries in the model. The southern model boundary follows Little Otter Creek which
was assigned as a river boundary condition. The elevations specified in the river
boundary are consistent with the topography (surface water elevation) along the creek.
Groundwater discharge from the model will occur to Little Otter Creek. In addition to the
model perimeter, Big Otter Creek, which runs through the town of Tillsonburg and the
central area of the model, and Stony Creek (a tributary of Big Otter Creek) were defined
as river boundary conditions. As described further below, Big Otter Creek provides the
principal location for overburden aquifer groundwater discharge in the Tillsonburg area.

Groundwater/Surface Water Interaction

Big Otter Creek is incised through the shallow and intermediate aquifers and provides
the main location for groundwater discharge from the overburden aquifers in the
Tillsonburg area. Little Otter Creek, while not as deeply incised, is inferred to provide a
location for additional groundwater discharge from the Norfolk Sand Plain. In the
Tillsonburg Groundwater Model, Big Otter Creek, Stony Creek and Little Otter Creek
were assumed to be connected to the overburden aquifers (where present).

Recharge

Two separate recharge zones were established for the model to reflect the variability in
surficial sediments in the Tillsonburg area. Where the glaciolacustrine sands are at

surface, recharge would be relatively high, and was assigned a rate of 250 mm/yr. This
is consistent with previous recharge rate estimates of 30 to 40% of precipitation (295 to

October 30, 2025 Oxford County — Chapter 4-83



Long Point Region Source Protection Area Assessment Report

394 mm/yr) for this area (IWS, 1993). In areas where the shallow overburden materials
are finer grained and therefore of lower permeability (i.e. Port Stanley Till), a recharge
rate of 20 mm/yr was applied. Again, this is comparable with previous recharge rate
estimates of less than 5 per cent of precipitation (<49 mm/yr) for the till to the north of
Big Otter Creek (IWS, 1993). The final recharge rate values were estimated through the
model calibration process.

Hydraulic Conductivity and Porosity

The transmissivity of the sand deposits in the Norfolk Sand Plain have been estimated
to range from 100 m?/day to 745 m?/day, with an average of 150 m?#/day (IWS, 1993). In
the area of Wells 4 and 5 (to the north of Big Otter Creek), the transmissivity was
estimated to range from 45 m?/day to 1860 m?/day, again with a regional average of 150
m?/day. From these estimates, IWS (1993) estimate the following range in hydraulic
conductivity for the overburden aquifer: 1x104 m/s to 6x10** m/s. They also note that the
hydraulic conductivity of the aquifer near the location of the wells may be greater than
that estimated on a more regional scale. The hydraulic conductivity of the overburden
aquifers in the Tillsonburg Groundwater Model were in general assigned at 2x10* m/s,
with an effective porosity of 25%. However, local to the area of the supply wells to the
south of Tillsonburg, a higher hydraulic conductivity was required for model calibration.
In this area, a hydraulic conductivity of 1x10-3 m/s was assigned. The finer grained
lower permeability till deposits at surface to the north of Big Otter Creek were assigned
a hydraulic conductivity of 2x10-° m/s.

Other Water Takings

There were two private water takings identified in the review of the MOE PTTW
Database for the Tillsonburg area: Permit No. 79-P-1152 which lies approximately 1.5
km downgradient of Wells 9, 10 and 11 in the town of Tillsonburg just south of Big Otter
Creek; and Permit No. 78-P-1072 which lies to the northwest of Wells 1A and 2.
However, detailed information on the location and current status of the water takings are
unknown and they were not included in the groundwater model. Additional permits were
identified to the east of the town, although these were found at distances of more than

4 km to the east (and not upgradient) of Well 1A and Well 2. The Tillsonburg water
supply wells were the only wells included in the Tillsonburg Groundwater Model.

Tillsonburg Northern Wellfield Wellhead Protection Area Update

The wellhead protection areas for wells located in the Tillsonburg Northern wellfield
were updated in 2014 (Matrix) using the calibrated Tier Three steady state groundwater
model which was developed as part of the Long Point Region Tier Three study and
used refined local intrinsic vulnerability information. Details regarding the development
of this model are included in the report Tier Three Water Budget and Local Area Risk
Assessment, Long Point Region, Model Development and Calibration Report (Matrix,
2013).
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Wellhead Protection Areas and Vulnerability Scoring

Map 4-32 and Map 4-43 illustrate the Wellhead Protection Areas for the Tillsonburg
Water System which supplies water from wells in both Oxford and Norfolk counties.
Map 4-33 and Map 4-44 |IIustrate the |n|t|aI vulnerability mapplng for the weIIs mELTY

transport pathway area of mfluence is shown on Map 4- 34 The flnal vulnerablllty scores
are presented on Map 4-35 and Map 4-44 for both wellfields respectively, and includes
any of the adjustments identified below. Vulnerability mapping for the Tillsonburg
Wellhead Protection Areas was completed using the SWAT method (Golder, 2005).

The Wellhead Protection Area for Well 1A and Well 2 (Mall Road) extends
approximately 4.5 km to the east and has a width of approximately 1250 m. Potential
transport pathways are limited to test wells and a few domestic wells within the 100 m
radius and 2-year Wellhead Protection Area. No adjustments were made to the
vulnerability mapping to account for these pathways. Some adjustments were made to
the vulnerability mapping within the 2 year and 5 year time of travel zones based on
professional judgment. These adjustments included some smoothing of the contacts
between areas with different scores, and increases to the scoring in some areas to
remove anomalies to provide more consistent mapping.

