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Summary 

Earlier work in large-scale unconventional resource modelling was conducted using 2D maps of 
properties averaged over entire formations or zones. A more modern approach models the necessary 
variables in a 3D framework to recognize the vertical variations inherent in reservoirs. The vertical 
variations can then be identified within the model and treated appropriately in resource calcuations. The 
resulting total in-place resource estimates are comparable to previous studies but provide flexibility to 
revisit underlying assumptions without having to start the entire process over again from petrophysical 
analysis onwards. 

Introduction 

The Alberta Geological Survey (AGS), a branch of the Alberta Energy Regulator (AER), has previously 
released unconventional hydrocarbon resource estimates for key geological units in Alberta (Rokosh et 
al, 2012; Lyster et al, 2017). These reports used two-dimensional (2D) mapping methods to determine 
the in-place hydrocarbon resources over the entire vertical succession of unconventional units (shale or 
siltstone). 

The advancements of modern software and methods now allow modelling of rock properties in a three-
dimensional (3D) framework. The hydrocarbon resources were calculated per cell within the 3D 
geocellular model. Strengths of this approach are that individual sweet-spots may be distinguished 
vertically; underlying assumptions that are part of the calculations may be reassessed or modified 
without having to go back to the source geological or petrophysical data; and the model, once 
completed, can be used for purposes other than resource calculations. This work outlines the 
methodology used for constructing 3D geocellular models for resource calculations and compares the 
results to the previous work using a 2D mapping-based methodology. 

 

Theory and/or Method 

The building of a 3D geocellular model for resource calculation starts with a stratigraphic/structural 
model. With the construction of the AGS’ 3D Provincial Geological Framework Version 1 (3D PGF v1) of 
Alberta (Branscombe et al, 2017a), the AER/AGS can build the stratigraphic portion of a large-scale 3D 
model relatively quickly. The 3D geocellular grid is built within the structural framework and is consistent 
with other geological units in the province. 

The property modelling for the 3D resource calculations was completed in two parts: a true 3D 
geocellular model of petrophysical properties calculated from well logs; and a complementary 3D 
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geocellular model of 2D reservoir properties that lack the vertical resolution of continuous petrophysical 
properties. The 2D reservoir property model is scaled to match the vertical resolution of the 3D 
geocellular model, with each x and y location having a single unique value for all z coordinates. 

The 3D properties of interest to an unconventional study are lithology (gamma ray response, Vshale, or 
other); porosity (from density logs and a mineralogy-based grain density); and total organic carbon (TOC, 
a measure of organic content). The 2D reservoir properties that were modelled in 2D and then 
transferred to the 3D geocellular model were pressure gradient; temperature gradient; gas-oil ratio; and 
condensate-gas ratio. 

Other variables necessary for quantifying the in-place resources were calculated from the modelled 
properties. These variables were taken from the geometrical properties of the 3D geocellular grid; 
calculated through regression relationships to other variables; calculated as interim steps towards 
resource calculations; or simulated from a univariate distribution where no other method is considered 
reliable. All of the variables were stochastically simulated using geostatistical methods or Monte Carlo 
simulation. Simulation was used to quantify the uncertainty in the entire resource endowment and in any 
subareas within the 3D model.  

 

Examples 

Two geological units were modelled using the 3D workflow for resource calculations: The Duvernay 
Formation and the Montney Formation. The Duvernay was split into two models, the west shale basin 
(WSB) and the east shale basin (ESB). Figure 1 shows the locations of the models within Alberta. The 
Montney model is about 88 000 km2, the ESB model is about 86 500 km2, and the ESB model is about 
35 000 km2. 

 
Figure 1: Map of Alberta showing the Duvernay and Montney model boundaries. 

The framework of the models started with the 3D PGF v1. The top and base surfaces for the Duvernay 
were extracted from the provincial model (Branscombe et al, 2017b) and modified locally as necessary to 
account for minimum isopach thicknesses near erosional edges, availability of updated picks, and other 
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factors. The middle carbonate unit of the Duvernay WSB was modelled from new pick data, as it was not 
yet a part of the 3D provincial geological framework model. The Montney was not yet a part of the 3D 
PGF v1 and so was modelled from AGS internal picks. 

The Duvernay WSB model is divided into cells that are 500 x 500 x 1.5 m in a 806 x 937 x 248 cartesian 
grid that follows the base of the Duvernay, for a total of 187 295 056 cells. Of these, 9 798 081 represent 
volumes of rock that are within the WSB boundary and the top and base surfaces of the Duvernay. The 
Duvernay ESB model has cells that are also 500 x 500 x 1.5 m, in a 488 x 617 x 99 cartesian grid with a 
nominal total of 29 808 504 cells. Of these cells, 5 804 070 represent actual spatial volumes of rock. The 
Montney model is made up of 500 x 500 x 1 m cells in a 512 x 1124 x 329 cartesian grid, for a total of 
189 335 552 cells of which 45 742 140 are within the model boundary as well as the top and base 
Montney surfaces. 

