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Delineation and Vulnerability Analysis of WHPA-Es and
WHPA-Fs for the Georgetown and Acton Wellfields, Regional
Municipality of Halton, Ontario
1 Introduction
The Province of Ontario has introduced legislation under the Clean Water Act to protect drinking
water at the source, as part of an overall commitment to human health and the environment.
The Clean Water Act requires that an Assessment Report be completed for each Source Water
Protection Area (SWPA). The purpose of the assessment report is to characterize the
watersheds in the SWPA, calculate a water budget for each watershed, delineate vulnerable
areas, describe drinking water issues, and identify water quality and water quantity threats
within each vulnerable area. The recently released Technical Rules for Assessment Reports
(Ontario Ministry of the Environment, 2009) defines the requirements of each component of the
Assessment Report.
Part V of the Technical Rules for Assessment Reports (MOE, 2009) defines three categories of
vulnerable areas with respect to groundwater drinking water sources that are in need of
delineation. These include:
1. highly vulnerable aquifers;
2. significant groundwater recharge areas; and
3. wellhead protection areas.
Part V of the Technical Rules for Assessment Reports defines the various types of wellhead
protection area (WHPA) zones and approved methods for WHPA delineation. Part VII defines
the rules for assigning groundwater vulnerability scores to the WHPAs and/or to subzones
within the WHPAs based on a variety of approved vulnerability scoring methods.
While the typical classes of well head protection areas (i.e., WHPA-A, WHPA-B, WHPA-C,
WHPA-D) are based on proximity or travel time to the wells, two special class of WHPAs,
WHPA-E and WHPA-F, have been defined in Rule 49 (Part V of the Technical Rules for
Assessment Reports). WHPA-Es are delineated where:
(1) the [municipal] well obtains water from a raw water supply that is groundwater under
the direct influence of surface water [GUDI] as determined in accordance with
subsection 2 (2) of O. Reg. 170/03 (Drinking Water Systems) made under the Safe
Drinking Water Act, 2002;
(2) a determination has not been made under subsection 2 (3) of O. Reg. 170/03
(Drinking Water Systems) that subsection 2 (2) of that regulation does not apply; and
(3) the interaction between surface water and groundwater has the effect of decreasing
the time of travel of water to the well when compared to the time it would take water
to travel to the well if the raw water supply for the well was not under the direct
influence of surface water.

WHPA-Fs are delineated according to Rule 50 where:
(1) the wellhead protection area contains a WHPA-E;
Earthfx Inc.
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(2) a drinking water issue is identified in accordance with Part XI.1 [of the Technical
Rules for Assessment Reports] in relation to the well; and
(3) the source of the drinking water issue described in subrule (2) originates outside of
areas WHPA-A, WHPA-B, WHPA-C, WHPA-D and WHPA-E.
The methods for delineating WHPA-Es and WHPA-Fs follow the same rules as those for
delineating surface water intake protection zones (IPZ-2 and IPZ-3, respectively) as defined in
Part IV. Methods for assigning vulnerability scores to the WHPA-Es and WHPA-Fs follow the
rules for assigning vulnerability scores to the IPZ-2s and IPZ3, as defined in Part VIII.
Drinking water "issues" are described in Part XI.1 (Rule 114) as:
(1) the presence of a parameter in water at a surface water intake or in a well, including
a monitoring well related to a drinking water system to which clause 15(2)(e) of the
Act applies, if the parameter is listed in Schedule 1, 2 or 3 of the Ontario Drinking
Water Quality Standards or Table 4 of the Technical Support Document for Ontario
Drinking Water Standards, Objectives and Guidelines and
(a) the parameter is present at a concentration that may result in the
deterioration of the quality of the water for use as a source of drinking
water; or
(b) there is a trend of increasing concentrations of the parameter at the
surface water intake, well or monitoring well and a continuation of that
trend would result in the deterioration of the quality of the water for
use as a source of drinking water;
(2) the presence of a pathogen in water at a surface water intake or in a well, including a
monitoring well, related to a drinking water system to which clause 15(2)(e) of the
Act does apply, if a microbial risk assessment undertaken in respect of the pathogen
indicates that
(a) the pathogen is present at a concentration that may result in the
deterioration of the quality of the water for use as a source of drinking
water, or
(b) there is a trend of increasing concentrations of the pathogen at the
surface water intake or well and a continuation of that trend would
result in the deterioration of the quality of the water for use as a
source of drinking water; and
(3) In respect of drinking water systems in the vulnerable area that are not mentioned in
clause 15(2)(e) of the Act, there is evidence of the widespread presence of a
parameter listed in Schedule 2 or 3 of the Ontario Drinking Water Quality Standards
or Table 4 of the Technical Support Document for Ontario Drinking Water Standards,
Objectives and Guidelines at surface water intakes or in wells, including monitoring
wells, related to those systems, and
(a) the parameter is present at a concentration that may result in the
deterioration of the water for use as a source of drinking water, or
(b) there is a trend of increasing concentrations of the parameter at the
intake, well or monitoring well and a continuation of that trend would
result in the deterioration of the quality of the water for use as a
source of drinking water.
This study focuses on (1) delineating WHPA-Es and WHPA-Fs, where required, for the
municipal groundwater supply wells located in the cities of Georgetown and Acton (Figure 1)
and (2) assigning vulnerability scores to each WHPA-E and WHPA-F based on criteria
discussed in the Part VIII of the Technical Rules for Assessment Reports. The WHPAs and
vulnerability scores determined in this study will provide the basis for future work identifying and
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assessing potential threats to the water supply (as described in Part XI of the Technical Rules
for Assessment Reports). The analyses described here will become part of the Assessment
Report for the Credit Valley Source Water Protection Area (Figure 1).