The Wellhead Protection Areas for Wells 9, 10, 11 and 12 overlap each other and
extend approximately 6.2 km to the east. The Wellhead Protection Areas also overlap
the south part of the Wellhead Protection Areas for Wells 1A and 2. No adjustments
were made to the scoring to account for potential transport pathways. Some
adjustments were made using professional judgment to remove anomalies and to
smooth the contact lines between areas with different scores within the Zone B.

The Wellhead Protection Areas for Wells 4 and 5 (North Street) extends approximately
4 km to the northwest. Some smoothing and minor adjustments to the vulnerability
mapping were performed based on professional judgment. No adjustments were made
to account for the sanitary sewer as the wells are screened greater than 20 mbgs and it
is unlikely that the sewer system extends more than about 3 - 5 mbgs. As a result, the
vulnerability was not adjusted. These results appear to reflect the occurrence of a
contact between surficial sand deposits in the south-southeast part of the Wellhead
Protection Area (relatively close to the location of Wells 4 and 5) and glacial till (Port
Stanley Till) deposits over the larger area in the north part of the Wellhead Protection
Area.

The Wellhead Protection Areas for Wells 3, 6A and 7A overlap each other and extend
approximately 6.2 km to the northwest from the southernmost of these wells (7A). An
adjustment to the vulnerability mapping along a portion of Plank Line within these
Wellhead Protection Areas was made to account for a concentration of private wells in
that area as potential transport pathways-as-presented-en-Map-4-37. Some infilling and
smoothing of contours on the scoring map waswere performed based on professional
judgment. No adjustments were made to account for the sanitary sewer due to the
depth these wells are screened at and it is unlikely that the sewer system extends more
than about 3 - 5 mbgs.

October 30, 2025 Oxford County — Chapter 4-85



Long Point Region Source Protection Area Assessment Report

WHPA-E for Wells Under the Direct Influence of Surface Water (GUDI)

WHPA-E delineation was completed in accordance with the 2009 Technical Rules
(MOE, 2009a). Delineation of additional WHPAs may be required for each well or
wellfield that has been identified as groundwater under the direct influence of surface
water under subsection 2(2) of O. Reg. 170/03 (referred to as GUDI wells). A WHPA-E
is required for GUDI wells where the interaction between surface and groundwater

decreases the travel t|me of water to the weII A—WHPA—FLma%aLse%eedehneated—fer

The Tillsonburg Drinking Water System consists of eleven (11) wells, seven (7) of which
have been designated as GUDI under O. Reg. 170/03. Of these seven (7), WHPA-Es
have been delineated for three (3) of the wells. The remaining four (4) wells have not
had WHPA-Es delineated as section 49(3) of the Technical Rules (MOE, 2009a) does
not apply. This interpretation is consistent with the clarification issued by the
MECPMOE in the Technical Bulletin: Groundwater Vulnerability in June 2010. The
GUDI designation for wells 1A, 2, 9 and 10 is based on the source being an unconfined
aquifer allowing more rapid infiltration. There is no surface water body to circumvent the
path of flow to the wells and therefore no WHPA-E is required. Table 4-16 below shows
the GUDI and WHPA-E status for each of the Tillsonburg wells.

Table 4-164-16: GUDI and WHPA-E status for each of the Tillsonburg wells
Well Number Groundwater / GUDI WHPA-E Delineation
1A GUDI No
GUDI No
Groundwater N/A
GUDI Yes
GUDI Yes
6A Groundwater N/A
7A GUDI Yes
9 GUDI No
10 GUDI No
11 Groundwater N/A
12 Groundwater N/A

October 30, 2025 Oxford County — Chapter 4-86



Long Point Region Source Protection Area Assessment Report

Tillsonburg wells 4 and 5 are screened in a sand and gravel aquifer and well 4 is
located adjacent to a small creek, which is a tributary to Stoney Creek. The GUDI study
for these wells concluded that they had no influence on the shallow overburden/surface
water features. Given the wells’ close proximity to the creek (approximately 2m),
delineation of a WHPA-E was deemed necessary. Map 4-39 shows the location of wells
4 and 5.

Tillsonburg well 7A is screened in a sand and gravel aquifer that is overlain by clay and
gravel. The nearest surface water feature is a tributary of Stoney Creek within 100m of
the well house. A previous GUDI study confirmed the hydraulic connection between well
7A and the tributary of Stoney Creek. Map 4-39 shows the location of the GUDI well
relative to the tributary of Stoney Creek.

Delineation of the WHPA-Es for wells 4, 5 and 7A are based on the locations of the
nearest surface water bodies to the pumping wells and consist of the area within the
Stoney Creek tributaries that may contribute water within a two hour time of travel under
high flow conditions, the necessary setbacks on land, and the area that contributes to
the WHPA-E through transport pathways as per the Technical Rules.

