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1.0 INTRODUCTION

A regional-scale groundwater flow model was completed as one component of a multi-
disciplinary subwatershed study for a portion of the Credit River. The model was
developed to simulate existing geologic and hydrogeologic conditions and used to assess
the impact of various modeled future land use changes. A major objective was to assess
the potential impact that various aggregate extraction scenarios could have on the local
and regional groundwater flow system, including discharge to surface water features.

A three-dimensional groundwater flow model encompassing Subwatersheds 16 and 18
was developed and calibrated. The model area covers 304 km” and is located in the
Region of Peel, south of Orangeville, Ontario, Canada. The model has 4 layers, 100,000
model elements, and 90,000 nodes. The towns of Caledon Village and Alton are near the
centre of the model area as shown in Figure 1.

The area geology consists of a meltwater channel (sand and gravel), glacial tills, a
dolomite aquifer, with a shale aquitard at the base. The aquifer system ranges 10 to 100
metres in thickness. Almost all of the input to the groundwater system comes from
precipitation with most of the eventual discharge flowing to the Credit River and its
tributaries.
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2.0 MODEL DEVELOPMENT

FEFLOW was chosen for the groundwater modelling because of its finite element
numerical approach. Finite element methods better suit areas with complicated geology,
and where hydrogeologic units have steeply varying gradients. FEFLOW is developed
by WASY Ltd., Berlin, Germany. Although not yet widely used in North America,
FEFLOW is well established for groundwater modelling internationally, particularly in
Europe. FEFLOW has approximately 2 million hours of development time and is
considered one of the most robust groundwater modelling packages available.

The extent of the model (Figure 1) was chosen based on groundwater elevation mapping
determined through the contouring elevations of surface water elevations. Surface water
elevations were taken from the Orangeville and Bolton Canada Survey topographic maps
and from Ontario Base maps of the area. Figure 2 shows the locations of surface water
elevations used for the interpretation of the groundwater contours. As is shown in Figure
1, the Credit River, the Credit River Erin Branch and the Little Credit are regional
groundwater controls and provide the model boundaries on the south end of the model.
Elsewhere, the model boundaries follow either regional groundwater divides or regional
groundwater flow lines.

Figure 3 shows the model grid. The model was refined in the areas of interest for the
study which are:

o The location of aggregate extraction activities and surrounding areas;
o The wetland areas in the northeast portion of the study area;

o The area in and around the Town of Erin; and

o The area adjacent to the Credit River.

In addition, the model was refined at the Niagara Escarpment which runs in a
northeast/southwest line along the boundary of Subwatersheds 16 and 18 south of
Caledon Village. This was necessary to detail the steep topological gradient that exists
here.

The model simulates groundwater flow in and out of the model region with three types of
boundary conditions:

o Type 1 boundaries (constant head) representing lakes and wetlands;
o Type 2 boundaries (constant flux) representing model recharge; and
o Type 3 boundaries (head dependent) representing rivers and streams.

The elevation of surface water features was taken from the above mentioned topographic
maps. Figure 3 shows the location of model flow boundaries.
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The hydraulic conductivity of the existing lake areas was set to high values to simulate
surface water flow. The model was designed to allow the lakes to seek a natural level
(i.e. no constraints). As a result, the water levels may not perfectly emulate the existing
conditions but the overall model is a more realistic calibration because the water levels
have not been pre-set. Forcing a "fit" to existing conditions through assigning constant
head boundaries could create a source/sink which do not naturally exist. This could
impact the results of simulations of potential future land use changes by constraining
portions of the model area.

The geologic layers of the model were determined by generating a series of cross-
sections utilizing MapInfo. Approximately 800 boreholes from the Ontario Ministry of
the Environment Well Record database were used to develop the cross-sections. The
location of the cross-sections are shown in Figure 4. These cross-sections were then
manually interpreted and assigned a specific set of geologic units or layers that were
input into the model. Four geologic units or layers were assigned the following basic
structure:

o Layer 1 - low conductivity overburden;

o Layer 2 - sand/gravel aquifer;

o Layer 3 - aquitard; and

o Layer 4 - sand/gravel aquifer and fractured dolostone aquifer.

The hydraulic conductivity distribution for Layers 2 and 4 were developed with the
borehole data. The conductivity distribution was divided into zones of similar lithology
as given by the borehole data. The zones were assigned the following hydraulic
conductivity values: sand and sandy gravel — 1.0e™ m/s; gravel — 1.0¢ m/s; fractured
dolostone — 1.0e™ m/s; silty clay - 1.0e® m/s; silt — 4.0¢” m/s; and clay (aquitards) —
1.0¢™® m/s. The resulting zones of the conductivity are shown in Figures 5 and 6.

The total recharge to the model was determined utilizing historical precipitation data,
water surplus data and baseflow data throughout the model area. Recharge rates were
assigned to nine specific zones as is shown in Figure 7. The original recharge values
were assigned based on surface geology. The total recharge to the model was based on
surplus water available from the water balance assessment. The recharge rates for the
various areas were modified slightly until a reasonable fit was achieved for the
interpreted subwatershed water balance and the historical baseflow for various portions
of the subwatershed.

Hydraulic conductivities initially assigned to various layers in the model were adjusted
until the simulated values within individual reaches of the river matched observed values
and the simulated water level elevations matched observed surface water elevations.
Recharge to the lake areas were set to zero based on the surface water modelling
conducted for this study which concluded that runoff to the lakes approximated
evaporative losses from the lakes.
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2.1 Model Calibration

The model was calibrated to three hydrogeologic components of the physical system for
subwatersheds 16 and 18:

« Regional scale groundwater flow direction;

» Regional scale water table elevations; and

o Baseflow at the surface water gauges within the model area (Orangeville,
Alton, Cataract and Erin).

For this study, there was limited regional water level data for specific period in time
within the modelled region. As a result the calibration focused on known baseflow
conditions throughout the study area and existing surface water elevations. Surface water
elevations throughout the model area were available and were used to match heads. For
calibration, 96 surface water elevations were used for hydraulic head targets and
baseflow at the 3 above mentioned river gauging stations were used for flow targets.

Simulated baseflows were calibrated to within approximately 15% of observed values
and simulated water levels matched observed values within 10 metres. The scaled RMS
error of hydraulic head is less than 5%. Figure 8 shows simulated groundwater contours
of the model. Comparing Figure 8 to Figure 1, the model simulated heads sufficiently
represent observed conditions. Figure 9 shows the discharge at various reaches within
the model domain.

The accuracy of the regional scale model is good, however, the wide variation of the
values of various hydrogeologic parameters within the subwatershed makes an
assessment of local-scale accuracy difficult from the regional-scale model. For example,
there is almost 200 metres variation in water levels throughout the area modeled. A 5%
accuracy is considered very good, however, this still translates into a range of error of 10
metres. This is not acceptable if a small-scale water level match of 1-2 metres is critical.
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3.0 SENSITIVITY ANALYSIS

Much of the initial modelling focussed on sensitivity analysis where different parameters
or conditions were varied to determine which conditions or land use change would be
most sensitive within the hydrogeologic setting of subwatersheds 16 and 18. Rather than
predict stages, this approach gives us the relative change based on parameter or land use
variations and gives a greater level of confidence in developing mitigation approaches
and appropriate level field investigations at a site specific level.
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