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1. INTRODUCTION 
ConocoPhillips Canada Resources Corp. (“ConocoPhillips”) operates the Surmont In-Situ Oil 
Sands Project (the “Project”), a commercial scheme for the recovery of crude bitumen from the 
Wabiskaw-McMurray deposit in the Athabasca oil sands area using steam-assisted gravity 
drainage (SAGD) technology.  This multi-phase project is a 50/50 joint venture between 
ConocoPhillips and Total E&P Canada Ltd.  The Project is operated under Alberta Energy 
Regulator (AER) Scheme Approval No. 9426MM and Environmental Protection and 
Enhancement Act (EPEA) Approval No. 48263-01-00. 

The Project is located approximately 63 km southeast of Fort McMurray, Alberta and covers 219 
sections of land in Townships 80, 81, 82, 83, and 84, and Ranges 5, 6, and 7 west of the fourth 
meridian (W4M) (Figure 1-1).  It currently features two phases (Figure 1-2) and is approved for a 
total production level of 29,964 cubic metres per calendar day (m3/cd). 

1.1 Requested Approval and Proposed Modifications 
ConocoPhillips is applying to the Alberta Energy Regulator (AER) pursuant to Section 13 of the 
Oil Sands Conservation Act for a Category 2 amendment of Approval No. 9426MM to increase 
the maximum operating pressure (MOP) in the six drainage areas (DAs) listed in Table 1-1 to 
achieve the expected SAGD performance.  The proposed MOP gradient is 16.5 kPa/m, 
calculated at the shallowest depth of the Wabiskaw marker surface (base of caprock) in the DA 
and surrounding 200 m. 

Table 1-1.  Requested MOP increase 

Drainage 
Area 

Start Date* SAGD 
Conversion 
Date 

Approved 
Maximum BHIP 
kPag 

Requested  
BHIP kPag 

266-2 09/21/2016 1/30/2017 3500 3800 

263-2 09/01/2015 12/12/2015 3800 4100 

264-2 09/06/2015 12/01/2015 3800 4100 

263-1 08/14/2015 12/11/2015 3900 4200 

264-1 08/14/2015 11/20/2015 3900 4200 

103 04/13/2015 07/21/2015 4600 5000 
*Dates reference the first well started and converted to SAGD on the Pad.   

If approved, the higher MOP will be applied to all wells in a DA or to groups of wells in a DA 
depending on their individual conditions, proximity to thief zones, and coalescence with 
neighboring pairs. 

ConocoPhillips considers the higher operating pressure to be transitional in nature, because as 
steam chambers mature, the operating pressure will gradually be decreased for steam 
management and optimization.   
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1.2 Background and Project Rationale 
Some of the wells in the DAs selected for this approval request, have struggled to perform up to 
expectations.  One hypothesis is the poor injectivity observed in the reservoir, both during 
circulation and SAGD periods is determined to be the main factor.  A higher operating pressure 
will allow for additional heat to be injected in the reservoir, thereby improving the drainage of the 
oil and development of the steam chamber.   

ConocoPhillips has conducted an extensive data acquisition, interpretation and modeling 
campaign for the caprock and reservoir in Surmont in the past 10 years.  The Surmont caprock 
has been characterized at a great level of detail with higher confidence on spatial variations, 
risks and capacities.  ConocoPhillips believes that the caprock properties including 
petrophysical properties, geomechanical properties, and structural properties are consistent in 
the operating DAs, and an increase in the MOP gradient to 16.5 kPa/m (similar DA’s 262-3 and 
261-3, Application No.1857927) can be safely applied with no impact on the caprock safety 
factors. 

In this submission, ConocoPhillips presents the results of caprock characterization in Surmont 
and provides justification for the requested MOP increase scheme.  In summary: 

• The extensive caprock integrity study and coupled geomechanics-reservoir simulations 
demonstrated that the MOP gradient could be safely increased in DA 262-3 and DA 261-3. 
A summary of the geological and geomechanical study submitted in support of application 
1857927 is provided. 

• Caprock failure safety factors were calculated using two-way coupled geomechanics-
reservoir simulation and a conservative approach was adopted to determine the new MOPs 
for DA 262-3 and DA 261-3. 