The two hour time of travel distance was based on hydrologic and hydraulic analysis of
2-year flow conditions (bankfull discharge). Empirical equations (Moin Index Flood
Method and Primary Multiple Regression Method) and field visits were used to
determine the 2-year flow. A velocity of 0.56-0.57m/s was used in the time of travel
analysis. The WHPA-E was extended to include all Tillsonburg stormwatersheds with
outfalls upstream of well 7A. Tile drains and roadside ditches that can contribute water
to the WHPA-E within a 2-hour travel time were also incorporated into the WHPA-E
delineation where applicable. One tile drain which meets the 120m buffer in the north-
west was included in the WHPA-E delineation. A combination of the instream 2-hour
travel time, the 120m buffer and the transport pathways constitute the final WHPA-E. It
should be noted that the local watershed boundaries take priority over the extent of the
120m buffer, Regulation Limits or tile drainages. The WHPA-E only includes areas that
can contribute overland flow to the well. Map 4-39 shows the extent of the Tillsonburg
WHPA-E.

WHPA-E Vulnerability Scoring

The vulnerability analysis of a WHPA-E (Dillon, 2011) considers both the area and the
source as described in the Technical Rules. The area vulnerability factor for a WHPA-E
is prescribed to be the same as IPZ 2, i.e., between 7 and 9. The source vulnerability
factors for GUDI wells in the Tillsonburg Northern well filed have been assessed on the
basis of Type C intake (i.e., wellfields are hydraulically connected to in-land creeks) and
therefore were assumed to be in the range of 0.9 to 1.0.

The WHPA-E for well 7A was assigned an area vulnerability factor of 8 given the high
percentage of urban area, the existence of transport pathways (stormwatersheds and
tile drainages), flat topography and high percentage of land. The WHPA-E for wells 4
and 5 were assigned an area vulnerability factor of 7 given the predominately rural land
cover, moderate to high permeability soils and flat land.
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According to the Technical Rules the source vulnerability factor for a surface water
intake takes into consideration the depth of the intake from the top of the water surface,
the distance of the intake from the land and historical water concerns. Factors included
in the analysis of the Tillsonburg Northern well field considered that wells 4 and 5 are
located within 2 meters of a tributary of Stoney Creek, both wells are approximately 21m
deep and no water quality issues have been identified at these wells. Well 7A is located
about 100 metres from Paget Drain and is about 27 meters deep. No water quality
issues (analysis based on Well 7 data) were identified at well 7A. Overall the major
source of water to the wells is attributed to groundwater, however a small and unknown
portion of water may potentially originate from a surface water source. A source
vulnerability factor of 0.9 was assigned to the WHPA-E for both well 4 and 5 and well
TA.

Combining the area and source vulnerability scores, the overall WHPA-E vulnerability
score for wells 4 and 5 is 6.3. The WHPA-E for well 7A has a vulnerability score of 7.2.

Table 4-17 summarizes the source vulnerability factors and scores assigned to the
Tillsonburg northern wellfield systems.

Table 4-174-17: Vulnerability Score Summary for the Tillsonburg WHPA-E Zones.
Intake Area Source Vulnerabilit
Location Protection Vulnerability Vulnerability S y
core
Zone Factor Factor
Well 4 and 5 WHPA-E 7 0.9 6.3
Well 7A WHPA-E 8 0.9 7.2

Limitations of Data and Methods Used in the WHPA-E Vulnerability Assessment

No critical data gaps were identified during the study; however, should the vulnerability
assessment be updated in the future, it would be beneficial to improve the accuracy of
the following information: land use data, OMAFRA soil maps of higher resolution and a
digital elevation model of higher resolution to improve watershed delineation and slope
estimates.

Known and reliable empirical equations were used to determine the 2-year flow
estimation and hydraulic calculations for the Paget Drain. The area vulnerability factor
for both wells was assigned to WHPA-E based on known land use data, soil types,
permeability, slopes, hydrological and hydraulic conditions of the area. All data was
available in sufficient detail and have low uncertainty. Therefore, the degree of
uncertainty related to the vulnerability factor for WHPA-E is low. The source vulnerability
factor for WHPA-E is based on known well design characteristics (depth of the well, and
distance to the surface water feature). Sufficient information is available to assign the
source vulnerability factor. The degree of uncertainty related to the source vulnerability
factor for WHPA-E is low.

October 30, 2025 Oxford County — Chapter 4-88



Long Point Region Source Protection Area Assessment Report

Peer Review for the WHPA-E Vulnerability Assessment

The vulnerability assessment of GUDI wells in the Tillsonburg Water System was
carried out by Dillon Consulting (Dillon, 2011) on behalf of Oxford County. Technical
and peer review for the surface water vulnerability assessment was completed,
iteratively, throughout the development of the final reports by GRCA and Oxford County
staff. External peer review was provided by Stuart Seabrook, Stan Denhoed, and Rob
Schincariol in 2011.

4.7.2 Managed Lands and Livestock Density

managed Iands results ml#benbu%g—ha%é—zenes—m—the—mgq—ea%ege%é—m—the

moderate-and-one-in-the-low-categoryare presented in Table 4-21, (Map 4-36,
Map 4-40, and Map 4-45). ForLlivestock density results are —zenes—a#e—m—the—lewest

categoryas-presented in Table 4-21, Map 4-37, Map 4-41, and Map 4-46.