1.1 Wellfield Description
The cities of Georgetown and Acton lie within the Town of Halton Hills in the Northeast quadrant
of the Regional Municipality of Halton (Figure 1). Municipal water supply to Georgetown is
supplied from three wellfields (Lindsay Court, Princess Anne, and Cedarvale Park). Wells
locations are shown in Figure 2. There are five wells at the Cedarvale wellfield (Wells 1A, 3A, 4,
and 4A). Wells 1A and 3A are replacement wells, drilled in 2005, for the older wells, Well 1 and
Well 3. Well 4 and Well 4A operate as a well pair. There are two wells at Princess Anne (Wells
5 and 6) and one well at Lindsay Court (Well 9). The Cedarvale wells in the Georgetown
system have been classified as possible GUDI wells (IWS, 2003) with effective in-situ filtration.
Additional information about the well locations and pumping rates are provided in Table 1 and
Table 2.
IWS (2003) noted that
"In general, the chemistry of the Cedarvale wells is typical of area groundwater...
[Historic] sampling since 1991 for microbiological parameters has shown excellent quality,
with no reported occurrences of E. coli, a few occurrences of total coliform and occasional
elevated background counts, but none exceeding 200 per 100 mL. Results of [2002]
testing showed no occurrences of E. coli and only two occurrences of total coliforms. The
total coliform exceedances both occurred at Well No. 3 and were random isolated
incidents with subsequent samples indicating zero total coliforms. These data continue to
demonstrate the excellent bacteriological quality of the Cedarvale wells, also indicating
the effective removal of the bacteriological indicators present in Silver Creek. The well
water general chemistry is representative of typical groundwater and exhibits excellent
microbiological characteristics."
Recent water quality data from the Cedarvale wells show increases in a number of constituents,
most likely due to the shifting of pumping from the older wells to the currently operating wells.
Concentrations of chlorides, sodium, and cis-1, 2-dichloroethylene (DCE) are shown in Figure 3
through Figure 5, respectively. Increases in concentrations were found to correlate well with
seasonal increases in pumping. While the concentrations have increased sharply, the values
do not exceed the water quality objectives provided in Table 4 of the Technical Support
Document for Ontario Drinking Water Standards, Objectives and Guidelines. There are
insufficient data to determine whether an upwards trend is present or whether the increases
have stabilized and represent variations around a new longer-term average. Further monitoring
is recommended.
Based on the water quality data presented, this study will delineate WHPA-Es for the Cedarvale
wells. While it has not been determined conclusively that a water quality issue exists, WHPA-Fs
will also be delineated for the Cedarvale wells.
The Town of Acton operates three wellfields, 4th Line, 3rd Line (Davidson Wells 1 and 2), and
Prospect Park (Wells 1 and 2). Figure 6 shows the location of the wellfields. All wells in the
Acton system have been classified as GUDI wells with effective in-situ filtration (Region of
Halton, 2002a, 2002b, and 2002c). Analysis of water quality samples for the Prospect Park
Earthfx Inc.
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wells, collected weekly since 1997 [to 2002], showed no presence of E. coli or total coliform,
establishing that that there is no water quality issues related to pathogens (Region of Halton,
2002c).
Analysis of water quality results for the Davidson wells collected since 1997 [to 2002] showed
that 32% of 572 samples collected tested positive for E. coli for Well 1 and 25% of 512 samples
collected for Well 2 tested positive for E. coli. Also, 49% of 621 samples from Well 1 tested
positive for total coliform ands 40% of 511 samples tested positive for total coliform for Well 2.
A small creek on the property south of the Davidson Wells was identified as a possible source
but analysis of the correlation between storm events and total coliform results indicated that the
source of bacteria is unlikely to be surface water (Region of Halton, 2002b).
Analysis of total coliform and E. coli testing for the 4th Line well, carried out since 1997 [to 2002]
showed that 4% of 873 samples collected tested positive for E. coli and 41% of 923 samples
tested positive during this period for total coliform. Analysis of the correlation between storm
events and total coliform results also indicated that it was unlikely that the predominant source
of bacteria was from surface water; however, it occasionally may have an effect (Region of
Halton, 2002c). A possible source of the surface water would be the nearby creek.
Recent water quality data from the Acton wells show increases in a number of constituents for
some wells. Observed concentrations of chlorides, sodium, and nitrate are shown in Figure 7
through Figure 9, respectively. The values do not exceed the water quality objectives provided
in Table 4 of the Technical Support Document for Ontario Drinking Water Standards, Objectives
and Guidelines. Data for Prospect Park 1 show upward trends in the chloride and sodium
concentrations. No clear trends were noted for the other wells. Nitrate data show considerable
variability and a possible upward trend for the Davidson and 4th Line wells.
Based on the water quality data presented, this study delineated WHPA-Es for all the Acton
wells. WHPA-Fs should also be delineated for the Davidson and 4th Line wells because of the
water quality issues related to pathogens, increased nitrate concentrations, and because there
was uncertainty as to the exact location of the source of contamination (even though the
sources may be within the WHPA-Ds and/or WHPA-Es for these wells). WHPA-Fs should also
be delineated for Prospect Park 1 because of the increasing sodium and chloride
concentrations. As will be discussed below, delineation of the WHPA-Fs was made
unnecessary because the WHPA-Es extended to the full length of the streams contributing to
the intake point.

1.2 Methodology
1.2.1

WHPA-E and WHPA-F Delineation

The pertinent features of WHPA-Es and WHPA-Fs are shown schematically in Figure 10.
Delineation of the WHPA-Es and WHPA-Fs is described in the Technical Rules for Assessment
Reports (MOE, 2009). As noted in Rule 47 (subrule 5 and 6):
(5) [A] WHPA-E [is] the area delineated in accordance with the rules in Part VI that
apply to the delineation of an IPZ-2, as if an intake for the system were located:
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(a) at the point of interaction between groundwater that is the source of
raw water supply for the well and the surface water that is directly
influencing that groundwater; or
(b) at the point in the surface water body influencing the raw water supply
for the well that is closest in proximity to the well, if the point of
interaction described in (a) is not known.
(6) [A] WHPA-F [is] the area delineated in accordance with the rules in Part VI that apply
to the delineation of an IPZ-3, as if an intake for the system were located in the
surface water body influencing the well at the point closest in proximity to the well.
The exact point of interaction between the groundwater and surface water was not defined for
the Cedarvale or Acton wells. The closest surface water body to the wells were used as the
starting point for the WHPA-E and WHPA-F delineation.
Delineation of IPZ-2s follow Rules 65 to 67 and includes the following areas:
(1) the area within each surface water body that may contribute water to the intake
where the time of travel to the intake, subject to rule 66, is equal to or less than the
time that is sufficient to allow the operator of the system to respond to a spill or other
event that may impair the quality of the water at the intake and where the area abuts
land, a setback that is the greater of,
(a) the area of land that drains into the surface water body measured
from the high water mark and the area must not exceed 120 metres,
(b) if a Conservation Authority Regulation Limit is in effect in the IPZ2,
the area of land that is within the Conservation Authority Regulation
Limit.
(2) the area within the storm sewershed of each storm sewer that discharges into a
surface water body that may contribute water to the intake where the time of travel to
the intake, subject to rule 66, is equal to or less than the time that is sufficient to
allow the operator of the system to respond to a spill or other event that may impair
the quality of the water at the intake.
Rule 66 indicates that if the response time of the operator is less than two hours, a two hour
travel time should be used. Although the actual response time needed to shut down a pump at
the Cedarvale and Acton wellfields is unknown, the two hour response time was assumed to be
sufficiently conservative for these analyses. Methods for the analysis of contributing area
associated with the two-hour travel time to the intake for each wellfield are discussed in
subsequent sections.
Delineation of IPZ-3s for wells near streams and wetlands (Intake Types C and D) follow Rule
70 and includes the following areas:
(1) the area within each surface water body that may contribute water to the intake;
(2) where the area delineated in accordance with subrule (1) abuts land,
(a) a setback of not more than 120 m inland along the abutted land
measured from the high water mark of the surface water body that
encompasses the area where overland flow drains into the surface
water body; and
(b) the area of the Regulation Limit along the abutted land.
Thus, the WHPA-Fs include the entire length of the streams and extend upstream of the WHPAE which are limited by a specific travel time. In the case of the Acton wells, no WHPA-Fs were
Earthfx Inc.
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needed because, as will be discussed below, the WHPA-Es extended to the full length of the
streams contributing to the intake point.
The stream network and lake and wetland outlines used in delineating the WHPA-Es were
determined based on digital mapping by the Ontario Ministry of Natural Resources (MNR)
included in the Water Virtual Flow – Seamless Provincial Data Set and the Water Poly Segment
data layers housed in the Ontario Land Information Warehouse. Setbacks from the high water
mark of the surface water bodies were determined using mapping tools in the Manifold GIS
software.
Digital mapping of Regulation Limits, defined as the "area delineated on a map or series of
maps filed at the head office of a conservation authority in accordance with a regulation made
under subclause 28(1)(c) of the Conservation Authorities Act and subsection 4(4) of O. Reg.
97/04 (Content of Conservation Authority Regulations under Subsection 28(1) of the Act:
Development, Interference with Wetlands and Alterations to Shorelines and Watercourses)
made under that Act, were obtained from Credit Valley Conservation (CVC).
Digital mapping of storm sewersheds for the city of Acton were provided by the Region of
Halton. Similar maps were not available for the Georgetown area but approximate areas were
estimated.
1.2.2

