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Abstract
The paper focuses on the thermal evaluation of geological well data along the Williston Basin in Canada. The analysis delved into

determining the thermal gradients, surface heat flow and most importantly subsurface temperatures at 2-5 km, 3.0 km and
3.5 km_ The uncorrected well data were reevaluated using the Harrison correction method and temperatures within the
80 °C— 150 °C range was attained (potential binary type application). The paper serves to identify a prospective production
region for geothermal energy exploitation. This was accomplished by analyzing subsurface temperature 2D contour distribution
maps. However, correlating these findings with hydraulic parameters can prove to enhance the quality of the region identified. It
was determined that within the coordinate ranges of (103.75°—105.25°)W ang (49.0°— 49.5°)N there exist an area of interest
within the Williston Basin for geothermal energy exploitation.
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1. Introduction

Geothermal energy plays a key role in realizing targets in
energy security, economic development and mitigating
climate change. Through harnessing the stored thermal energy
trapped within rocks, this resource can be utilized in
generating electricity and in direct applications. However,
before the energy can be extracted from depths within the
Earth, exploratory methods are crucial in locating and
prospecting the potential of a geothermal system. Heat mining
from the earth can theoretically supply the world at the present
level of energy demand for many millennia 1.

Canada has not produced electrical energy from this source [,
The approach of the paper is to extensively investigate the
thermal findings from all one hundred and thirty-eight
abandoned oil wells within the study area. The Western
Canada Sedimentary Basin (WCSB) is the largest and best
characterized sedimentary basin in Canada. Its vast expanse
begins from the foothills of Alberta, cutting through southern
Saskatchewan. It can be noted that the WCSB acts as a
thermal ‘blanket’ because sedimentary rocks characteristically
have low thermal conductivity values, as a result trapping heat
and generating higher geothermal gradients ¥
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Fig 1: Distribution of all 138 well locations across the Province of Saskatchewan
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Insufficient data across many regions of Canada renders
categorizing geothermal resources a difficult task. As a result,
computer modelling coupled with laboratory investigations to
fill data gaps are being encouraged under the Executive
Summary, Research Needs of the Geological Survey of
Canada Open File 6914 B, The warm sedimentary Williston
Basin extending from the south of the Province of
Saskatchewan is the area that has been of prime interest for
geothermal exploitation. Therefore, the paper presents detailed
thermal investigations into this area and highlights a potential
production field region. Figure 1 indicates the location and
number of wells used to perform these investigations.

2. Heat Flow and Subsurface Temperature Estimations

The bottom-hole temperatures (BHTS) obtained from the
geological well data should be corrected. This correction is
seen in Figure 2 through the linear trendline of the corrected
well data. BHT data are usually of low quality as mentioned
by Blackwell B 4 and Shope [ The true formation
temperature values are not represented by the geophysical
logs. This is because of recording the data shortly after cessation

of drilling operation.

The Harrison correction can be described as a second order
polynomial function of depth. Through this method the
generated AT value in “C is a correction factor that is summed
to the BHT from the geological well data to yield corrected
well data temperature. It is stated by the following:

AT(°C)= —16.51+0.01827z — 2.345 X 10 °z2 (1)
The True Vertical Depth (TVD) is given by Z in Eg. (1). It can
be noted through the application of the Harrison correction
method to the uncorrected trendline, the R* value increases by
approximately 9-1 (this accounts for a greater correlation
between the temperature and depth values).

As outlined by Grasby ! from the Open file 6914 report on
Geological survey of Canada, areas of the WCSB displaying
known temperatures between 80 °C—150°C are regions of
potential binary systems. Therefore, for a geothermal reservoir
exhibiting medium-temperature above 80 °C, electricity can
still be generated by means of a binary cycle power plant.
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Fig 2: Graphical representation of corrected well data highlighting the potential exploitable region of &0 *C — 150 °C within the Williston Basin.

2.1 Thermal Gradient Findings
The thermal gradient for each well is calculated utilizing the
corrected well data. The thermal gradient is calculated as:

(dT) _ Tgur — T,

o - (2)

where dT/dz js the thermal gradient, Tssr is the corrected

BHT values, T is the average annual surface temperature, and
Z is the true vertical depth. All temperature values are

calculated in degree Celsius (°C), and the TVD in meters (712,
The average thermal gradient for the investigated region of the

Williston Basin was determined to be 3%.01 *C/km_ For the
regions across the Williston Basin (south of the Province

Saskatchewan) an average annual surface temperature, 7= of
2 °Cjs used in the calculation of the thermal gradients 21,
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Thermal Gradient Contour 2D Distribution and Post Map of Investigated
Wells Across the Williston Basin
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Fig 3: Map of Thermal Gradient showing all 138 wells across the Williston Basin.
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Fig 4: Frequency distribution of thermal gradient values across the Williston Basin.

Through the 2D contour distribution map of Fig 3, areas of
thermal gradient values greater than 34.01°C/km  gre
highlighted within the proximity of both Weyburn and
Estevan. In addition, the distribution of the data points (this is
indicated by the post map) will have a greater accuracy within
the coordinates 49 °N —50 °N [atitude and 102 °W — 104 °W
longitude. Within this area the data point density is the
highest, hence the Kriging method utilized by the Surfer 14
software will yield better results also within this area. Finally,
it can be noted from the histogram of Fig 4, the distribution of
thermal gradient values are nearly that of a standard normal
distribution curve, having a skewness of about 0-276 (skewed
to the right; right tail is longer than the left tail). This skewed
right tail is reflected by a kurtosis value of about —0-286
(hence “light tailed” distribution).

