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In contrast, SAGD operates below fracture pressure.  
A horizontal well pair, consisting of an injector well 
overlying and parallel to a producer well (that is separated 
by 5 metres), is placed near the bottom of the oilsands pay 
zone.  Using concentric tubing in each of the two wells, 
steam is circulated within the wells.  This heats an 
annulus of oilsands around each well.  Once these two 
heated annuli coalesce, the injector is in communication 
with the producer and operation changes from steam 
circulation to SAGD, in which steam is injected into the 
upper injector well and the steam condensate (water) and 
hot bitumen are produced from the lower producer well. 

SAGD is not dependent upon displacement, however; 
it relies on gravity for its drive mechanism.  The well pair 
essentially operates iso-barically, with a small 
backpressure on the producer well to ensure that it does 
not produce live steam.  Steam leaving the injector well 
migrates to the perimeter of the swept volume (“steam 
chamber”) which is essentially at a uniform pressure.  The 
volume change associated with steam condensation at the 
perimeter creates a small pressure drop that ensures 
continued steam flow to the outside of the steam chamber. 

The condensed steam and heated bitumen flow down 
the sides of the steam chamber from the top towards the 
producer well and are produced. 

There are several differences between CSS and 
SAGD, but for this study the essential difference is the 
effect of each process on the oilsands formation and its 
caprock.  With CSS, steam is injected at pressures 
intended to fracture the oilsands formation.  This requires 
a forgiving caprock that can withstand the high pressures 
itself, and withstand the changing stresses due to high 
pressures, temperatures and large deformations within the 
reservoir.  SAGD is seen as the gentler process because it 
does not create tensile fractures within the reservoir, and 
by extension, requires less from its caprock.  The 
anomalous steam release at the Joslyn Creek SAGD 
project resulted in a re-examination of that assumption 
and the determination of what truly constitutes a caprock 
for SAGD.  This paper presents the findings of our study 
of SAGD caprock and focuses on the facies which have 
been observed to impede steam rise and thereby contain 
the SAGD process. 

 
Caprock Criteria for SAGD 
There are several criteria required of a potential caprock 
formation for SAGD.  These are: 

1. constrain steam chamber rise; 
2. prevent the loss of reservoir fluids to the 

overburden; 
3. prevent the ingress of cold water from above; 
4. prevent the development of excessive pressures 

in the overburden; 
5. withstand the existing and induced stresses and 

pressures over the life of the project; 
 

Constrain Steam Chamber Rise.  While the SAGD 
process occurs within the oilsands pay zone, the steam 
chamber slowly grows upwards and establishes a well-
defined boundary. Within the steam chamber, oil 

saturations approach low residual saturation values.  
Outside of and above the steam chamber, there is no 
steam present.  Temperatures fall from saturated steam 
temperature at the steam chamber upper boundary to 
original reservoir temperatures within a few metres above, 
with most of the heat transfer being conductive.  Near the 
steam chamber boundary, formation fluid pressures are 
essentially at steam pressures.  The steam chamber rises 
because the heated bitumen at the periphery becomes 
mobile and can flow downward as steam rises to occupy 
the vacated pore space.  This could occur as counter-
current flow, in which the liquid phase flows down past 
the rising gas phase.  Given the limitations imposed by 
relative permeability effects, particularly for counter-
current flow, it is more probable that steam rise is 
conceptualized by an inverted U-tube phenomenon in 
which the heated bitumen drops through one pore throat 
while steam rises through an adjacent pore throat. 

Capillary Entrance Pressure.  Once the steam 
chamber encounters geological facies that are finer 
grained than the oilsands, this process becomes more 
difficult because the steam, which is a gas, cannot enter 
the pore throat until it exceeds the capillary entrance 
pressure of the smaller pore throats.  Liquid water is the 
wetting phase, so steam cannot enter the pore space until 
the pressure differential between the two phases 
overcomes the interfacial tension at the perimeter of the 
pore throat.  Field instrumentation has shown that 
formation fluid pressures approach steam pressures far in 
advance of any thermal front, so there is a considerable 
back pressure to overcome as well.   

Thermally induced gas exsolution could create a gas 
phase in the heated perimeter outside of the steam 
chamber, which would offset capillary effects and allow 
steam rise.  However, in the vicinity of the SAGD steam 
chamber, this is prevented by the rise in formation 
pressures from their naturally under-pressured state to 
steam pressures.  Thermally induced gas exsolution can 
occur adjacent to production risers where formation 
pressures have not increased appreciably. 