Vulnerability Assessment

The second key task was to assign relative vulnerability scores to the WHPA-Es in accordance
with Rule 84 which states that the WHPA-Es should be assigned a vulnerability score in
accordance with the rules in Part VIII that apply to an IPZ-2. Rule 85, which required that
WHPA-Fs be assigned relative vulnerability scores in accordance with the rules in Part VIII that
apply to an IPZ-3, has been removed. In general, IPZs are assigned a vulnerability score as:
VS=B • C
where B is an area vulnerability factor and C is a source vulnerability factor.
According to Rules 90 through 93, an IPZ-2 is assigned an area vulnerability factor between 7
and 9 based on the vulnerability of the area where a higher factor corresponds to a higher
vulnerability. The area vulnerability factor considers:
(1) percentage of the area of the IPZ-2 that is composed of land;
(2) land cover, soil type, permeability of the land and the slope of any setbacks;
(3) hydrological and hydrogeological conditions of the area where the transport pathway
is located;
Explanations of how each factor affected determination of the area vulnerability factor must be
provided. The area vulnerability factor is rounded to a whole number.
Specific guidance on how to assess the three factors is not provided in the Technical Rules.
However, Draft Guidance Module 4 – Surface Water Vulnerability Analysis (MOE, 2006) (a
document that has officially been superseded by the Technical Rules for Assessment Reports
(MOE, 2009) but not replaced) suggests that areas with higher runoff generation potential, that
is where land cover, soil type, soil permeability, and slope encourage runoff, should be assigned
higher vulnerability factors. Areas with more numerous transport pathways (e.g., urban or rural
drainage, open drains, small streams, or ditches) are also assigned higher vulnerability factors.
Earthfx Inc.
11

WHPA-E and WHPA-F Analysis for the Georgetown and Acton Wellfields

November 2009

Areas with shorter distances between the water course and potential threats would also be
assigned higher vulnerability factors.
Methods for assigning specific numerical values were not provided in either Draft Guidance
Module 4 or the Technical Rules. Given the limited range in possible scores, base scores of 8
were assigned to each WHPA-E. These scores were then modified upward or downward by
one point depending on the ability of the area to generate runoff that could transport
contaminants to the nearby stream where it could then infiltrate and adversely affect the well
and the presence of other contaminant pathways.
According to Rule 95, the Source Vulnerability factor varies between 0.9 to 1 for a Type C intake
(intakes in streams unaffected by impoundments) and between 0.8 to 1.0 for Type D intakes
(intakes in small lakes or regulated streams). Assigning values within these ranges should take
into account the:
(1) depth of the intake from the top of the water surface,
(2) distance of the intake from land;
(3) the history of water quality concerns at the surface water intake.
Explanations of how each factor affected determination of the source vulnerability factor must
be provided. The source vulnerability factor is rounded to the nearest single decimal place.
The Technical Rules provide no guidance on assigning specific numerical values. Draft
Guidance Module 4 suggests that source vulnerability factor be assigned based on professional
judgment. In evaluating items 1 and 2, we took into account the depth of the well below land
surface and the distance between the surface water body and the well.
Results of the WHPA-E delineation and scoring are discussed in the following sections and
presented as colour-coded vulnerability maps.
1.2.3

Uncertainty Assessment

Finally, the relative uncertainty of the WHPA-E delineation and vulnerability scoring was
qualitatively assessed based on the hydrologic setting, data uncertainty, and uncertainty in the
evaluation methodology.

Earthfx Inc.
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2 Physical Setting
The physical setting, including topography, physiography, regional hydrology, geology, and
hydrogeology of the model area are described briefly as they relate to delineation of the WHPAEs and assigning vulnerability scores.

2.1 Topography
Land surface topography in the study area is shown in Figure 11. Maximum elevations of about
460 metres above sea level (masl) occur in the northwest corner of the active model area.
Another area of significant topographic elevation is associated with the NNE-SSW trending
Paris Moraine which forms a major topographic divide for the study area.
The most notable topographic feature, however, is the north-south trending Niagara Escarpment
which sharply divides the area into an upland area to the west and a lower-lying area to the
east. Areas of lower elevation above the Niagara Escarpment are associated with a major
bedrock valley that runs east west through Acton and towards Georgetown. The Prospect Park
and the Georgetown wells (including the Cedarvale wells) lie within the valley.
Terrain in the study was classified into flat (0-7.5% slope), moderate (7.5-15%), and steep
(>15%) based on the 10-m DEM as shown in Figure 12. Results were used in the vulnerability
scoring of the WHPA-Es.

