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IMPORTANT NOTE REGARDING 
PROJECT PIONEER – APRIL 2012 
On April 26, 2012, TransAlta, along with partners 
Capital Power and Enbridge, announced the 
decision not to proceed with the carbon capture 
and storage (CCS) project called Project Pioneer. 

The Pioneer partners concluded that the 
technology works and that capital costs were in  
line with expectations. However, the market for 
CO2 sales and the value of emissions reductions  
in Alberta and Canada are not sufficient, at this 
time, to allow the project to proceed. 

While it is disappointing to be unable to achieve  
the result hoped for, it is important to remember 
that the purpose of Project Pioneer was to ‘prove 
out’ the technical and economic feasibility of CCS 
before going down the major capital investment 
path. That purpose was achieved: the two years  
of hard work by the Project Pioneer team was  
a major success. 

The Pioneer partners come out of this with a  
much deeper understanding of CCS in an Alberta 
setting. And of course, it is the intention to share 
this understanding with the federal and provincial 
governments and the global scientific community 
so others can benefit from what was learned.  

This decision isn’t a reflection on the long-term 
viability of CCS or the future of coal-fired 
generation. Coal is a critical fuel for power 
generation in Alberta and world-wide, and 
TransAlta believes it will continue to be a  
vital part of the global fuel mix.  

TransAlta, Project Lead, Project Pioneer 
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fig. 1.0 
KEEPHILLS 3 PLANT  

 

1.0 
INTRODUCTION TO THE PROJECT 
Project Pioneer would have been one of the first 
carbon capture and storage (CCS) projects to 
utilize an integrated approach for CCS, and was 
expected to serve as a prototype for the long-term, 
commercial-scale application and integration of 
CCS technologies to achieve reductions in 
greenhouse gas emissions. The partners in Project 
Pioneer were TransAlta Corporation (TransAlta), 
Capital Power L.P. (CPLP), Enbridge Inc. 
(Enbridge), the Alberta provincial and Canadian 
federal governments, and the Global CCS Institute 
as a Knowledge Sharing Partner. 

Project Pioneer was proposed to capture 1 million 
tonnes of carbon dioxide (CO2) annually from a 
coal fired power plant (Keephills 31) and transport 
the CO2 by pipeline to a sequestration site or to  
be utilized for enhanced oil recovery (EOR) in  
a depleted oil/gas field. 

	    

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 The Keephills 3 power plant is a 495-gross-megawatt (MW) 
(450 MW net) coal-fired generating facility. 

Keephills 3 began commercial operations in September 2011 
as one of Canada’s largest and cleanest coal-fired facilities 
and one of the most advanced facilities of its kind in the 
world. CO2 emissions per MW will be lower than those  
from a conventional coal plant because less fuel is used  
to produce the same amount of power. 
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The key components of Project Pioneer were: 

• Carbon capture facility (CCF) 

• Pipeline from the CCF to the  
sequestration site 

• Pipeline from the CCF to the EOR site 

• Saline formation sequestration site  

The Carbon Capture Facility (CCF) portion of 
Project Pioneer was to have been retrofitted onto 
the Keephills 3 coal-fired power plant. Keephills 3  
is located approximately 70 km west of Edmonton, 
Alberta and is jointly owned by TransAlta and 
Capital Power.  

The CCF was planned to treat approximately  
one third of the flue gas from Keephills 3 and  
would have captured approximately 1 million 
tonnes of CO2 annually. The CO2 was to be 
compressed and transported by pipeline to a 
sequestration site to be injected approximately  
2 km underground into a saline formation known  
as the Nisku Formation. A pipeline was also to  
be built to transport the CO2 to the primary EOR 
target, the Pembina oilfield, where the CO2  
would have been injected and used for EOR.  
The Pembina oilfield is approximately 80 km 
southwest of the Keephills 3 facility. 

fig. 2.0 
CARBON STORAGE ILLUSTRATION  
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2.0 
INTRODUCTION TO THIS REPORT 
This report represents the work and results 
accomplished during the initial phase of work done 
on Project Pioneer, with respect to sequestering 
CO2 in a deep geological formation.  

This report will also discuss some early geological 
studies (one of which preceded the inception of 
Pioneer), the drilling and testing of the evaluation 
well, as well as the detailed geological and 
reservoir models and the risk analysis that enabled 
the Project to develop a sequestration program 
complete with a cost estimate and schedule. 

Geological Studies  
In the 2008 to 2010 timeframe, the possibility of 
permanently storing CO2 deep underground was 
being explored. There was particular interest in 
storage reservoirs underneath the Wabamun Lake 
area, which is home to most of Alberta’s coal-fired 
power plants, including Keephills 3.  