• Statistical analysis of caprock properties related to its capacity and integrity, clearly highlight 
its consistency and limited variations across the development area. 

• The caprock integrity studies and previous experiences have confirmed that the proposed 
MOP increase could be safely applied to the DAs listed in Table 1-1. 
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Figure 1-1.  Surmont Project Area 
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Figure 1-2.  Surmont Development Area and Selected DAs for MOP Increase (red outline) 

 

Phase 1 

Phase 2 
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1.3 Environment 
The proposed MOP increase will not result in any additional air emissions or water usage 
beyond those already approved.  

1.4 Participant Involvement 
The modifications applied for in this amendment application are not expected to directly and 
adversely affect the rights of stakeholders, including other mineral rights owners, or adversely 
and materially alter the environmental and socioeconomic impacts predicted and assessed in 
the original and/or amended Surmont Project under Commercial Scheme Approval 9426. 
Therefore, a formal stakeholder involvement program was not undertaken for this amendment. 
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2. SUMMARY OF MOP INCREASE IN DRAINAGE AREAS 
262-3 AND 261-3 

In 2016, the AER approved Application No. 1857927 allowing ConocoPhillips to increase the 
MOP gradient to 16.5 kPa/m (from 15 kPa/m) in DAs 262-3 and 261-3.  The MOP was 
calculated using this gradient at the shallowest depth of the base of the caprock over the DA 
and surrounding 200 m.  The application included a detailed analysis of geological, geophysical, 
petrophysical and geomechanical properties of the caprock over these two DAs.  Through these 
investigations, it was demonstrated that the caprock is competent and capable of containing the 
injected and produced fluids in the McMurray Formation (reservoir).  The caprock was also 
concluded to be consistent in terms of thickness and properties with insignificant lateral 
variations.  This section provides a summary of the applied analysis workflow and describes 
major conclusions.  Section 3 of the application demonstrates how these conclusions can be 
extended to the caprock in the entire operating area of Surmont. 

2.1. Geological Description of the Caprock over 262-3 and 261-3  
The geological characterization of the caprock in DAs 261-3 and 262-3 was completed to 
determine the capacity of the caprock to contain the higher injected pressure.  Caprock 
characterization included modeling the lithological facies, identification of seismic and sub-
seismic scale discontinuities in the caprock over the area of interest, and petrophysical 
characterization.  Here, a summary of the major conclusions is presented.  The workflow and 
details of the analyses can be found in Application No. 1857927. 

To better describe how geomechanical and other physical properties are spatially distributed 
within the caprock at Surmont, we have defined four petrophysical lithofacies (Figure 2-1): fissile 
shale, bioturbated silt-very fine sandstone, very fine sandstone and cemented sandstone.  
These lithofacies are identifiable in core and logs and are used in this document to compare the 
lithological changes. 

Figure 2-1.  Examples of four lithofacies calculated in Surmont caprock interval for 
characterization of stratigraphy in terms of petrophysical properties. A) 
Fissile Shale B) Bioturbated Silt-Very Fine Sandstone C) Very Fine 
Sandstone D) Cemented Sandstone 

 

Caprock stratigraphy characterized by four defined lithofacies illustrate a unit of rock with 1) 
laterally and vertically continuous mud-rich Fissile Shale lithofacies concentrated toward the 
base and top creating an effective and continuous seal; 2) laterally and vertically discontinuous 
coarser-grained Very Fine Sandstone and Cemented Sandstone lithofacies forming a strong 
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core; and 3) a matrix of poorly-organized and heterolithic Bioturbated Silt-Very Fine Sandstone 
lithofacies tying everything together to create an effective containment system. 

From core analysis, Cemented Sandstone was shown to have negligible porosity and 
permeability and, therefore, is assumed to be similar throughout the caprock.  Fractures are 
expected to be conductive in some cases, but are limited vertically to isolated beds (mainly in 
cemented zones). 

It is, however, important to note that the low-permeability Bioturbated Silt-Very Fine Sandstone 
and Fissile Shale lithofacies dominates the caprock, accounting for over 80 percent of the 
caprock by volume at DAs 261-3 and 262-3.  Therefore, fluid movement and seal capacity is 
expected to be controlled by these two lithofacies. 