2.2 Geologic Setting
The geology of the Halton Hills area consists of Quaternary sediments of variable thickness
overlying bedrock. The principal units are described briefly below.
2.2.1

Bedrock geology

Bedrock geology in the model area is shown in Figure 13. The model area is underlain by
clastic and carbonate sedimentary rocks of Late Ordovician to Middle Silurian age, which make
up parts of three major depositional sequences with outcropping rocks becoming younger from
east to west. The strata dip gently to the southwest. The oldest bedrock unit in the area, the
Georgian Bay Formation, outcrops in the extreme eastern part of the study area; it ranges from
terrigenous shale near its base to impure and shaley carbonate rock in the upper part of the
unit. It is overlain gradationally by the Queenston Formation, a predominantly shale unit with
interbeds of limestone and calcareous siltstone.
The Georgetown area is underlain entirely by the Late Ordovician Queenston Formation which
is composed of dark red, fissile, hematitic, calcareous shale interbedded with extremely finegrained to sublithographic argillaceous limestone (Bond, et al., 1976). This unit is exposed
along the base of the Niagara Escarpment to the west and nearby in the steep-sided valley of
the Credit River. The Queenston Formation is unconformably overlain by the Early Silurian
Cataract Group, which comprises the Whirlpool, Manitoulin and Cabot Head Formations. The
Earthfx Inc.
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lowest unit, the Whirlpool Formation, is mainly fine-grained quartz sandstone and can be up to
nine metres thick. It is succeeded by the thin- to medium-bedded fossiliferous dolostone of the
Manitoulin Formation, which may be up to 25 m thick. The contact with the overlying Cabot
Head Formation is gradational. The rocks of the Cabot Head Formation are predominantly
noncalcareous shale with minor interbeds of sandstone, limestone, and dolostone. These rocks
outcrop mainly in the lower face of the Niagara Escarpment
The next unit in the succession is the Fossil Hill Formation/Reynales Formation. The Reynales
Formation is composed of argillaceous dolostone and dolomitic limestone with shaley interbeds;
the Fossil Hill Formation is richly fossiliferous thin-to medium-bedded dolostone. The unit is
probably no more than two metres thick. It is disconformably overlain by thickly-bedded
dolostone of the Middle Silurian Amabel Formation, which forms the caprock of the Niagara
Escarpment and is the youngest rock unit exposed in the area.
The Middle Silurian Amabel Formation overlies the Fossil Hill Formation and forms the caprock
and main cliffs of the Niagara Escarpment from the Burlington area to Manitoulin Island
(Johnson et al., 1992). The Davidson and 4th Line Wells draw their water from this unit. It
consists mainly of white weathering, thickly bedded to massive dolostone made up of bioclastic
debris, particularly comminuted crinoidal remains. Typically these rocks are medium- to coarsegrained, but texture, crystallinity, and porosity can vary considerably (Bond et al.,1976). Along
the escarpment face, the thickness of the Amabel Formation ranges from about 7 to 20 metres.
A west-east geologic section through the Acton (Prospect Park) and Georgetown wellfields is
presented in Figure 14. The location of the section line is shown on Figure 13.
2.2.2

Quaternary Geology

Quaternary sediments in the model area are shown in Figure 15 based on OGS (2003) digital
mapping. The information was used in assessing runoff potential and assigning vulnerability
scores to the WHPA-Es.
The sediments are mainly products of glacial, glaciolacustrine, and glaciofluvial sedimentation
during the Late Wisconsinan stage of the Pleistocene Epoch. Older sediments may be present
in bedrock valleys, such as those in the Georgetown area and could be equivalent to Thorncliffe
Formation of the Toronto area. The Thorncliffe Formation in the Toronto area is a complex
assemblage of sandy deltaic and subaqueous fan sediments and related glaciolacustrine silts
and clays. In Halton Region, similar sediments are known only from limited deep borehole
records and their age and stratigraphic equivalence have not been confirmed.
The glaciofluvial and glaciolacustrine deposits are overlain by a compact, sandy silt till which
may correlate with the Port Stanley Till, a unit which outcrops only in the extreme western part
of the region. In the Georgetown area, a till has been recognized in borehole records at this
stratigraphic position and has been provisionally correlated with the Port Stanley Till. In the
subsurface, this till is overlain by discontinuous glaciofluvial/glaciolacustrine sediments that are
informally referred to as “intertill sediments”. They are, in turn, overlain by another sandy silt to
sandy loam till that is probably related to the Wentworth Till, which outcrops above the Niagara
Escarpment. This unit is an approximate stratigraphic equivalent to the upper part of the
Newmarket Till of the Toronto Region (Karrow 2005a).
Overlying the Wentworth Till are sediments of the Maple Formation (Karrow 2005a) or their
stratigraphic equivalent, an assemblage of glaciofluvial and glaciolacustrine sediments. This
unit has been studied in some detail in the study area by Costello and Walker (1972), who
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considered that these sediments were outwash, laid down in a braided stream system
associated with the retreat of the Wentworth ice, overlain by fine-grained glaciolacustrine
deposits. In the subsurface, the distribution of this unit is poorly understood. Regionally, the
Maple Formation correlates with extensive deposits of outwash sand and gravel in meltwater
channels that are associated with Late Wisconsinan ice marginal recession. These channels
are particularly prominent west of the Paris Moraine – which is the limit of the Wentworth Till –
where they have cut into the Port Stanley Till and ice-contact stratified deposits.
The youngest till unit in the area is the Halton Till, which ranges texturally from loam to silty clay
with generally less than 10% clasts (White, 1975; Karrow 1987, 2005a). It outcrops extensively
east of the Niagara Escarpment and the Acton Moraine is effectively the western limit of this till
within the region. The Halton Till is locally overlain by fine-grained or sandy glaciolacustrine
deposits. In the study area, the Credit River and some smaller streams, such as Silver Creek,
have deeply eroded the Quaternary sediments, locally stripping off the cap of Halton Till and
exposing older sediments (Karrow, 2005a). Subsequently, these streams deposited moderate
thickness of alluvial gravel, sand and silt.

2.3 Surface Drainage
The streams. lakes, and wetlands that drain the study area are shown in Figure 16. The Acton
wells are located within the Black Creek subwatershed of the Credit River. The Cedarvale
wellfields are in the Silver Creek subwatershed (Figure 16). There are a large number of
wetlands and wetland complexes within the study area, most of them located above the Niagara
Escarpment (Figure 16).
2.3.1

Streamflow

Figure 17 shows the location of the HYDAT stream gauges monitored by Environment Canada.
Gauge locations, the periods of record, and average streamflow for the period-of-record are
presented in Table 5. Additional gauges have been operated by the CVC since 2001 although
the periods of record for two of the gauges, Credit River at Glen Williams (April 2004 to Dec.
2007), and Credit River at Cheltenham (Sept. 2001 to April 2005 (discontinued)) are relatively
short. Average flow in Black Creek at Acton is 0.219 m3/s. Average flow in Silver Creek after it
is joined by Black Creek is 1.293 m3/s. Two sewage treatment plants contribute flow to the
creeks. The Acton STP is located on Black Creek between Acton and Limehouse, while the
Georgetown STP is located on Black creek near the Hungry Hollow wetland downstream of the
Cedarvale wellfield. The Acton STP serves a population of 13,635, with an Annual Average
Flow (AAF) in 2006 of 4368 m3/d (0.051 m3/s). The Georgetown STP serves a population of
36,000 with an Annual Average Flow (AAF) of 17183 m3/d (0.199 m3/s).
2.3.2

