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May 2, 2018

Stephanie Shifflett, P.Eng.

Water Resources Engineer

Grand River Conservation Authority
400 Clyde Road, P.O. Box 729
Cambridge, Ontario, N1R 5W6

RE: Whitemans Creek Tier 31 Risk Assessment Report
Dear Ms. Shifflett:

We are pleased to provide a copy of our Whitemans Tier 3 Risk Assessment Report. The report details the

Risk Assessment component of the Tier 3 water budget and local area risk assessment for the Bright and

Bethel wellfields| ocat ed within the Whi t.eTheaparpose otmedierld stsdyibtvat er s he
investigate the sustainability of the municipal drinking water systems in terms of being able to meet their

allocated pumping rates considering future increases in municipal demand, future land use change,

drought, and impacts to other uses.

The Whitemans Creek subwatershed was assessed as being moderately stressed in the Tier 2 Water
Budget and Stress Assessment. As such, a Tier 3 study was required to determine the sustainability of the
Bright and Bethel municipal drinking water supply under average climate and drought conditions. A Local
Area Risk Assessment was completed for each wellfield. The Bright Wellfield Local Area was assessed a
low level of risk because it was able to meet its water demand under all conditions and was shown to have
minimal impact to other users. The Bethel wells were able to meet future water demand under average
climate conditions but unable to meet future water demand under drought conditions. Accordingly the
Bethel Road Wellfield Local Area was assessed a significant level of risk.

We trust this work report meets with your satisfaction, and we look forward to discussing it with you. If you
have any questions, please call.

Yours truly,
Earthfx Incorporated

X e Clige J LIl

Dirk Kassenaar, M.Sc., P.Eng. E.J. Wexler, M.S.E., M.Sc., P.Eng.
President Vice-President, , Director of Modelling Services

3363 Yonge St., Toronto, Ontario, Canada M4N 2M6
Tele: 416.410.4260 e-mail: info@earthfx.com
www.earthfx.com
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1 Introduction

The Ontario government passed the Clean Water Act in October 2006 to protect drinking water at the
source as part of an overall commitment to human health and the environment. Conservation Authorities
have been charged with coordinating the Source Water Protection (SWP) process, including the provision
of technical expertise to determine the best ways to protect the quality and quantity of sources of drinking
water within a watershed. This is considered to be the first step in a multi-barrier approach to ensuring safe
drinking water. SWP studies are funded by the Province of Ontario.

Source Water Protection Plans are being prepared by the Conservation Authorities for each Source
Protection Region with the support of regional and municipal governments. An important element of each
SWP plan is the technical assessment of potential risks to municipal water supplies from both a water
guantity and water quality perspective. A three-tiered approach has been defined under the Clean Water
Act for the purpose of assessing the risks to water quantity for municipal water supplies.

A Tier 2 Water Quantity Stress Assessment was completed for the Grand River watershed in 2009
(AguaResource, 2009a and 2009b). The report stated that:

ifrhe Whitemandéds Creek Assessment area was <c¢lassified
based on drought impacts simulated to occur at the Bright #4 well, and supplemental information

provided by County of Oxford hydrogeological support staff. Based on this classification, the Bright

system meets the requirement under the Technical Rules for the completion of a [Tier 3] local water

budget and risk assessment. 0

According to the SWP assessment process, municipal supplies within subwatersheds that are identified as
being potentially stressed are required to undergo a Tier 3 Local Area Water Budget and Risk Assessment.
This Tier 3 study is therefore being undertaken for the groundwater municipal supplies operated by the
County of Oxford in the Village of Bright and for the Bethel Road wellfield servicing the Town of Paris, both
situated within the Whitemans Creek subwatershed. The wellfields are herein referred to as the Bright
wellfield and the Bethel wellfield.

1.1 Project Objectives and Scope

The primary objective of this project was to complete a Tier 3 water budget and water quantity risk level
assignment for the area surrounding the Bright and Bethel wellfields. The work program for the Tier 3
Water Budget and Water Quantity Risk Level Assignment (Tier 3 Assessment) was designed in accordance
with the Technical Rules for Assessment Reports (under the Clean Water Act of 2006) and the updated
Water Budget and Water Quantity Risk Assessment Guide (referred to herein as the Water Budget Guide)
developed for the Ontario Ministry of Natural Resources and Ontario Ministry of the Environment (MNR and
MOE, 2011).

The objective of a Tier 3 Assessment, as defined in the Water Budget Guide,istofiest i mat e t he | i ke
t hat a muni ci pal wetlsywidl be ablle to sugpiy thgir aloeate@ pumping rates considering
increased municipal water demand, projected | and devel oo

Specifically, the Tier 3 Assessment includes the development of refined surface water and/or groundwater
flow models and the application of the model to evaluate groundwater and surface water resources in the
local area surrounding the municipal supply wells. Various scenarios (related to future land-use practices,
future water demand, and drought conditions) are evaluated with the model to assess the response of the
groundwater and surface water systems and evaluate the risk that a community may not be able to meet
its current or planned water demands from the municipal water source.
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1.2 Technical Approach

The hydrologic and  hydrogeologic
conditions in the Whitemans Creek
subwatershed are highly variable. Previous
studies indicated that there is a significant
interaction between the groundwater and
surface water systems. Characterizing the
response of streams, wetlands, and aquifer
levels to changing climate and water use is
essential to the understanding the overall
water budget and function of the
subwatershed.

To address this complexity and
groundwater/surface water interaction, a
fully-integrated surface and groundwater
modelling approach was followed in this
study. Project objectives were addressed
with an integrated modelling tool that
represented the physical processes in the
two systems as well as the dynamic
feedback between them in a consistent
manner. The integrated model simulates
daily fluctuations as well as longer-term

seasonal and inter-annual changes in Figure 1.1: The physical system (upper image) and a
storage under a wide range of climatic and numerical model representation in a fully distributed,
water-use conditions. cell-based, integrated model (lower image).

The U.S. Geological Survey (USGS) GSFLOW integrated model computer code (Markstrom et al., 2008)
was selected for use in this study. GSFLOW is constructed from two proven submodels: MODFLOW and
PRMS. The model represents all surface water features (streams, wetlands, lakes and ponds) along with
the subsurface geologic and hydrogeologic setting of the study area. The components and linkage of these
models is described in detail in a companion report titled Whitemans Creek Tier Three Local Area Water
Budget and Risk Assessment - Model Development and Calibration Report (Earthfx, 2017).

Earthfx (2017) discusses the selection of appropriate boundaries for the integrated model. As figr oundwat er
wat er s h e digscanbelargtrthran surface watershed catchment boundaries, the model boundaries

were expanded to include additional area adjacent to the subwatershed. This ensured that cross-watershed

groundwater flows were correctly represented in the model. The model boundaries are shown in Figure 1.2.

The area encompassed by the model boundaries constitut
report.

1.3 Tier 3 Assessment Methodology and Project Scope

The MNR Water Budget Guide lists 10 steps for completing a Tier 3 water budget and local area risk
assessment. These are discussed below with specific reference to this study, project scope, and
organization of this report.

Develop the Tier 3 water budget model: The surface water and groundwater models should be based on
conceptual models representing detailed conditions around the wells. The models should be calibrated to
represent typical operating conditions under average climate conditions and drought. As noted earlier, an
integrated groundwater/surface water model was developed for the study area. Model development and
calibration is described in Earthfx (2017). This work is summarized in Sections 2 and 3.
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Characterize the municipal wells: The Tier 3 assessment requires a detailed characterization of the
municipal wells with focus on identifying the low-water operating constraints. Section 4.1 and Section 4.2
of this report contain figures and discussions regarding the Bright and Bethel municipal wellfields.

Estimate allocated plus planned quantity of water: Municipal water takings, in terms of existing,
committed, and planned pumping rates for municipal wells, should be quantified for the Tier 3 analysis.
Section 4.3 of this report describes the existing takings along with allocated demand (existing plus
committed demand) for the Bright and Bethel municipal wellfields.

Identify and characterize drinking water quantity threats: Threats to drinking water quantity can include
municipal and non-municipal consumptive water demands as well as reductions to groundwater recharge.
Section 4.5 of this report discusses other water takings in the study area. Land use changes that can affect
the rate of recharge are discussed in Section 4.7.

Characterize projected land use: Changes in land use due to the expansion of urban or settlement areas
and agricultural activities can affect recharge rates by increasing imperviousness and changing vegetative
cover. An evaluation of the potential impact of projected land use changes on water supply is included in
the Tier 3 analysis. Projected land use change was determined by comparing Official Plans with existing
land use. Projected change in recharge was determined through simulations with the GSFLOW model and
incorporated reasonable assumptions relating to imperviousness, vegetative type, and cover density for
projected land use changes. These are described in detail in Section 4.7 and Section 6 of this report.

Characterize other water uses: Other water uses that might be affected by municipal pumping need to
be identified as part of the Tier 3 analyses. In addition to non-municipal permitted takings, these water
uses include aquatic habitat, provincially significant wetlands, wastewater assimilation, and recreational
water use. Other water uses are discussed in Section 4.6 and Section 6.5.

Delineate vulnerable areas: A specific requirement of the Tier 3 assessment is that the model should

represent the "local area" around the municipal wells. Vulnerable areas from a groundwater quantity

perspective (i.e., the WHPA-Q1 and WHPA-Q2) were delineated using the Tier 3 model. The WHPA-Q1

was delineated by computing the drawdown cone for the municipal wells with existing plus committed plus

planned rates. The WHPA-Q2 expanded this zone to include areas where recharge reductions resulted in

a measurable impact to water levels at municipal wells. The WHPA-Q?2 is, by definition, identical to the

il ocal areado. Further descriptions -Qf and WiHPA-@Qazel yses d
presented in Section 6.2.

Evaluate risk scenarios: A set of risk analysis scenarios have been developed to consider the allocated
quantity of water, average climate and drought conditions, and projected change in land use. The
prescribed scenarios were evaluated for the Bright and Bethel municipal wellfields using the Tier 3 model
to determine the sustainability of municipal pumping and, where required, impacts to other water uses. The
analyses are described in Section 6.4.

Assign risk level: A risk ranking (low, moderate, or significant) must be assigned to the well based on the
results of each risk scenario. An uncertainty level (high/low) is also derived for each risk ranking. Risk
levels for the local areas surrounding the Bright and Bethel wellfields are presented in Section 6.6.

Identify drinking water quantity threats: Drinking water quantity threats, such as consumptive uses or
reductions in recharge, must be identified at the significant and moderate levels within the WHPA-Q1 and
WHPA-Q?2 areas. Water quantity threats in the vicinity of the Bright and Bethel wellfields are discussed in
Section 7.
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Figure 1.2: Whitemans Creek subwatershed and Tier 3 study area and model area boundaries.
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2 Physical Setting

Developing a detailed understanding of the hydrologic and hydrogeologic function of the watershed is a
critical part of the Tier 3 study. A companion model development and calibration report (Earthfx, 2017)
provides a detailed description of the geology, hydrogeology and water resources of the study area. This
section provides a brief summary of the key findings regarding the physical setting (topography, land use,
physiography, hydrology, geology, and hydrogeology) of the Whitemans Creek subwatershed and the
surrounding area.

2.1 Watershed Overview

The Whitemans Creek subwatershed is located in southwestern Ontario between the City of Brantford to
the east and City of Woodstock to the west (Figure 1.2). Land surface topography, based on a 10-metre
(m) Digital Elevation Model (DEM) provided by the Ontario Ministry of Natural Resources (MNR), is shown
in Figure 2.4. Land surface slopes from north to south and from west to east, with local areas of high relief
within the Paris and Woodstock moraines and areas of low relief adjacent to incised streams. The
subwatershed drains an area of approximately 400 square kilometres (km2) from headwaters in the
northwest to an outfall into the main branch of the Grand River to the southeast. From the Whitemans
Creek outfall, the Grand River turns southeastward and eventually discharges into Lake Erie at Port
Maitland.

The western and southern extent of the Whitemans Creek subwatershed defines the watershed divide
between the Grand River and the Thames River to the west and Big Creek to the south. Whitemans Creek
is shown in relation to its neighbouring catchments on Figure 2.5. The subwatershed contains three main
tributaries; Whitemans, Horner, and Kenny creeks, which have a combined stream length of 369 km.
Horner Creek becomes Whitemans Creek upstream of the town of Princeton, while the Kenny Creek
tributary joins Whitemans Creek from the west near Burford.

21.1 Land Use

Current land use and land cover within the Docidudis Forest
Whitemans  Creek  subwatershed  were 3 1%
evaluated with the Southern Ontario Land

Transporation Pl
Resource Information System (SOLRIS v2) Treed Swamp 3% 2.0%
mapping compiled by MNR (2014). Actively e
cultivated agricultural fields comprise 60% of the Built-Up Areas
water shed, wi t h Aundi 1.3%

encompassing an additional 16%. Within the
Whitemans Creek subwatershed, the
undifferentiated classification includes some | Undifferentiated |
agricultural features not included in tilled | *56%
classification such as orchards, fallow lands,
and undeveloped pastures. This brings the total
estimated agricultural coverage to 76% (304
km2) of the subwatershed. Natural areas,
including deciduous forests and treed swamps
and other (forest/wetlands), cover 19% of this
largely rural area. Developed or settled areas

Open Water
1.0%

(i.e., rural residential, transportation, parks,
industrial, and commercial lands) cover the
remaining 5% of the subwatershed area. A
detailed breakdown of the SOLRIS land
coverage for the subwatershed is presented in Figure 2.1.

Figure 2.1: Summary of land use within the
Whitemans Creek watershed (MNR SOLRIS v2,
2014).
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2.2 Physiography

The Whitemans Tier 3 study area contains portions of six physiographic regions as identified by Chapman
and Putnam (1984). The four main regions include the Norfolk Sand Plain, Horseshoe Moraines, Mount
Elgin Ridges, and Oxford Till Plain (Figure 2.6). The Stratford Till Plain and, farther to the north, the
Waterloo Hills are of limited extent in the study area. While the study area is complex, the physiography of
the Whitemans Creek watershed can be generally divided into three broad regions: 1) the Upper Whitemans
Till Plains; 2) the Central Whitemans Glacial Outwash; and 3) the Lower Whitemans Sand Plain. The three
regions have generally similar physiographic, hydrologic, and geologic characteristics and are defined
further in Earthfx (2017).

2.3 Geology

The geology in the Whitemans Creek subwatershed and the surrounding region consists of a complex
assemblage of Quaternary age unlithified clastic sediments (primarily tills and intervening sand and gravel
units), that unconformably overlie Silurian and Devonian marine sedimentary bedrock units. Figure 2.2
presents the conceptual stratigraphy of the Whitemans Creek subwatershed.
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Figure 2.2: Schematic representation of Stratigraphic Framework

2.3.1 Bedrock Geology

The Paleozoic sedimentary rocks dip gently to the south or southwest, becoming progressively younger in
that direction (presented schematically in cross section in Figure 2.2). As shown in Figure 2.7, the
Whitemans Creek subwatershed is underlain largely by the Salina Group - a thick, complex of shales,
carbonate rocks, and evaporites (anhydrite, gypsum, and halite). Few bedrock outcrops occur in the region
outside of the deeply incised river valleys such as the Grand River valley. The distribution and lithologic
character of the rocks was characterized as part of the Brantford-Woodstock OGS model (OGS, 2010) and
incorporated in this study. The units are further described in Earthfx (2017).

2.3.2 Quaternary Geology

Like all of southern Ontario, the study area was repeatedly glaciated during the Pleistocene Epoch. Locally,
much of the earlier sediments have been removed and there is only clear evidence for glacial activity from
the Wisconsinan, the final major glacial episode (Barnett, 1992). The complex geologic history has resulted
in highly variable geologic conditions across the region. In general, the region is characterized by low
permeability tills in the northwest transitioning to the highly permeable Norfolk Sand Plain in the southeast.
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Surficial geologic for the study area, based on OGS mapping (OGS, 2010) is presented in Figure 2.8 and
shows the locations of the tills (various shades of green) and the more permeable ice contact and coarse
glaciofluvial and glaciolacustrine deposits (yellow and orange shades).

There are a number of moraines in the region associated with the various ice lobes and till units. Most of

these moraines are products of minor glacialrecadvancesd® during ice marggi

The major Erie-Ontario lobe moraines include the Ingersoll, St. Thomas, Norwich, and Tillsonburg
moraines, which are associated with the Port Stanley Till, and the Paris, Galt, and Moffat moraines,
associated with the Wentworth Till (Cowan, 1972, 1975; Barnett, 1978, 1982).

2.4 Climat ic and Hydrologic Setting

As introduced in the previous section, the Whitemans Creek subwatershed can be generally divided into
three broad hydrologic regions:

1 Upper Whitemans Till Plains (Upper Horner Creek): Dominated by poorly drained till plains due
to low permeability Tavistock Till at surface.

1 Central Whitemans Outwash Area (Kenny Creek and Lower Horner Creek): A complex area of
moraines, outwash deposits, and till plains. These sediments are host to the many ponds and
wetlands owing to poor drainage.

1 Lower Whitemans Sand Plain (Lower Whitemans Creek): Extensive glaciolacustrine and
outwash sand deposits with near surface groundwater levels. Swamps and other wetlands with
large seasonal variation in hydroperiod are typically found in low-lying and riparian areas.

2.4.1 Stream Network and Wetlands

The stream network within the Whitemans Creek subwatershed is presented in Figure 2.9, along with major
lakes, ponds, swamps and wetlands. The stream network consists of both natural channels and
constructed municipal drains. In poorly drained areas, such as the Upper Whitemans Till Plains, tile drains
are common in agricultural fields.

The less permeable Tavistock Till unit in the Upper Whitemans Till Plains generates significant overland
runoff compared to other portions of the Whitemans Creek subwatershed, resulting in relatively flashy
streamflow in Horner Creek. Similarly, the southwestern portion of the subwatershed adjacent to Kenny
Creek also generates significant streamflow volumes. The sandy, shallow deposits at surface in the upper
Central Whitemans Outwash Area have higher infiltration rates, thereby reducing overland runoff and
increasing baseflow to the lower reaches of Horner Creek. Recharge in this area supports numerous ponds
and wetlands. The areas of highest recharge occur within the Lower Whitemans Sand Plain.

The distribution of Water Survey of Canada (WSC) stream gauge locations is shown on Figure 2.10. There
are two active and one discontinued streamflow gauges within the Whitemans Creek subwatershed
(Quaternary Watershed ID 02GB-05). There are 21 active or historic Water Survey of Canada (WSC)
stream gauge stations within a 10-km buffer of Whitemans Creek and each of the quaternary
subwatersheds adjacent to Whitemans Creek is currently gauged by the WSC. Detailed information about
the gauge network, including streamflow records, is presented in Earthfx (2017).

2.4.2 Precipitation and Temperature

There are several climate stations located around the Whitemans Creek subwatershed (Figure 2.11). Data
were obtained from stations within 15 km of the model boundary. A total of 79 representative stations were
used to characterize climate in the subwatershed. The period of record for each station varies, but data
(either precipitation or temperature) are available from 1865 onwards.