Figure 2-2.  Modeling of caprock lithofacies in 102102708306W400 
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Analysis of the well logs, cores and seismic attributes in the caprock over DAs 261-3 and 262-3 
showed that there is very little variance on caprock thickness (Figure 2-3), depth and facies 
distribution.  The caprock interval over the McMurray is uniform and competent.  There was no 
evidence for syn-depositional structural features in the caprock, as the caprock isochron is 
approximately uniform in thickness.  As shown later in this document the thickness of the 
caprock is consistent in all operation regions of Surmont. 

There is evidence for post-depositional structural features in the caprock due to differential 
compaction of underlying channel abandonment muds; however, these seismic discontinuities 
demonstrate no offset and only minor flexing of seismic reflectors.  There is no evidence for 
post-depositional structural features in the caprock associated with dissolution of underlying 
Paleozoic strata.  Seismic structural analysis has revealed nothing that might be interpreted as 
a significant risk to effective subsurface containment of injected and in-situ fluids. 

Intensity and significance of natural fractures were also investigated in detail.  Results showed 
that there was no apparent direct structural mechanism that could be used to improve prediction 
of natural fracture frequency, distribution, and orientation.  Natural fractures due to tensile 
(extensional) failure are commonly healed with calcite cement or silt and authigenic clay.  Each 
natural fracture, irrespective of rock failure mechanism, tends to be confined to an isolated bed 
and observed within or near cemented sandstone bedding in the heterolithic core of the 
caprock.  Natural fractures are observed at Surmont and within the caprock at DAs 262-3 and 
261-3, through image log interpretation.  Nothing exceptional is noted relative to the background 
data for the rest of the Surmont lease.  Fracture intensity relative to seismic discontinuity has 
been explored in detail, and no fault-induced damaged zones have been identified at DAs 261-3 
and 262-3. 
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Figure 2-3.  Caprock isopach thickness map. Caprock isopach thickness is highly 
invariant over 261-3 and 262-3 drainage areas. 
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2.2. Geomechanical Analysis of Caprock and Determination of Maximum 
Operating Pressure in 261-3 and 262-3 

An extensive coupled simulation study was conducted to determine the proposed MOP for DAs 
261-3 and 262-3.  The main objective of this study was to determine the maximum injecting 
pressure at which no failure occurs at any point in the caprock while maintaining the safety 
factor above 1.2 for both shear and tensile failure conditions. 

ConocoPhillips has created a detailed static geomechanical model using well data and other 
field measurements and analyses such as seismic interpretations and outcrop studies.  Figure 
2-4 shows the locations of geomechanical data acquisitions.  The static geomechanical model is 
updated annually as new data is acquired to maintain the high reliability of the model.  

Figure 2-4.  Locations of geomechanical data collected in Surmont 

 
 

  



Surmont In-Situ Oil Sands Project    Amendment Application 
Section 2 – Summary of MOP Increase Application in DAs 262-3 and 261-3 

ConocoPhillips Canada   November 2017 
   Page 11 

The static geomechanical model in combination with the different injecting pressure scenarios 
was used to determine the proposed MOPs for DAs 262-3 and 261-3.  Two 2-D slices of the 
model were selected for simulation purposes.  Steam chamber growth and pressure variations 
in these 2-D models were compared to the results of the 3-D model in the same slices to make 
sure that the impact of steam chamber growth towards the base of the caprock is not under-
estimated.  One of the slices was selected at the edge of the abandoned mud channel where 
caprock strength is expected to be lower.  This selection was done to ensure a conservative 
approach where the worst-case scenarios are investigated as the basis for the MOP increase.  
Through each MOP increase scenario, the changes in the shear and tensile safety factors at the 
base of the caprock was monitored with time.  Even though failure at the base of the caprock 
does not necessarily mean the overall caprock failure, any scenario with even one failure point 
at the base of the caprock was rejected. 

A sensitivity analysis was also completed to account for the variation in the geomechanical 
properties of the caprock.  Results of the analysis showed that increasing the MOP gradient by 
1.5 kPa/m (from 15 kPa/m to 16.5 kPa/m) does not impose any additional subsurface 
containment risk as the shear and tensile safety factors remain above 1.2 for the base case and 
no failure is seen in any of the sensitivity analysis cases.  The workflow followed by 
ConocoPhillips to determine the new MOP is illustrated in Figure 2-5. 