Alberta Saline Aquifer Project (ASAP) 
Project Pioneer partner Enbridge led a group of 
over 30 companies and government departments 
to spearhead the Alberta Saline Aquifer Project 
(ASAP) to identify deep saline aquifers in Alberta 
that could be used in a carbon sequestration pilot 
project. The ASAP initial phase was to identify 
specific aquifer locations. A second phase, which 
was not implemented, was intended to construct  
a CO2 injection pilot project that would pave the 
way to commercial implementation. Norwest 
Engineering, Schlumberger Carbon Services,  
Colt WorleyParsons, Hatch Energy and Oxand 
Canada were the principal companies retained  
to execute the ASAP initial phase study. 

Wabamun Area Sequestration Project (WASP) 
The Wabamun Area Sequestration Project (WASP) 
was a University of Calgary-led project, funded by 
the Federal Government (NSERC strategic grant), 
the Alberta Government (AERI, now Alberta 
Innovates – Energy and Environment Solutions) 
and industry partners that included Project Pioneer 
partners Enbridge and TransAlta. The study was 
conducted during 2008 and 2009 and published  
in early 2010 under the authorship of David Keith 
and Rob Lavoie. 

The study was a comprehensive characterization 
of large-scale CO2 storage opportunities in the 
Wabamun area. It examined the feasibility of 
storing 20 million tonnes of CO2 per year for  
50 years within a 60 km by 90 km area extending 
south of the Wabamun Lake area. This gigaton-
scale storage project was one to two orders of 
magnitude larger than the commercial projects  
that were being considered. 

Early in the WASP study, the Nisku formation  
was selected as the primary target for CO2 
sequestration. It was determined that about a 
quarter (12 townships over the top northeast 
diagonal) of the WASP study area had oil and  
gas exploration and production activity occurring  
in the Nisku formation. Thus, this portion of the 
study area represented a less desirable location  
for CO2 injection. However, the remaining  
38 townships were assessed as a possible 
repository for CO2 storage. Wells drilled in the  
area over the past 50 to 60 years enabled the 
study team to access geological and petroleum 
engineering information. Data was available 
primarily from two sources: public domain 
databases and oil and gas seismic data for  
the study area. 
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The large geographic scale of the WASP study 
raised new challenges with respect to available 
data. The most difficult challenges were as follows: 

1. Only 96 wells (an average of 2 wells per 
township) had penetrated the Nisku formation. 

2. Only two of these wells were still active.  
One served as a water source well and the 
other as a water injection well. Both were used 
in a waterflood operation. With so few wells, 
the team’s ability to obtain fluid samples or  
use pressure measurements to test large- 
scale connectivity within the Nisku formation 
was limited. 

3. While seismic data was plentiful, it had been 
acquired with a variety of parameters and for  
a variety of purposes over many decades.  
This necessitated careful analysis of the  
data in order to optimize the results for 
characterization of the Nisku formation.  
In addition, the depth, thickness, and 
impedance contrast of the formation made it  
a challenging target for seismic interpretation. 

4. Available core samples were very old  
(30 to 60 years) and not appropriate for 
geomechanical experimentation. 

5. Well tests with limited duration had been 
conducted but using old pressure-
measurement technology. 

6. The Nisku formation is a marine carbonate 
reservoir, which makes the application of  
geo-statistical tools more difficult than for 
clastic sedimentary formations. 

The outcome of the WASP study from the point  
of view of Project Pioneer was the identification  
of general prospective locations for CO2 storage 
within the WASP study area. 
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fig. 3.0 
HIGH LEVEL MAP OF WASP 

	    



 

	  6 

Stoakes Report 
While the WASP report confirmed that the  
Nisku formation was a prospective target in the 
Wabamun Lake area, it did not identify specific  
well locations. TransAlta and Project Pioneer 
partners retained a group of experts (F. Stoakes, 
H. Heinrich and N. Armstrong), as well as the 
services of Schlumberger Carbon Services, to 
develop the specific geological information for  
a smaller scale storage project more specifically 
focusing on the Keephills area. The purpose was  
to identify well locations and generate the data for 
the necessary regulatory applications. The results 
of these investigations conducted during 2010  
are summarized in this section. 

Area of Interest 
The study was focused on the area of interest 
(AOI) shown in Figure 20. The AOI was formalized 
in Pioneer’s application for an evaluation permit  
in accordance with Section 115 of the Mines and 
Minerals Act and the Carbon Sequestration Tenure 
Regulations. The Section 115 evaluation permit 
was received from Alberta Energy in 2011 and  
this allowed the drilling, completing and testing  
of the evaluation well. At a later time, Project 
Pioneer would have had to apply for a Lease  
under Section 116 and the Energy Resources 
Conservation Board (ERCB) Directive 65 for 
approval to conduct injection and sequestration  
of CO2. 