Average annual precipitation varies from a high of 950 millimetre (mm) in the northwest of the study area
to a low of 850 mm in the southeast around Brantford (Figure 2.12). Annually averaged daily temperature
(Figure 2.13) demonstrates an inverse relationship with elevation, with a 1°C difference observed across
the watershed roughly correlating to topography (Figure 2.4).

EarthfX Inc. 7
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2.5 Hydrogeologic Setting

The Whitemans subwatershed was subdivided above into three general physiographic regions, as
described in Section 2.2. This subdivision provides a useful framework to introduce the complex glacially-
modified drift deposits that control subsurface hydrogeologic conditions. Table 2.1, below, summarizes the
hydrogeologic conditions in each region. Cross sections, presented in Figure 2.2 and Figure 2.3, further
illustrate the subsurface conditions described below.

Table 2.1: Conceptualization of regional hydrogeologic setting.

Upper WhitemarTill Plains CentraWhitemans Outwash Area Lower Whitemans Sand Plain

Complex system of moraines, outw|
deposits and till plains. Upper Erie H
sands formshallow, regional aquifer { Extensie and thick (up ton6p
is confined to the south by the Port § glaciolacustrine and outwash sand de
Phase aquitards. To the north, the s| forma egional unconfined wtabte

Poorly drained till plains due to loy
permeability Port Bruce Phase aquite

surface. aquifer is unconfined where glacial oy aquifer.
events have removed the surficial till
unconfined sand aquifers occur at su
Underlain by sequences of thick, continuous till aquitards, which are sep Underlain by largely uninterrupteg
relatively thin, discontinuous sand aquifer units. sequence of till aquitards down to be

Regionally confined bedrock aquifer system, except locally where rivers or outwashradhedhrelsgiasaft deposits (&hg.,
bottom of Whitemans Cesell hames River near Woodstock). The southwestern half of study area is underlain by
Devonian limestone aquifers (the Onondaga limestone aquifers). The northeastern half of study area isauRderiatiol
aquifewith water of peo quality

Creek

Harner
evk
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Hwy 403
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-
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Figure 2.3: Hydrogeologic cross section down the central axis of the subwatershed

The cross section shown in Figure 2.3 is based on an interpretation of borehole logs and illustrates the
complexity of the shallow Quaternary aquifer and aquitard layers. The cross section traverses down the
centre of the watershed, and three hydrologic zones (upper, middle and lower) each correspond to one
third of the cross section. An overview of the hydrostratigraphy can be found in Section 3.2, and a more
complete description can be found in Earthfx (2017).
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2.5.1 Regional Water Level Patterns

Regional water level patterns were evaluated using static water level data from the Ontario Ministry of
Environment and Climate Change (MOECC) Water Well Information System (WWIS). Water level data
from shallow wells were interpolated across the study area, as shown in Figure 2.14. Flow is assumed to
be perpendicular to the potentiometric surface contours for the overburden aquifers and the map can be
used to infer patterns of groundwater flow.

In general, groundwater flow in the shallow system is from topographic highs in the northwest and north

(corresponding to the Waterloo Moraine) toward topographic lows in the southeast. A region of high

groundwater levels is also noticeable to the south of the City of Woodstock (corresponding to the
Woodstock and I ngersoll-smapaddeg) oun Pwateseer pointinfiour s c a
upstream along the main branches of the Thames River, Whitemans Creek, the Nith River and the Grand

River, suggesting the river valleys are areas of significant groundwater discharge.

Interpolated water levels in the bedrock are presented in Figure 2.15. The water level patterns are more
subdued but generally consistent with those in the overburden aquifers. Regional highs corresponding to
the Waterloo and Woodstock Moraines are still visible, as are v-shaped contours around the main river
branches.
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Figure 2.4: Surface topography in the Whitemans Creek subwatershed and surrounding area.
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Figure 2.5: Quaternary subwatersheds of the Grand River, Thames River, and Big Creek within the
study area.
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Figure 2.6: Physiographic regions in the study area.
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Figure 2.7: Paleozoic bedrock geology in the study area.
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Figure 2.8: Surficial geology in the study area (from OGS, 2010).
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Figure 2.9: Stream network and wetlands in the study area.

EarthfX Inc.

15



Whitemans Creek Tier 3T Risk Assessment Report May 2018

T AR i T el AT, PRy € e LU Tl ha s A5 T /s o 2 i B SR |
, : J =

8 S L dRGADI7 }
—5 . O2EA008

L T
D2 GAY
(2.5 |'|
iR N =

L S
s

|
00006LY

02 '/\\12
62600
2.4

| RS ’ p? (§
NG 510000 1 , 520000 ‘1 530000 g 540000 J
' T Sl Y T , V) [N Y S T " T e 'y "< DT W B WY I S
-
Legend: . DRINKING WATER 8
Roads S River/Stream S_-QKRS_F ,’_l‘ﬂ.‘lr.H_‘_,")N B\
=== Express/Highway [ Lake ) }
=== Freoway = % = Wetiand
Municipsal BOUDGSW — Subwatershed BDUI’\(’&I’V wh"emans Creek Tler Three Local Area

— Model Boundary
A Active WSC Gauge Stations
4 Discontinued WSC Gauge Stations

Water Budget and Risk Assessment

J
4
Study Area Streamflow Gauges
Dais Sources

Produted Mty nioimaton provwded by e 00 0000

GRCA and I Mnisyy of NMEM Resouices ° .

< O Cusen’ 1
| oo -t Urvis UTM NADIES Zone 17
L )

Figure 2.10: Water Survey of Canada (WSC) streamflow gauges proximal to the study area.

EarthfX Inc. 16



Whitemans Creek Tier 31 Risk Assessment Report

May 2018

3

Innerkip
WIS GAF Ct

Y :w»\r{'um;} WERL)

"
I' . S —
-~ et w‘ ) &5 TON WiCe o'
Camtindg| =

ROSEVILLE SRy

FALKLAND

Butford

Roads ’\.r River/Stream
=== Express/Highway T Lake
s==== Freoway $2F + = Wetiand
w— Municipal Boundary e Subwatershed Boundary
—— Mode!l Boundary
A GRCA Climate Stations
4 EC Climate Stations

sl ~
9 \ A f* 2
‘ .—‘\\F‘ } z
tklard
Scatfand Il =
FOLDENS
A
ACGTAND | Y WRBONVILE |
'‘isonvi!
Narwich A q;“ " =
' VANFEZA | WATLY
3 A L\ A
S > ) a3
{ e 4 L
F 510000 520000 530000 / 540000 550000 g', \1
3 R e LYY 7 IR R i " MY P y Y R g DY IY 2ol MO Il I o, Vi, AN TS Y
>
o=
Legend: DRINKING WATER 78

SOURG morfcnoN

Whitemans Creek Tier Three Local Area
Water Budget and Risk Assessment

Ta Hoorces
Produted Mty rioimaton provwded by e
GRCA ana e My 0f NMes Resources
Copyrght O Cusen's Privker. 2015

o

o A0 0000

Ursts UTM NADES Zone 17

Study Area Climate Stations
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Figure 2.13: Daily average interpolated mean temperature (wy1872 through wy2016).

EarthfX Inc. 19



Whitemans Creek Tier 31 Risk Assessment Report

May 2018

:1'-—] T L T

| AR =P Y |
Ik \ - :
‘ 510000 520000
! \1\ r=fy Aj prgR AN Yy 1\,'&1 l

3 T AT y u
‘ T 'Mmr%L

¥ &

Legend:

Roads

=== Express/Highway
=== Freeoway

Municipal Boundary
—— Model Boundary

Sr River/Stream

[ Lake

= 3 = Weatiand

— Subwatershed Boundary

® Municipal Pumping Waelis

s

e T Py '
DRINKING WATER i 3
ﬂssg;;r,a;qrfg_,m’ \*j

[ ol T e
S=Earthf

Whitemans Creek Tier Three Local Area
Water Budget and Risk Assessment

>
Intorpoiates ot ygen diater Levels (mes!) )
we 3 : " = Interpolated Overburden
Dwia Sasrcoe I Water Levels
GG a0 e MNiSTy O Nl FSOUNCE ° 4590 0000
| [ iepicictin g ot Urvis. UTM NADIBS Zone 17
; \ J
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3 Geologic and Numerical Modelling

The development of refined surface water and groundwater flow models is another critical part of the Tier 3
study. A companion report (Earthfx, 2017) describes the conceptual model developed for this study which
followed an extensive data compilation and analysis task. The report documents the construction and
calibration of an integrated groundwater/surface water model using the USGS GSFLOW code
(Markstrom, et al., 2008) based on the conceptual model. This section provides a brief summary of the
conceptual and numerical models employed to complete the Tier 3 water budget and risk assessment
scenarios. Further detail can be found in Earthfx (2017).

3.1 Geologic Model Development

The hydrostratigraphic model developed for the Whitemans Creek Tier 3 study is based extensively upon
work completed by the OGS in the Brantford Woodstock area (Bajc and Dodge, 2011). The OGS study
involved the construction of a three-dimensional hydrostratigraphic model of the regional Quaternary
deposits, using field investigations and computer modelling. The OGS model provided a sound conceptual
foundation for the hydrostratigraphic and numerical groundwater flow model developed in this study.
Localized refinement of the OGS model and extension of the OGS surfaces to the study area boundaries
were undertaken, as described in Section 5.2 of Earthfx (2017).

Local revisions to the OGS model were made in the vicinity of three municipal wellfields (shown in Figure
3.4): the Bethel Road wellfield, the Community of Bright wellfield, and the Brantford Airport wellfield, to
provide a more detailed representation of local hydrostratigraphic conditions. These local revisions were
needed to address the wellfield-scale focus of the Tier 3 risk assessment and achieve a level of detail not
found in the regional-scale OGS model. New geologic and hydrogeologic data obtained after the 2011
OGS study provided additional information to update the understanding of local subsurface conditions. In
particular, three of the municipal supply wells (PW1/12, PW2/12 and PW4/12) in the Bethel wellfield were
completed after 2011. Although the Brantford Airport wellfield was not a focus of this study, the GRCA
requested that attention be placed on local conditions at this wellfield in anticipation of upcoming source
protection investigations in the area.

3.2 Hydrostratigraphic  Model Development

The key OGS geologic surfaces were extended and refined to create a set of conceptual surfaces for the

Whitemans Tier 3 study. Some units were combined and the 20 OGS surfaces were reduced to 11 major

overburden aquifer and aquitard units. In addition, seven Paleozoic bedrock units were also interpolated

from existing well records and added to the conceptual model, as well as an upper weathered bedrock

contact unit. This set of digital |l ayers is referretagerst o as t
are listed in Table 3.1. A series of layer thickness (isopach) maps are presented in Section 5.2 of Earthfx

(2017). Cross sections showing the Tier 3 hydrostratigraphic model layers were provided in Earthfx (2017)

to illustrate the complex layering and often discontinuous nature of the hydrostratigraphic units across the

study area. A discussion of key aquifer units was also provided.

3.2.1.1 Surficial Deposits and Moraines

Layers 1 through 4 in Table 3.1 represent surficial deposits and the Wentworth Till moraine. The Wentworth

Agquitard includes the Paris, Galt and Moffat moraines of the lower Whitemans Creek subwatershed, but

the units are not extensive or very thick. The Whittlesey Sand Aquifer and Whittlesey Aquitard are limited

to the eastern-most portion of the study area. The most significant shallow aquifer unit (referred to as the

iSand Pl ain and Out wash AkgSandf Rlam cand ithe cGranddRiver Outlwash Nor f o |
sediments.
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Table 3.1: Whitemans Tier 3 Hydrostratigraphic Model Layers

Layer Conceptual Unit Name MaliJnni(t)GS Comments
Overburden Units
1 Whittlesey Sand Aquifer AFAO
2 Whittlesey Aquitard ATAl
3 Wentworth Aquitard ATA2
4 Sand Plain and Outwash Aquifer AFA2
5 Port Stanley/Tavistock Aquitard ATB1 includes absent ATA3
6 Waterloo Moraine Aquifer AFB1
7 Maryhill Till Aquitard ATB3 includes negligible ATB2
8 Post Catfish Aquifer AFB3
9 Catfish Creek Till Aquitard ATC1 Includes negligible AFC1 and ATC2
10 PreCatfish Aquifer AFD1
11 Canning Till Aquitard ATE1 Includes patchy AFF1 and ATG1
Bedrock Units
*12 Weathered Bedrock Contact Aquifer AssumedOm across model
13 Dunded.ucasAmherstburg Aquifer
14 Bois Blanc Aquifer
15 Bass Island Aquifer
16 Upper Salina Poor Aquifer/Aquitard Salina UnitsiA
17 Lower Salina Shale Aquitard Salina G Unit
18 GuelpHeramosa Aquifer
3.2.1.2 Post-Catfish Aquifer and Aquitard Systems
For the remainder of the discussion, the hydrostratigraphic units in the overburdenwi | | be grouped

and fAPost 8 Caagk. i ThéhPod-CatfishkunitT include the Port Stanley/Tavistock Till Aquitard
Complex and Waterloo Moraine Aquifer. The Waterloo Moraine Aquifer is frequently unconfined, except in
the middle portions of the Whitemans Creek subwatershed where it is confined by the Port
Stanley/Tavistock Till Aquitard. The Post-Catfish Aquifer (Layer 8) is limited to lenses that can be
considered locally significant but patchy in terms of regional continuity. This aquifer unit sits on the Catfish
Creek Til!l Aguitard and -woas eldlee@zaktHlfi &hb rCatfish Grexek Talls
Aquitard (Layer 9) is continuous across much of the Whitemans Creek subwatershed.

3.2.1.3 Pre-Catfish Aquitard and Aquifer Systems

The Pre-Catfish Aquifer (Layer 10) is only locally significant. Recharge to this unit is likely limited by the
relatively continuous overlying Catfish Creek Till Aquitard. The deeper Canning Till Aquitard is frequently
found in bedrock depressions and is discontinuous. Two localized pre-Canning Till aquifer zones, sitting
on bedrock, were too limited, deep, and isolated to be included as full layers and have therefore been
combined in with the weathered bedrock contact aquifer.

3.2.1.4 Onondaga Escarpment Aquifer Units

The Onondaga Escarpment is a significant feature in the western part of the study area. Where the
escarpment is present, overburden is generally thinner. The majority of the private and public wells above
the escarpment are completed in the limestones and dolomites. Recharge in these areas may also supply
water to deeper units in the Whitemans Creek subwatershed. Outwash channels south of Bright may also
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interconnect with the units above the escarpment and potentially support cross-watershed flow into the
headwaters of the Thames River.

The three shallow bedrock units, the Dundee, Lucas and Amherstburg formations, were combined in the
Whitemans Conceptual Hydrostratigraphic Model as Layer 12 while the Bois Blanc and Bass Island Aquifer
units were separated. Mapping of the top of the Bass Island Formation indicated that a significant portion
of the southwestern region of the Whitemans subwatershed is underlain by Bass Island Formation
limestones as much as 20 m in thickness (see Earthfx (2017)).

3.2.1.5 Salina Formation

The Salina Group consists of a number of sub-elements. Eight units of formational rank have been
recognized in the Salina Group (Armstrong and Carter, 2010), with the lower two members exhibiting an
increase in shale content. While data were insufficient to map all eight units, the lower two members were
identified and mapped as the Lower Salina Aquitard. Previous studies have referred to the Salina as a
Apoor aquifero. The Guel p-trop hayahd thernartimeast exterft of thenstudy
area. These units were mapped to help define the base of the model.

3.3 GSFLOW Model Development and Calibration

The USGS GSFLOW code (Markstrom et al., 2008) was used in developing the integrated surface
water/groundwater model. GSFLOW was developed from two widely-recognized USGS submodels: (1)
the Precipitation Runoff Modelling System (PRMS, Leavesly et al., 1986) and (2) the modular groundwater
flow model MODFLOW-NWT (Niswonger et al., 2011) with the UZF unsaturated flow module (Niswonger
et al., 2006) and the SFR2 and LAK surface water modules (Niswonger and Prudic, 2005 and Merritt and
Konikow, 2000). The different processes and submodels in GSFLOW are listed in Table 3.2 and are shown
schematically in Figure 3.1. The submodels include numerical representations of hydrologic processes that
occur within each submodel domain. A complete description of the GSFLOW code can be found in
Markstrom et al. (2008), a simplified overview is presented below and, in more detail, in Earthfx (2017).

Table 3.2: Processes and GSFLOW submodels.

Region Process Component GSFLOW Submodel
1 Hydrologly (Soil Water Processes) Hydrologic Submodel (PRMS)
2 Unsaturated Flow UZF module for MODFLOW
2 Streamflow, lakes and wetlands SFR2 and LAK modules for MODFLOW
3 Groundwater flow Groundwater Submodel (MODFRMIWY
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Figure 3.1: Schematic diagram of the GSFLOW process regions (modified from Markstrom et al.,
2008).

3.3.1 Overview

The hydrologic (PRMS) submodel is an open-source code for calculating all components of the hydrologic
cycle at a watershed, subwatershed, or cell-based scale. PRMS is a modular, deterministic, physically-
based, fully-distributed model developed to evaluate the impacts of various combinations of precipitation,
climate, topography, soil type, and land use on streamflow and groundwater recharge. The PRMS code is
extremely well documented and has been used recently in Source Water studies in nearby watersheds
(e.g., Earthfx (2008), Earthfx (2010), Earthfx (2013), and Earthfx (2014)). Feedback between each
submodel (surface water or groundwater) is particularly important to this study because of the strong
interaction between the surface water and groundwater processes across the Whitemans Creek
subwatershed.

PRMS itself is composed of many process-based submodels, including:

1 Aclimate submodel that distributes precipitation and determines potential evapotranspiration
(PET) rates based on temperature, topography, and solar radiation;

1 An energy-balance snowmelt submodel that simulates snowpack dynamics and accounts for

snowmelt quantities;

A canopy interception submodel; and

A soil-water accounting algorithm that computes infiltration, overland runoff, interflow, actual

evapotranspiration (AET), change in storage, and groundwater recharge.

Groundwater flow in GSFLOW is simulated by MODFLOW-NWT (Niswonger et al., 2011), a version of
MODFLOW-2005 especially well-suited for simulating flow in shallow thin aquifers and in areas with sharp
topographic relief. Additional modules in MODFLOW-NWT simulate unsaturated flow between the base of
the soil zone and the water table, lake and wetland water balances, streamflow, and groundwater/surface
water interaction. Inputs to these routines were adjusted so that the model could also simulate agricultural
irrigation water demand within the study area.

=a =4
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3.3.2 Model Calibration

The PRMS and MODFLOW submodels were first pre-calibrated independently to get initial estimates of
model parameter values. Much of the calibration effort for the PRMS hydrologic submodel focused on
matching observed flows at the three historical WSC gauges within the Whitemans Creek subwatershed,
however, stations within the Upper Thames, Avon, Big, and Big Otter subwatersheds were also considered.
This well-distributed gauge network, with a period of record spanning over 50-years, allowed for multiple
calibration and validation periods to be employed during parameterization. A Monte-Carlo approach was
undertaken to jointly measure model sensitivity and refine model calibration.