Figure 2-5.  The standard ConocoPhillips workflow for MOP calculation 
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Figures 2-6 and 2-7 show the tensile and shear safety factors for the proposed MOP for DAs 
262-3 and 261-3.  For the base case, the safety factors were well above 1.2, and failure was 
observed in none of the sensitivity cases.  Details of the analyses completed for MOP 
determination and the parameters used for sensitivity analyses could be found in Application 
1857927. 

Figure 2-6.  Shear and tensile safety factors calculated by simulation cases in cross 
section 43 using +400 kPa injection scenario 

 

Figure 2-7.  Shear and tensile safety factors calculated by simulation cases in cross 
section 32 using +400 kPa injection scenario 
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3. ASSESSMENT OF CAPROCK INTEGRITY AND 
SEALING CAPACITY AT SURMONT 

ConocoPhillips limited the application for higher MOPs to DAs 262-3 and 261-3 in 2016 as 
higher injecting pressure was not expected to be needed in other DAs.  From a caprock integrity 
standpoint, the Surmont project area had a consistently competent caprock that could withstand 
higher pressure without compromising the required safety factors.  In this section, a summary of 
critical caprock properties over the Surmont 2 area is provided to demonstrate its consistency.  

It is also shown that the caprock in other DAs in Surmont has insignificant differences with the 
caprock over DAs 262-3 and 261-3, and the approved MOP increase in those DAs could be 
safely applied to the other six DAs stated in Table 1-1.  

3.1. Caprock Thickness 
The caprock interval at Surmont comprises the strata between the Wabiskaw McMurray Marker 
(WBSK_MKR) and the Clearwater Marker (CWTR_MKR).  These surfaces are strong reflectors 
and could be easily picked on seismic data.  In addition, the abundance of delineation, SAGD 
and legacy wells has allowed for measuring the thickness of the caprock over the project area 
with high confidence. 

Figure 3-1 shows the caprock thickness over the Surmont 2 area.  As shown, the variations in 
caprock thickness is insignificant.  On average, the caprock thickness is 36 m, with the standard 
deviation of 2 m.  Figure 3-2 demonstrates the lateral continuity and consistency of the caprock 
over the selected DAs for higher MOP in Surmont 2. 
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Figure 3-1.  Variations of caprock thickness over Surmont 2 area 
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Figure 3-2.  Structural cross section showing the lateral continuity of the cap rock 
through DAs 264-1, 263-1 and 266-2  
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3.2. Impact of Sub-Cretaceous Unconformity 
The sub-Cretaceous unconformity is not flat and a number of salt dissolution and erosional 
features are present within the Surmont lease (Figure 3-3).  However, over Surmont 2 DAs, the 
caprock structure does not mimic the perturbations mapped on the unconformity.  These sub-
Cretaceous uniformity perturbations also have not impacted caprock thickness. 

These observations suggest that the salt-dissolution features over Surmont 2 are mostly pre- 
caprock deposition.  Therefore, these deformations are not expected to have any major impact 
on caprock strength. 

Figure 3-3.  Deformations of Devonian unconformity in the Surmont 2 area 
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3.3. Distance of Caprock Base to Injectors 
Distance of caprock base to injectors determines how early the steam chamber is expected to 
reach the base of the caprock.  Caprock integrity analyses for Surmont have demonstrated that 
the caprock shear and tensile safety factors are sufficiently high and steam chamber approach 
to the base of the caprock is not expected to pose significant risk on subsurface containment. 
Nevertheless, a comparison of average distance between the injectors and the base of the 
caprock shows that this parameter is relatively consistent in Surmont 2 (Figure 3-4). 

Figure 3-4.  Distance between the injectors and caprock base 
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3.4. Caprock Facies 
Caprock facies were describes in Section 2.  These facies were concluded to remain consistent 
throughout the Surmont development area in terms of their proportions and intensities.  

