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Figure 4.2 Model layer top and bottom elevation definitions and hydrostratigraphy 

 

4.2 DISTRIBUTION OF HYDROGEOLOGICAL PARAMETERS 

The hydraulic conductivity, porosity, and recharge rate were assigned in the model based on the hydrostratigraphic 

units as defined in the conceptual model. The geometric mean hydraulic conductivity values for each unit determined 

from the field testing programs were used in the initial model set-up, and the hydrostratigraphic units were assumed 

to be uniform and isotropic.  The bulk hydraulic conductivity of the isotropic bedrock hydrostratigraphic units are 

interpreted to include the fractures and faults described in Section 3.3.2. 

4.3 BOUNDARY CONDITIONS 

4.3.1 Model Boundary 

The model limits were assigned based on local watershed boundaries but were extended into neighbouring 

watersheds based on anticipated effects from the presence of the open pit.  The model was extended to natural 

hydrologic/hydrogeologic boundaries, including watershed boundaries (assumed to be coincident with groundwater 

flow divides) or surface water features (also assumed to be coincident with groundwater flow divides).  The model 

domain limits are presented on Figure 2.1. 
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Surface elevations were derived from the LiDAR-derived digital elevation model (DEM) data obtained from GeoNova 

(2020).  The bedrock surface was derived from on-site boreholes and test pits, and from the Nova Scotia drill hole 

database (Nova Scotia Department of Natural Resources 2016) for off-site exploration boreholes.  A minimum 

overburden thickness of 1 m was assigned in the model. 

4.3.2 Recharge and Evapotranspiration 

The type of soil and vegetation present at surface is an important factor in determining whether precipitation will 

become runoff or groundwater recharge. Recharge rates were assigned based on the hydrostratigraphic units 

exposed at the top of the model domain and consideration of the surficial geology mapping for the area. The 

groundwater recharge rate was adjusted for each of these major groups during the model calibration process.  

However, at the end of calibration, the recharge was found to be relatively uniform, so a uniform recharge rate was 

specified for the entire model domain.  Recharge rates were specified for average annual and average summer 

conditions. 

Evapotranspiration was also assigned to the model domain, using a uniform rate representing average annual and 

average summer conditions.  An extinction depth of 1 m was specified for the evapotranspiration rates.  

Evapotranspiration was adjusted with the recharge rate during the model calibration. 

4.3.3 Lakes 

Several lakes and watercourses are located within the model domain. Lakes were assigned as boundary conditions 

in the model using a head-dependent flux boundary (i.e., general head boundary), as shown on Figure 4.3.  This type 

of boundary conditions determines the flow rate between the boundary condition and the aquifer based on the head 

assigned to the boundary condition.  The vertical extent of the lakes was determined using available bathymetric data 

collected at the lakes, and the reference head for each cell was obtained from the digital elevation model.  

The interaction between the surface water in the lakes and the groundwater in the underlying aquifers is defined by a 

“conductance” term. This term represents the presence of a layer of sediment on the lakebed or streambed that can 

affect the rate of water transferred between the lake or watercourse and the underlying model layer. The conductance 

term was used as a calibration parameter. 

4.3.4 Watercourses 

Watercourses in the groundwater model are assigned to Layer 1 using the River package.  The river package allows 

water to exit the groundwater system when the head in the aquifer is greater than the assigned head (stage) of the 

river, and allows water to enter the groundwater system with the head in the aquifer is lower than the assigned stage 

of the river.  The rivers were divided into two types within the model, based on river width estimates obtained from 

satellite imagery.  River cells define most stream and river reaches in the domain, and with the exception of Moose 

River, were assigned an assumed width of up to 3 m and depth of 0.3 m.   

Moose River was represented using a combination of river cells and general head boundary cells.  The river cells 

define run and shallow pool reaches of Moose River, and were assigned widths of 8 m and depths of 1 m, except in 

the area of the Touquoy open pit where additional information on stream width and depth were collected from field 

observations.  Larger and deeper pool areas in Moose river ware represented using a general head boundary  
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condition, based on mapping provided in the Nova Scotia Hydrographic Network (Province of Nova Scotia 2020).  

The widths for these areas were determined from the mapped extent of the river reaches, and the depths based on a 

minimum depth of 1 m, or based on field observations of stream depths under average annual or average summer 

conditions. 

The riverbed conductance term was also assigned to the river cells and was used as a calibration parameter. The 

default conductance term was assigned based on the hydraulic conductivity of the underlying overburden material. 