PRMS was calibrated in stand-alone mode to gain insight into the function of the model and the
appropriateness of the parameterization. Integration with the groundwater submodel and calibration of the
fully-integrated GSFLOW model proceeded after an acceptable submodel calibration was achieved. This
corresponded to when the daily Nash-Sutcliffe efficiency factor (NSE) was greater than 0.50 for the majority
of the calibration period, and the volumetric percent difference was less than 10%. These calibration
statistics are discussed in Earthfx (2017) and are measures of the differences between the observed flows
(Qo) and simulated flows (Qs) where NSE is given by Nash and Sutcliffe (1970) as:

nobs

X 2
a Q- Q)
Nash Sutcliffe Efficiency =1- ,?;bls— (Equation 1)

4@Q-Qr

NSE can range from 1 to minus infinity, with 1 being a perfect fit (Nash and Sutcliffe, 1970). Percent
volumetric difference or bias is given by:

Volumetric Difference (Percent Bias) p 1N (Equation 2)

B

The PRMS submodel was not fully calibrated as a stand-alone model because the submodel itself has no
major purpose in this study. The goal of the pre-calibration was to produce reasonable estimates of
parameter values for use in the GSFLOW model, particularly for parameters not overly affected by
groundwater/surface water interaction. These parameters were further adjusted during calibration of the
integrated GSFLOW model which represented the complete hydrologic cycle through both the groundwater
and hydrologic submodel domains.

The groundwater submodel was initially run under steady-state conditions and parameter values were
adjusted to match the interpolated WWIS static groundwater level (head) data. The goal of this pre-
calibration was also to produce reasonable estimates of parameter values for use in the GSFLOW model,
particularly for parameters not sensitive to transient recharge and streamflow. Figure 3.5 shows the
distribution of the steady-state calibration dataset for the MODFLOW submodel, along with the calibration
residuals (i.e. difference between observed heads (ho) and simulated heads (hs)). The blue symbols
indicate simulated heads were low relative to the observed values. Areas where the match was not as
good also tended to be areas where observation data were sparse and the interpolated values were less
certain. The distribution of model residuals also showed a tendency for model under-predictions near the
southern portion of the eastern model boundary. A second area of high model residuals is noted in the
vicinity of Tavistock, near the northwestern boundary of the model, where there is a tendency for the model
to over-predict water levels. These residuals are associated with bedrock observation points, and suggest
that flow across the model boundary near Tavistock may be underestimated by the model. The higher
residuals are almost entirely limited to the bedrock aquifers, and generally do not extend into the Whitemans
Creek subwatershed.

Calibration statistics for the 6,030 observed groundwater levels are shown in Table 3.3. The three statistics
used are given by Anderson and Woessner (1992) as:
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1.0
MeanError==gq (h, - h); Equation 3
n,
1.0
MeanAbsoluteError==§ |(h, - hg)| Equation 4
n-,
RootMeanSquaredrror= \/%a (hg - hg)? Equation 5
1

Calibration statistics for subsets of the observed groundwater level dataset are also provided in Table 3.3
for each of the major regional aquifers. The negative value for Mean Error (ME) indicates that model
predicted values are generally higher than the observed values by 0.41 m. The Mean Absolute Error and
the Root Mean Squared Error (RMSE) provide a good estimate of the average magnitude of the difference
and variance between observed and simulated values. The groundwater model currently has a MAE of
4.01 m and a RMSE of 5.41 m. Discussions regarding sources and magnitudes of intrinsic errors in the
observation data and calibration statistics for the high quality wells are provided in Earthfx (2017).

Table 3.3: Calibration statistics for the groundwater submodel.

Number of Range in RUEEES

Unit Wells ME MAE RMSE Observations HEEETEEl
. (m) (m) (m) ™ Range

(%)
Whittlesey Sands 7 -1.51 151 1.59 15 103.1%
Sand Plai@utwash Aquifer 844 1.38 3.18 4.98 47.7 10.5%
WaterloMoraine Aquifer 1,087 0.61 3.35 441 33.4 13.2%
Post Catfish Aquifer 255 -1.08 3.42 4.78 41.5 11.5%
Precatfish Creek Aquifer 97 1.58 4.59 5.62 21.6 26.1%
Weathered Bedrock 2,035 -1.41 4.64 5.87 45.7 12.8%
Onondaga Escarpment Aqu 339 -2.22 4.22 6.33 54.0 11.7%
Salina Poor Aquifer 96 2.21 4.78 591 26.1 22.6%
Overall 6,030 -0.41 4.01 541 186.6 2.9%

Note: Calibration to 1,270 monitors screened in aquitard layers (based on the geologic layer surfaces) were excluded from the analysis of individual
aquifer units; but were included in the Overall calibration statistics.

Once the PRMS and MODFLOW submodels were reasonably well calibrated, the additional data sets and
required changes to the model input were made to set up GSFLOW model runs. The GSFLOW model was
calibrated to available streamflow monitoring and groundwater level monitoring for the 10-year period from
October 2006 to September 2015 (WY2007 to WY2015). The calibration period covers the 2007 and 2012
drought years, as well as several average and wet years to test the model response across a range of
climate inputs. While temporal coverage of the regional streamflow and groundwater calibration datasets
is good throughout this period, the latter third of the simulation contains almost the entirety of the transient
calibration data available at the Bethel wellfield. Data collected from piezometers and private wells as part
of the Tier 3 field program are mostly limited to WY2015.

Model calibration was performed using an iterative process through which results of successive model runs
helped improve the initial estimates of model parameters. Checks on the calibration were done by
comparison of hydrographs of simulated and observed flows at WSC gauges (Figure 3.2) and groundwater
levels (Figure 3.3) aided by statistical measures such as NSE and RMSE.

Calibration statistics for the surface water gauges are provided in Table 3.4 (shaded rows indicate
calibration stations within the Whitemans Creek subwatershed, white rows indicate validation gauges
outside of the study catchment). The model achieved NSE values between 0.52 and 0.66 for the daily
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flows during the calibration period. Log NSEs (i.e., NSE with log transformed flows to emphasize low-flows)
compare favourably. Values between 0.55 and 0.64, suggested a good match to low flow conditions in the
study subwatershed. Daily results were aggregated over each month, and monthly NSEs from 0.67 to 0.77
were calculated, but monthly Log NSEs generally showing slightly poorer results compared to the non-
transformed monthly flows. The model provides a good match to net streamflow volume (model bias), with
a tendency to underpredict.

Table 3.4: Calibration statistics for the integrated GSFLOW model (WY2009-WY2011).

Daily Monthly
. Volumetric
Gauged Basin Nash Log Nash Nash Log Nash Difference
Sutcliffe Sutcliffe Sutcliffe Sutcliffe

Horner Creek near Princeton 0.58 0.64 0.77 0.62 -8.8%
Whitemans Creek near Mount Vernon 0.66 0.55 0.74 0.50 -5.4%
Big Creek Near Kelvin 0.61 0.61 0.73 0.59 -8.4%
Big Otter Creek above Otterville 0.44 0.58 0.71 0.59 5.7%
Cedar Creek at Woodstock 0.55 0.44 0.71 0.38 -9.8%
Thames River at Innerkip 0.61 0.34 0.75 0.35 -11.9%
Avon River above Stratford 0.52 0.17 0.79 0.49 -5.9%
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Figure 3.2: Calibration plots for Whitemans Creek near Mount Vernon (02GB008); observed (blue)
versus simulated (red) daily streamflow.

To further test the adequacy of the GSFLOW model for predicting flows within the Whitemans Creek
subwatershed, an additional series of validation runs were completed with historical data for WY1980 to
WY1986. The model outperformed the calibration
for the six year span. Log NSEb6s for the wvali
between 0.62 and 0.68. The number of climate stations available during this period is almost three times
the number available during the calibration period, which likely explains the increase in predictive power.

The groundwater component of the integrated GSFLOW model was calibrated to time series data from
observation wells across the model area and included three observation datasets: PGMN monitoring well,
monitoring wells and supply wells from the Bright and Bethel Road wellfields, and monitoring data from the
Tier 3 Field Program. In general, hydrographs show that the calibrated model provided a good match to
both the magnitude and timing of the observed seasonal patterns in the regional (PGMN, Figure 3.3) and
shallow system monitors (Tier 3 piezometers). At the wellfield scale, the simulated water levels capture the
natural seasonal fluctuations in the water levels, as well as local response to pumping, particularly in the
Bethel wellfield. The transient calibration results show that the model generally captures the aquifer
response to pumping on a daily-basis; while peaks and troughs observed at sub-daily time scales are
beyond the capabilities of the model at this time.
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Figure 3.3: Relative water level calibration to observed head in PGMN well W0000065-1 in the
Sand Plain-Outwash Aquifer.

The calibrated model was able to provide a good match to the complex patterns in the observed streamflow
and groundwater level monitoring data at both the subwatershed and local wellfield scales. The quality of
the model calibration was further demonstrated through the use of calibration statistics, which indicated a
good fit to the available groundwater and surface water data. These results suggest that the hydrologic
and hydrogeologic processes are well represented in the model and that the calibrated GSFLOW model
was suitable for use in the local area risk assessment of the Bethel and Bright wellfields.
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Figure 3.4: Areas of local hydrostratigraphic model revision around the Bright, Bethel and Brantford
Airport wellfields.
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Figure 3.5: Distribution of calibration residuals for the groundwater submodel.
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4 Well Characterization, Water Demand, and Land Use Change

4.1 Existing and Planned Municipal Supply Systems

Assessing the sustainability of the Bright and Bethel Road municipal water supply systems is a primary
goal of this Tier 3 study. Figure 4.1 shows the locations of municipal wellfields in the Tier 3 study area and,
in particular, the Community of Bright and Bethel Road municipal wellfields, located within the Whitemans
Creek subwatershed. Data on municipal takings were provided in June 2015 by the Counties of Oxford
and Brant, which operate the Bright and Bethel Road municipal systems, respectively. Background
information on well locations, well depths, and capacities were obtained from earlier studies. Annual reports
on municipal water quality are also published online with the County of Oxford, supplying data on monthly
and annual water takings. Daily water takings are reported to the MOECC and these data were extracted
for this study from a copy of the MOECC Water Taking Reporting System (WTRS) database for 2009 to
2014.

The following sections present detailed descriptions of the two water supply systems.

4.1.1 Community of Bright Drinking Water System

The Bright Drinking Water System, operated by the County of Oxford, is located in the upper part of
Whitemans Creek subwatershed and provides water from two wells, Well 4A and Well 5, which are 27 m
and 38 m deep, respectively. The wells serve a population of approximately 436 residents as of 2016 and
are allowed a maximum permitted taking of 327 m3/d. A summary of the 2011 to 2014 production data is
shown in Table 4.1.

Table 4.1: Annual production rates and water taking summary from the Bright wellfield

Ann(t:(aé al'\:;eport DA;\i/@rla:?oeW Ig/l:h);n;:gral TPortch‘uAg?ounal Totaﬂ Well TotZIAWeII Tota5I Well
(mé/d) (m¥/d) () () () (mf)
2011 87 177 31,609 - 31,602 7
2012 96 200 35150 - 35138 12
2013 94 195 34266 - 34264 1
2014 96 213 35217 - 32764 2,453

Well 4A is used as the main production well. Well 4 is no longer used and Well 5 was idle most of 2011,
2012, and 2013 due to poor well efficiency. The annual report for 2016 noted that the wells are not capable
of producing at the maximum permitted rate and a more realistic maximum capacity of the system was
estimated at 296 mé/d. Annual reports are available at the Oxford County website
(www.oxfordcounty.ca/drinkingwater). At the time of this study, the County was undertaking exploratory
investigations to identify an additional groundwater source but has yet to locate a suitable groundwater
source. Multiple test wells have been drilled near to the existing production wells, many of which were
unsuccessful at finding water in with acceptable quantity and quality. This provides a good indication of the
heterogeneity of the municipal source aquifer in the wellfield vicinity as well as the importance of protecting
the existing wells.

41.2 Bethel Road (Town of Paris) Drinking Water System

The Bethel Road municipal wellfield is operated by the County of Brant, and is one of three wellfields that
supply the Town of Paris. The Bethel Road site is located at the eastern end of the Whitemans Creek
subwatershed and provides water to the Brant 403 business park and the Town of Paris water distribution
pressure Zone 3. Four wells were drilled near Bethel Road west of the intersection with Rest Acres Road.
The wells are completed in the intermediate to deep overburden sediments (with well depths ranging from
22.3t0 33.0 m). A study by International Water Consultants (IWC, 2012) concluded that the wells are not

considered igr oundwat er under di r e ct GUDN falthaughnearker studies bad r f ac e
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provisionally desi gn aitheffiectiveHilgationdéedluel te theausconfinEdundture of the
aquifer (IWC, 2008). The Bethel wellfield was officially put into production in May 2013.

Pumping at the Bethel Road site is governed under PTTW No. 8545-A48Q8C (which replaced PTTW 1823-
9X6HYC in November 2015). The permit allows pumping from TW1/05 at a maximum rate of 15 L/s
(1,296 m3/d), while PW1/12, PW2/12 and PW4/12 can each pump at maximum individual rates of 15.2 L/s
(1,311 m3/d). The total combined daily taking from the wellfield, however, cannot exceed 3,240 m3/d. The
permit allows combined peaking rates of 50 L/s (or 4,320 m3/d daily taking) for a 30-day period.

Table 4.2 provides a summary of the 2012 to 2016 production rates and water takings from the Bethel
wellfield. Production at the wellfield increased in 2015 compared to the preceding years as all four wells
came into operation, with a combined production of 76,000 m3. It should be noted that PW1/12 and PW2/12
entered into operation in July of 2015 and pumping at PW4/12 began in August of 2015

Table 4.2: Annual production rates and water taking summary from the Bethel wellfield

Annual Report Average Daily Maximum | Total Annual Total Total Total Total

(Year) P Flow Daily Flow Production TW 1/05 PW1/12 PW 2/12 PW 4/12
(m?/d) (mP/d) (?) (m3) (m?) (m?) ()

2012 15.3 744 5,590 5,590 0 0 0
2013 447 442 16,308 16,308 0 0 0
2014 68.1 485 24,857 24,857 0 0 0
2015 208.3 1,741 76,033 21,587 18,316 19,130 17,000
2016 280.5 918 102,657 16,936 26,279 29,685 29,55

Note: Only half a year of data is available for PW1/12, PW2/12 and PW4/12 in 2015.

4.2 Well Characterization Graph s

The Tier 3 assessment requires a detailed characterization of wells, identifying their operating constraints
relative to water levels in the wells. Figure 4.2 through Figure 4.7 present graphs showing the well system
characterization information for the Bright and Bethel municipal wells. The purpose of these graphs is to
illustrate:

1. Well construction and pump-setting information: A schematic showing land surface,
well depth, well screen interval, and pump setting within the well are presented to the
left of the graph;

2. In-well water levels: Water levels measured in the pumped well (where available) from
pressure transducers or air-line measurements are presented as hydrographs. Note
that the operating levels may be lower than in the adjacent aquifer due to well losses
(discussed below);

3. Aquifer levels: Average water levels, measured in nearby observation wells, are
presented to characterize the heads in the aquifer outside the pumped well;

4. Pumping history: Individual well and total wellfield production is displayed to aid in the
assessment of the water level data. Note that the scale is on the right axis of the graph;

5. Minimum Safe Water Level: Calculated values for the minimum Safe Water Level are
shown on the schematics and hydrographs; the method for determining minimum Safe
Water Level and the Safe Additional Drawdown is discussed below; and,

6. Simulated low water levels: Minimum water levels from the transient numerical
simulations, based on the maximum drawdown in the well observed during the 10-year
drought simulation with future land use (Scenario H(1)), as discussed further on in
Section 6.4, are shown on the schematics and hydrographs.

Figure 4.2 and Figure 4.3 present the well characterization plots for the two Bright municipal wells. These
plots show the response of groundwater levels, both in the supply well and in monitoring wells, to pumping
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at Bright municipal Wells 4A and 5. These characterization plots include the observed water levels in
monitoring well MW-1, located 20 m south of Well 4A and 85 m northeast of Well 5. Water levels in these
monitors show a strong seasonal response to variations in groundwater recharge, with peak water levels
occurring in late spring and a gradual decrease over the summer months, followed by a recovery in the fall.
The water takings also show seasonal increases with water use, peaking in early July. This may contribute
to the overall decline in water levels in the pumping wells; however, it should be noted that MW-1D and
MW-1S show little response to the daily variations in pumping.

The impact of increased pumping at Well 4A, in 2010, (when Well 4 was shut down and the wellfield
production was shifted entirely to this well) can be seen by a significant decline in the in-well water levels
during pumping (shown in orange; Figure 4.2). Problems with well efficiency in Well 5 can also be seen in
Figure 4.3. Use of Well 5 in 2010 lowered pumping water levels (orange line in Figure 4.3) to the well
screen, after which pumping was shifted to Well 4A. Water levels in Well 5 recover after 2010 with the
cessation of pumping and levels responded in a similar manner as those in nearby monitor MW-1D.

The well characterization plots for Bethel Road wells PW1/12, PW2/12, TW1/05 and PW4/12 are provided
in Figure 4.4 through Figure 4.7, respectively. Pumping from TW1/05 (Figure 4.6) has been ongoing since
October 2012. This well is interpreted as being screened across a deeper confined to semi-confined sand
aquifer. Water levels from the nearby shallow monitoring well, SMW6/12, located 10 m to the south and
screened in the Sand Plain/Outwash Aquifer, show a dampened response to variations in pumping rates
and indicate that the degree of confinement is high at this location. PW1/12 and PW2/12 entered into
operation in July of 2015 and pumping at PW4/12 began in August of 2015. Water level data for the nearby
municipal monitoring wells were not available for this period (at the time of this study), making it difficult to
evaluate the effects of municipal pumping on adjacent monitoring wells.

4.3 Allocated Quantity of Water

The Tier 3 Water Budget and Risk Assessment process assesses the sustainability of a municipal water
supply in terms of its ability to provide the fallocated quantity of waterad The allocated quantity of water, as
it relates to an existing water supply system, can be subdivided into (1) existing demand and (2) committed
and/or planned demand in excess of the existing pumping rates. The existing, committed and planned
demand are described below based on definitions provided by MNR and MOE (2011):

Existing Demand: The existing demand is estimated as the average of the reported pumping during
the study period. For this study, reported daily pumping rates were gathered from the WTRS
database.

Committed Demand: The committed demand is defined as the increase in the quantity of water
provided by a drinking water system that would be required if the area served by the system were
developed according to the Official Plan. The existing plus the committed demand must be less than
the current maximum permitted rate or the water treatment plant Certificate of Approval.

Planned Demand: The planned demand is defined as the maximum quantity of water that can be
lawfully taken. It also includes any expected future demand above the current maximum permitted
rate.

Information on allocated quantity of water for the Bright drinking water system was provided by the County

of Oxford. Information on allocated quantity of water for the Bethel Road drinking water system was
determined through correspondence with the County of Brant and the GRCA.