Runoff Distribution

Figure 18 shows annual average runoff from both pervious and impervious surfaces as
simulated by a hydrological model for the study area developed by Earthfx. The model is
described in several earlier reports, including Earthfx (2009). Variations are due to differences
in effective precipitation (i.e., precipitation after interception losses), topography, and local
variations in imperviousness and soil type. Areas of high, moderate, and low runoff potential in
the vicinity of the wellfields can be seen from the color gradations.
Earthfx Inc.
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3 Vulnerability Analysis
3.1 WHPA-E Delineation
The key tasks in delineating the WHPA-Es were:
(1) defining the point of interaction
(2) calculating travel times in tributaries upstream of the interaction point
(3) mapping the WHPA-E setbacks on the adjoining land
As noted earlier, the exact point of interaction between the groundwater and surface water was
not defined for the Cedarvale or Acton wells. The closest surface water body to the wells were
used as the starting point for the WHPA-E. Mapping of setbacks from the high water mark of
the surface water bodies were determined using mapping tools in the Manifold GIS software
using digital mapping data supplied by MNR, CVC, and the Region of Halton.
The most complicated task was assessing the two-hour time of travel upstream of the
intersection point. Flow data at the point of interaction and upstream are limited. Upstream flow
velocities were estimated by comparing bank full discharges of known watershed with the
similar physiographic watershed characteristics within a close geographic area. The technique
used was developed by Annable (1996) for MNR and was applied by Annable to all gauges in
the study area. Bank-full flows in ungauged tributaries and at the well locations were
extrapolated from the estimated bank-full flows assuming a streamflow-drainage area
relationship with an exponent of 1 (e.g., Emerson, et al., 2005). The method, as applied to the
Acton and Cedarvale wells is illustrated below.
3.1.1

Davidson Wells

The Davidson wells were drilled through a thin overburden layer into a fractured dolostone. It
was reported that a fracture system exists at shallow depth (between 4 to 6 m). Land use to the
north and west is agricultural with forested and wetland areas to the south and east. The
nearest perennial stream mapped by MNR is located approximately 230 m east of the wells.
However, according to the Region of Halton (2006a), there is a small creek on the property that
starts south of the Davidson wells that is fed by groundwater discharge.
Delineation of the WHPA-E for the Davidson wells was done according to the rules for an IPZ-2
for a Type C intake assuming bank full conditions. Estimated bank full flow at the nearest
gauge (02HB024 - Black Creek at Acton) is 2.27 m3/s (Annable, 1996). Assuming that about
0.051 m3/s is attributable to the sewage treatment plant, the bank full flow for the gauge with a
contributing area of 18.9 km2 is 2.22 m3/s. The contributing area above the intersection point for
the Davidson Wells is 2.18 km2 or about 11.5% of the gauged area. Accordingly, bank full flow
can be estimated at 0.26 m3/s.
Annable (1996) also calculated a discharge-velocity relationship for the Black Creek at Acton
given by:
v = 0.9107 Q0.4524
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The same relation was used to estimate bank full flow velocity in the stream segments upstream
of the Davidson wells (see Leopold and Maddock, 1955). Accordingly, the velocity was
estimated at 0.49 m/s. This yields a two-hour travel distance of 3548 m. The calculations for
these and other wells are summarized in Table 6.
The two-hour travel distance (3548 m) exceeded the length of the stream segment upstream of
the Davidson wells. Thus the entire stream segment was delineated as the WHPA-E. A
setback was drawn to either side of the stream and around the perimeter of the nearby wetland
which included the maximum of either the Regulation Limit or the 120-m buffer from the high
water mark of the surface water body. The final WHPA-E is shown in Figure 19 and in more
detail in Figure 20.
3.1.2

4th Line Well

Delineation of WHPA-E for the 4th Line Well was done using the same methodology as for the
Davidson wells. The nearest surface water body is a tributary to Black Creek. The upstream
end of a tributary to Silver Creek is a slightly larger distance away. The intake would be
considered as a Type C intake.
Calculated bank full flow was 0.24 m3/s and velocity was estimated at 0.47 m/s yielding an
upstream 2-hour travel distance of 3412 m. The computed travel distance exceeded the length
of the upstream stream segment so the entire segment and a wetland located at the upstream
end of the tributary were included in the WHPA-E as shown in Figure 19 and in more detail in
Figure 20.
3.1.3

Prospect Park Wellfield

The Prospect Park wells are located on a peninsula in Fairy Lake. The lake is relatively small
and, for the purpose of this analysis, the contributing areas were estimated based on two-hour
travel times in the tributaries feeding into the lake. Circulation patterns in the lake were not
analyzed. The intake would be considered as a Type D intake
Estimated bank full flows and velocities are listed in Table 6. The estimated travel distances,
which ranged from 2066 to 7035 m, exceeded stream length for all segments. Setbacks were
delineated for each tributary based on the 120-m buffer from the high water mark or on the
Regulation Limit. The sewersheds (i.e., the contributing areas to the storm sewers) for storm
sewers in the city of Acton that discharge to the tributary streams were also outlined and
included within the WHPA-E as shown in Figure 19.
3.1.4

Cedarvale Wells

The Cedarvale wells are located in Cedarvale Park adjacent to Silver Creek. The wells are
screened in a zone of sand and gravel overlying Queenston Shale bedrock. The sands are
semi-confined by a silty-sand to clay aquitard. The intake would be considered as a Type C
intake.
The nearest gauge on Silver Creek at 02HB008 (Credit River West Branch at Norval) after the
confluence with Black Creek. Flow in Black Creek is augmented by discharge from both the
Acton and Georgetown wastewater treatment plants. Bank-full flow for Silver Creek was
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estimated by Annable (1996) a 12.92 m3/s. After subtracting the contribution of the treatment
plants (0.051 m3/s and 0.199 m3/s), the adjusted flow is 12.67 m3/s. The contributing area to the
gauge is 127 km2. The contributing area above the intersection point for the Cedarvale wells is
37 km2 or about 29.1% of the gauged area. Accordingly, bank full flow can be estimated at 3.7
m3/s.
Annable (1996) also calculated a discharge-velocity relationship for the Credit River West
Branch at Norval gauge as:
v = 0.3887 Q0.5632
The same relation was used to estimate bank full flow velocity in the stream segments upstream
of the Cedarvale wells. Accordingly, the velocity was estimated at 0.81 m/s. This yields a twohour travel distance of 5840 m. The calculations for the Cedarvale wells are summarized in
Table 7.
The two-hour travel distance (5840 m) was mapped along the length of the main branch of
Silver Creek and along each contributing tributary stream segment upstream of the Cedarvale
wells. This accounted for about one third of the channel length and extended almost to the
Niagara Escarpment. The WHPA-Es were delineated with a setback drawn to either side of the
stream and around the perimeter of the nearby wetland which included the maximum of either
the Regulation Limit or the 120-m buffer from the high water mark of the surface water body.
The sewersheds for storm sewers in the city of Georgetown were outlined based on aerial
photographs and the digital elevation model (Figure 11) and included within the WHPA-Es. The
final WHPA-Es are shown in Figure 21.