2.2 Surface Heat Flow

The surface heat flow is then calculated from the corrected
thermal gradient values. A 1D vertical conduction of heat
through the rock column can be assumed; hence the resulting

heat flow can be expressed as:
— (dT) 3
Q.s - d= {: }

where the corrected thermal gradient is in “C/km _ the thermal
conductivity k is in W/mK and the calculated heat flow @s, is
in mw /m?

For the 1D case to be accurate the following conditions must
hold to prevent the nullification of the assumption of steady-
state heat flow: the depth of the well is small compared to the
distance of significant structural alterations in geology, and
excluding current volcanism within the area 13,

The thermal conductivity of the dominant lithology found in
each well number was compiled across multiple sources of
literature & 7 8 These formations are comprised of Black
Island, Deadwood, Precambrian, Winnipeg and Yeoman. The
dominant lithology of these formations comprised of
sandstone, shale, igneous rock, gneiss and quartz. Therefore,

the thermal conductivity k (W/mK) values were the key
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component in affecting the surface heat flow values. This is
seen when comparing Figures 3 and 5, as areas of high thermal

gradient which do not translate directly into areas of high
surface heat flow.

Surface Heat Flow 2D Contour Distribution

and Post Map from Corrected Well Data
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Fig 5: Surface heat flow map with well distribution

2.3 Subsurface Heat Flow Findings

Based on Fig 2, it is observed that the data points range from
around 1800 m— 3300 m However, the data points have the
highest density within the range 2200 m— 2900 m gas this
should be taken into consideration for the reliability of such a
plot. Therefore, to determine subsurface temperatures, Tz, (% is
the depth) at depths 2-5 km, 3.0 km and 3.5 km heat flow
maps can be utilized for these calculations. Through the
‘Lachenbruch model’ which describes the exponential
decrease of crustal heat generation with depth, the calculations
to determine the variation of temperature with depth are
possible. The basement heat flow, @ (W/m?) is statistically
correlated to the heat generation of the basement, 4o (W/m*)
in the form:

Q= Q. +D4, {4')

where @~ is the reduced heat flow (W/m%) and D is measured
in units of depth. Furthermore both @- and D are constants
characteristic of large geological provinces.

The key parameters used to calculate temperature with depth
relations for the geological Craton region are [l
D=9.6kmQ@Q, =33mW/m? ang 4y =27 tW/m* The
basement heat flow value will be the same for all wells under
investigation, as this value was found to be 58.92 mW/m?
Through a Phanerozoic isopach map by Majorowicz [ it is
observed that within Canada a depth of 3.5 km is reached at
the base of the sedimentary section of Williston Basin.

Given that the basin fill of 2 ¥ is overlying the basement at
depth of 3-5 km_ the temperature Tzxm at the top of the
basement needs to be found first.

Therefore at ¥ = (0 —2) km;
Qo X X*
TEkm=T_AI}? (5)

For X > 2 km_the temperature (T) vs. depth (") equation can
be written as:

z
T(2) = Toum+ @ e _:xp(_ o) Q

Equations (5) and (6) explicitly allows the calculation of the
subsurface temperatures Tz2.s xm, Ts.0im, and Tasem. Figure 6
parts (a), (b) and (c) were all generated using the Surfer 14
software for depths of 2.5km 30km gnd 3.5km
respectively.

It can be observed that the subsurface temperatures for the
wells within the coordinate ranges of (103.75° —105.25°) W

and (49.0°—49.5°) N are consistent. This region of interest
steadily holds and increase in subsurface temperature moving
from depth 2.5 km tg 3.5 km_|n addition, it can be noted that
a greater number of well data points exist within this region
(having a high data point density for a stronger
correspondence between averaging temperature values).
Although the wells highlighted by the oval in Fig 6-part c, are
among the highest thermal gradient values (refer to Fig 2),
these wells are not positioned within an overall region of high
subsurface values. These few wells are isolated (lower data
point density leading to a weaker estimation of subsurface
temperatures). As a result, the main finding of this
investigation can indicate that the wells within the area of
interest (black rectangle in Fig 6-part ¢), can be considered as
a possible production field for geothermal exploitation.
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[Subsurface Temperature 2D Contour Distribution and Post Map of the Willistion Basin at Depth 2.5 km
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Subsurface Temperature 2D Contour Distribution and Post Map of the Williston Basin at Depth 3.0 km
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Fig 6: Subsurface Temperatures, Ti(zh:(a) 2.5 km, (B) 3.0 km, (c) 3.5 km

3. Conclusion and Future Work
The subsurface temperatures findings for Tz.s &m, Tz.0 km, and
T3swm all clearly point towards a potential production field

left of Estevan. This region lies within the coordinate ranges
of {10375”- 10525”}“" and {:490”- 495D}N These Va'ues

are within the 80 °C— 150 °C range for binary type geothermal
plant application. The integration of hydraulic parameters into
the contour maps can yield a greater insight into flow field
across the production region (for identification of possible

injection and production wells). Furthermore, calculations and
computer simulations of well spacing for plant and reservoir
lifetimes can be performed within the area of interest.
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