4.3.1 Community of Bright Wellfield

4.3.1.1 Existing Demand

Table 4.3 presents existing demand for the Bright wellfield expressed as a daily average taking. Existing
demand for the Bright Wellfield is estimated as the average demand during the period of 2012 to 2014.
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The average pumping was 95.5 m3/d. Note that 2011 was not included in the calculation due to a roughly
10% increase in wellfield production starting in 2012. The current demand represents about 29% of the
permitted takings (equal to 327 m3/d). For simulation purposes, the existing demand was split between
Well 4A (93%) and Well 5 (7%) based on the ratio of pumping rates in 2014, when both wells were in service
(See Table 4.3).

4.3.1.2 Committed Demand

The Bright municipal supply system is expected to service an additional 18 homes in the future. No changes
to the current permitted capacity are expected. At the time of this study, the Bright system has a serviced
population of 436 people occupying 151 private dwellings (as estimated based on a count of land parcels
within the community). Assuming the same household population density (2.89 people per household) and
a per-capita water use of 0.25 m3/day, a demand increase of approximately 14% (13 m3/d), is expected for
the 18 new homes. The existing and committed demand (allocated demand) is therefore estimated as
108.8 m3/d (See Table 4.3). This is still considerably below the maximum permitted taking of 327 m3/d, as
well as the estimated system capacity of 296 m3/d.

4.3.1.3 Planned Demand

There are no plans to expand Bright wellfield beyond its current capacity.

Table 4.3: Summary of allocated water demand for Bright wellfield.

well Existi(l:gallg;amand Dg:r?]r:r:r;it(t;ci/d) Qu;r‘lltﬁ;ac:?\%ate PlanrzﬁgldD)emanc
(m3/d)
Wel4A 88.8 12.4 101.2 0.0
Well 5 6.7 0.9 76 0.0
Total 95.5 13.3 108.8 0

4.3.2 Bethel Road (Town of Paris) Wellfield

4.3.2.1 Existing Demand

Existing demand for the Bethel wellfield was estimated as the average demand during the latter half of 2015
and all of 2016. This was the only period in which all 4 wells were in operation and represents the most
realistic record of the current water use in the wellfield. The average existing demand for the wellfield was
314.4 m3/d as shown in Table 4.4. When compared with the permitted rates, this represents about 10% of
the permitted takings (equal to 3,240 m3/d).

4.3.2.2 Committed Demand:

The Bethel wellfield services the Town of Paris water distribution Zone 3. This zone also receives water
from the M. Sharpe Reservoir, which is supplied by the Gilbert and Telfer wellfields. The standard operating
capacity of the Bethel wellfield is 35 L/s (WSP, 2016), which roughly corresponds to the entire future
demand of Zone 3. It is more realistic, however, to assume that the demand of Zone 3 would be shared
between the Bethel wellfield and the M. Sharpe Reservoir. Based on discussions with the County of Brant
and the GRCA, a total allocated quantity of 15.9 L/s (1,373.8 m3/d) was established for the Bethel wellfield.
An explanation of the selection of the allocated quantity was summarized in a memorandum to the GRCA
and the County of Brant, and is provided in Appendix A. For simulation purposes, the flow was distributed
across the four wells through an optimization approach, taking into account the safe additional drawdown
available at each well (see Section 4.4). The resulting committed demand for each well is summarized in
Table 4.4.
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4.3.2.3 Planned Demand

There are no plans to expand Bethel wellfield beyond its current capacity.

Table 4.4: Summary of allocated water demand for the Bethel wellfield.

Existing Committed Allocated Planned
Well Demand Demand Quantity of Wate Demand
(m3/d) (m3/d) (m3/d) (m3/d)
TW1/05 53.7 376.9 430.6 0
P1/12 80.4 234 314.4 0
pP2/12 89.9 224.5 314.4 0
PW4/12 90.1 224.3 314.4 0
Total 314.1 1059.7 1373.8 0.0

4.4 Safe Additional Drawdown

The MNR Water Budget Guide defines safe additional drawdown as the additional depth that the water
l evel within a pumping well could fall a 1t & cascalated
as the additional drawdown that is available in addition to the drawdown created by the pumping rate under
existing conditions. To establish the safe additional drawdown for the Bright and Bethel municipal wellfields,
the following components were evaluated:

Safe Water Level Elevation: This is the lowermost elevation at which the operators feel that the well can
be pumped. This elevation may be limited to the well screen elevation, pump intake elevation or similar
operational limitation, such as the top of a confined aquifer. The minimum safe water level in the Bright
municipal pumping wells was defined by the County of Oxford as 2 m above each well screen, whereas the
minimum safe level in Bethel was defined by the County of Brant as 3 m above each well screen. Minimum
safe water levels, based on reported well screen elevations, are summarized in Table 4.5.

Average Water Level in the Pumping Well: The average pumped water level was determined for the
existing conditions year from daily water level data provided by the County of Oxford and the County of
Brant for the Bright and Bethel wellfields, respectively. Average pumped water levels for each well are also
summarized in Table 4.5

Table 4.5: Safe additional drawdown for the Bright and Bethel wellfield

Ground AEEEE . Top of Screen ,,. . .
well Elevation Pumped Pump Setting Elevation Minimum Saf¢  Available
Water Level (masl) Level (masl) | Drawdown (m
(masl) (masl)
(masl)
Bright Wellfield
Well 4A 317.2 305.6 298.3 296.6 298.6 7.0
Well 5 319.7 311.3 unknown 296.8 298.8 12.5
Bethel Wellfield
TW1/05 (P52) 2560 246.3 232.5 228.6 231.6 14.7
P1/12 (P51) 256.5 245.8 231.8 233.4 236.4 9.4
P2/12 (P53) 256.1 244.1 231.3 233.5 236.5 7.6
PW4/12(P54) 2570 2447 232.7 232.8 235.8 8.9
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Estimated Non-linear Head Losses in the Well: Additional drawdowns can occur within the well due to
well inefficiencies (e.qg., losses at the screen and around pump intakes). Well losses need to be considered
because the additional available drawdown refers specifically to the water level inside the well and not the
water level in the aquifer.

Theoretical relations can be used to relate well losses to pumping rates (e.g., Jacob, 1950) as:
i 60 oOuv

where i is the total drawdown, ¢ is the formation loss coefficient as determined by a Theis (1935) or other
analytical relation, 0 is the pumping rate, and ¢ is the well loss coefficient. The non-linear well loss
coefficient (6) can be estimated by analyzing step test results using a graphical method developed by
Jacob (1948). The inverse of the specific capacity, defined as the drawdown divided by the pumping rate,
can be plotted versus the pumping rate. The slope of the best-fit line through the data is equal to the well
loss coefficient. Non-linear well loss coefficients and subsequent well losses are summarized for existing
and allocated conditions for the Bright and Bethel wellfields in Table 4.6.

Table 4.6: Summary of non-linear well loss for the Bright and Bethel wells.

Existing AQ"S;r?tti?d Nonlinear Well | Nonlinear Well Loss
Well Demand y LossCodficient (m)
(m?/d) of Water (d2/f) =
(m3/d) Existing | Allocated
Bright Wellfield
Well 4A 88.8 101.2 5.1x1607 0.00 0.00
Well 5 6.7 7.6 5.1x1607 0.00 0.00
Bethel Wellfield
TW 1/05 53.7 430.6 3.75x147 0.00 0.07
PW 1/12 80.4 314.4 1.60x1T 0.00 0.02
PW 2/12 89.9 314.4 6.96x1@3 0.00 0.01
PW 4/12 90.1 314.4 2.50x1a 0.00 0.03

Convergent Head Loss Corrections: The numerical model calculates the average water level in the grid
cell containing the pumping well. Water levels in the well will be different than the average cell value due
to convergent head losses at the well. A correction based on the Theis relationship was proposed first by
Prickett and Lonnquist (1971) as:

G\Tn&nirb

N A

where 0 is the pumping rate, “Yis the aquifer transmissivity, w cis the model grid spacing, and i is the
effective well radius. The calculated values are presented in Table 4.7
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Table 4.7: Summary of convergent head loss corrections for the Bright and Bethel wells.

well Cell Transmissivit Existing gll?gr?ttied Convergent Welloss
Well Radius Size y Demand Yy (m)
(m) m) (m?/d) (m¥/d) of Water
(m?/d) Existing | Allocated
Bright Wellfield
Well 4A 0.15 30.0 130 88.8 101.2 0.449 0.512
Well 5 0.08 30.0 130 6.7 7.6 0.034 0.039
Bethel Wéfield
TW 1/05 0.20 15.0 220 53.7 430.6 0.134 1.072
PW 1/12 0.20 15.0 220 80.4 314.4 0.200 0.782
PW2/12 0.20 15.0 220 89.9 314.4 0.224 0.782
PW 4/12 0.20 15.0 220 90.1 314.4 0.224 0.782

4.5 Non-Municipal Water Demand
4.6.1 Data Sources

45.1.1 MOECC Permit to Take Water (PTTW) Database

The MOECC maintains a database of Permits to Take Water issued under the Ontario Water Resources
Act for water takings larger than 50,000 L/d. The PTTW database includes information on the maximum
permitted water taking rates along with the maximum number of hours per day and/or days per year of
permitted operation. Permits are classified by primary and secondary purposes (e.g., water
supply/municipal or agriculture/tobacco). Each permit can have multiple sources (e.g., Well 1 and Well 2).
PTTW holders are required to report water use, but water use information is not part of this database.

45.1.2 MOECC Water Taking Reporting System (WTRS) Database

Under the Ontario Water Resources Act, all PTTW holders are now required to report actual daily water
takings to the MOECC for each source listed in the permit. To facilitate compliance, the MOECC developed
the Water Taking Reporting System (WTRS) to accept self-reported information electronically over the
internet.

The GRCA provided a copy of yearly WTRS data for the Whitemans Creek area spanning 2009 to 2014.
Data prior to 2009 is generally incomplete because the requirement to report was phased in over time (2005
to 2008) for different classes of users. Consequently, data prior to 2009 were not used.

45.1.3 MOECC WWIS Database

The WWIS database provides information on the well location, well depth, screen setting, static water level,
specific capacity, well yield and pump capacity, and well purpose. Each well is assigned a unique
alphanumeric Well ID. The well information can be used to determine the aquifer from which the
groundwater takings are drawn. Digital copies of the paper records (for data verification and location
sketches) can be obtained from the MOECC website.

There is no direct link between the information in the WWIS and the PTTW or WTRS databases although
sometimes a reference is made to a Well ID in the PTTW Source description. A significant effort was made
in this study to link the PTTW sources to the appropriate well records and thereby determine which
hydrostratigraphic unit was being pumped. This methodology employs a computer script to automatically
process the two databases and conduct a proximity analysis, and is described in detail in Earthfx (2017).
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4,52 Permitted Water Users

In addition to the Bright and Bethel municipal drinking water systems discussed above, there are a large
number of permitted water uses in the Whitemans Creek subwatershed and in the larger study area. A
total of 557 sources were included in the Tier 3 study based on the criteria discussed in Earthfx (2017).
The sources included 401 unique permits in the model area and 144 unique permits within the Whitemans
Creek subwatershed. All active surface and groundwater permits in the Whitemans Creek subwatershed
are summarized in Appendix B and Appendix C, respectively. The summary tables in these appendices
include: the permit number, the location, the source description, the primary and secondary use category,
and permitted and reported takings (discussed in Section 4.5.3). A complete list of all simulated permits
for the study area can be found in Earthfx (2017).

As noted, permit sources are categorized by primary and secondary use. The largest primary category is
agriculture, with a total of 369 groundwater sources and 90 surface water sources in the study area. In the
Whitemans Creek subwatershed, agricultural water use accounts for 190 of 194, or 98%, of the non-
municipal permits. A breakdown of permitted water takings in the model area and in the Whitemans Creek
subwatershed are provided in Table 4.8, organized by primary and secondary use. The location of
groundwater and surface water permits by primary and secondary use are shown on Figure 4.8 and Figure
4.9, respectively. The non-agricultural permits are distributed across the study area; however, the
agricultural permits are largely concentrated in the Norfolk Sand Plain region in the southeastern portion of
the study area. The well-drained soils within this region requires crops to be irrigated regularly, offering an
explanation as to the large number of agricultural permits.

Table 4.8: Number of active permitted sources categorized by primary and secondary purpose.

. StudyArea Whitemans Creek
Primary Purposq Secondary Purpos
Groundwatel SurfacéWater| Groundwatell Surface Wate
Field/Pasture Croy 173 35 59 19
Fruit Orchards 3 2 0 0
Mkt. Garden/Flowe 2 0 0 0
Agricultural Nurse_ry 3 0 2 0
Other Agricultura] 79 19 28 9
Sod Farm 11 1 10 1
Tender Fruit 2 0 1 0
Tobacco 96 33 37 23
Aquaculture/Othe| 2 3 0 0
Commercial Golf Courses 10 6 4 0
Other 0 0 0
Construction/ Construction 0 0 0
Dewatering Pits and Quarries 0 0 0 0
) Aggregate Washir| 11 0 0 0
Industrial
All Other 0 0 0
Miscellaneous All 0 0 0
Recreational All 0 0 0
Remediation All 0 0 0
Municipal 41 0 7 0
Water Supply

All Other 14 0 0 0
Totals 458 99 149 52
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Table 4.9 compares maximum permitted takings and reported water use within the Whitemans Creek
subwatershed by source and specific use. Total maximum permitted takings are about 82,000 m3/d while
total reported takings are only about 4,400 m3/d. Reported takings are dominated by agricultural water use
related to irrigation. While it is understood that irrigation requirements can vary widely from year to year,
there appears a general tendency to apply for permitted maximum takings far in excess of actual needs. It
is our understanding that the MOECC has been attempting in recent years to re-issue permits with lower,
more realistic limits. The comparison also shows the importance of using the WTRS data in assessing
water use rather than the PTTW values, which were used in many of the previous water budget and Source
Water Protection studies and likely resulted in significantly overestimating actual water use.

Table 4.9: Permitted and reported water use within the Whitemans Creek subwatershed by primary
and secondary use for 2012 to 2014.

Mean Annual Rez%%ted Rez%%ted Rez%olrdt'ed Average
. Permitted Reported
Source Purpose Specific Use . Average Average Average
Taking D d D d D d Demand
(mé/d) eman eman eman (/g
(m3/d) (m3/d) (m3/d)
Field and Pastur - 5 964 993 1431 747 1057
Crops
Fruit Orchards 60 0 0 0 0
Nursery 333 0 5 1 2
Agricultural - other Agricultura 4,709 320 375 333 343
Sod Farm 9,215 1303 1027 225 852
Groundwatd Tender Fruit 42 0 0 0 0
Tobacco 18,376 1520 1700 506 1242
|  Golf Course 1,067 33 34 29 32
Commerci Irrigation
Other 131 0 0 0 0
Water Municipal 5,251 111 139 166 139
Supply
Total 68,045 4,280 4,711 2,007 3,666
Field and Pastur 2108 16 305 93 138
Crops
Fruit Orchards 6 0 0 0 0
Market Gardens
Mixed Agricultural Flowers 4 0 0 0 0
GW/SW Other Agricultural 1,001 14 0 0 5
Sod Farm 2,597 575 432 60 356
Tobacco 199 65 0 0 22
Total 5,915 670 737 153 520
Field and Pastur 2582 38 o5 30 31
Crops
Surface | Agricultural Other Agricultura| 948 0 0 81 27
Water Sod Farm 487 0 0 1 0
Tobacco 4,212 272 242 74 196
Total 8,228 309 267 186 254
Grand Total 82,188 5,259 5,714 2,345 4,440

4,53 Consumptive Demand

Consumptive demand, as defined in the MNR Water Budget Guide, is the amount of water that is taken
from a water source and not returned locally to the same source of water within a reasonable amount of
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time. While reported actual takings can be determined from the WTRS data, estimating consumptive use
is difficult and requires information on the locations, rates, and timings of the return flows.

Municipal takings, including the Bright and Bethel wellfields, were treated in a conservative manner by
assuming they are 100% consumptive. While it is likely that a portion of the water extracted from the
overburden aquifers is returned to the soil zone through septic systems and activities such as lawn watering,
there are many cases in which groundwater is delivered to domestic users and ultimately discharged away
from the source. For example, water from the Bethel wellfield is pumped to the Brant 403 Business Park
and to the Town of Paris, located outside the Whitemans Creek subwatershed. The water is used,
processed by the Paris wastewater treatment facility, and discharged to the Grand River. As such, it is
unlikely that any of this water would be returned to the source aquifer.

Because agriculture is the largest category of water takings within the study area, it was important that the
consumptive nature of these takings be represented as accurately as possible. Rather than simply applying
a seasonally-adjusted factor to the estimated demand, a custom irrigation demand module was developed
to estimate the timing and volume of irrigation (based on a rules-based approach and simulated soil
moisture). The soil water balance module was used to calculate the changes in soil moisture, ET, and
groundwater recharge over the irrigated areas. While some parameter values still had to be estimated
(e.q., irrigation application efficiency), the irrigation demand module attempted to achieve a more accurate
representation of agricultural water use by incorporating farm size, crop type, crop needs, equipment limits,
and soil properties in estimating water takings. The consumptive volume of agricultural water use was
estimated by applying the irrigation water to the HRUs and letting the PRMS code calculate soil water
balance and groundwater recharge. A full description of the irrigation demand module can be found in
Earthfx (2017).

The remaining simulated takings (i.e., non-municipal and non-agricultural) were assumed to be entirely
consumptive. These include commercial and industrial sources, along with livestock watering (discussed
in Section 4.5.4.2). It should also be noted that these takings represent a small fraction of the total takings
within the study area.