The 3D property models are made up of three main properties: a measure of lithology (gamma ray 
response in the Montney, carbonate fraction in the Duvernay); total porosity from density logs; and total 
organic carbon (TOC) to quantify the organic richness and capacity for adsorbed gas. The properties 
were modelled in a kriging framework and simulated with 100 realizations to quanitfy the range of 
uncertainty. Figure 2 shows an example of simulated porosity realizations in the Montney model. 

 

Figure 2: Isometric views of the Montney porosity model. (a) and (b) two simulated realizations. (c) 
arithmetic mean of 100 realizations. VE=50x. 

Reservoir and fluid properties were modelled as 2D variables due to the lack of vertical resolution in the 
data. The pressure gradient, temperature gradient, gas-oil ratio, and condensate-gas ratio were modelled 
in a 2D kriging framework and then simulated with 100 realizations to quantify the uncertainty. These 
variables were then scaled to the 3D grid for use in resource calculations. Each x,y location in the 
models has the same values for each of the 2D variables in all layers. Figure 3 shows an example of the 
difference between the 2D grid and the 3D layered grid. 
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Figure 3: An example of the 2D grid (left) and 3D layered grid (right). 

Once all of the modelled variables were populated in the 3D grids, in-place resource calculations were 
carried out. Several interim variables were necessary for the calculations. Geometrical variables (cell 
volume, depth to each cell) were used to scale the in-place calculations to the correct units. Some 
variables were straightforward calculations (net indicator flag, pressure, temperature). Several variables 
were calculated from the models based on regression equations taken from other data (langmuir volume 
and pressure, gas compressibility, oil formation volume factor). Water saturation was simulated from a 
global distribution in the Duvernay due to the sparseness and unreliability of the data. The water 
saturation in the Montney was calculated based on a relationship with porosity (Nieto et al, 2009). Gas 
and oil saturations were back-calculated from all of the rest of the variables. 

Original gas-in-place, condensate-in-place, and oil-in-place were calculated cell-by-cell for the Duvernay 
and Montney and summed at the township and formation level. The results are currently in publication 
process. 

 

Conclusions 

Using 3D models instead of 2D mapping has several advantages. Vertical resolution of in-place 
resources allows for subdividing of the reservoir model, explicitly through surfaces or implicitly through 
the use of cutoffs. The loss of information through averaging to a 2D map is readily apparent in Figure 3. 
Having the modelled variables cell-by-cell allows for underlying assumptions of net cutoffs to be re-
evaluated and calculations redone without having to go back to petrophysical analysis to recalculate 
average values over the zones of interest. The visualization of a resource model in 3D space can provide 
additional insight to confirm and/or refine the model when compared to paths of horizontal wells that 
industry is drilling, even if data is not yet available for those wells. 

 

Acknowledgements 

The authors would like to acknowledge the following AER/AGS staff: Hilary Corlett and Tiffany Playter for 
their contributions to the geological portions of this work; Mike Berhane for the petrophysical analyses; 
Paulina Branscombe, Kelsey MacCormack, Mahshid Babakhani, and Dean Rokosh for reviewing the 
work. 

 
  



  

 
5 

References 

Branscombe, P., MacCormack, K.E. and Babakhani, M. (2017a):  3D Provincial Geological Framework Model of Alberta, 
Version 1 – methodology; Alberta Energy Regulator, AER/AGS Open File Report 2017-09, 25 p., URL 
http://ags.aer.ca/publications/OFR_2017_09.html [May 2018]. 

Branscombe, P., MacCormack, K.E., Corlett, H., Hathway, B., Hauck, T.E., Peterson, J.T. (2017b): 3D Provincial Geological 
Framework Model of Alberta V.1; Alberta Energy Regulator, AER/AGS 3D PGF model v1, URL <http://ags.aer.ca/data-maps-
models/3D_PGF_model_v1.html> 

Rokosh, C.D., Lyster, S., Anderson, S.D.A., Beaton, A.P., Berhane, H., Brazzoni, T., Chen, D., Cheng, Y., Mack, T., Pana, C. 
and Pawlowicz, J.G. (2012): Summary of Alberta's shale- and siltstone-hosted hydrocarbon resource potential; Energy 
Resources Conservation Board, ERCB/AGS Open File  Report 2012-06, 327 p., URL 
<http://ags.aer.ca/publications/OFR_2012_06.html> [January 2018]. 

Lyster, S., Corlett, H.J. and Berhane, H. (2017): Hydrocarbon resource potential of the Duvernay Formation in Alberta – update; 
Alberta Energy Regulator, AER/AGS Open File Report 2017-02, 44 p., URL <http://ags.aer.ca/publications/OFR_2017_02.html> 
[January 2018]. 

Nieto, J., Bercha, R., and Chan, J. (2009): Shale Gas Petrophysics – Montney and Muskwa, are they Barnett Look-Alikes?; 
Society of Petrophysicists and Well Log Analysts, 50th Annual Logging Symposium, The Woodlands, TX, June 21-24, 2009, p. 
30-45. 

http://ags.aer.ca/publications/OFR_2017_09.html