3.2 WHPA-E Vulnerability Scoring
An area vulnerability factor between 7 and 9 was assigned to each WHPA-E based on the
vulnerability of the area where a higher factor corresponded to a higher vulnerability. The
methodology for assigning area vulnerability scores was discussed earlier.
Source vulnerability factors were assigned to each WHPA-E which varied between 0.9 to 1 for a
Type C intake and between 0.8 to 1.0 for Type D intakes. Factors taken into account in
assigning values within these ranges were discussed earlier. Final source vulnerability factors
were assigned based on professional judgment.
Final vulnerability scores were determined as the product of the area vulnerability factor and the
source vulnerability factor. Results are summarized in Table 8 and posted on Figure 19 through
Figure 21.
3.2.1

Davidson Wells

The WHPA-E for the Davidson wells covers a non-urban area of low relief but with till soils.
Overall runoff generation potential was considered to be moderate and the score was not
adjusted on this basis. Hydrogeological considerations, including the fact that the till cover was
thin, that fractures and spring systems were identified nearby, that there were nearby wetlands,
and that E. coli were found in the well argued for an upward adjustment of the area vulnerability
factor. Thus, the Davidson wells were assigned an area vulnerability factor of 9.
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Assignment of the source vulnerability factor were for the Type C intakes took into account the
shallow depth of the wells, the relatively short distance to a mapped surface water body, and the
high percentage of E. coli detections in the raw water, and the possible increasing trend in
nitrate concentrations. Accordingly, the Davidson wells were assigned a source vulnerability
factor of 1.0. The final score, rounded to the nearest decimal number was 9.0.
3.2.2

4th Line Well

The WHPA-E for the 4th Line well is similar in nature to that for the Davidson wells and covers a
non-urban area of low relief but with till soils. Overall runoff generation potential was considered
to be moderate and the score was not adjusted on this basis. Hydrogeological considerations,
including the fact that the till cover was thin but not as thin as the Davidson wells. While there
were nearby wetlands and E. coli is found occasionally in the well were found in the well, the 4th
Line well was assigned an area vulnerability factor of 8.
Assignment of the source vulnerability factor were for the Type C intake took into account the
deeper depth of the well, the relatively long distance to a mapped surface water body, and the
limited number of E. coli detections in the raw water, but also considered the possible increasing
trend in nitrate concentrations. Accordingly, the 4th Line well was assigned a source
vulnerability factor of 0.9. The final score, rounded to the nearest decimal, was 7.2.
3.2.3

Prospect Park Wells

The WHPA-E for the Prospect Park wells includes Fairy Lake and the Black Creek tributaries
that discharge to the lake. The northern part of the area is non-urban with low relief and till
soils. The southern part is an urban area with higher relief but sandier soils. Overall runoff
generation potential was considered to be moderate and the score was not adjusted on this
basis. The percentage of open water was higher than for the other WHPA-Es. Also considered
was the number of storm water sewers that discharge to the streams which can act as potential
transport pathways. Hydrogeological considerations, which included the fact that the wells
appear to be confined and no E. coli issues were reported, argue for reducing the score. In light
of the conflicting factors, the score should remain an 8. However, because of the unique
location of the well on the shore of a surface water body in an urbanized area, the Prospect
Park wells were assigned an area vulnerability factor of 9.
Assignment of the source vulnerability factor for the Type D intakes took into account the depth
of the wells, likely confinement, the negligible distance to a mapped surface water body, and the
lack of E. coli detections in the raw water. It also noted the clear increasing trend in sodium and
chloride concentrations in Prospect Park1 but the source may be from deeper bedrock rather
than surface water. Accordingly, the Prospect Park wells were assigned a source vulnerability
factor of 0.9. The final score, rounded to the nearest decimal was 8.1.
3.2.4

Cedarvale Wells

The WHPA-E for the Cedarvale wells includes steeply sloped valleys bordered by tills that
encourage runoff that could readily infiltrate the sands and alluvium of the stream valley. The
WHPA-E is mostly in an urbanized area and storm sewers that discharge to the streams may
act as potential transport pathways. Overall runoff generation potential was considered to be
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moderate and the score was adjusted accordingly. Hydrogeological considerations, which
included the fact that the wells appear to be confined and no E. coli issues were reported, argue
for reducing the score. In light of the conflicting factors, the score should remain an 8. Because
the wells are located in an urbanized area with high runoff potential, the Cedarvale wells were
assigned an area vulnerability factor of 9.
Assignment of the source vulnerability factor for the Type C intakes took into account the depth
of the wells, likely confinement, the short distance to a mapped surface water body, and the lack
of E. coli detections in the raw water. A sharp increase in sodium and chloride concentrations
has been noted but it is unclear that the source is surface water and that these represent an
increasing trend as opposed to a new average.
Because the most recent chloride
concentrations in Well 4a came close to the recommended guidelines, the Cedarvale wells were
assigned a source vulnerability factor of 1.0. The final score, rounded to the nearest decimal
was 9.0.

3.3 WHPA-F Delineation
As noted earlier, WHPA-Fs should be delineated for the Acton wells because of the water
quality issues related to pathogens and other water quality parameters (i.e., sodium, chloride,
and nitrates) and because there was uncertainty as to the exact location of the source of
contamination (i.e., they may be located outside of the WHPA-Ds for these wells). Delineation
of the WHPA-Fs was made unnecessary because the WHPA-Es extended to the full length of
the streams contributing to the intake point.
WHPA-Fs may need to be delineated for the Cedarvale wells due to the sharp increase in
sodium and chloride concentrations. The most recent chloride concentrations in Well 4a
(November 2008) came close to the recommended guidelines and further increases may
constitute a water quality issue. WHPA-Fs were delineated for the Cedarvale wells as part of
this study to provide the necessary information to the Region of Halton should they be needed
eventually.
The key task in delineating the WHPA-Fs was to extend the area of concern to the ends of all
tributary streams to Silver Creek Setbacks, based on the 120-m limit or Regulation Limit were
drawn. The WHPA-Fs were outside of the urban area and stormwater sewersheds were not
found. Mapping of setbacks from the high water mark of the surface water bodies were
determined using mapping tools in the Manifold GIS software using digital mapping data
supplied by MNR, CVC, and the Region of Halton. Results are shown in Figure 22.