4,54 Non-Permitted Water Users

45.4.1 Private Domestic Water users

According to the MOECC WWIS database, a total of 4,463 wells with primary or secondary purpose
designated as fdomest itadinuhe stedy ares,ul 258 lofywdhichaare éocatedb ic the
Whitemans Creek subwatershed. Assuming a private domestic daily water use rate of 0.9 m3/d with a
consumptive use factor of 0.2, the private domestic wells in the subwatershed represent a mean daily
consumptive taking of approximately 226 m3/d. The individual local takings, however, are widely-distributed
and small relative to other permitted sources. Consequently, private domestic water use was not
represented in the Tier 3 model. Note that the estimated committed demand for the Bright municipal
wellfield used different assumptions for domestic water use because more data were available, specific to
the Community of Bright. For the regional calculation above, a more conservative value of 0.9 m3/d was
selected based on a Canadian historical estimate of per-capita water use (347 L/d per person) and the
Ontario average of 2.6 people per dwelling (Statistics Canada, 2017)

45.4.2 Livestock watering

Unlike water takings for irrigation purposes, livestock watering does not require a permit. In addition, the
demand for livestock watering is generally year-round rather than seasonal. The average daily livestock
water use on a per-farm basis was calculated by multiplying the average number of animals by their average
water requirement. A breakdown of the different livestock types and their water requirements is presented
in Table 4.10. The total simulated livestock water demands for the study area and the Whitemans Creek
subwatershed are 4,866 m3/d and 1,445 m3/d, respectively. The locations of livestock farms within the
study area are shown in Figure 4.11. The methodology used to determine the magnitude and location of
livestock takings is presented in more detail in Earthfx (2017).
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Table 4.10: Summary of simulated livestock water takings

. Average Daily Water U| Numbe( of Wg';:aerrﬁjg?n Number Average .
Livestock Type Per Farm Farms in Study Area | . of Farms ~ Water Use in
(m3/d) Study Ared (m¥/d) in Whitemans Cree Whitemans Creek (m3
Beef 4.99 104 519.5 37 184.8
Dairy 4.84 474 2292.3 135 652.9
Fur 0.59 4 24 1 0.6
Goats 0.49 12 5.8 3 15
Horse 0.26 75 19.5 21 55
Poultry 1.58 153 242.0 52 82.3
Sheep 0.52 13 6.7 4 2.1
Swindgregular) 10.27 134 1374.8 a4 451.4
Swine (large sca 21.25 19 403.7 3 63.8
4.6 Other Water Uses

The Tier 3 Risk Assessment must also consider whether the allocated and planned quantity of municipal
water demand can be met while maintaining the requirements of fother water usesoin the area. The
analysis identified other water uses in the study area and estimated water quantity requirements for them,
where possible. As per the Technical Rules, other water uses include requirements for:

aquatic habitat,

provincially significant wetlands (PSW),

wastewater assimilation, recreation, navigation, and

other water takings including agricultural, commercial and industrial water takings.

= =4 4 =4

The first three items are discussed in more detail in the following sections. Other water takings were
discussed previously in Section 4.5.

4.6.1 Aquatic Habitat and Provincially Significant Wetlands

Cold water fisheries depend on a supply of groundwater discharge along the stream reach and are likely to
be sensitive to reductions in groundwater discharge due to increased groundwater takings or decreases in
groundwater recharge due to drought and/or land use change. The mapped thermal regime of the
Whitemans Creek subwatershed is shown in Figure 4.12. The critical cold water reaches are located in the
lower portion of Horner Creek, Whitemans Creek, and Landond €reek, a small tributary of Whitemans
Creek.

Reductions in groundwater discharge to cold water streams that exceed specified thresholds are

considered as moderate or significant impacts in the Tier 3 scenario analyses and are discussed in more

detail as part of the Local Area Risk Assessment (Section 6.5). No specific threshold has been assigned

to reductions in baseflow to warm water fishertites ot her
an unacceptable i mpacto.

The Whitemans Creek subwatershed contains a number of provincially significant wetlands (PSWs). A
wetland complex flanks the majority of Whitemans Creek and its main tributaries, Kenny Creek and Horner
Creek. PSWs found in the Whitemans Creek subwatershed are shown in Figure 4.13. These wetland
features contain significant areas of natural and scientific interest (ANSI) and other natural features
including Chesney Bog, Black Creek Swamp, Burgess Lake Swamp, Buck Pond, Park Haven Lake, Pine
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Pond, Benwall Swamp, and Apps Mill. Impacts to water levels in the wetland features were evaluated as
part of the risk assessment.

46.2 Wastewater Assimilation, Navigation, and Recreation

Wastewater generated by residents within the Whitemans Creek subwatershed is managed by private
septic systems. There are no communal wastewater treatment facilities and therefore no wastewater
assimilation requirements for receiving watercourses. Similarly, no watercourses were considered as
recreation or navigation-worthy and therefore no analysis was needed for these water uses.

4.7 Land Use and Land Use Change

As part of the Tier 3 scenarios, changes in land use must be accounted for to quantify potential effects on
groundwater recharge and, consequently, on municipal water supplies. Conversion of natural or agricultural
lands to urban land use often increases the amount of impervious cover resulting in reduced
evapotranspiration but increases in both the frequency and volume of overland runoff. Net recharge is
often reduced unless some or all of the overland runoff from the impervious surfaces is redirected to
pervious areas and infiltrated before entering a watercourse. The PRMS submodel was used in this study
to quantify the impact of future land use change on groundwater recharge and other water budget
components.

The MNR Water Budget Guide identified the following steps to characterize potential recharge reductions:

1. Create a map of existing land use.

2. Create a map of projected land use (Official Plan).

3. Identify areas of land use change by comparing projected land use against existing
land use.

4. Estimate the projected change in imperviousness for each of the areas of land use
change. This will require making assumptions relating to the imperviousness of land
use categories.

5. Create a map of projected imperviousness changes for areas of land use change.

The potential impact of stormwater management measures and low-impact developments designed to
redirect overland runoff and enhance groundwater recharge are not to be accounted for when estimating
the effects of projected land use change and increased imperviousness.

4.7.1 Existing Conditions Land Use

Current land use within the Whitemans Creek subwatershed is summarized in Section 2.1.1. The Bright
wellfield is located in a residential setting within the community of Bright. The community itself is largely
surrounded by agricultural lands. The Bethel wellfield is also surrounded by agricultural lands although it
is in close proximity to some industrial developments, including the Brant 403 Business Park, an active
aggregate extraction pit to the east, and the urban area of the Town of Paris to the north.

4.7.2 Planned Land Use

The community of Bright has a small residential subdivision planned for the east side of the settlement.
There is also an aggregate extraction pit under development 1.2 km north of the Bright wellfield. The
development zones are shown in Figure 4.14. The aggregate extraction is more likely to result in increased
recharge due to the stripping of overburden.

In the Bethel wellfield area, the County of Brant has planned for the continued development of the Brant
Business Park in addition to two commercial areas and a considerable urban residential area in the Town
of Paris between the wellfield and the Nith River to the north. There is also a 46 hectare (ha) property on
the south side of Bethel Road zoned for aggregate extraction. Again, the aggregate extraction is more
likely to result in increased recharge. The development areas are shown in Figure 4.15.
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Figure 4.1: Location of the municipal wellfields within the Whitemans Creek subwatershed.
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Bright Well 4A
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Figure 4.2: Daily water levels and pumped volumes at Bright Well 4A with observed water levels at adjacent monitors.
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Bright Well 5
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Figure 4.3: Daily water levels and pumped volumes at Bright Well 5 with observed water levels at adjacent monitors.
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Bethel Road PW1/12 (P51)
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Figure 4.4: Daily water levels and pumped volumes at Bethel Road PW 1/12 with observed water levels at adjacent monitors.
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Bethel Road PW2/12 (P53)
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Figure 4.5: Daily water levels and pumped volumes at Bethel Road PW2/12 with observed water levels at adjacent monitors.
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Bethel Road TW1/05 (P52)
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Figure 4.6: Daily water levels and pumped volumes at Bethel Road TW1/05 with observed water levels at adjacent monitors.
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Figure 4.7: Daily water levels and pumped volumes at Bethel Road PW4/12 with observed water levels at adjacent monitors.
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Figure 4.8: Locations of groundwater Permits to Take Water sorted by primary purpose.
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Figure 4.9: Locations of surface water Permits to Take Water sorted by primary purpose.
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Figure 4.10: Private domestic water supply wells in the study area.
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Figure 4.11: Location of livestock farms in the study area.
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Figure 4.12: Mapped thermal regime for streams in the Whitemans Creek subwatershed.
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Figure 4.13: Provincially significant wetlands (PSWSs), areas of natural and scientific interest
(ANSI), and other natural features in the Whitemans Creek subwatershed.
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5 Tier 3 Water Budget

5.1 /ntroduction

The Whitemans Creek Tier 3 integrated surface water/groundwater model was used to compute the water
budget elements for the Whitemans Creek subwatershed. The coupling of the surface water and
groundwater systems in the integrated model makes it an ideal tool for obtaining detailed quantitative
estimates of all water budget components.

GSFLOW model outputs are similar to those generated for the PRMS and MODFLOW submodels but with
a number of significant enhancements. Over 85 different groundwater and surface water flow components
can be output on a cell-by-cell basis each simulation day. Earthfx has added additional components to the
output and combined some flow components so that local (cell-based) and subcatchment-based water
balances can be easily obtained. Daily results are aggregated into monthly, yearly, and long-term
averages. All results presented in the following water budget analysis were based on a 25-year GSFLOW
simulation from wy1980 to wy2005 and are expressed as annual averages.

5.2 Whitemans Creek Subwatershed Water Budget

The water budget components for the Whitemans Creek subwatershed were calculated by two different
methods: first, an overall water balance was calculated, taking into account the inputs and outputs to the
hydrologic system as a whole; second, an integrated surface water and groundwater budget was calculated.
The key difference between the two methods is that exchanges between the surface water and groundwater
system (e.g., groundwater recharge or groundwater discharge to the soil zone, referred to in MODFLOW
terminology as fAsurface | eakageo) are contained
losses or gains to the system. True losses and gains to the system are therefore only possible via
processes that move water into and out of the subwatershed, such as precipitation, lateral groundwater
flow across model boundaries, streamflow exiting the area, or evapotranspiration (ET).

821 Whitemans Creek Subwatershed Overall Water Budget

The overall water budget for the Whitemans Creek subwatershed is presented in Table 5.1. Precipitation
represents the largest component of inflow to the subwatershed (95%), with an average annual rate of 953
millimetres per year (mml/y). ET represents the largest loss component from the subwatershed (58.3%),
with an average annual rate of 585 mm/y. Average potential ET varies across the study area within a fairly
narrow range (between 1050 and 1170 mm/y (see Earthfx, 2017)). The distribution of AET was calculated
from the hydrologic submodel and is presented in Figure 5.1. The spatial variability is a function of rainfall,
vegetative cover, soil-type, depth-to-water, overland runoff, and infiltration, which can limit the amount of
soil water available for ET in summer months. AET rates are high within wetland and riparian areas where
soil-water is readily available and rates approach PET demand. Lowest AET rates are typically coincident
with urban development and in areas away from streams and wetlands.

No lateral inflow and outflow of overland runoff occurs across the subwatershed boundaries which represent
topographic divides. Within the boundaries of the subwatershed, overland runoff is highly variable and
dependent on land-cover type, percent imperviousness, topography, and the available soil water capacity.
Figure 5.2 shows the spatial distribution of long-term net Hortonian runoff (i.e., infiltration limited runoff)
generated in each model cell. Cells with the highest overland runoff correspond to urban areas and the
lowest overland runoff corresponds to areas of highly permeable surficial materials. The total runoff out of
each model cell is shown in Figure 5.3, which includes, Hortonian runoff (i.e., overland flow), Dunnian runoff
(i.e., saturation excess), and interflow.. Dunnian processes are responsible for the largest local quantities
of runoff, particularly in the steeply-sloped river banks, where the water table is shallow. Note that not all
runoff generated within a cell arrives at a water body due to the distributed nature of the hydrologic
submodel. Runoff from one model cell is routed to adjacent cells along the cascade network.
Consequently, runoff generated in one cell, may infiltrate in another (see the Model Development Report
(Earthfx, 2017) for a more detailed explanation. Cells at the bottom of a cascade flow path tend to have
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higher soil moisture content, have more available water for ET and groundwater recharge, and contribute
more to Dunnian runoff.

Streamflow represents the third largest component of the water budget, making up 34% of the outflows.
The subwatershed is drained by Whitemans Creek and its tributaries and there is a single point of discharge
from the subwatershed at the confluence with the Grand River. Lateral flows of groundwater across the
subwatershed boundary represent a small portion of the overall water budget, making up 4.2% and 6.3%
of the total inflow and outflow, respectively. Groundwater pumping and surface water takings also make
up a small component of the subwatershed outflows at 0.7%.

Table 5.1: Overall water budget for the Whitemans Creek subwatershed, as simulated by the Tier 3
GSFLOW model.

Water Budget Components Inflows (rf/d) Inflows (mml/y) O/(I’ncf)lfo-l\;gal
Precipitation 1,061,687 953 950%
Irrigation 7,125 6 0.6
LateraGroundwat&tow 46,150 41 4.2%
Change in Storage 2,341 2 0.2%

Total Inflow 1,117,303 1,003 100%

Water Budget Components Outflows (m?3/d) Outflows (mml/y) Yo a1 il

Outflows
Evapotranspiration 652,198 585 58.3%
Groundwater and Surface Water Pur 8,286 7 0.7%
Lateral Groundwater Flow 70,167 63 6.3%
Streamflow 387,334 348 34.6%
TotalOutflow 1117985 1003 100%

5.2.2 Whitemans Creek Subwatershed Integrated Water Budget

Due to the importance of groundwater-surface water interaction within the subwatershed, an integrated
water budget was also calculated. The integrated water budget, summarized in Table 5.2, contains the
internal hydrologic processes that move water between the groundwater and surface water environments
in addition to the components of the overall water budget. Note that flows in the integrated water budget
are presented as net values, where positive values represent net inflows and negative values represent net
outflows. Overland runoff to streams and interflow to streams, combined with groundwater discharge to
streams and direct precipitation minus evaporation in the stream channel, contribute to stream discharge.
It should be noted that groundwater discharge to the soil zone within the riparian areas often emerges as
interflow and overland runoff to streams and could be counted as part of the total groundwater discharge
to streams (i.e., hyporheic zone discharge).

While the surface water budget is driven by precipitation, the groundwater budget is driven by groundwater
recharge. Groundwater recharge, presented in Figure 5.4, is typically highest within the outwash and other
coarse granular deposits in the central and southeastern region of the Whitemans Creek subwatershed
(see Figure 2.8) and occurs in the higher elevation areas between the wetland complexes. The large
distribution of high recharge in the southeast also corresponds to the extensive well-drained soils of the
Norfolk Sand Plain.

Flow from the groundwater system to the surface water system is made up largely of groundwater discharge
to streams. Long-term average groundwater discharge to streams is presented in Figure 5.5. Discharge
to streams (i.e., negative streambed flux values) dominates the subwatershed, with only a small number of
losing reaches that tend to correspond to areas of high recharge. Surface leakage (i.e. groundwater
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discharge to the soil zone in areas of high water table) also represents a significant component of
groundwater-surface water interaction. High rates of soil zone discharge occur in areas where the water
table is shallow, such as riparian zones or wetlands, while low values tend to occur in areas where the
water table is deeper. Groundwater discharge to lakes makes up the final component of groundwater
surface water interaction

Precipitation, irrigation, lateral groundwater flow, and streamflow all represent the same quantities
discussed above in the overall water budget. AET also represents the same quantity as above, however it
is broken into its components simulated in each submodel. Likewise, pumping has been broken into
components of groundwater and surface water extraction.

Table 5.2: Water budget for the Whitemans Creek subwatershed (groundwater system).

Water Budget Components (Frlg)g)s (frlfr)r\:\/,;)
Surface Water Budget
Precipitation 1,061,687 953
Irrigation 7,125 6
Groundwater Discharge to Soil Z 34,690 31
Groundwater Discharge to Strea 142,261 128
Groundwater Discharge to Lake 1,339 1
Evapotranspiration 622,639 559
Streamflow -387,334 -348
Overland Runoff to Streams 180,016 220
Interflow to Streams 65,360 -59
Surface Water Pumping -2,567 2
Groundwat&echarge -235,479 211
Groundwater Budget
Groundwat&echarge 235,479 211
Change in Storage 2,341 2
Groundwater Evapotranspiratior -29,559 27
Cross Boundary Groundwater Fl -24,017 22
Groundwater Discharge to Soil Z -34,690 31
Groundwater Discharge to Strea -142,261 -128
Groundwater Discharge to Lake{ 1,339 il
Well Pumping -5,719 5

Notes: ¥ Highlighted cells represent components of internal groundwater-surface water interaction

5.3 Stress Assessment

The Tier 1 and Tier 2 subwatershed stress assessments were aimed at identifying subwatersheds where
there is a potential for hydrologic stress. The Whitemans Creek subwatershed was originally assessed as
having a stress level of low (AquaResource, 2009b) based on the percent water demand procedure outlined
in the Water Budget and Water Quantity Risk Assessment Guide (MNR and MOE, 2011). Ultimately,
however, the stress level was increased to moderate due to the performance of Bright Well 4 under drought
conditions.

Considerable changes to municipal pumping have occurred in the Whitemans Creek subwatershed since
the Tier 2 Stress Assessment. Bright Well 4 has been replaced by a new well (Bright Well 4A), which is
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capable of meeting the municipal water demands. The Bethel Road wellfield has also been brought online.
As such, a re-assessment of the stress level in the subwatershed was completed using the Tier 3 integrated
model.

.31 Groundwater Demand Calculation and Stress Assessment Methodology

The subwatershed stress level is assessed usingt he fipercent water demando.

calculated based on the ratio of the water demand to the quantity of water that is available within the
subwatershed, where:

CR

0 Q1 OR®®VIQ 4 d)é'l;)z - 6p T TT
Qoemanp is calculated as the average annual and monthly consumptive groundwater takings within the
subwatershed; QsuppLy iS estimated as the groundwater recharge rate plus the annual estimated
groundwater inflow into the subwatershed; and Qreserve is calculated as 10% of the estimated average

annual groundwater discharge rate (assumed in the MOE Guidelines (2009) as representing the amount
needed to maintain baseflow in streams).

The stress assessment thresholds are assigned as either low, moderate or significant, and are summarized
in Table 5.3. Subwatersheds with a stress assessment level of moderate or significant are considered to
be at an increased risk of not being able to meet their required water demand and subject to a Tier 3 Water
Quantity Risk Assessment.

Table 5.3: Summary of groundwater stress thresholds.

Groundwater Quantity] Average Annual Perce| Monthly Maximum Perce,
Stress Level Assignmel Water Demand Water Demand
Significant >25% >50%
Moderate >10% >25%
Low 0-10% 0-25%

5.3.2 Groundwater Demand Calculation and Stress Assessment Results

The percent water demand was calculated using the results from the groundwater budget, discussed above.
The average groundwater demand was 5,719 m3/d (see Table 5.2) and the monthly maximum was 22,429
m3/d, occurring in July. The planned average and maximum monthly demand was determined by adding
the committed water takings for the Bright and Bethel Road municipal wells of 13.3 and 1059.7 m3/d,
respectively, to the existing demand. The percent water demand suggests that the subwatershed stress
level is low with existing and planned average demand falling below the 10% threshold and existing and
planned maximum monthly demand falling below 25% (see Table 5.4).

The percent water demand results were compared to the Tier 2 analysis (AquaResource, 2009b) for
verification. Differences in the models used to complete each analysis meant that not all water budget
components could be directly compared. Recharge was slightly lower for the Tier 3 model and
consequently, the groundwater supply term used in the percent water demand calculation was
approximately 25% smaller than that of the Tier 2 analysis. The groundwater reserve component was also
smaller than the Tier 2 analysis, which was a consequence of the lower recharge.

The groundwater demand component represents the largest discrepancy between the Tier 2 and Tier 3
models. The difference can be explained by the different assumptions used to estimate permitted
agricultural groundwater takings. The Tier 2 analysis used consumptive demand factors applied to
maximum permitted pumping rates, whereas the Tier 3 model used reported (WTRS) pumping rates and
applied irrigation water on an as-needed basis based on simulated soil moisture using a custom irrigation
demand module (See Earthfx, 2017).
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The existing and planned percent water demand from the Tier 3 model was smaller than that of the Tier 2

model on an average and maximum monthly basis.

considered low for both analyses.