The AOI encompassed 8 townships, or 73,728 
contiguous hectares, and did not include any 
Federal lands or Indian reservations. The AOI  
was composed of the following townships, all  
west of the 5th meridian: 

• Township 52 – Range 2 (52-2W5M) 

• Township 51 – Range 2 (51-2W5M) 

• Township 50 – Range 2 (50-2W5M) 

• Township 51 – Range 3 (51-3W5M) 

• Township 50 – Range 3 (50-3W5M) 

• Township 51 – Range 4 (51-4W5M),  
Sections 1-18 

• Township 50 – Range 4 (50-4W5M) 

• Township 49 – Range 4 (49-4W5M),  
Sections 19-36 

• Township 50 – Range 5 (50-5W5M),  
Sections 1-18 

• Township 49 – Range 5 (49-5W5M),  
Sections 19-36 
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fig. 4.0 
MAP OF THE PIONEER AREA OF INTEREST 
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Geological Description 
The study area lied in a portion of the Western Canada Sedimentary Basin (WCSB) where the stratigraphic 
section is some 3 kilometres thick (Figure 5). The sedimentary succession is illustrated in Figure 6, and  
the entire section dips gently to the southwest at a slope of 9 m/km. 

fig. 5.0 
WEST TO EAST CROSS-SECTION OF THE WCSB ACROSS  
CENTRAL ALBERTA AND SASKATCHEWAN 
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fig. 6.0 
STRATIGRAPHIC COLUMN IN THE AREA OF INTEREST 
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Paleozoic Period – The lower elements of the 
stratigraphic column (Figure 6) comprise a 
succession of passive margin carbonates 
dominated by marine carbonates, shales and 
evaporites of the Cambrian to Mississippian 
periods. The fluids within the deeper Paleozoic 
section in the Wabamun Lake area are primarily 
characterized by saline formation water. At this 
depth, carbonate formations constitute aquifers, 
and evaporites and shales form aquitards.  

The Beaverhill Lake Group consists of interbedded 
shales and muddy carbonates, and it lacks 
widespread reservoir quality. The Devonian 
Woodbend Group has porous and permeable 
producing reservoirs to the east of Wabamun Lake, 
but there are few wells that penetrate this group 
deeper than the upper Ireton Formation in the 
Wabamun Lake Area. The Winterburn Group 
contains the Nisku formation, which is an 
intermittently porous and permeable carbonate 
unit. Though the Nisku formation is a major 
hydrocarbon producer in portions of central 
Alberta, it is expected to be devoid of commercial 
hydrocarbon accumulations within the AOI.  
Thus, based on a review of the Wabamun Lake 
area stratigraphy, the Nisku formation appeared  
to offer the best potential for large-scale CO2 
sequestration. It is a saline aquifer that does not 
have major hydrocarbon production within the AOI 
and is the deepest stratigraphic unit with relatively 
extensive reservoir quality.   

The Winterburn storage complex as defined by  
the Project includes the Ireton, Nisku, Calmar,  
Blue Ridge, Graminia, Wabamun, and Exshaw 
formations. The overlying Calmar, Blue Ridge,  
and Graminia formations are interbedded shales 
and carbonates and are expected to act as the 
primary seal for CO2 injection into the Nisku 
formation. Underlying the Nisku formation is Ireton 
formation, a regional shale that forms the bottom 
seal of the Winterburn storage complex. Overlying 
the Winterburn Group are the Wabamun Group 
and the Exshaw formations. The Wabamun Group 
is an intermittently porous and tight dolomitized 
carbonate. The Exshaw formation overlies the 
Wabamun Group and is a regional sealing shale 

that will serve as a secondary seal to the upper 
Winterburn formations.  

Cretaceous Period – Over 1,000 meters of strata 
separate the top of the Nisku formation from the 
bottom of the base of groundwater protection. 
Overlying the deeper Paleozic are the fine to 
coarse siliciclastics deposited in the Rocky 
Mountain foreland basin during the Cretaceous 
Period to present. In the Cretaceous sedimentary 
strata of the Wabamun Lake Area, sandstone 
formations typically form aquifers while shale 
formations act as aquitards.  

The Banff formation, Lower Mannville Group, 
Viking formation, Cardium formation, and Basal 
Belly River Group all produce oil and gas in the 
area, which makes them unsuitable for CO2 
sequestration.   