Table 4-18: Percent Managed Lands and Livestock Density in the Tillsonburg
Wellhead Protection Areas
Percent Managed L|ves.t £
WHPA-ZoneWell Vulnerable Area L o Density
and (%)
(NU/acre)
. WHPA-A 64% 0.0
Tillsonburg Well 3 WHPA-B 549% 0.0
WHPA-A 66% 0.0
_ 0,
Tillsonburg Well 4 & 5 WHPA-B 91% 0.0
WHPA-C
: 43% 0.0
(partial)
WHPA-A 85% 0.0
_ [5)
Tillsonburg Well 6A WHPA-B 88% 0.0
WHPA-C o
, 85% 0.0
(partial)
: WHPA-A 56% 0.0
Tillsonburg Well 7A WHPA-B 30% 00
: WHPA-C o
Tillsonburg Well 3 & 7A (partial) 53% 0.0
: WHPA-D o
Tillsonburg Well 3 & 7A (partial) 71% 0.0
: WHPA-A 67% 0.0
Tillsonburg Well 1A & 2 WHPA-B 85% 00
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Table 4-18: Percent Managed Lands and Livestock Density in the Tillsonburg
Wellhead Protection Areas
Percent Managed Lives_t CE
WHPA-ZoneWell Vulnerable Area o Density
s L) (NU/acre)
WHPA-C 74% 0.0
Tillsonburg Well 9, & 10 | WHPA-A 65% 0.0
Tillsonburg Well 11 WHPA-A 50% 0.0
Tillsonburg Well 9, 10 & | WHPA-B 76% 0.02
11 WHPA-C 59% 0.0
WHPA-A 46% 0.2
Tillsonburg Well 12 WHPA-B 70% 0.1
WHPA-C 57% 0.02

4.7.3 Percent Impervious Surfaces Area in Wellhead Protection Areas

To determine whether the application of road salt poses a threat in the Tillsonburg-Nerth
wells, the percentage of impervious surface where road salt can be applied per square
kilometre was calculated as per the Technical Rules 16(11) and 17 (MOE, 2009a).

Roadways, sidewalks, driveways and parking lots were digitized on screen using
ArcMap and 30cm resolution SWOOP orthoimagery from 2006 displayed at a scale of

1 500 to represent |mperV|ous surfaces. Ihe—rmpe%eus—eu#aee—data%ws—ereatee

= Oxford County Staff digitized all
|mperV|ous surfaces in the portion of the County W|th|n the Lake Erie Source Protection
Region. A 1km by 1km gGrids centred over the each source protection area wasere

provided by by-the LTV/CA-and-the GRCA.

The impervious surface percentage in each grid cell was calculated by dividing the total

impervious surface area in each grid cell by the total vulnerable-area{with-vulnerability
scoring-equalt-to-or-greaterthan-6)-in-that same-grid-cellarea of the grid cell. It should be

noted that where a grid cell contains a portion of a Wellhead Protection Area with
vulnerability score less than 6, this portion of the Wellhead Protection Area was not
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used in the caIcuIatlon of i |mperV|ous surfaces Eer—read—sah—teabeﬁeeprsrdered—a

The results of the impervious surface calculations for the Tillsonburg North wells are

shown in Map 4-38 and Map 4-42. indicate that-there-are-low percentages-in-the
Fillsonburg-Nerth-wells(Map-4-42)-and-that Due to areas of high percent impervious

surfaces, the application of road salt cwould ret-be a significant threat.

TEerthe results of the impervious surface calculations for the Tillsonburg South wells

(wells 1A and 2, 9, 10 and 11 and 12) are shown in —rmpewreussu#aeeswere
: Map 4-47).

Iheresu#s—shewJeha%e Due to the Iow percent |mperV|ous surfaces the application of
road salt weuld-retcannot be a significant threat.
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Map 4-31: Serviced Areas for the Tillsonburg Water Supply
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Map 4-32: Tillsonburg Wellhead Protection Areas (Wells 3, 4, 5, 6A and 7A)
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Map 4-33:

Assessment Report
Tillsonburg Wellhead Protection Area Initial Vulnerability Scoring
(Wells 3, 4, 5, 6A, 7A)
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Map 4-34:
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Map 4-35:

Tillsonburg Wellhead Protection Area Adjusted Vulnerability (Wells 3, 4, 5,
6A, 7A)
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Map 4-36: Percent Managed Lands within the Tillsonburg Wellhead Protection Area
(Wells 3, 4, 5, 6A and 7A)
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Map 4-37: Livestock Density within the Tillsonburg Wellhead Protection Area (Wells 3,
4,5,6A and 7A)
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Map 4-38: Percent Impervious Surfaces within the Tillsonburg Wellhead Protection

Area (Wells 3, 4, 5, 6A and 7A)
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Map 4-39: Tillsonburg Northern Wellfield Wellhead Protection Area E
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Map 4-40: Percent Managed Land within the Tillsonburg Northern Welifield Wellhead
Protection Area E
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Long Point Region Source Protection Area
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Map 4-42: Percent Impervious Surface within Tillsonburg Northern Wellfield Wellhead
Protection Area E
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Map 4-43: Tillsonburg Wellhead Protection Areas (Wells 1A, 2, 9, 10, 11, 12)
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Map 4-44: Tillsonburg Wellhead Protection Areas Vulnerability (Wells 1A, 2, 9, 10, 11,

12)
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Map 4-45: Percent Managed Lands within the Tillsonburg Wellhead Protection Area
(Wells 1A, 2, 9, 10, 11, 12)
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Map 4-46:
1A, 2,9, 10, 11, 12)
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Map 4-47: Percent Impervious Surfaces within the Tillsonburg Wellhead Protection
Area (Wells 1A, 2, 9, 10, 11, 12)
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4.7.4 Tillsonburg Threats Assessment