Table 5.4: Whitemans Creek subwatershed stress assessment summary.

Tier 3 Tier 2
Percent Water Demand Component Wgﬁ;ﬁ#gge Wgﬁ;ﬁ#gge
(m3/d) (m3/d)
Groundwater Recharge 235,479 282,873
Groundwat®echarge FrdBtreamsg 8,948
Groundwater Supply| Groundwater Recharge Frkas 168 10,368
Lateral Flow -24,017
Total:| 220,578 293,241
Groundwater Reserv( 18,741 23,414
Existing Average 5,719 10,109
Groundwater Deman Existing Max Monthly 22429 40,176
Planned Average 6,792 10,109
Planned Max Monthly 23,502 40,176
Existing Average 2.8% 40%
Percent Water Demaf—=X151ing Max Monthly 11.% 15.06
Planned Average 3.%06 4.0
Planned Max Monthly 11.66 15.06
Notes: *Ti er 2 water budget quantity fAFlow I no

The stress assessment outcome, however, is
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Figure 5.1: Average annual actual ET.
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Figure 5.2: Long-term average generated Hortonian runoff.
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Figure 5.3: Average annual net cascade overland flow.
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6 Local Area Risk Assessment

6.1 /ntroduction

A Tier 3 Risk Assessment is undertaken to determine if a groundwater supply is able to meet the needs of
a municipality under a variety of water demand, drought, and land development conditions. The following
steps are outlined in the MNR Water Budget Guide for completing the local area risk assessment and are
the subject of this section of the report:

1 Delineate vulnerable areas: The groundwater quantity vulnerable areas, WHPA-Q1 and WHPA-
Q2, are delineated using the Tier 3 model. These terms are defined in the next section.

1 Define the Local Area: A flocal aread is delineated around the municipal wells for the risk
assessment analysis. This term is also defined in the next section.

1 Evaluate risk scenarios: A set of scenarios are prescribed in the Technical Rules and the Water
Budget Guide that consider the impact of changes in allocated quantity of water, long-term average
climate, drought conditions, and land use on the sustainability of the municipal wells.

The scenarios, summarized in Table 6.1, were evaluated using the Tier 3 model. Sustainability was
measured in terms of the ability to maintain pumping at the municipal well. Impacts to other water uses
(e.g., other water takings, wetlands, and aquatic habitat) were evaluated in Scenario G only. Specific details
related to each scenario and subsets of each scenario are discussed in Section 6.3.

Table 6.1: Summary of risk assessment scenarios (from MNR and MOE (2011)).

Scenario Time Period Data

Period for which climate and strea| Data related to average daily pumping rates for water takings and

c data are available for the local a| are reflective afnditions during the study period.

Data related to average daily pumping rates for water takings and

D Tenyear drought period are reflective of conditions during the study period.

. . . Data related to average daily pumping rates for water takings and
Period for which climate and streal . e . ; .
G . are reflective of conditions during the year in which the planned sy
data are availalite the local area| _ - X . . . i
existing system with a committed demand is operating at its alloca

Data related to average monthly pumping rates for water takings &
cover are reflective of conditions during the year in which the plan
or an existing system with a committed demand is operating at its
guantity.

H Tenyear drought period

6.2 Wellhead Protection and Lo cal Area Delineation

6.21 WHPA-Q1
The WHPA-QL1 is defined in the Technical Rules for the Assessment Report (MOE, 2009), as:

fi &éhe combined area that is the cone of influence of the [municipal] well and the whole of the
cones of influence of all other [municipal and non-municipal] wells that intersect that areaa

The cone of influence for a single well or multiple wells can be determined by subtracting the simulated
steady-state potentiometric heads (referred to as heads or potentials) in the aquifer under pumping
conditions from the simulated steady-state heads with no pumping. The WHPA-Q1 is delineated by
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determining the change in simulated heads within the production aquifers between the following two model
scenarios:

1. Steady-state baseline model using existing land use and no municipal or non-municipal pumping
to deter-themel & p me-ude donditians; and

2. Steady-state model using existing land use and planned quantity of water rates for municipal
pumping and consumptive use rates for all other water uses as presented in Section 4.

In theory, the cone of influence of a well or group of wells grows until recharge over the area of the
drawdown cone balances the pumping withdrawals. However, because the drawdown decreases
exponentially away from the pumping centre, the drawdown at large distances may not be measureable
and/or may not be distinguishable from natural variation in groundwater levels due to precipitation events
and other water takings. Accordingly, a drawdown threshold of 1 m and 0.5 m were selected as the practical
limit of the cone of influence for the WHPA-Q1 delineation for the Bright and Bethel wellfields, respectively.
These threshold values were established by a review of seasonal variations in monitoring wells at each
wellfield, as summarized in Appendix D.

The Bright and Bethel municipal wells draw water from the Waterloo Moraine Aquifer (or equivalent
sediments), which is represented largely by Layer 5 of the numerical model. It should be noted, however,
that this aquifer unit also occupies a small area in model Layer 4 surrounding the Bethel wellfield. The
Waterloo Moraine Aquifer is believed to be in connection with the overlying unconfined Sand Plain/Outwash
Aquifer, represented by Layer 3, within the Bethel wellfield area. The WHPA-Q1 was determined by
analyzing the cone of influence in Layer 5 for the Bright wellfield, and the combined cones of influence in
Layer 3, 4 and 5 for the Bethel wellfield. Water level contour maps for the baseline conditions for Layers
3, 4, and 5 are presented in Figure 6.1, Figure 6.2, and Figure 6.3, respectively.

The simulated drawdown for the Bright wellfield wells does not exceed the established 1 m drawdown
threshold and no non-municipal permitted takings are expected to produce drawdowns that coincide with
the drawdowns of the municipal wells. The WHPA-Q1 was therefore delineated as a 100 m radius around
each well, shown in Figure 6.4.

The cones of influence in model Layers 3, 4 and 5, representing the Sand Plain/Outwash Aquifer and
Waterloo Moraine Aquifer, were considered in the WHPA-Q1 analysis for the Bethel wellfield. The 0.5 m
drawdown contours for each layer are shown in Figure 6.5. The cones of influence in each model layer
were superimposed to delineate the maximum extent of the WHPA-Q1, totalling 6 km2, as shown in Figure
6.6.

The drawdown cone produced by the municipal wells is not expected to coincide with drawdowns generated
by non-municipal permitted water users, based on the pumping rates used in the model. Specifically,
drawdowns from five groundwater sources, corresponding to two PTTWs for aggregate washing located
1.75 km northeast of the Bethel wellfield, did not influence the WHPA-Q1 delineation. The two permits
were active from 2004 to 2013 and from 2013 to 2016, respectively; however, they did not report any takings
to the WTRS. Consequently, no pumping was simulated at any of the five source locations. More recently,
a new permit (7748-AC8KHC) was issued on Aug 31, 2016 with an expiry date of Aug, 31, 2021. The
permit consists of three sources: two wells and a dugout pond, each with a maximum daily permitted rate
of 691 m3/d, 492.5 m3/d, and 5,892 m3/d respectively. Information on the new permit was found on the
Ontario Environmental Registry (www.ebr.gov.on.ca/ERS).

6.2.2 WHPAQ2
The WHPA-Q?2 is defined in the Technical Rules (MNR and MOE, 2011) as the WHPA-Q1 plus:

fi..any area where a future reduction in recharge would significantly impactt hat ar eao.

This statement has been interpreted in the MNR Water Budget Guide to mean that the WHPA-Q2 includes
the map outline of future land developments, identifiedinamuni ci pal i tyds Of fi ci
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1. outside of or straddle the WHPA-Q1 boundary, and
2. could decrease natural groundwater recharge to a point that it would have a measurable
impact on water levels at the municipal pumping wells (MNR and MOE, 2011).

The WHPA-Q1 would expand to include the outline of any proposed developments that both straddle the
WHPA-Q1 boundary and decrease natural groundwater recharge to the point that it has a measurable
impact on water levels at the municipal pumping wells. If the land developments located outside the WHPA-
Q1 are shown to decrease natural groundwater recharge to a point that it would have a measurable impact
on the municipal pumping wells, separate WHPA-Q2 areas would be delineated.

Future land developments in the vicinity of the Bright and Bethel wellfields were discussed previously in
Section 4.7.2 (see Figure 4.14 and Figure 4.15). The expected increase in imperviousness resulting from
the future developments is shown in Figure 6.7 and Figure 6.8 for the Bright and Bethel wellfield areas,
respectively. Note that in these figures, imperviousness is represented as a fraction, where a maximum
value of 1.0 would indicate a 100% impervious area.

The impact of recharge reduction was determined by subtracting the simulated steady-state heads with the
adjusted recharge rate for the new land development areas from the simulated steady-state heads using
recharge based on current land use. Adjusted groundwater recharge rates were determined through long-
term (25-year) simulations with the PRMS submodel using the percent imperviousness and other changes
in vegetative cover properties associated with the new land developments. The same drawdown thresholds
of 1.0 and 0.5 m were selected for the Bright and Bethel wellfields, respectively, as per the WHPA-Q1
analysis (see Appendix D).

The impact of the recharge reduction due to future land development at the Bright municipal wells was
found to be negligible. Simulated drawdowns in the municipal wells were several orders of magnitude
smaller than the 1 m threshold. Accordingly, the WHPA-Q?2 is coincident with the WHPA-QL for this area.

The planned land development and subsequent recharge reduction is expected to affect the Bethel Road
municipal wells. Simulated drawdowns in the municipal wells exceeded the 0.5 m threshold in the Waterloo
Moraine Aquifers and in the Sand Plain/Outwash Aquifer. The 0.5 m drawdown contours are shown for
Layers 3, 4 and 5 in Figure 6.9. Itis difficult, however, to determine from this figure if the drawdowns at the
wells are impacted most by development areas that are inside, straddle, or are outside the current WHPA-

QL.

To better determine the impact of the various future development areas, five separate steady-state
simulations were run, each considering different land use changes. All developments inside the WHPA-
Q1 and three different zones outside were tested (Figure 6.10). Zone 1 and 2 were commercial and
industrial developments outside the WHPA-Q1, and Zone 3 was primarily residential, also located outside
the WHPA-Q1. The results from each additional simulation are summarized in Table 6.2.

Table 6.2: Summary of incremental additional drawdown in development zones.

Additional Additional Drawdown (m)
Well Drawdown
Threshold All Developments Zone Zone Zone
(m) Developments|  in WHPAQ1 1 2 3
TW1/05 0.56 0.56 0.@M5 0.3 0024
PW1/12 0.56 0.55 0.@M5 0.3 0024
0.5
PW2/12 0.56 0.55 0.@M5 0.3 0024
PwW4/12 0.56 0.55 0.@M5 0.3 0024

The simulations with all future developments and just the future developments within the WHPA-Q1 yielded
near identical results. The simulated drawdowns in the municipal wells were between 0.005 and 0.024 m
when simulating the recharge reduction associated with the development of Zone 1, 2, and 3 individually.
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While the results suggest that developments in Zones 1, 2, and 3 have some impact on the water levels in
the municipal wells, developments within the WHPA-Q1 represent the largest impact and are primarily
responsible for the drawdowns exceeding the 0.5 m threshold (Figure 6.9). Accordingly, the WHPA-Q2 for
the Bethel wellfield was not expanded and remained coincident with the WHPA-QL1.

6.2.3

Local Area Delineation

As per the Technical Rules for the Assessment Report (MOE, 2009):

fthe term docal areadis introduced in the Technical Rules to focus the Tier 3 water budget

assessment around drinking water wells.

combining the following areas:
The cone of influence of the well;
The cones of influence resulting from other water takings where those
cones of influence intersect that of the well; and
The areas where a reduction in recharge would have a measurable impact on

(i)
(i)

(i)
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shown in Figure 6.11 and Figure 6.12 for the Bright and Bethel wellfields, respectively.

6.3 Risk Assessment Scenarios Descr iption

The local area for a municipal well is created by

ar e @4a. Thesfinatlocal areaalélimeation i o

A series of risk assessment scenarios, listed in Table 6.3, were simulated to assess the impact of increases
in water use, drought conditions, and planned future land use change on the sustainability of the municipal
wells. The scenarios were evaluated using the Tier 3 numerical model. Sustainability of the Bright and
Bethel municipal pumping was measured in terms of the simulated change in water levels in the municipal
wells relative to their safe additional drawdown (Table 4.5). Where required, the impact to other water uses
was also considered. Detailed descriptions of each scenario are provided below.

Table 6.3: Risk assessment scenario details (from MNR and MOE (2011))

Model Scenario Details

Scenario| Time Period —
Land Cover Mun|C|_paI Model Simulation
Pumping
c Ave@ge Existing Existing Steadystate model wit
conditions average annual recha
. - Transient model
D 10yeardrought Existing Existing (1952 1966
G(1) Futurd.and Usg Allocated quantity of wa
G(2) Average Existing Allocated quantity of wq Steadsstate model wit
conditions average annual recha
G(3) Futurd.and Useg Existing
H(1) Futurd.and Usg Allocated quantity of wa
. . 1 Transient model
H(2) 10year drough Existing Allocated quantity of wa (192-1966)
H(3) Futurd_ard Use Existing

6.3.1

Scenario C: Existing Land Use and Pumping under Average Climate

Scenario C is intended to verify the ability of the municipal water supply wells to maintain existing pumping
rates under average climate conditions. This simulation used the Tier 3 numerical model with existing
pumping rates for the municipal supply wells and for other, non-municipal permitted groundwater takings.
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This scenario is similar to that undertaken in the model calibration. Average pumping rates for 2012 to
2014 and for 2015 to 2016 were selected for quantifying existing demand of the Bright and Bethel wells,
respectively. The long-term average annual groundwater recharge rate (Figure 5.4) was estimated from a
25-year PRMS simulation using the Tier 3 model and climate data from 1975 to 2010.

The numerical model simulates the heads in all aquifers across the study area. Simulated head in the cells
containing the municipal water supply wells were extracted from the model results for Scenario C for use
as reference water level conditions for comparing the results of the other steady-state stress assessment
scenarios (i.e., Scenario G).

The simulated streamflow rates, wetland stage, and groundwater discharge to streams and wetlands for
Scenario C were also extracted and used as reference conditions for evaluating the effects of municipal
pumping on other water uses.

6.3.2 Scenario D: Existing Land Use and Pumping under Drought Conditions

Scenario D evaluates whether the municipal water supply well is able to pump at the existing pumping rates
under drought conditions. The drought period was selected after a careful review of data from AES climate
stations proximal to the Whitemans Creek subwatershed. Figure 6.13 presents the annual average
precipitation observed over the Whitemans Creek subwatershed for a 150-year period showing long-term
trends and the number of stations available as data sources for the interpolation (Figure 6.14 presents the
same data for the period spanning wy1931 and wy2016). Estimated average annual precipitation between
wy1867 and wy2016 was 897 mm/y over the watershed; while over the past 50 years (wy1967-wy2016),
annual precipitation has averaged 955 mm/y. Periods of drought in the observed record occur in the 1890s,
1930s, late-1950s to mid-1960s, and the late 1990s.

The transient GSFLOW simulation period was selected to be wy1952 through wy1966. The first five years
of the simulationupeppesieand edhar dispraedci pitati on-
year span, wy1957 through wy1966, was selected as the drought period, when average annual
precipitation was 829 mm/y. This represents the driest 10-year period between 1904 and 2016.

Pumping rates were varied in the model on a daily basis. This was done by cycling average daily extraction
rates for the municipal well for each date. The average daily rates were calculated using reported values
from 2012 to 2014 for the Bright wells and from 2015 to 2016 for the Bethel wells. Extraction rates for non-
municipal wells were also simulated in the model based on reported takings from the available WTRS
datasets.

6.3.3 Scenario G: Planned Future Land Use and Future Pumping under Average Climate

Scenario G evaluates the ability of the municipal well to meet allocated water pumping rates (existing plus
committed demand) under average climate conditions and with future changes in land use. This scenario
was simulated using the Tier 3 model under steady-state conditions with long-term average annual
groundwater recharge.

As per MNR and MOE (2011), Scenario G was subdivided into three scenarios to isolate the impacts of
increased municipal pumping from those of planned future changes in land use. The subsets of Scenario G
(i.e., Scenarios G(1), G(2) and G(3)) are described as follows:

Scenario G(1) - Allocated (Future) Water Demand and Planned Future Land Use: Scenario G(1)
evaluates the combined impact of increased municipal pumping to meet allocated water rates and changes
in recharge due to future land use. The future annual average groundwater recharge rate map, determined
through a 25-year GSFLOW model simulation with adjusted land-use based model parameters was used
in this simulation.

Scenario G(2) - Allocated (Future) Water Demand and Existing Land Use: Scenario G(2) evaluates
only the effect of increased municipal water demand for the Bright and Bethel wellfields. The average
annual groundwater recharge rate was based on existing land use.
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Scenario G(3) - Existing Pumping and Planned Future Land Use: Scenario G(3) evaluates only the
impact of future land use changes on the municipal water supply wells. Average existing pumping rates for
municipal water supply wells and non-municipal permitted groundwater takings were used in this scenario.
The future average annual groundwater recharge rate map, discussed above, was used for this scenario.

6.3.4 Scenario H: Future Land Use and Future Pumping under Drought Conditions

Scenario H evaluates whether the municipal well is able to operate under a 10-year drought with the
allocated water pumping rates (existing plus committed demand) and with future land use. The drought
time period used for Scenario H is the same as that discussed under Scenario D.

As per MNR and MOE (2011), Scenario H was also subdivided into three scenarios to isolate the effects of
increased municipal water demand from those of changes in land use. The subsets of Scenario H (i.e.,
Scenarios H(1), H(2) and H(3)) are described as follows:

Scenario H(1) - Allocated Water Demand and Future Land Use under Drought Conditions: Scenario
H(1) evaluates the combined effect of increased municipal pumping to meet allocate rates and reductions
in recharge due to future land use changes. Pumping rates for the Bright and Bethel wells were assigned
based on the allocated quantity of water defined in Section 4.3.

Land-use based model parameters were adjusted (i.e., percent impervious and vegetative type and cover
densities) to represent future land use change. Drought response in the surface water and groundwater
systems was simulated by all the processes and feedback provided by the integrated model.

Scenario H(2) - Allocated (Future) Water Demand and Existing Land Use under Drought Conditions:
This scenario evaluates only the effect of pumping at allocated water rates during the 10-year drought
period. Land use was assumed to represent existing conditions, as in Scenario D.

Scenario H(3): Existing Pumping and Future Land Use under Drought Conditions: This scenario
evaluates only the impact of future land use change on the municipal water supply well during the 10-year
drought period. Daily municipal pumping rates were applied as in Scenario D. Daily groundwater recharge
rates with future land use changes within the model were calculated as in Scenario H(1).