4.3.5 Touquoy Open Pit 

The extent of the Touquoy open pit in August 2019 was assigned to the model for the calibration to average annual 

and average summer conditions observed in 2019.  A 3D surface representing the pit shell that was provided by 

AMNS for inclusion in the model. 

Model cells that were intersected by the walls or floor of the open pit were identified and assigned as a seepage face 

boundary condition in the model using the MODFLOW DRAIN package.  The conductance of the DRAIN cells was 

specified based on the hydraulic conductivity in the cells multiplied by the width, length and thickness of the cell. 

Blasting effects on the hydraulic conductivity of the bedrock were assumed to be localized to the first 5 m of the 

exposed bedrock face, coinciding with the width of the drain cells, and were incorporated as part of the conductance 

value for the drains. The conductance was adjusted during the model calibration to match average summer and 

average annual pit inflow rates. 

4.4 CALIBRATION 

4.4.1 Calibration Methodology 

The groundwater model was calibrated to known conditions at the Touquoy open pit in 2019. Model calibration was 

conducted using an iterative approach under steady-state conditions representing average annual and average 

summer flow conditions. This involved a process where a flow simulation was carried out, the resulting groundwater 

levels and baseflow rates to watercourses were compared to measured values, and the model input parameters were 

re-adjusted to achieve better agreement with observed (field measured) conditions and the overall interpreted 

groundwater flow directions. The process of model calibration involves the adjustment of model parameter values to 

match field-measured values within a pre-established range of error. A hybrid calibration approach was used that 

combined automated parameter estimation, facilitated using the Parameter Estimation (PEST) code (Doherty 2018), 

together with professional judgement and interpretation of the calibration results.   

The calibration was completed using the following steps: 

1. Prepare model files and input parameters 
2. Run PEST to estimate parameter values that provide the best average fit to the observations 
3. Review the model results 
4. Adjust insensitive parameters from the PEST calibration (if any can be identified) 
5. Repeat steps 2 through 4 until the model is determined to be adequately calibrated within acceptable ranges of 

error 

Several parameters were adjusted during the calibration of the model, including: 
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 Horizontal hydraulic conductivity 
 Vertical hydraulic conductivity 
 Recharge 
 Evapotranspiration 
 Riverbed and lake bed conductance 

These parameters were adjusted automatically using PEST over the ranges determined from field observations or 

literature values. A total of 38 parameters were adjusted during the calibration process.  

4.4.2 Calibration to Water Levels 

Model calibration was assessed by comparing model simulated water levels to observations collected from water 

level data collected from onsite monitoring wells (Stantec 2020).  The water level target at each location was 

calculated as the average annual and average summer water level observed during 2019 for each location. Water 

well records had only one water level measurement from the time of completion and were considered the least 

reliable measurements in the calibration process. Water level observations from onsite wells were considered the 

most reliable as they have a longer period of record under current land use conditions and varying climatic conditions 

and provide an average water level appropriate for calibration of a steady state groundwater flow model. The 

calculated water level targets are presented in Table 4.1 for average annual conditions, and in Table 4.2 for average 

summer conditions. The locations of the 66 monitoring wells (in 33 well nests) used for water level targets are shown 

on Figure 4.4. 

A plot of the simulated (modelled) versus observed (measured) groundwater levels is shown in Figure 4.5. A line of 

best fit (e.g., a line having a slope of 1.0) is shown for comparison. Simulated groundwater levels that match the 

observed groundwater levels exactly will fall on this line. As shown on Figure 4.5 and in Table 4.1, there is generally 

good agreement with the automated and manual water level targets. 
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Table 4.1 Water Level Calibration Residuals and Statistics for Average Annual 2019 
Conditions 

Location 

Average 
Annual Target 
Water Level 

(m CGVD2013) 

Simulated 
Average Annual 

Water Level 

(m CGVD2013) 

Residual 
(m) 