Prescribed drinking water threats listed in Section 1.1 of O. Reg. 287/07 include
Chemical, Dense Non-Aqueous Phase Liquid (DNAPL), and Pathogen threats. Chapter
3, Water Quality Risk Assessment, provides a summary of the types of threats and their
significance, based on vulnerable area and vulnerability score (as shown in the maps in
this chapter).
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Under the preliminary threats assessment, available desk top level land use information,
air photo interpretation and local knowledge of County and municipal staff was used to
determine the types of land use activity information and therefore, the threats and
circumstances associated with these land uses. In most cases, professional judgment
and assumptions were made when determining the presence of significant threats for
each property. Consultation with property owners to verify the existence of

circumstances that constitute a significant threat is ongoing.-currenthy-being-conducted:

WHF—’A—G&nd—WHPA—D—The Wellhead Protectlon Area for the Southern Tlllsonburg
wells is located almost entirely within Norfolk County. Small portions of the Wellhead
Protection Areas for wells 1A and 2 and well 12 are located within Oxford County. For
this reason, the enumeration of significant threats located in Oxford County was
reported separately from the significant threats located in Norfolk County.

A list of all significant threats-types identified in the Tillsonburg Wellhead Protection
Areas in Oxford County are presented in Table 4-19Table-4-23, while the enumeration
of S|gn|f|cant threats in Norfolk County is presented |n Table 4-20311able4-24—'|1he—teb4es
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Table 4-194-19: Significant Drinking Water Quality Threats for the in-Tillsonburg
{Oxford-County)}-Wellhead Protection Areas within Oxford County
(enumerated by Oxford County, current to January 2024)

Number of | Vulnerable
1
U liet S e Activities Area
WHPA-A
2.2 Onsite sewage works 11 WHPA-B
WHPA-ICA
WHPA-A
3.1 Application of agricultural source material (ASM) to land 27 WHPA-B
WHPA-ICA
WHPA-A
8.1 Application of commercial fertilizer to land 27 WHPA-B
WHPA-ICA
T . WHPA-A
10.1 Application of pesticide to land 7 WHPA B
T WHPA-A
12.1 Application of road salt 4 WHPA-B
: o WHPA-A
13.1 Handling and storage of road salt — exposed to precipitation or runoff 12 WHPA-B
13.2 Handling and storage of road salt — potentially exposed to precipitation 12 WHPA-A
or runoff WHPA-B
. WHPA-A
14.1 Storage of snow on a site 5 WHPA-B
: WHPA-A
15.1 Handling and storage of fuel 2 WHPA-B
Total Number of Activities 107
Total Number of Properties 42

"Threats enumerated according to the 2021 Technical Rules (MECP, 2021)

Note: Certain types of incidental activities on residential properties may constitute significant drinking water threats but
are not enumerated. These threats include the application of commercial fertilizer and pesticides; the handling
and storage of organic solvents and dense non-aqueous phase liquids; the storage of fuel (e.g., heating fuel tanks)
in natural gas serviced areas; and the handllng and storage of road salt that may be exposed or potentlally
exposed to premprtatron or runoff . ;
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Table 4-204-20: Significant Drinking Water Quality Threats for thein Tillsonburg
{Norfollk-County) Wellhead Protection Areas within Norfolk County
(enumerated by Norfolk County, current to January 2024)
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Table 4-24: Sianifi Drinkina W Qualitv-T! i Till | (Norfoll
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Table 4-24:  Sianifi t Drinkina-Water Qualitv-T} s in Till | (Norfoll
Counbpilelthead Protectionfreas

Threat Subcategory’ thr::, ?t?;sof VuIRz:ble
1.1 Disposal of hauled sewage to land 5 wniﬁ:g
1.2 Application of processed organic waste to land 5 wniﬁ:g
2.2 Onsite sewage works 8 wniﬁ:g
3.1 Application of agricultural source material (ASM) to land 7 wniﬁ:g
6.1 Application of non-agricultural source material (NASM) to land 6 w::;ﬁ:g
7.1 Handling and storage of non-agricultural source material (NASM) 1 WHPA-B
8.1 Application of commercial fertilizer to land 6 w:gﬁ:g
9.1 Handling and storage of commercial fertilizer 3 w:gﬁ:g
10.1 Application of pesticide to land 7 w:gﬁ:g
11.1 Handling and storage of a pesticide 3 w:gﬁ:g
15.1 Handling and storage of fuel 1 WHPA-A
16.1 Handling and storage of a dense non-aqueous phase liquid (DNAPL) 4 WHPA-B
Total Number of Activities 56
Total Number of Properties 14

"Threats enumerated according to the 2021 Technical Rules (MECP, 2021)

Note: Certain types of incidental activities on residential properties may constitute significant drinking water threats
but are not enumerated. These threats include the application of commercial fertilizer and pesticides; the
handling and storage of organic solvents and dense non-aqueous phase liquids; the storage of fuel (e.g.,
heating fuel tanks) in natural gas serviced areas; and the handling and storage of road salt that may be exposed

or potentlally exposed to preC|p|tat|on or runoff Ge#amﬂ#pese#aet&wﬂe&eﬁre&ée%%mepemesmapare
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4.7.5 Tillsonburg Drinking Water Issues

Both raw and treated analytical results have been reviewed because the treatment
process does not substantially alter the water quality. For the purposes of water quality
characteristics, the wells can be grouped into six different wellfields: Mall Road (Wells
1A & 2), North Street (Wells 4 and 5), Well 6A (inactive since 2018), Well 7A, Bell Mill
Side Rroad (Wells 9, 10 and 11) and Well 12. Note that Well 7A replaced Well 7 in
20009. ltis located nearby in the same aquifer and at a similar screened depth. ;

however-asfA-hasnotbeen-operated-since-installation,-tThe issues analysis below is
based-enincludes Well 7 data.