Analysis of more than 1,500 wells in the Surmont lease shows that even though the thickness of 
these facies changes to some extent in different parts of the lease, the order and average 
relative proportions remains consistent. 

Figures 3-5 to 3-7 show the proportions of each facies in the caprock interval over Surmont 
DAs. 

Figure 3-5.  Average fraction of each caprock facies in Surmont DAs 
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Figure 3-6.  Average fraction of each caprock facies in Surmont 1 DAs 

 

Figure 3-7.  Average fraction of each caprock facies in Surmont 2 DAs 

 
 

3.5. Caprock Porosity 
Average caprock porosity in different Surmont DAs has been shown in Figure 3-8. The very fine 
sand facies has the highest porosity while the bioturbated mud and silt facies has the lowest 
porosity of the three major facies (excluding cemented sand). 
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The other takeaway from this figure is that the porosity of caprock is consistent throughout 
Surmont and does not change significantly from one DA to another. 

Figure 3-8.  Caprock facies porosity in Surmont DAs 

 
 

3.6. Young’s Modulus 
Young’s Modulus of the rock is a measure of its stiffness and is a function of its composition, 
burial history and in-situ stresses.  ConocoPhillips has measured the static Young’s modulus 
through caprock core testing for different caprock facies and calibrated the log-derived dynamic 
values.  Results show that the range of variation of the average static calibrated Young’s 
modulus is narrow in Surmont and the caprock stiffness is around 1 GPa on average (Figure 3-
9). 
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Figure 3-9.  Caprock facies porosity in Surmont DAs 

 
 

3.7. Shale Content 
Comparison of shale content in the caprock facies between different DAs shows that the fissile 
shale and bioturbated mud and silt facies have the highest shale content.  The very find sand 
facies has the lowest shale content as expected (excluding cemented sand facies).  The shale 
content of different facies and overall caprock remains almost unchanged throughout Surmont 
DAs (Figure 3-10). 
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Figure 3-10.  Caprock facies porosity in Surmont DAs 

 
 

3.8. Minimum Horizontal Stress in the Caprock 
The minimum horizontal stress is among the most important geomechanical properties of the 
caprock.  Diagnostics Fracture Infectivity Tests (DFITs) are used in addition to structural 
analysis of the caprock to create stress maps. Based on the analysis of DFITs in Surmont, the 
minimum horizontal stress in the caprock is believed to vary with structural deformations mainly 
due to salt dissolution features and abandoned mud channels.  

The magnitude of the minimum horizontal stress over Surmont 2 DAs does not vary beyond 5 
percent of the average value used in the initial caprock integrity analysis (Application Number 
1713235) as shown in Figure 3-11. 
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Figure 3-11.  Variations of minimum horizontal stresses in the caprock 
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4. MONITORING AND SURVEILLANCE 
ConocoPhillips will maintain its Surmont monitoring strategy and practices for DAs 266-2, 263-2, 
264-2, 263-1, 264-1, and 103. 

There are two types of monitoring during SAGD operations: direct and indirect monitoring. 
Direct monitoring includes real time measurements such as pressure and temperature 
measurements where data is obtained directly at the source. Indirect monitoring refers to 
indirect evaluation of steam chamber, pressure propagation and caprock conditions. 

Containment monitoring requires direct monitoring of both SAGD and observation wells 
complemented by indirect monitoring tools.  For direct monitoring related to containment, 
different types of data collected in SAGD and observation wells including pressure and 
temperature are monitored.  Indirect monitoring tools include 4-D seismic program and surface 
deformation monitoring (InSAR technology).  
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5. CONCLUSIONS AND FINAL PROPOSAL 
Throughout this application, a summary of the extensive caprock integrity study completed for 
the MOP increase application in DAs 261-3 and 262-3 was presented.  An analysis of 
parameters which are critical to caprock integrity and subsurface containment in Surmont was 
also presented. 

The analysis demonstrated that the quality of the caprock in terms of its competency to 
withstand higher injecting pressure is consistent across Surmont operating DAs, and the results 
drawn from the study conducted on DAs 262-3 and 261-3 could be safely extended to the six 
DAs listed in Table 1-1.  With this increase, the MOP gradient of the listed DAs will change from 
15 kPa/m to 16.5 kPa/m.  
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