The geologic formation identified as the base  
of groundwater protection within the AOI varies 
between the Edmonton and the Belly River  
(aka Wapiti) formations. The Water Act prohibits 
fluid disposal in potable aquifers and renders  
the Edmonton and Belly River Groups unsuitable  
for CO2 sequestration. The combination of 
hydrocarbon production and potable groundwater 
in the Cretaceous strata of the Wabamun Lake 
area would prohibit CO2 sequestration in these 
formations. Moreover, the tenure regulations  
forbid sequestration at depths below 1,000 m. 

Existing Data 
For the purpose of building a preliminary 3D 
geologic model in the Wabamun Lake area, 
existing geologic data in the AOI and surrounding 
areas was gathered. In order to develop a strong 
understanding of the reservoir and the expected 
movement of the CO2 plume over time, the 
geologic model needed to be larger than the AOI. 
These data included 81 wells that had Nisku 
formation well logs, 16 wells with some core data 
coverage in the Nisku formation, several wells with 
Nisku formation drill stem tests (DST), and one well 
with an injection test in the Nisku formation. In 
addition, new cuttings analyses were performed for 
six wells and five 2D seismic lines were purchased 
and re-processed (Figure 7).
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fig. 7.0 
GEOLOGIC DATA SOURCES FOR THE AREA OF INTEREST 

 
Note: Nisku Formation wells (black circles), seismic lines (green), and AOI (red)  
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Nisku Shelf Margin 
Using seismic data and all available well control, a 
preliminary static geological model was developed, 
including formation tops and seismic horizons with 
particular attention to the Ireton, Nisku, Calmar, 
Blue Ridge, Graminia, Wabamun, and Exshaw 
formations.  

The preliminary geological model of the Nisku 
formation showed a broad carbonate shelf some 
70 metres thick that thickens to 100 metres to the 
northwest and thins to 10-15 metres in the inboard 
sub-basins to the southeast. A portion of this 
thickening takes place at the base of the unit as it 
was deposited across the seaward sloping profile 
of the underlying Ireton formation. The pronounced 
100 metre thick interval corresponds to the 

seaward transition to interbedded equivalent 
basinal shales and is the area designated as the 
‘Inner Shelf’ on many paleogeographic maps. 
Seaward of this carbonate-dominated thick interval 
lies the basinal Nisku pinnacle play and presently 
evolving ‘Moon Lake’ reef play. Figure 8 illustrates 
this conceptual geological model. 

In addition to being a thicker interval, the Nisku 
shelf margin was an attractive target because it is 
visible on seismic sections, while the open marine 
and anhydrite areas of the Nisku formation are 
much less visible. The ability to identify the Nisku 
shelf margin on seismic sections facilitated the 
selection of well locations and future monitoring 
programs. 

 

fig. 8.0 
CONCEPTUAL GEOLOGIC MODEL
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Reservoir quality in the Nisku formation shelf 
depends on a number of factors:  

• Starting depositional facies. Units with  
original reservoir quality tend to preserve  
it through burial. 

• Degree of dolomitization. A burial change  
that often reorganizes original porosity or 
enhances it, but rarely destroys it.  

• Anhydrite plugging. One of many mineral 
phases introduced by the pore waters that  
can adversely affect reservoir quality.  

Generally in a carbonate system, the energy of  
the environment governs initial reservoir quality. 
High energy (shallow water) facies have good 
porosity and permeability, while low energy  
facies (deeper or sheltered) have poorer porosity 
and permeability. 

Facies analysis in carbonates generally relies on 
the examination of cores. However, the Nisku shelf 
in the AOI was only sparsely cored. The Pioneer 

Team identified an existing well (02/6-36-46-7W5) 
that was recently re-entered and completed by 
CCS Corp (tervita.com) as a disposal well. A short 
term injectivity test had indicated good porosity and 
permeability and CCS Corp had been able to inject 
1.5 m3/min (2,160 m3/d) into the Nisku formation. 
Subsequently the well disposed of 243,378 barrels 
of waste and 70,209 barrels of water between 
September 2009 and June 2010. These data 
indicated that the Nisku shelf margin was likely  
to offer good injectivity. 

The geological investigations summarized in the 
Stoakes report indicated that sufficient rock quality 
appears to be present along the Nisku shelf margin 
and concluded that wells in the Keephills area 
could be expected to exhibit the same injectivity  
as the 02/6-36-46-7W5 CCS disposal well.  