6.4 Risk Assessment Scenario Results

6.4.1 Scenario C (Steady-State): Existing Pumping and Current Land Use under Average Climate

The municipal wells in the Bright wellfield are screened in the Waterloo Moraine Aquifer, represented as
Layer 5. The Bethel wells are simulated in Layer 4 or 5, representing the Waterloo Moraine Aquifer (Upper
Erie Phase aquifer) and the Grand River Outwash Sand and Gravel aquifer. Simulated groundwater heads
for Layers 4 and 5 are shown in Figure 6.15 and Figure 6.16, respectively. As noted previously, Scenario
C, which represents existing conditions, served as a baseline for calculating the additional (incremental)
drawdown for Scenario G.

The drawdown caused by existing pumping relative to the no-pumping condition were relatively small and
of limited extent relative to the scale of the subwatershed. The simulated drawdowns in the vicinity of the
Bethel wellfield are shown in Figure 6.17 and Figure 6.18, respectively, and the 0.5 m drawdown is within
about 1 km of the wells. The simulated drawdowns are not presented for the Bright wellfield because the
drawdowns did not exceed the 1-m threshold. Drawdowns in the wells relative to the no-pumping baseline
condition are listed in Table 6.4, and have been corrected or convergent head-losses and well efficiency
losses in the wells.
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Table 6.4: Simulated steady-state drawdown at the Bright and Bethel municipal wells for Scenario

C and Scenario G.

Safe . Additional Drawdown (F)!
o ScenaricC
Well Aquifer ATz Drawdowi! : . :
Drawdown (m) Scenario | Scenario | Scenario
(m) G(1) G(2) G(3)
Bright Wellfield
Well 4A Waterloo Moraine Aquife 7.0 1.27 0.20 0.20 0.0
Welbs Waterloo Moraine Aquife 12.7 0.41 0.10 0.10 0.0
Bethel Wellfield
TW1/05 Waterloo Moraine Aquife 14.7 1.98 11.93 10.72 0.56
PW1/12 Waterloo Moraine Aquife 9.4 1.79 8.93 7.73 0.56
PW2/12 Waterloo Moraine Aquife 9.5 1.74 8.76 7.48 0.56
PW4/12 Waterloo Moraine Aquife 8.9 1.48 8.11 7.00 0.56

Notes:
[1] Scenario C drawdown calculated using no-pumping baseline scenario as reference water level.
[2] Additional drawdown values calculated using results from Scenario C as reference water level.
[3] Values include corrections for convergent head losses and non-linear head losses as per MNR and MOE (2011)

6.4.2 Scenario D: Future Water Demand and Future Land Use under Drought Conditions

Results from the drought simulation in Scenario D were produced by the Tier 3 model run in transient mode
with a daily time step for a 15-year period starting in wy1952. For these analyses, simulated average
aquifer heads and streamflow for a three-year period (wy1955 to wy1957) were taken to represent pre-
drought reference conditions for the rest of the drought scenarios.

Hydrographs of daily heads relative to the average reference water level for the Bright and Bethel municipal
wells are presented in Figure 6.19 and Figure 6.20, respectively. The hydrographs for the Bright municipal
wells (Figure 6.19) show that the lowest water levels were reached in the fall of 1963 (i.e. start of wy1964).
This corresponds to the end of a dry period spanning wy1961 1 wy1963 where annual precipitation amounts
were well below average (see Figure 6.14). The hydrographs for the Bethel municipal wells (Figure 6.20)
show a similar trend, with the lowest water levels occurring around the same time as observed in Bright.
However, water levels in the Bethel wells were slow to recover during years of normal precipitation (wy1964
T wy1966). This suggests that the Bethel wellfield is less resilient to drought. Simulated heads in Layers
4 and 5 for October 1, 1963 are presented in Figure 6.21 and Figure 6.22, respectively.

The maximum drawdown under Scenario D was compared to the safe additional drawdown at each
municipal well. Drawdowns were calculated relative to the average head for the reference period which
served as a baseline condition and are summarized in Table 6.5 for each well, along with the results of
Scenario H. Drawdowns in Scenario D were between 1.16 and 1.19 m for the Bright wellfield and between
2.11 and 2.83 m for the Bethel wellfield. The drawdowns under Scenario D represent between 10 and 30%
of the safe additional drawdown available in each well. The results indicate that the current operating
conditions for the Bright and Bethel wellfields are sustainable during a drought.
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Table 6.5: Simulated maximum drawdown at the Bright and Bethel municipal wells for Scenarios D

and H
Safe Maximum Additional Drawdown{i#)
Well Aquifer auEiion . . . .
Drawdown Scenario| Scenario| Scenario| Scenario

(m) D H(1) H(2) H(3)

Bright Wellfield
Well 4A Waterloo Moraine Aquif 7.0 1.16 1.33 1.33 116
Well 5 Waterloo Moraine Aquif 12.7 1.19 1.25 1.25 1.19

Bethel Wellfield
TW1/05 Waterloo Moraine Aquif 14.7 2.33 16.22 15.86 3.43
PW1/12 Waterloo Moraine Aquif 9.4 2.18 14.23 13.61 2.93
PW2/12 Waterloo Moraine Aquifd 9.5 211 12.73 12.64 2.89
PwW4/12 Waterloo Moraine Aquifd 8.9 2.83 12.35 11.65 3.58

Notes:

[1] Additional drawdown values were calculated using daily average head for pre-drought simulation period
(w1955 to wy1957) of Scenario D as the reference water level.

[2] Values include corrections for convergent head losses and non-linear head losses as per MNR and MOE
(2011)

6.4.3 Scenario G (Steady-State): Future Water Demand, Future Land Use, Average Climate

Additional drawdowns at the Bright and Bethel wellfields under long-term (steady-state) conditions with
future water demand and future land use (Scenario G simulations) were calculated and compared to the
safe additional drawdown at the Bright and Bethel wells summarized in Table 6.4. Scenario G was
subdivided into three scenarios to isolate the impacts of increased consumptive water demands and
recharge reduction due to changes in land use. The results of the subsets of Scenario G are discussed
below.

6.4.3.1 Scenario G(1)

Additional drawdown at the municipal wells for Scenario G(1), which evaluates future pumping and future
land use change, is less than the safe additional drawdown defined for each of the Bright and Bethel
municipal wells (Table 6.4). The Bright wells show little cause for concern since the safe additional
drawdown far exceeds the additional drawdown simulated under Scenario G(1). The additional drawdowns
in the Bethel wells, however, are simulated to be much closer to the safe drawdown limit. Simulated
additional drawdown in the Waterloo Moraine Aquifer relative to reference conditions (Scenario C) is
presented for model Layers 4 and 5 in Figure 6.23 and Figure 6.24, respectively. The impact of both
increased pumping and future land development can be seen with focussed drawdowns occurring around
the municipal wells and in areas of future development (shown previously in Figure 4.14 and Figure 4.15).
Figures showing the simulated additional drawdowns are not presented for the Bright wellfield because the
drawdowns fell below the 1 m threshold.

The results indicate that the additional drawdowns caused by increased municipal pumping and recharge
reductions due to future land use change did not compromise the sustainability of the Bright municipal
supply wells under average climate conditions. Drawdowns in the Bethel municipal supply wells also did
not exceed the safe additional drawdown limit, albeit by a small margin.

6.4.3.2 Scenario G(2)

Additional drawdowns for Scenario G(2), which evaluates the impacts of future increases in pumping, are
presented in Table 6.4. The additional drawdown in the Bethel wellfield is shown for Layer 4 and Layer 5
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and is simulated to be between 7 and 11 m. Simulated additional drawdown in the Waterloo Moraine
Aquifer relative to reference conditions (Scenario C) is presented for model Layers 4 and 5 in Figure 6.25
and Figure 6.26, respectively. The magnitude of the drawdowns are similar to that of Scenario G(1),
suggesting that the increase in pumping contributes more to the simulated drawdown at the Bethel
municipal wells than future land use change. This is confirmed further in the discussion of Scenario G(3).
Figures showing simulated additional drawdowns are not presented for the Bright wellfield because the
drawdowns fell below the 1 m threshold.

6.4.3.3 Scenario G(3)

Additional drawdowns for Scenario G(3), which evaluates the effects of future land use, are presented in
Table 6.4. The additional drawdown under Scenario G(3) is negligible at the Bright municipal wells and
approximately 0.55 m at each of the Bethel municipal wells. Simulated additional drawdown in the Waterloo
Moraine Aquifer relative to reference conditions (Scenario C) is presented for model Layers 4 and 5 in
Figure 6.27 and Figure 6.28, respectively. As discussed above, the relative impact of the future land use
is considerably smaller than that of the increased pumping in Scenario (G2).

6.4.4 Scenario H (Transient Drought): Future Water Demand and Future Land Use under Drought
Conditions

Results from the Scenario H transient drought simulations include stream stage, aquifer heads, and other
water budget components calculated on a cell-by-cell basis for each simulation day. The maximum
additional drawdowns at the Bright and Bethel municipal wells under transient drought conditions (Scenario
H) were compared to their respective safe additional drawdowns. Drawdowns were calculated relative to
the simulated average aquifer heads during the reference period of wy1955 to wy1957 from Scenario D.
Results are summarized in Table 6.5.

6.4.4.1 Scenario H(1)

Scenario H(1) evaluates the combined impacts of increased consumptive water demand and reductions in
recharge due to future land use changes under drought conditions. Hydrographs of simulated daily
drawdowns under Scenario H for the Bright and Bethel municipal wells are presented in Figure 6.29 to
Figure 6.34 along with drawdowns under Scenario D for comparison.

Additional drawdowns at the Bright municipal wells show minimal change from Scenario D (Figure 6.29 and
Figure 6.30) and reach a maximum of 1.33 m at Well 4A and 1.25 m at Well 5 (See Table 6.5) in December
of 1963. The additional allowable drawdown was not exceeded under these conditions. The results
indicate that the Bright municipal wells are capable of meeting the system water demands under future
pumping and land use during drought conditions.

Additional drawdowns in the Bethel municipal wells (Figure 6.31 to Figure 6.34) indicate a considerable
impact to the wellfield under drought conditions. Future pumping and land use resulted in large drawdowns,
similar to those shown in Scenario G(1), in the steady-state solution used to initialize the transient model.
These were further exacerbated by the drought conditions. Well TW1/05 exceeded the safe additional
drawdown in September of 1961 and maintained this exceedance for the remainder of the simulation period.
Wells PW1/12, PW2/12, and PW4/12 exceeded the safe additional drawdown for the entire drought period.
The results indicate that the Bethel wellfield has a high risk of not being able to meet the system demands
under future pumping and land use during drought conditions.

6.4.4.2 Scenario H(2)

Scenario H(2) evaluates the impact of an increase in consumptive water demand under drought conditions.
Hydrographs of simulated daily drawdowns under Scenario H for the Bright and Bethel municipal wells are
presented in Figure 6.29 to Figure 6.34 along with drawdowns under Scenario D for comparison.
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Additional drawdowns in the Bright municipal wells are virtually identical to those of Scenario H(1), showing
that the allocated pumping rates are expected to have minimal impact on the additional drawdown
compared to Scenario D. Again, the maximum additional drawdown simulated in Bright wells 4A and 5 are
1.33 and 1.25 m, respectively (See Table 6.5). The results indicate that the Bright municipal wells are
capable of meeting the system water demands under future pumping during drought conditions.

Additional drawdowns in the Bethel municipal wells (Figure 6.31 to Figure 6.34) all exceeded the safe
allowable drawdown at some point during the drought period. The impact of increased pumping without
the future land use change resulted in slightly smaller drawdowns and the exceedance of the safe allowable
drawdown occured slightly later in the simulation, compared to Scenario H(1). The similarity in the result
of Scenario H(1) and H(2) suggests that the increase in pumping is responsible for most of the additional
drawdown in the municipal wells. Similar to Scenario H(1), the results of Scenario H(2) indicate that the
Bethel wellfield is at a high risk of not being able to meet the system demands under future pumping during
drought conditions.

6.4.4.3 Scenario H(3)

Scenario H(3) evaluates the impact of reductions in recharge due to future land use changes under drought
conditions. Hydrographs of simulated daily drawdowns under Scenario H for the Bright and Bethel
municipal wells are presented in Figure 6.29 to Figure 6.34 along with drawdowns under Scenario D for
comparison.

As in Scenario H(1) and H(2), the drought conditions had minimal impact on the additional drawdowns at
the Bright municipal wells under Scenario H(3). The maximum additional drawdown was 1.23 m and 1.19
m for wells 4A and 5 respectively (See Table 6.5). Under these conditions, the safe additional allowable
drawdown will not be exceeded. The Bright wellfield is therefore able to meet the system demands during
drought conditions when subject to recharge reductions associated with future land use.

Additional drawdowns in the Bethel municipal wells (Figure 6.31 to Figure 6.34) all fall below the safe
additional drawdown threshold. Under this scenario, drawdowns reach a maximum of approximately 3 to
3.5 m, suggesting that the wellfield is able meet the system demands during drought conditions when
subject only to recharge reductions associated with future land use.

6.5 /mpacts to Other Uses

One of the goals of the Scenario G simulations is to develop a better understanding of the threats to other
water uses posed by the municipal wells. Other water uses, as defined in the Clean Water Act are
discussed in Section 4.6, and include aquatic habitat, provincially significant wetlands, wastewater
assimilation, navigation, recreation, and other groundwater takings.

6.5.1 Impacts on Aquatic Habitat

With respect to aquatic habitat, the Technical Rules (MOE, 2009) provide specific thresholds to be used in
evaluating the impact to cold water stream reaches. Impacts are measured in terms of changes in average
monthly baseflow discharge to streams. A reduction by an amount that is greater than either of the following
two criteria is deemed significant (when caused by increases in municipal pumping from a planned system
or a reduction in recharge due to future land use change):

1 20% of the existing estimated streamflow that is exceeded 80% of the time (Qpso), Or
1 20% of the existing estimated average monthly base flow of the stream.

In addition to the 20% threshold for significance, a moderate risk level occurs if the reduction is between
10 and 20%.

The first criterion can be used where the Qpso values are estimated from gauged flows. The second criterion
is more applicable to ungauged streams and was selected for use in this study because it is more
compatible with the steady-state analyses completed for Scenarios C and G. For the purpose of this
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analysis, it was assumed that Scenario G(1) would represent the worst-case scenario (i.e., the most impact)
and therefore only results of Scenario G(1) are presented.

Long-term average groundwater exchange between the aquifer system and each stream reach is computed
by the SFR2 module in the Tier 3 model run under steady-state conditions. A stream reach, for modelling
purposes, is defined as the length of the stream within a model cell. The rate of discharge from each
groundwater cell is based on: (1) the difference in head between the aquifer and the water level (stage) in
the stream, (2) the hydraulic conductivity and thickness of the streambed, and (3) the wetted area of the
stream within the cell. The stage in the stream is calculated from stage-discharge relationship using the
baseflow accumulated from all upstream reaches. For the purpose of this analysis, the routed groundwater
dischargeisassumed to be equivalent to the basef | daemn
average streamfl owo

The simulated long-term average streamflow is shown in Figure 6.35 for Scenario C (existing pumping and
land use). Figure 6.36 presents Scenario G(1) long-term average streamflow, considering future pumping
to meet allocated demand and the recharge reduction associated with future land use. A value of 1x10
3m3/s (1 L/s) was used as a cut-off in this figure to reflect the level of accuracy of the model. [Specifically,
observed flows at the three Whitemans gauges were never less than 0.1 m3ss and the model never
simulated daily flows at these calibration points at less than 0.01 m3/s. Because the accuracy of the model
at such low flows was never tested, a threshold an order of magnitude less than this value (0.001 m?3/s) was
selected.] The change in simulated groundwater discharge to streams between Scenario C and G(1) (in
m3/s) is shown in Figure 6.37. The same information is presented in terms of the percent decrease between
Scenario G(1) and Scenario C in Figure 6.38.

No flow reductions of 1 L/s or greater were simulated in the upper region of the Whitemans Creek
subwatershed, near the Bright wellfield under Scenario G(1). This result is consistent with the risk
assessment (Section 6.4), which showed minimal drawdowns resulting from increased municipal pumping
and the change in land use.

Large flow reductions of between 30 and 60% were simulated in two minor tributaries of Whitemans Creek,
south and east of the Bethel wellfield. It is likely that increased pumping at the Bethel municipal wells and
recharge reductions due to land use change impacted the simulated flow rates in these reaches. Both
reaches are considered as intermittent and neither is mapped by the MNRF as aquatic resource areas. It
is unlikely that they support any significant aquatic life and therefore no level of risk is believed to be
associated with the reduced flows. Furthermore, portions of these intermittent reaches are coincident with
the planned aggregate operation on the south side of Bethel Road (across from the municipal wellfield),
and are likely to be removed as a result.

Streams classified by the MNRF as aquatic resource areas, and mapped as warm or cold-water reaches
were investigated for any impact. Flow reductions between 0 and 10 % are presented for the warm-water
and cold-water reaches in Figure 6.39 and Figure 6.40, respectively. The largest flow reduction observed
in either of these classified stream types was 2.4% in L a n d oCneéks a cold-water reach located 4 km
west of the Bethel wellfield. Spot flow measurements completed by GRCA in L a n d oQneéks(GRCA,
2015), near the confluence with Whitemans Creek, are presented in Table 6.6, along with the simulated
flow reduction at the measurement location. The small magnitude flow reduction is below the 10% threshold
and is not expected to adversely impact aquatic habitatin L a n d cCneéksnor in Whitemans Creek. The
overall risk level associated with flow reductions is therefore classified as low.

Table 6.6: Summary of spot flow measurementsin L a n d dCreéks

SpotFow Measuremefin3/s) Simulated Flow
Water Course Reduction
Oct 30, 2014 May 5, 201} Aug 24, 201 (%)
L a n dQreel] 0.08 0.07 0.04 1.1
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6.5.2 Impacts to Provincially Significant Wetlands

Thresholds for evaluating risk to Provincially Significant Wetlands (PSW) are not specified in the Technical
Rules. One approach, used in other Tier 3 studies, identifies wetlands subject to more than a 1 m of
drawdown in groundwater levels beneath the PSW as being at risk (e.g., Earthfx, 2013; Matrix Solutions,
2017). For this study, a 0.5 m drawdown threshold was chosen because the potential impacts are focused
around the Bethel wellfield and a 0.5 m water level fluctuation is representative of the seasonal variation in
groundwater levels for this area (see Appendix D). Drawdowns were determined by subtracting simulated
steady-state heads in the Waterloo Moraine Aquifer and the Sand Plain/Outwash Aquifer under Scenario
G(1) from those under Scenario C to evaluate the effects of increased municipal pumping and recharge
reductions associated with future land use.

Figure 6.41 shows the 0.5 m drawdown contours in the Sand Plain/Outwash Aquifer (Layer 3) and the
Waterloo Moraine Aquifer (Layer 4 and 5). Five small wetland features fall within the 0.5 m drawdown
contours. Al I five features ar e c | MNREandarendtconsderédiorbe RSWSE.
Nevertheless, the significance of these wetland features should be evaluated to assess the true ecological
impact of increased pumping. One PSW, the Whitemans Creek - Kenny Creek Wetland Complex, is located
slightly beyond the 0.5 m drawdown contour to the south and southeast, flanking Whitemans Creek. As
this feature is located beyond the cone of influence of the wellfield, the increased municipal pumping and
reduction in recharge are not expected to have a significant impact on any PSWs.