Methodology for Identifying Drinking Water Quality Issues

As part of the original issues evaluation (County of Oxford, 2009b), available water
quality data was reviewed to assess whether any contaminants are-were impacting or
hadve the potential to impact or interfere with the Town of Tillsonburg drinking water
sources. This included the following steps:

e Collection of water quality data;

e Comparison of water quality data to the ODWQS to see-evaluate whetherif any
parameters were in exceedance; and

e Concentrations of parameters of consideration over time were plotted to evaluate if
there were any increasing trends.

Health Related Parameters

In the previous Issues evaluation (County of Oxford, 2009b), There-were-no Issues with
the microbiological water chemistry were reportedreviewed. Raw water samples
examined from 2010 to mid-2024 indicate occasional total coliform detections across
nearly all wells and one E. coli detection in Well 7A in 2018. These detections are not a
concern given that treated water is appropriately disinfected. The health-related
parameters that exceed the half ODWQS MAC screening threshold are nitrates, fluoride
and arsenic, as described below.
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Prior to 2010, nNitrate concentrations in Wells 4 and; 5 were flagged as above half of
the MAC of 10 mg/L. In January 2005, two results were received above the MAC at 10.0
and 10.2 mg/L and in 2008, nitrate concentrations ranged from 6.18 to 9.24 mg/L.
Subsequent raw water samples from Wells 4 and 5 indicate that nitrate has remained
elevated into mid-2024 (Figure 4-2). Nitrate levels are continuously monitored at the
point of entry of the Fairview WTF to the distribution system. Annual Drinking Water
System Reports from 2010-2023 indicate treated water concentrations at the Fairview
point of entry ranged from 4.94 to 9.12 mg/L with an average of 7.23 mg/L. Nitrate is not
typically a naturally occurring parameter in groundwater at levels around the MAC and
may be from nutrient application, septic systems or sewage effluent. Any future increase
of nitrate at this location could compromise the supply.

Well 12 was initially flagged in the 2009 Issue screening as having nitrate concentrations that
were perlodlcally at the half MAC threshold ranging from 4 9 to 5. 9 mg/L W|thout an mcreasmg
trend. -
wells—Further review of the avallable raw water data between 2010 2022eata |nd|catesd that
nitrate levels at Well 12 are relatively stable andrange-between4-0-and-6-0-mg/Laround the half
MAC. Fhe-study-concluded-thatthereThere is no indication of i mcreasmg trends towards the MAC
and therefore Well 12 does not need to be identified as having an “Issue” under the Clean Water
Act, 2006.

A North Street Well 4-Raw @ North Street Well 5 - Raw Fairview WTF - Treated
— — MAC (10 mg/L) — - —Half MAC (5 mg/L)

14.00

12.00

[

10.00

8.00 A " N ‘ .
w A s '
®

4.00

Nitrate (as N) Concentration (mg/L)

2.00

0.00
2010-01-01 2012-09-27 2015-06-24 2018-03-20 2020-12-14 2023-09-10
Date

Figure 4-2: Nitrate concentrations at the Tillsonburg North Street wellfield.
B = e T
In 2018 the MAC for arsenlc was Iowered from 0. 025 mg/L to O 01 mg/L Weu—‘IQ—was
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At Well-7-Prior to 2010, a solitary arsenic concentration was detected above half of the

MAC-of 0-025-mg/Larsenic cConcentrations at Well 7 typicalyy-ranged -from 0.003 to
0.017 mg/L. Raw water samples from Well 7A between 2014 and mid-2024 indicate

consistent exceedance of the revised arsenic half MAC (and occasionally the MAC) at
this site, with results trending stable and not increasing in concentration. As of 2024,
Well 7A is blended with other sources to confirm compliance with the ODWQS. Plans
are in place to install a filter at Well 7A for arsenic removal in the near future.

In Well 6A, which has been inactive since 2018, raw water arsenic concentrations
above the half MAC were evident between 2010-2018. Historically, Well 6A has also

exhibited elevated fluoride concentrations. Prior to 2010, There does-notappeariobe
. . Lin 4 lte.

fEluoride concentrations at-‘Ael-6A-were typically 1.5 mg/L. Raw water samples from
Well 6A in 2010 and 2016 indicate that fluoride concentrations similarly remained
around 1.5 mg/L. The MAC of fluoride is 1.5 mg/L; water that contains fluoride in the
range of 1.5 - 2.4 mg/L is considered acceptable for consumption but must be reported
to the Medical Officer of Health. —which-is-above-half-ef-the MAC-of 2.4-mg/L—Fluoride
is naturally occurring in groundwater, -and-there is no evidence of an upwards trending,
and its—Fhe presence-offluoride- does not affect the treatment process.

Aesthetic or Operationally Significant Parameters

The system has several operational or aesthetic parameters that exceed the associated
ODWAQS objectives or guidelines, as detailed below.