Target Type 

PLM-1A 131.302 132.092 -0.790 Monitoring Well 

PLM-1B 128.546 130.726 -2.179 Monitoring Well 

PLM-2A 119.447 117.855 1.592 Monitoring Well 

PLM-2B 118.791 118.279 0.512 Monitoring Well 

PLM-3A 129.148 128.380 0.769 Monitoring Well 

PLM-3B 125.498 126.945 -1.447 Monitoring Well 

PLM-4A 125.487 124.084 1.403 Monitoring Well 

PLM-4B 124.509 124.720 -0.210 Monitoring Well 

PLM-5A 126.076 127.842 -1.765 Monitoring Well 

PLM-5B 126.098 128.038 -1.940 Monitoring Well 

WRW-1A 131.132 129.074 2.058 Monitoring Well 

WRW-1B 130.796 129.099 1.698 Monitoring Well 

WRW-2A 133.852 129.600 4.253 Monitoring Well 

WRW-2B 133.302 130.596 2.706 Monitoring Well 

WRW-3A 124.903 128.020 -3.118 Monitoring Well 

WRW-3B 125.840 128.407 -2.568 Monitoring Well 

WRW-4A 129.504 127.155 2.349 Monitoring Well 

WRW-4B 125.834 126.883 -1.050 Monitoring Well 

WRW-5A 120.117 119.702 0.415 Monitoring Well 

WRW-5B 120.027 119.562 0.465 Monitoring Well 

OPM-1A 107.246 107.367 -0.121 Monitoring Well 

OPM-1B 106.788 107.338 -0.550 Monitoring Well 

OPM-2A 109.074 108.926 0.148 Monitoring Well 

OPM-2B 102.597 104.701 -2.103 Monitoring Well 

OPM-3A 114.914 114.155 0.759 Monitoring Well 

OPM-3B 114.825 114.157 0.668 Monitoring Well 

OPM-4A 113.140 113.795 -0.655 Monitoring Well 

OPM-4B 113.315 113.800 -0.485 Monitoring Well 

OPM-5A 117.556 117.508 0.047 Monitoring Well 

OPM-5B 118.055 117.390 0.665 Monitoring Well 

OPM-6A 114.514 113.728 0.787 Monitoring Well 

OPM-6B 114.678 113.581 1.097 Monitoring Well 
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Table 4.1 Water Level Calibration Residuals and Statistics for Average Annual 2019 
Conditions 

Location 

Average 
Annual Target 
Water Level 

(m CGVD2013) 

Simulated 
Average Annual 

Water Level 

(m CGVD2013) 

Residual 
(m) 

Target Type 

OPM-7A 115.464 118.117 -2.653 Monitoring Well 

OPM-7B 115.525 118.097 -2.572 Monitoring Well 

TMW-1A 115.550 114.455 1.096 Monitoring Well 

TMW-1B 115.570 114.517 1.053 Monitoring Well 

TMW-2A 113.753 112.612 1.141 Monitoring Well 

TMW-2B 113.538 112.687 0.851 Monitoring Well 

TMW-3A 108.800 109.862 -1.061 Monitoring Well 

TMW-3B 108.707 109.865 -1.158 Monitoring Well 

TMW-4A 107.399 108.198 -0.800 Monitoring Well 

TMW-4B 107.514 108.199 -0.685 Monitoring Well 

TMW-5A 107.346 109.007 -1.661 Monitoring Well 

TMW-5B 107.406 108.973 -1.568 Monitoring Well 

TMW-6A 105.002 105.721 -0.719 Monitoring Well 

TMW-6B 104.849 105.668 -0.819 Monitoring Well 

TMW-7A 108.226 109.417 -1.191 Monitoring Well 

TMW-7B 107.879 109.475 -1.596 Monitoring Well 

TMW-8A 108.472 109.213 -0.741 Monitoring Well 

TMW-8B 108.516 109.395 -0.879 Monitoring Well 

TMW-9A 110.780 111.951 -1.171 Monitoring Well 

TMW-9B 110.881 112.086 -1.205 Monitoring Well 

TMW-10A 114.339 113.942 0.397 Monitoring Well 

TMW-10B 114.301 114.056 0.245 Monitoring Well 

TMW-11A 113.739 115.643 -1.905 Monitoring Well 

TMW-11B 112.419 115.785 -3.367 Monitoring Well 

TMW-12A 113.809 112.737 1.073 Monitoring Well 

TMW-12B 115.664 113.145 2.519 Monitoring Well 

TMW-13A 109.399 109.047 0.352 Monitoring Well 

TMW-13B 106.698 107.807 -1.109 Monitoring Well 

TMW-14A 121.484 118.793 2.691 Monitoring Well 

TMW-14B 121.084 118.959 2.125 Monitoring Well 

TMW-15A 120.942 118.185 2.757 Monitoring Well 

TMW-15B 119.068 117.870 1.198 Monitoring Well 




