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1.0 INTRODUCTION

Simulated thermal plumes generated in three aquifers arising from steam injection at the
planned Korea National Oil Corporation (KNOC) BlackGold Project were simulated using a finite
element groundwater flow and transport model. The purpose of the modeling was to evaluate
the predicted increase in groundwater temperatures in non-saline aquifers from the heat
generated at the contact of steam injection boreholes which are planned for the Steam Assisted
Gravity Drainage (SAGD) Project. The modeling work was completed by AMEC Earth &
Environmental Ltd. (AMEC) under subcontract to Waterline Resources Inc. (Waterline). This
technical memorandum summarizes the results of the modeling.

2.0 METHODOLOGY

The analysis was performed using AQUA3D, a three-dimensional finite element groundwater
flow and transport model, which utilizes triangular elements and the Galerkin method to solve
groundwater flow and transport equations. AQUA3D solves transient groundwater flow with
heterogeneous and anisotropic equations. Boundary conditions may be prescribed as nodal
head and prescribed flow as a function of time or head-dependent flow. The program also
solves transient transport of contaminants and heat with convection, decay, adsorption and
velocity-dependent dispersion.

Non-saline aquifers located in the Undifferentiated Quaternary Sediments , the Undifferentiated
Empress Formation and in the Lower Grand Rapids Formation were modeled independently.
The area of the aquifers was assumed to be a square with 2 km sides. Three steam injection
wells 100 m apart are located centrally close to the upper boundary of the model area (Figure
1). Aquifers were assumed to be of uniform thickness, homogeneous and isotropic. Uniform
horizontal flow in each aquifer was simulated first to generate the velocity field which is used
later in the heat transport model to simulate the plume migration. Thermal plume generation in
each aquifer in the model was simulated by assigning constant temperatures at the perimeter of
each injection borehole. The constant temperature at the source will be lower at the aquifer side
of the borehole wall, however to be conservative it was assumed to be 290 °C which is equal to
the steam temperature inside the injection pipe.
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The formation and other parameters used in the model were summarized in Table 1.
Representative aquifer properties were assigned based on available data.

The ambient groundwater temperature was assumed to be 5, °C with a specific heat capacity of
4204 kJ/kg-K at that temperature. Specific heat capacities of the formations were assumed to
vary insignificantly from one another, lower compared to the specific heat capacity of
groundwater and were adopted as 835 kJ/kg-K for all formations. The ratio of specific heat
capacities of groundwater and the aquifer material was used in the calculation of retardation
coefficient in the model.

Table 1: Formations and Parameters Used in the Thermal Plume Model

Porosit Horizontal Borehole
Formation (and Material Thickness 1y Kh Hydraulic Ss .
. Effective ' radius
Aquifer) Type (m) (VIV) (m/s) Gradient (1/m) (inches)
(m/m)
Undifferentiated Sand, some 20 0.30 5E-5 1E-2 2E-5 20
Quaternary gravel
Undifferentiated | Sand fine to 20 0.25 SE-4 4E-3 7E-6 14 3/4
Empress coarse
Sands to
Grand Rapids poorly 40 020 | 24E5 | 2563 | 3E6 | 1434
(Lower) cemented
sandstone

3.0 RESULTS

The results of the modeling are presented in figures as temperature contour maps in each
aquifer down gradient of the injection site. Figure 2, 3 and 4, illustrate the predicted thermal
plumes developed in the Undifferentiated Quaternary Aquifer, the Undifferentiated Empress
Formation Aquifer and the Lower Grand Rapids Formation Aquifer, respectively, after 15 years.
Based on the modelling results, after 15 years the plumes are expected to approximately 550 m
in length in the Undifferentiated Quaternary and Lower Grand Rapids Formation Aquifers. The
plume length is predicted to be approximately 820 m long in the Undifferentiated Empress
Formation Aquifer.

4.0 CLOSURE

We trust the information provided herein is sufficient for your requirements. If you have any
guestions please contact the undersigned.
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Sukru Sumer, Ph.D., P.Eng.
Associate Hydrogeologist
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FIGURE 1 - Finite Element Model Grid and One Injection Well (50 cm OD)
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FIGURE 2 - Quaternary (Bonyville) Aquifer Temperature Contours at the
End of 15 Years of Operation
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FIGURE 3 — Tertiary Empress 1 Aquifer Temperature Contours at the End of
15 Years of Operation
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FIGURE 4 — Grand Rapid Aquifer Temperature Contours at the End of
15 Years of Operation
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