3.4 Uncertainty Assessment
As per Rule 13(2), an analysis of the uncertainty, characterized by “high” or “low” must be made
regarding the delineation of highly vulnerable aquifers, significant groundwater recharge areas
and wellhead protection areas undertaken in accordance with Part V. Similarly, Rule 13(3)
requires an analysis of uncertainty regarding delineation of surface water intake protection
zones. The WHPA-E delineation would be covered under one or both of the subrules.
As the delineation of the WHPA-Es is primarily a mapping exercise the degree of uncertainty is
relatively low. The only factor contributing to uncertainty is the calculation of velocities. Flow
volumes were inferred from catchment area/bank full flow volume relationships by Annable
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(1996) extrapolated from downstream gauge measurements. Velocity calculations were made
using velocity-discharge relations for the gauge. A field work program would be needed to
evaluate how representative these estimates are of real conditions in the ungauged tributaries.
Although there may be uncertainty associated with the method, in most cases, the WHPA-Es
delineated extended to the end of the streams and most likely took in most potential
contaminant source areas.
As per Rule 13(4) and Rule 13(5), an analysis of the uncertainty, characterized by “high” or
“low” must be made regarding the assessment of the vulnerability of surface water intake
protection zones undertaken in accordance with Part VIII and the assessment of the
vulnerability of significant groundwater recharge areas, highly vulnerable aquifers and wellhead
protection areas undertaken in accordance with Part VII.
With respect to assigning area vulnerability factors and source vulnerability factors, the
uncertainty arises, in part, due to the lack of specific methodology regarding the factors to be
considered, how to score individual factors, and how to assign relative weights to the composite
scores. Many of the factors conflict, for example, the Prospect Park wells are located within a
surface water body which should give it a high score but apparent confinement of the wells and
lack of E. coli in the raw water argues for a low area vulnerability score. Lack of clear
methodology will make it difficult to compare WHPA-Es from other wellfields and other
hydrogeologic settings.
Uncertainty in the scoring for the deeper municipal wells with apparent confinement also results
from lack of sufficient well data to accurately map the discontinuous till units. Gaps in the
confinement, particularly in stream reaches where the shallow tills may have been have eroded
away, could allow rapid travel of contaminants to the deeper wells. The areas with lack of
confinement may not be revealed until there is a contaminant release in those locations.
Additional seismic and borehole drilling and developing a better understanding of
groundwater/surface water interaction, especially in the vicinity of the Georgetown wells, are
being conducted as part of the Tier 3 water budget study. This will help reduce the level of
uncertainty related to the WHPA-Es.
As per Rules 14 and 15, the uncertainties must be evaluated for each vulnerable area and
ranked as "high" or "low". Results are provided in Table 9 and Table 10 and reflect our overall
finding that the delineation of WHPA-Es has low uncertainty while the assignment of
vulnerability scores has high uncertainty.
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4 Summary
The purpose of this report was to delineate WHPA-Es and WHPA-Fs for the wells in
Georgetown and Acton that have been identified as potential GUDI wells with effective in-situ
filtration and assign vulnerability scores. A discussion of the methodology and information on
the hydrologic and hydrogeologic setting have been provided. Results of the analyses have
been presented in a set of maps showing the WHPA-Es and WHPA-Fs along with tables
summarizing the vulnerability scoring. Uncertainty related to the methodology and study results
was also discussed and summarized in tabular form.

5 Limitations
Services performed by Earthfx Incorporated were conducted in a manner consistent with that
level of care and skill ordinarily exercised by members of the environmental engineering and
consulting profession.
This report presents the results of data compilation and computer simulations of a complex
geologic setting. Data errors and data gaps are likely present in the information supplied to
Earthfx, and it was beyond the scope of this project to review each data measurement and infill
all gaps. Models constructed from this data are limited by the quality and completeness of the
information available at the time the work was performed. Computer models represent a
simplification of the actual geologic conditions. The applicability of the simplifying assumptions
may or may not be applicable to a variety of applications.
This report does not exhaustively cover an investigation of all possible environmental conditions
or circumstances that may exist in the study area. If a service is not expressly indicated, it
should not be assumed that it was provided. It should be recognized that the passage of time
affects the information provided in this report. Environmental conditions and the amount of data
available can change. Discussions relating to the conditions are based upon information that
existed at the time the conclusions were formulated.

All of which is respectively submitted,

EARTHFX INC.

E.J. Wexler, M.Sc., M.S.E., P.Eng.
Earthfx Inc.

Earthfx Inc.

Asoka Kodipilli, B.Sc., P.Geo.
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Municipal
Wells

Status
2006

Easting
(m)

Northing
(m)

Cedarvale 1a
Cedarvale 3
Cedarvale 3a
Cedarvale 4
Cedarvale 4a
Princess Anne 5
Princess Anne 6
Lindsay Court 9

587068
587469
587453
587454
587460
586154
586147
584832

4833224
4832880
4832861
4832978
4832971
4833170
4833162
4833369

Active
Shut Down
Not Used
Not Used
Active
Active
Active
Active

4th Line
Davidson 1
Davidson 2
Prospect Park 1
Prospect Park 2

577014
18956
18955
576814
576814

4835243
576866
576873
4830878
4830878

Active
Active
Active
Active
Active

Individual
Maximum
Daily
Taking
(L/day)
2,618,182
4,582,080
3,931,200
7,854,545
5,890,909
4,582,080
13,090,909
6,545,000

November 2009

Wellfield
Average
Daily
Taking
(L/day)

4,500,000

6,800,000

1,309,000
1,250,000
1,250,000

2,500,000
2,273,000 (Jun-Sep)
1,137,000 (Oct-May)

Table 1: Maximum permitted water taking for the Georgetown and Acton wells.

Municipal
Wells

Status
in
2006

Cedarvale 1a
Cedarvale 3
Cedarvale 3a
Cedarvale 4
Cedarvale 4a
Princess Anne 5
Princess Anne 6
Lindsay Court 9

Active
Shut Down
Not Used
Not Used
Active
Active
Active
Active

4th Line
Davidson 1
Davidson 2
Prospect Park 1
Prospect Park 2

Active
Active
Active
Active
Active

Actual
Maximum
Daily
Taking
2005
(L/day)
2,505,600
1,281,500

3,423,000
4,542,300
12,494,000
6,268,500

Actual
Maximum
Daily
Taking
2006
(L/day)
2,592,000
0
0
0
3,143,700
4,374,300
11,368,600
6,403,800

Wellfield
Average
Daily
Taking
2005
(L/day)

Wellfield
Average
Daily
Taking
2006
(L/day)

1,256,400

1,228,800

889,740

952,550

710,985

2,370,100

2,362,500

1,278,320

1,097,640

1,252,000

2,938,000

2,019,000

1,239,240

1,239,240

1,182,990

Simulated
Average
Daily
Taking
(L/day)

4,170,800

3,996,020

5,332,900

5,018,680

5,293,500

5,557,070

2,618,180
0
0
0
1,881,820
3,400,000
3,400,000
6,545,000

Table 2: Actual water taking for the Georgetown and Acton wells in 2005 and 2006.
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IPZ
Type

November 2009

Area
Vulnerability
Factor
10
7 to 9
1 to 9

IPZ-1
IPZ-2
IPZ-3

Table 3: Area Vulnerability Factors for different Intake Protection Zone types.