As such, fine-grained facies can be a considerable 
impediment to steam rise.  Exceptions could include 
geometries  where graded facies are inclined, which 
allows for gravity drainage in the coarser facies; when the 
facies are discontinuous, which allows for spill points at 
the edges of the facies; and, where geomechanical effects 
result in shearing of the facies which create new flow 
paths and decreased capillary pressure. 

An excellent regional example of capillarity as a 
barrier to gas rise is the Clearwater Formation.  The 
predominant facies is a massive, laterally extensive 
mudstone that is recognized as a very competent caprock 
formation.  Yet, in geological terms, this formation is an 
aquiclude or a formation that permits flow through it on a 
geological timescale.  Meteoric water continuously 
permeates down through this formation, recharging the 
laterally continuous sand of the Wabiskaw Member at its 
base, yet over geological time the Clearwater mudstone is 
a very effective barrier to the upward flow of the natural 
gas found in the same Wabiskaw sand.  Pressures are 
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MacKay, 2010).  Figure 2 shows a comparison of the 
contacts at the base of the Upper McMurray.  The 
transition between clean, bitumen-rich oilsands and the 
muddier units above is quite sudden.  The facies seen at 
MacKay River are comparable to those at Tamarack. 

Suncor’s MacKay River Project, Wellpair C4.  
After 10 years of operation, the steam chamber was 
contained below the base of the Upper McMurray 
Formation, as seen in Figure 4.  Observation wells OB2 
and OB3 are near the centre-line of Wellpair C4; Well 
OB5 is offset by 50m and shows the downward growth of 
the steam chamber as it progressed laterally from the  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3  Steam Chamber Stopped over Wellpair A1, UTF Phase A, at Observation Well AT4 

mod. after Chalaturnyk (1996) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4  Steam Chamber RIse over 10 Years, MacKay River SAGD, Wellpair C4 
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performed to predict the behavior of the Tamarack SAGD 
project.  Conservative parameters and reservoir and 
geomechanical material descriptions specific to Tamarack 
were used.   The results showed no tensile nor shear 
failure for the life of the project.  This was due in part to 
the Upper McMurray (a low quality sand with shale inter-
bedding) acting as an effective buffer (or caprock) to 
steam rise and pressure transmission to the base of the 
Wabiskaw D and Clearwater mudstones.  Geomechanical 
effects previously discussed were observed to cause a 
transient stress state that develops in and around the steam 
chamber due to elevated pressure, temperature and 
volumetric strain.  This transient can increase or decrease 
the minimum total principal stress depending on the 
location relative to the steam chamber.  Regardless, the 
simulation analysis showed no caprock failure. 

Figure 6 shows a profile of the minimum stress, 
minus the formation fluid pressure.  A value less than 
zero indicates potential tensile failure (at zero effective 
stress).  In addition, reduction factors of 90% and 80% 
were applied to the stresses in order to determine what 
margin of safety was available.  For all cases, no tensile 
failure occurs.  Note that the stresses in the Wabiskaw D 
mudstone caprock are far from any tensile failure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6  Profiles of Factored Minimum Stress 
as an Effective Stress after 7.7 years 

 
 

Conclusions 
The intent of this study was to take a pragmatic approach 
to the assessment of different geological facies as 
potential caprocks for Ivanhoe Energy’s Tamarack SAGD 
Project.  Our means of accomplishing this was to examine 
the performance of analogue SAGD projects with the 
expectation that trends would be observed that could be 
applied to Tamarack.  Geomechanical modeling was used 
to extrapolate the observed behavior to Tamarack’s 
specific geology, geomechanics, and operating conditions. 

This study found that: 
1. the proposed Upper McMurray tidal flat and 

Wabiskaw D mudstone caprocks for the Tamarack 
SAGD project are consistent with the effective 

caprock in all successful long-term SAGD projects 
reviewed; 

2. steam rise was found to be consistently constrained 
by the base of the Upper McMurray in comparable 
projects with long-term operation; 

3. when depth and fracture gradient variations were 
taken into account, the proposed Tamarack operating 
pressures are consistent with those of comparable 
projects operating safely over long periods of time; 

4. geomechanical modeling supports the determination 
of safe operating pressures for the proposed 
Tamarack project. 

 
Nomenclature 

 CSS =  cyclic steam stimulation (huff’n’puff) 
 P =   pressure 
 SAGD = steam-assisted gravity drainage 
 UTF = Underground Test Facility
  =  stress

 ´ = effective stress
 ~ =  “approximately” 
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