6.5.3 Other Groundwater Takings

The impacts to other permitted and non-permitted groundwater takings under Scenario G(1) were assessed
by analyzing the simulated drawdowns at non-municipal permitted wells and private wells used for domestic
purposes and livestock watering. For the purposes of this study, an impact is defined as a drawdown
greater than 1 m in the aquifer in which the well is screened. Drawdowns were determined by subtracting
simulated steady-state heads in the screened unit under Scenario G(1) from those under Scenario C, as in
Section 6.5.2.

The assessment was focused around the Bethel wellfield, because it was the only location in the Whitemans
Creek subwatershed where non-negligible additional drawdowns were observed under Scenario G(1).
Groundwater PTTW sources in this area are associated with either the Sand Plain/Outwash Aquifer,
Weathered Bedrock Aquifer, or the Salina Bedrock Aquifer, as shown in Figure 6.42. It should be noted
that several of the groundwater PTTWSs correspond to dugout ponds. While it is recognized that a dugout
pond may be more sensitive to drawdowns compared to deep wells, they do not represent an increased
risk because that they can be easily deepened. Private wells classified for domestic or livestock water use
are also shown in Figure 6.42 and are screened in either the Sand Plain/Outwash Aquifer or the Waterloo
Moraine Aquifer. The figure shows the simulated 1-m drawdown contour for the numerical model layers
associated with the screen depth of the permitted and non-permitted wells. Drawdowns in the bedrock
units are not shown because they do not exceed 1 m.

The analysis showed that no PTTW sources fall within the 1-m drawdown zone. Consequently, there are
no significant adverse impacts expected on other permitted groundwater users as a result of the increased
municipal pumping.

Twelve private domestic wells are located within the 1 m drawdown contour of the numerical model layer
that corresponds to the elevation of the well screen. The potentially impacted wells were assessed to
determine the available drawdown at each well for comparison with the simulated drawdown. The available
drawdown was assumed to be equal to the difference between the average water level measured in the
well and the elevation of the top of the well screen. The results are summarized in Table 6.7. The simulated
drawdown exceeds the available drawdown in two wells and there are several instances in which the
simulated drawdown exceeds 50% of the available drawdown. It should be noted that the average water
level comes from a one-time measurement when the well was installed. Numerous errors and biases are
known to exist in the water well records data (Kassenaar and Wexler, 2006). Nevertheless, model results
and available data indicate that homeowners with shallow private wells may be affected by future pumping
and future land use change, which warrants a moderate risk classification (the highest level that can be
assigned according to the Technical Rules). The wells listed in Table 6.7 represent a preliminary analysis
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for potential impacts. Monitoring of private wells may be required in the future to ensure that future
municipal pumping does not interfere with private water users.

Table 6.7: Summary of private wells potentially impacted by future pumping and future land use.

e e Average . .
MOECC| Easting| Northing| Primary Hydroggologic Layer S\gg!:n Water I?r \fwgg\lin glri:lejlljaot\?vi
Well ID| (m) (m) Purpose Unit Number Elevaion Level (m) (m)
(m) (m)
1302240 549955| 4777576| Domestic, Sand Plain/Outwasiuifer 3 251.54 253.07 1.52 1.18
1301346| 550414| 4777763 | Domestic Sand Plain/Outwash Aqu 3 260.89 262.72 1.82 1.23
1302238| 550243| 4777766| Domestic, Sand Plain/Outwasiuifer 3 249.43 250.65 1.21 1.15
1304534| 550506| 4777779| Domesticc Waterloo Moraideuifer 5 239.71 24581 6.09 3.25
1301283| 551594 | 4777983| Domestic, Sand Plain/Outwasiuifer 3 236.00 236.62 0.61 1.19
1301649 551314| 4777923| Domestic, Sand Plain/Outwasiuifer 3 241.26 244.32 3.05 2.33
1301294| 551224| 4777883| Domestic, Sand Plain/Outwasiuifer 3 243.26 245.09 1.82 2.43
1305918| 549933| 4777540| Domestic, Sand Plain/Outwasiuifer 3 246.48 249.23 2.74 1.18
1304920| 550825| 4780041| Domestic, Sand Plain/Outwasiuifer 3 236.87 247.23 10.35 25
1305088 549870| 4778033| Domestic, Waterloo Moraideuifer 5 245.01 260.26 15.24 141
1300156 551734| 4778243| Domestic, Sand Plain/Outwasiuifer 3 233.33 238.52 5.18 1.16
1301531| 549834| 4777633| Domestic, Sand Plain/Outwasiuifer 3 247.39 250.14 2.74 1.3

6.6 Local Area Risk Assessment Results

Water Quantity Risk Level Classification was performed for the local areas delineated for the Bright and
Bethel municipal wells (Figure 6.11 and Figure 6.12). The assignment of risk was conducted based on the
circumstances summarized in the Water Budget Guide. The risk classification considers the tolerance of
the wells to peak pumping rates under existing conditions, and the impacts of the risk assessment scenarios
on other water uses (i.e., wetlands, streamflow, non-municipal permitted water users) and the municipal
wells. The risk assignment was then evaluated for uncertainty.

6.6.1 Tolerance

The Tier 3 assessment considers a municipal water syst
that Atolerance is evaluated to deter mineewltketdreenra nar . e
Under Rule 100:

€ a tolerance level shall be assigned to the existing type |, Il or lll system which the local
area relates that is the subject of evaluation in accordance with the following:

(1) A tolerance level of high if the existing system is capable of meeting peak demand
during all assessment periods.

(2) A tolerance level of low if sub-rule (1) does not apply to the existing system.
Tolerance was evaluated through Scenario D, which used actual reported takings. Peaking rates were

implicitly incorporated into the simulated daily takings based on the use of the reported pumping rates.
Table 6.8 summarizes existing demand and maximum simulated daily taking under drought Scenario D for
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each municipal well in the Tier 3 assessment area. Both wellfields take advantage of a multi-well system
that allows peak demand to be shared to achieve the minimum impact in each well. The maximum
simulated taking rates represent between approximately 50 and 400% increased pumping relative to the
average existing demand.

The Tier 2 Water Budget and Stress Assessment (AquaResource, 2009b) expressed concerns regarding
the sustainability of one of the older production wells (Well 4) in the Bright wellfield under drought conditions.
This well has since been taken offline and Well 4A was installed as a replacement water supply source.
According to the Section 5.84 of the Risk Assessment Guidelines (MRN and MOE, 2011), if updates have
been made to the system to alleviate the concerns, the tolerance is subsequently assigned as being high.
While the Bright wellfield does meet this criteria and the risk assessment analysis indicated that drawdowns
at the wells are not at risk of exceeding safe levels under Scenario D (See Figure 6.29 and Figure 6.30),
the system still lacks redundancy. Currently, Well 4A is responsible for meeting the majority of the demand
and Well 5 is likely not sufficient to meet demands in the event that Well 4A is taken offline for an extended
period of time. Finding a more reliable water source for Bright has proven difficult after several nearby test
holes yielded insufficient water quality and or quantity. The Bright wellfield is ultimately assigned a
tolerance of high under the Tier 3 rules; however, unplanned outages of Well 4A (e.g., pump failure or well
screen fouling) could have significant negative consequences as the system may be temporarily unable to
meet demand.

The Bethel wellfield is also considered to have a high tolerance under Scenario D despite passing the
sustainability Scenario G(1) only by a small margin. The high tolerance of the Bethel wellfield comes from
the available storage and redundancy of the Town of Paris water distribution system. The town is serviced
by two other wellfields (Gilbert wellfield and Telfer wellfield), which can be used to supply water to the
service population of the Bethel wellfield (Pressure Zone 3) through the M. Sharpe Reservoir. The
Reservoir has a capacity of 5400 m3 and a standard operating capacity of 150 L/s, which exceeds the
average daily and peak daily future water demand of the Bethel wellfield service area (WSP, 2016).

Table 6.8: Summary of existing demand and maximum simulated daily pumping rates under

Scenario D.
Existing Demand Max!mum Simulated paily
Well Name (m¥/d) Taking under Scenario D
(m3/day)
Bright Localrea
Well 4A 88.8 139
Well 5 6.7 30
Bethel Wellfield
TW1/05 53.7 122
PW1/12 80.4 141
PW2/12 89.9 234
PW4/12 90.1 373

6.6.2 Risk Classification

6.6.2.1 Bright Municipal Wellfield Local Area

The results of the risk assessment scenarios (G and H) suggest that the Bright municipal wellfield is capable
of meeting existing and allocated water demands for current and future land use during both average
climate and drought conditions. Despite its lack of redundancy, the tolerance of the Bright municipal
wellfield is considered high because there is sufficient additional drawdown in the wells even when pumped
at peak rates. Further, no impacts to other users, including aquatic habitat, PSWs, and other permitted

takings are anticipated. As such, the Local Areawasassigned a r i sk (Tablw6&9). of #fAl owod
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6.6.2.2 Bethel Road Municipal Wellfield Local Area

The results of the risk assessment scenarios suggest that the Bethel wellfield is capable of meeting existing
water demands for current and future land use conditions during an average climate period and during a
drought. The system was assigned a tolerance level of high based on the performance of each well under
existing demand and the availability of storage and other sources of water supply in the distribution network.

However, the system was only able to meet the allocated water demand under an average climate period

by a small margin and was not able to meet the allocated water demand under drought conditions. This

condition violates the significant risk circumstance in the Water Budget Guide:

Al n respect of scenari os dHnlany oHtibsescenbriobitBata i t i s det e
period of time would exist where the quantity of water that can be taken from the

groundwater in the local area would be insufficient to meet the allocated quantity of water

of the well .o

Consequently, the local area was assigned a risk level of fi ignificantd(Table 6.9). The municipal wells were

assessed as representing a risk to several nearby shallow private wells. This alone would result in a

Amoder at eo beigmaski gmhedi $lo the | ocal area. wasalreadyt ed ab o
assigned because of the inability of the wells to meet allocated demand under drought conditions. No

impacts to other users including aquatic habitat, and PSWs are anticipated.

Table 6.9: Assigned Risk Levels.

Local Area Tolerance Risk Level
Bright Municipal Wellfield Local Area
Well 4A High Low
Well 5 High Low
BethelRoad MunicipaVellfield_ocal Area
TW1/05 High Significant
PW1/12 High Significant
PW2/12 High Significant
PwW4/12 High Significant

6.6.3 Uncertainty Assessment

According to the Technical Rules (Rule 108) and MOE (2010), an uncertainty analysis must be conducted
after assigning a risk level to a local area that considers the following factors:

(1) the distribution, variability, quality and relevance of the data used to evaluate the scenarios;

(2) the degree to which the methods and models used to evaluate the scenarios accurately reflects
the hydrologic system of the local area for both steady state and transient conditions;

(3) the extent and level of calibration and validation achieved for any groundwater and surface
models used or calculations and general assessments completed;

(4) the quality assurance and control procedures used in evaluating the scenarios.

These factors were considered to determine whether the uncertainty underlying the risk assignment should
be characterized as high or low.

6.6.3.1 Distribution, Variability, Quality and Relevance of Data Used to Evaluate Scenarios

The distribution of data used to describe the geologic, hydrogeologic, and hydrologic setting of the study
area was discussed at great length in the Model Development and Calibration Report (Earthfx, 2017). Data
from a variety of sources, including climate records, streamflow measurements, static and transient
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groundwater levels, geologic logs, and pumping data were collected, reviewed, and synthesized for the
original work.

Overall, the data coverage for the study area is comparable to and, in some cases, exceeds that for other
Tier 3 studies. In particular, the number of transient groundwater monitors is high especially in the vicinity
of the municipal wells. The subwatershed has three WSC stream gauges and there are a relatively high
number of AES and other climate stations within and adjacent to the study area. Although there were
issues noted with the quality, temporal coverage, and spatial coverage of the MOECC WWIS groundwater
level data used in the steady-state calibration and gaps in the climate data record, on the whole, the amount
of data available, the overall quality of the data, and the density of coverage in the vicinity of the municipal
wells is good. Despite these considerations, it is acknowledged that there is always a degree of uncertainty
with regards to hydrogeologic properties and model assumptions needed to extrapolate available data.
Specifically with respect to the Bethel Wellfield, the wells are relatively new and there is a lack of a long-
term history of operations and no long-term aquifer testing data. The lack of long-term data raises the
uncertainty of the models predictions of future response to change in pumping and land use.

6.6.3.2 Degree to Which Method and Models Used to Evaluate Scenarios Accurately Reflects the
Hydrologic System of the Local Area

The Whitemans Creek Tier 3 model represented a significant localized refinement of the hydrologic,
geologic, and hydrogeologic setting compared to the Grand River Watershed Tier 2 model. In particular,
the hydrogeologic framework was based on the recent Brantford-Woodstock OGS model (OGS, 2010),
which had full coverage of the Whitemans Creek subwatershed and local geologic surfaces were further
revised to improve the representation of the geologic conditions around the Bright and Bethel wellfields.

Both the hydrologic and groundwater flow submodels are deterministic, distributed, physically-based
models. The hydrologic model considered climate inputs, topography, soils, and land use data in computing
dynamic soil water balances, groundwater recharge, and overland flow to streams on a daily basis. The
groundwater flow model represents saturated groundwater flow along with streamflow, and lake water
balances. These models have been employed in a rigorous manner to model the surface and subsurface
hydrologic processes within the local area with specific focus on the interaction and feedback between the
groundwater and surface water systems as required under the Technical Rules. The representation of the
surface water system, groundwater/surface water interaction, and the effect water takings is much improved
over previous Tier 1 and 2 models. The Tier 3 model also included a new irrigation demand module to
better estimate the timing and volumes of surface water and groundwater takings for agricultural irrigation
based on climate inputs as well as the fate of the applied water.

By integrating the PRMS and MODFLOW submodels in GSFLOW, feedback mechanisms between the
groundwater and surface water systems are better represented. The reasonableness of submodel outputs
(e.g., groundwater recharge values from the hydrologic submodel and groundwater discharge to the soil
zone from the groundwater submodel) and the overall water budget were tested much more rigorously than
with a separate, non-integrated model. Although no model can perfectly match the observed behaviour
due to inherent simplifications and incomplete information, it is felt that the conclusions based on model
results are reasonable, physically-based, and scientifically sound.

6.6.3.3 The Extent of the Calibration and Validation Achieved for any Groundwater and Surface Water
Models used or Calculations and General Assessments Completed

The Tier 3 model was calibrated to a wide range of conditions, including extreme wet and dry-year
conditions, and across multiple seasons. A local-scale validation test was also completed against two
Bethel wellfield pumping tests to further validate the model to anticipated future rates that would be applied
as part of the risk assessment scenarios. This validation work was undertaken after the initial model
development work (Earthfx, 2017) and has been documented in a separate memorandum.

Between the extensive calibration effort undertaken during the model development, and the supplementary
validation work around the Bethel wellfield, a high degree of confidence in model results was obtained. The
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updated Tier 3 model is therefore suitable for determining the sustainability of the municipal wellfield as
part of the Tier 3 Risk Assessment.

6.6.3.4 The Quality Assurance and Control Procedures Used in Evaluating the Scenarios

The models require a large amount of data analysis and preparation prior to initiating a scenario analysis.
Great care was used in setting up, documenting, and conducting each risk assessment scenario. Multiple
levels of internal review were conducted to ensure that the input data preparation programs produced
correct input files. All model outputs were saved and reviewed through visual inspection of hydrographs,
digital mapping, and animations.

6.6.3.5 Assignment of Uncertainty

The tolerance and the risk assignment were evaluated based on the above-noted factors. Assignment of
risk levels and tolerance ratings to the local areas relied heavily on accurately simulating pumping rates
and achieving a realistic hydrologic response from the model. The simulated pumping rates were
determined from reported takings and were cycled on an annual basis. This represented realistic operating
conditions that included peak rates. The local hydrogeology was also refined to improve the representation
of the groundwater flow processes in the vicinity of the local areas. Separate testing was done with the
model to match aquifer test results at these locations.

The assignment of risk also required the model to accurately simulate the effects on streamflow, wetlands,
and other permitted groundwater users. The model was able to accurately represent the hydrologic and
hydrogeologic environment on a subwatershed scale, including the interaction of groundwater and surface
water. Groundwater levels and streamflow were also calibrated to multiple transient targets to verify model
performance.

As a consequence, the risk level and tolerance assignments for the local area surrounding the Bright
Wellfield have been given a low level of uncertaintygive n t he model 6s abi-bcaldand
local-scale processes required by the risk assessment scenario analysis. However, the lack of a long-term
history of operations and long-term aquifer testing data raised the uncertainty of the model predictions in
the Bethel wellfield area. Accordingly, the risk level assignment for the local area surrounding the Bethel
Wellfield has been given a high level of uncertainty. The uncertainty assignment is summarized in Table
6.10.

Table 6.10: Summary of uncertainty associated with tolerance and risk level assignment

Local Area Tolerance Risk Level

Bright MunicipalVellfield_ocal Area Low uncertainty Lowuncertainty

Bethel Road Municipal Wellfietetal

Area Low uncertainty Highuncertainty
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Figure 6.1: Simulated heads in model layer 3 under baseline conditions.
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Figure 6.2: Simulated heads in model layer 4 under baseline conditions.
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Figure 6.3: Simulated heads in model layer 5 under baseline conditions.
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Figure 6.4: WHPA Q1 delineation for the Bright wellfield.

EarthfX Inc.

90



Whitemans Creek Tier 3T Risk Assessment Report May 2018

555000
le | —

7

N\

Legend: b 3 == N
Roads S River/Stream > 0y : EE E,ﬁft.hf\

=== Express/Highway [ Lake -

=== Freeway =~ % = Wetiand

Municipal Boundary e Subwatershed Boundary
— Model Boundary

® Bethel Road/Bright Pumping Wells

e Simulated Groundwater PTTW

Whitemans Creek Tier Three Local Area
Water Budget and Risk Assessment

0.8m Drawdown Contour:

Sand Plain / Outwash Aquifer - Layer 3
Waterloo Moraine Aquifer - Layer 4
Waterloo Moraine Aquifer - Layer 5

Combined Cones of Influence in the
Vicinity of the Bethel Wellfield

Dnto Soueen

Froducad wih informason srovided ty the
GHCA and he Mtestry of Neturel Mesouces o 1000 200
Y CopyIiil & Queen's Frinter. 2016 Units: UTI NADBD Zone 17

Figure 6.5: Drawdowns under allocated future pumping in the Bethel wellfield.
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Figure 6.6: WHPA Q1 for the Bethel wellfield.
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Figure 6.7: Increase in imperviousness in the community of Bright under future land use.
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Figure 6.8: Increase in imperviousness in the vicinity of the Bethel wellfield under future land use.
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