Intake
Type
Type A
Type B
Type C
Type D

Source
Vulnerability
Factor
0.5 to 0.7
0.7 to 0.9
0.9 or 1.0
0.8 to 1.0

Table 4: Source Vulnerability Factors for different intake types.

Gauge
ID

Data
Source

02GA031
02HB008
02HB018
02HB020
02HB024
02HB025
02HC017
501100001
501120004
501200011

HYDAT
HYDAT
HYDAT
HYDAT
HYDAT
HYDAT
HYDAT
CVC
CVC
CVC

Gauge Location

Start
Year

End
Year

Blue Springs Creek near Eden Mills
Credit River West Branch at Norval
Credit River at Boston Mills
Credit River Erin Branch above Erin
Black Creek below Acton
Credit River at Norval
Etobicoke Creek at Brampton
Black Creek (above 8th line)
Credit River at Glen Williams
Credit River at Cheltenham

1965
1960
1982
1983
1987
1988
1957
2001
2004
2001

present
present
present
present
present
present
present
present
present
2005

CatchAverage
ment
Flow
Area
3
(m /s)
2
(km )
63.2
0.565
127
1.293
402
4.497
32.3
0.471
18.9
0.219
615
6.258
44.5
0.628
79.2
0.695
483.5
4.897
423.9
4.797

Table 5: Streamflow for the gauged catchments
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Contributing
Area
(km2)
18.9

Proportional
Contribution
1.000

Estimated
Bank Full
Discharge
(m3/s)
2.22

Estimated
Bank Full
Velocity
(m/s)
1.413

2-Hour
Travel
Distance
(m)

Upstream of Davidson Well

2.18

0.115

0.256

0.492

3548

Upstream of 4th Line Well

2.00

0.106

0.236

0.474

3412

Fairy Lake - North Tributary
Fairy Lake - Northwest Tributary
Fairy Lake - West-Northwest Tributary
Fairy Lake - West Tributary
Fairy Lake - East Tributary

9.90
1.20
0.66
3.10
3.90

0.524
0.063
0.035
0.164
0.206

1.168
0.142
0.078
0.366
0.460

0.977
0.376
0.287
0.578
0.641

7035
2708
2066
4160
4615

Tributary
02HB024 (downstream gauge)

Table 6: Upstream travel distance calculations for the Acton Wells.

Tributary
02HB008 (downstream gauge)
Upstream of Cedarvale Wells

Contributing
Area
(km2)
127

Proportional
Contribution
1.000

Estimated
Bank Full
Discharge
(m3/s)
12.71

Estimated
Bank Full
Velocity
(m/s)
1.627

2-Hour
Travel
Distance
(m)

37

0.291

3.69

0.81

5840

Table 7: Upstream travel distance calculations for the Cedarvale Wells.
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Area
Source
Final Source
Intake
Vulnerability Vulnerability Vulnerability
Type
Factor
Factor
Score
Davidson
C
9
1.0
9.0
4th Line
C
8
0.9
7.2
Prospect Park
D
9
0.9
8.1
Cedarvale
C
9
1.0
9.0
Wellfield

Table 8: Vulnerability scoring for the WHPA-Es.

Uncertainty Element
Distribution, variability, quality and relevance of data
Ability of the methods and models used to accurately
reflect the flow processes in the hydrological system
Quality assurance and quality control procedures applied.
Extent and level of calibration and validation achieved for
models used or calculations or general assessments
completed.
Overall Uncertainty

Cedar- Prospect David- 4th
vale
Park
son
Line
Low
Low
Low
Low
Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Table 9: Uncertainty ranking for the delineation of WHPA-Es.

Uncertainty Element
Distribution, variability, quality and relevance of data
Ability of the methods and models used to accurately
reflect the flow processes in the hydrological system
Quality assurance and quality control procedures applied.
Extent and level of calibration and validation achieved for
models used or calculations or general assessments
completed.
Accuracy to which the area vulnerability factor and the
source vulnerability factor effectively assesses the relative
vulnerability of the hydrological features
Overall Uncertainty

Cedar- Prospect Davidvale
Park
son
High
Low
Low

4th
Line
Low

Low

Low

Low

Low

Low

Low

Low

Low

High

High

High

High

High

High

High

High

High

High

High

High

Table 10: Uncertainty ranking for vulnerability scores assigned to the WHPA-Es.
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Figure 1: Credit Valley Source Protection Area showing location of Georgetown and Acton (in
Subwatersheds 11 and 10, respectively) and the Town of Halton Hills (map from CVCA).
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Figure 2: Location of the Georgetown municipal wellfields.
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Figure 3: Chloride concentrations in the Cedarvale wells.
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Figure 4: Sodium concentrations in the Cedarvale wells.
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Figure 5: cis-1,2-Dichlorhoethylene concentrations in the Cedarvale wells
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Figure 6: Location of the Acton municipal wellfields.
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Figure 7: Chloride concentrations in the Acton wells.
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Figure 8: Sodium concentrations in the Acton wells.
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Figure 9: Nitrate concentrations in the Acton wells.

Earthfx Inc.

39

WHPA-E and WHPA-F Analysis for the Georgetown and Acton Wellfields

November 2009

Figure 10: Sketch showing significant features of WHPA-Es and WHPA-Fs.
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Figure 11: Land surface topography (digital data from Ontario Ministry of Natural Resources).
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Figure 12: Slope classification showing areas of steep high, moderate.
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Figure 13: Paleozoic Geology (data from Ontario Geological Survey (Armstrong and Dodge, 2007)).
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Figure 14: West-East geologic cross section through the Acton and Georgetown wellfields.
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Figure 15: Surficial geology (data from OGS, 2003).
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Figure 16: Major watersheds, Black and Silver Creek subwatersheds, wetlands (shown in green), and Strahler stream classification.
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Figure 17: Environment Canada (HYDAT) and CVC surface water flow gauges.
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Figure 18: Simulated annual average overland runoff from pervious and impervious surfaces for 1989 to 1997, in mm/yr.
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Figure 19: WHPA-Es and vulnerability scores for the Acton wells.
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Figure 20: WHPA-Es and vulnerability scores for the 4th Line and Davidson Wells.
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Figure 21: WHPA-Es and vulnerability scores for the Cedarvale wells.
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Figure 22: WHPA-Fs for the Cedarvale wells.
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