Hardness, which has a guideline range from 80 to 100 mg/L, is typically exceeded in
groundwater systems. Prior to 2010, tFhe system’s hardness concentration wasis
typically around 262 to 320 mg/L. Only Well 6A didees not exceed the guideline. Based
on raw water samples from 2010 to 2022, the system’s hardness averaged 272 mg/L
(excluding Well 6A which remained below the guideline prior to becoming inactive in
2018). This parameter is naturally occurring in the groundwater and is not a health risk
nor does it impact the treatment process.
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The original 2009 Issues evaluation flagged sSodium concentrations at the North Street
Wellfield and Wells 6A and 7 as re-above the Minister of Health reporting level of 20
mg/L. North Street sodium concentrations ranged from 15 to 16 mg/L, Well 6A rangeds
from 41 to 46 mg/L, and Well 7 rangeds from 81 to 89 mg/L. Raw water samples from
2010 to 2022 indicate that elevated sodium concentrations, above 20 mg/L, have
persisted at these wells and Well 7A (note Well 6A has been inactive since 2018).
Results from Well 7A in particular show raw water sodium values approaching half of
the 200 mg/L Aesthetic Objective. These-levels-are-well-below-the-objective-of
200-mg/—Chloride concentrations in the system are-alse low, apart from Well 7A which
has an average raw water chloride concentration of 124 mg/L, suggesting that the
sodium is not caused by road salt application but rather is naturally occurring. No
increasing trend is evident in the examined sodium or chloride results. The County will
continue to investigate elevated sodium and chloride concentrations at Well 7A.

Prior to 2010, elevated concentrations of manganese and iron were observed. TFhe raw
water at the Mall Road wellfield marginally exceededs the Aesthetic Oebjective of 0.05
mg/L for manganese with concentrations ranging from 0.06 to 0.08 mg/L. Manganese
cSoncentrations in the Bell Mill wellfield wereare slightly higher and exceed the
objectlve with concentratlons ranglng from O. 10 to 0.16 mg/L Maroomecs o op

The raw water at the Mall Road and Bell Mill wellfields, and Well 7, exceeded the
Aesthetic Oebjective of 0.3 mg/L for iron. The concentrations of iron ranged -from 0.8 to
1.2 mg/L.

Raw water samples from 2010 to mid-2024 indicate that manganese concentrations at
the Mall Road wellfield largely remain above the Aesthetic Objective (average of 0.06
mg/L) while iron concentrations at this wellfield are generally above half of the Aesthetic
Objective (average of 0.19 mg/L). Over the same time period, both manganese and
iron concentrations remain above the Aesthetic Objectives at Bell Mill, averaging 0.11
and 0.83 mg/L, respectively. Similar to that found in earlier investigation, raw water iron
concentrations exceed the Aesthetic Objective for iron at Well 7A, averaging 1.26 mg/L
from 2014 to mid-2024. Raw water manganese concentrations at Well 7A are also
generally above half of the Aesthetic Objective. No Hren-is-an-aesthetic-parameterand
Ae-increasing trends areis evident in the available manganese and iron data. The
treatment facilities remove manganese and iron through an oxidation and filtration
process. Failure of this process could potentially result in decreased clarity of the water
which in turn could impact the effectiveness of the UV disinfection.

Prior to 2010, o©rganic nitrogen concentrations in the system wereare above the
Aaesthetic Oebjective of 0.15 mg/L at Wells 2, 4, 6A, 7, and 11. Concentrations ranged
from 0.18 to 0.42 mg/L. Raw water samples from 2010 to 2022 indicate occasional
exceedances in Wells 1A, 4, 5, 6A (inactive since 2018), 9, 10 and 12, with the majority
of system samples near or below the detection limit. -Organic nitrogen can be
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associated with unpleasant taste and high levels can reduce the effectiveness of
chlorine as a disinfectant. There is no history of objectionable taste that is sometimes
associated with organic nitrogen.

Summary of Drinking Water Quality Issues Evaluation for the Tillsonburg Water
Supply

As a result of elevated nitrate concentrations in Wells 4 and 5, nitrate has been
identified as an Issue under Technical Rule 114.

Issue Contributing Area (WHPA-ICA) for Tillsonburg Wells 4 and 5

As part of the on-going Tier Three Water Quantity Risk Assessment studies, refinements
to the conceptual and numerical modelling tools included the development of a new
FEFLOW numerical model (Matrix, 2013). This model represents the most up-to-date
representation of the hydrogeological controls over groundwater flow near the Tillsonburg
wells. These updated models were used to delineate and map the saturated and
unsaturated time of travel capture zones (Matrix, 2014). Using the models, the relative
contribution of nitrate from each area based on total time of travel capture zones was
estimated to map the nitrate contributing area (Matrix, 2013b) for the wells within the
WHPAs. The WHPAs defined for Well 4 and Well 5 overlap and have therefore been
delineated as a single WHPA. The nitrate Issue Contributing Area (WHPA-ICA) for wells
4 and 5, as illustrated on Map 4-48 includes areas with the following characteristics: the
land area contributes 100% of recharge to the well field, the land use is primarily
agricultural, and has a total travel time (combined total in the unsaturated and saturated
zone) of less than 60 years. The areas contributing recharge to the well, but not
considered to have significantly contributed to the measured nitrate at the well include
non-agricultural land use areas and areas with total time of travel greater than 60 years.

Chapter 3, Water Quality Risk Assessment, lists all prescribed threat activities that are
associated with nitrogen and that would be identified as a significant drinking water
threat if they exist within the WHPA-ICA.
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4.8 Oxford County Limitations of Data and Methods

4.8.1 Delineation of Wellhead Protection Areas

Sources of uncertainty associated with the capture zones were recognized and
addressed as part of the Phase Il Groundwater Protection Study (Golder, 2001). One
example was the effect of uncertainty in the hydraulic conductivity. It was noted that a
lower hydraulic conductivity can result in a wider, but shorter capture zone, whereas a
higher hydraulic conductivity can result in a narrower, but longer capture zone. A
second example was the effect of uncertainty in the direction of regional groundwater
flow, which was based on interpretation of MECP water well record data. It was noted
that a difference of 5 degrees in the direction of groundwater flow may be insignificant
near the production wells but would be much more significant further upgradient of the
wells (Golder, 2001). To address these uncertainties, the shape of the capture zone
was adjusted using two shape factors. The first shape factor was a 20% increase in the
overall shape of the capture zone (20% increase in width at the centerline, and a 20%
increase in length upgradient and downgradient of the production well). The second
shape factor was the addition of a 5 degree angle added to the centerline of the capture
zone, in effect increasing the width at increasing distances from the pumping well. The
objective of applying the second shape factor was to compensate for uncertainty in the
regional groundwater flow direction. Golder (2001) noted that for capture zones
intersecting groundwater flow divides and recharge boundaries (i.e., river boundaries),
those boundaries were still used to limit the extent of the capture zone, notwithstanding
the adjustments made in applying the shape factors.

Wellhead Protection Areas for the Tillsonburg Northern wellfield (wells 3, 4, 5, 6A and
7A) were remodelled (Matrix, 2014) in 2014 using the Long Point Region Tier Three
groundwater model (Matrix, 2013), which has the latest modelling and understanding of
groundwater flow in the area. Updated pumping rates, which accounted for growth
projections to 2026, were used to generate the Tillsonburg Northern wellfield Wellhead
Protection Areas.

Wellhead Protection Areas for the Otterville wellfield (wells 4 and 5) were remodelled
(Matrix, 2019) in 2019 using the Long Point Region Tier Three groundwater model
(Matrix, 2013), which has the latest modelling and understanding of groundwater flow in
the area. Updated pumping rates, which accounted for growth projections to 2026, were
used to generate the Otterville wellfield Wellhead Protection Areas.

4.8.2 Threats and Conditions

Under the preliminary threats assessment, available desk top level land use information,
air photo interpretation and local knowledge of County and municipal staff was used to
determine the types of land use activity information and therefore, the threats and
circumstances associated with these land uses. In most cases, professional judgment
and assumptions were made when determining the presence of significant threats for
each property. Consultation with property owners to verify the existence of

circumstances that constitute a significant threat is ongoing.wil-be-refined-through-a
Shrebeteae e e cosne e el oo oo cnde
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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 amount of chemicals stored
at the commercial and industrial operations within the wellhead protection areas is
unknown. Further, for other land use types, the types and amounts of potential
contaminants often had to be assumed based on the land use practice. Where
assumptions had to be made, often a worst--case scenario approach was taken, and
circumstance values were assigned based on that assumption so significant threats
would be noted for follow-up.

In terms of data limitations, the most problematic dataset was septic systems. The
records maintained by the County Board of Health lack accurate locational information.
This dataset was based in a property/structure inventory using both the County’s LRIS
and site inspections where aerial photography was not available (parts of Perth and
Norfolk). The sanitary sewer infrastructure layer was used to determine which properties
were serviced by municipal services. Using this method, there remained instances
where service connection was questionable. At present, County Public Works has not
yet digitized the sanitary sewer infrastructure in the County.

For the impervious surface dataset, digitizing was completed by both Oxford County
and the Lower Thames River Conservation Authority (LTRCA). Heads-up digitizing from
two different sources could introduce error when identifying impervious surfaces. Also,
each organization may have access to different supplementary data sets to complete
the analysis. Since the County has access to more current roads data, road centre lines
were buffered to average road widths to create the initial impervious surface layer. Edits
were then made to ensure the roadways were accurately represented and to add in
sidewalks and parking lots. Human error may have occurred while digitizing the
impervious surfaces.

Since there is no agricultural census information available to the County at a property
scale, reasonable assumptions about the type of livestock housed in a farm structure
were based on the best available information. This information ranged from local
knowledge of County and municipal staff to land use information recorded in various
County records. Where this information was unavailable air photo interpretation was
used to determine barn type, and therefore, livestock type. Air photo interpretation and
the use of GIS for area calculations could be considered limitations to the work, since
the resulting shapefiles are representations and not 100 percent accurate. This
limitation also applies to the layer extraction step when delineating managed lands.
Certain structures, in particular residential dwellings, do not necessarily reflect the
actual footprints of the structure. However, manual edits to the shapefile were
completed for larger layers if deemed necessary through air photo interpretation.

In summary, the inventory conducted was a desktop exercise and therefore subject to
certain limitations. GIS datasets are representations of features on the earth and
therefore are rarely 100 percent accurate. Human error can be introduced at any step in
the process due to the fact that assumptions were made regarding the presence of
significant threats.
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