Figure 9 locates the Nisku shelf margin in relation 
to the AOI. The next step was for Project Pioneer 
to proceed with drilling an evaluation well (Highvale 
08-17-51-3) in this prospective trend to validate the 
conclusions of the Stoakes study. 
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fig. 9.0 
LOCATION OF THE EVALUATION WELL IN THE NISKU SHELF MARGIN 
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Evaluation Well Program  

Purpose and Location 
The purpose of the evaluation well was to confirm 
the reservoir quality in the Nisku formation along 
the thicker Nisku shelf margin trend at the western 
edge of the open marine depositional environment. 
Specific objectives are listed below in order  
of importance: 

1. Test the reservoir quality, mechanical 
properties and mineralogy of the Nisku 
formation; 

2. Determine the mechanical, hydraulic,  
and mineralogical properties of the upper 
Winterburn sealing formations; and 

3. Establish the mineral composition of the Nisku 
formation in-situ brine with particular attention 
to CO2 and hydrogen sulphide (H2S) content. 

The final selection of the site for the Project 
Pioneer evaluation well (Highvale 08-17-51-3W5) 
was based on analysis of existing geologic  
data, proximity to an existing 2D seismic line,  
and considerations for landowner concerns.  
The evaluation well was located close to the 
Keephills 3 site. 

 

fig. 10.0 
EVALUATION WELL LOCATION 
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Description of the Evaluation Well 
Schlumberger Carbon Services drilled, cased and 
tested the Highvale 08-17-51-3W5M well between 
October and December 2011. The well was  
drilled to target the western edge of the Nisku 
depositional shelf and east of the Moon Lake Reef 
trend. The well location was underpinned by the 
interpretation of several 2D seismic lines, and  
the selected location is on Line 53718.  

The well was cased from surface to total depth, 
and all of the casing strings were cemented to 
surface. 193.7 mm casing was used into the 
Calmar formation and a 114.3 mm liner was set 
through the Nisku formation. CO2-resistant cement 
was placed across the Winterburn storage complex 

to minimize cement degradation if the well is 
exposed to CO2 in the future. Cement integrity  
was verified through logging and found to be of 
high quality. Protection of potable groundwater  
was achieved by setting surface casing to the  
base of groundwater protection. Carbon steel  
was used throughout the well, as there was to be 
limited mixing of water and CO2 in the well. The 
well was in compliance with ERCB Directive 51 
requirements. Disposal rights were to be secured 
later through a Section 116 application. Access to 
the wellsite was of a good quality gravel road, and 
a large surface lease was in place. The life of the 
well was planned to be 10 years. A summary of  
the well construction plan is provided by figure 11, 
the Pioneer evaluation well schematic. 
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fig. 11.0 
PIONEER EVALUATION WELL SCHEMATIC 
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The well encountered 103 m of Nisku interval  
with top Nisku at 1,793 m and 45 m of Calmar  
and Nisku formation core was recovered from the 
well and analyzed. A full suite of geophysical logs 
was run. Fluid samples obtained from the Nisku 
formation were analyzed to determine the mineral 
composition of the in-situ brine.  

The well was perforated in the middle of the Nisku 
formation from 1827 to 1868 m. The baseline 
pressure regimes were tested in the Nisku 

formation as well as in the overlying Wabamun 
formation. A water injection test was completed, 
and a sustained injection rate of 1.6 m3/min was 
obtained for 9 hours with less than 1 MPa pressure 
increase at the sandface.  

The well was determined to be suitable for large 
diameter, high rate injection, and the evaluation 
work completed was sufficient to support an ERCB 
Directive 65 application. 

 

Details are as follows: 

Nisku Formation: Injection Interval 

• Depth to top Nisku 1,793 m 

• Thickness 103 m 

• Pressure 15 MPa at 1,825 m 

• Minimum Horizontal Stress 30 MPa from MDT micro-frac and well test 

• Temperature 60°C at 1,825 m 

• Saturation 100% water, 125k ppm TDS 

• Porosity ~7.5% average 

• Flow capacity (kh) ~100,000 md-m from well test 

• Completion Perforated from 1,827 – 1,868 m 

Calmar Formation: Caprock Interval 

• Depth to top Calmar 1,788 m 

• Thickness 5 m 

• Minimum Horizontal Stress 30 MPa from MDT micro-frac 

• Permeability ~0.00007 mD from core analysis 

Finally, a zero-offset vertical seismic profile (ZVSP) 
was acquired. Parameters from the ZVSP, such  
as the velocity model, were used to improve  
the quality of the interpretation and refine the 
geological model.  
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Outcomes of the Evaluation Well Program 
The evaluation well resulted in the acquisition of a 
large volume of high quality geological information: 

• 45 m of caprock and reservoir core; 

• Reservoir fluid samples; 

• State of the art wireline logs; and 

• Injection test. 

Photographs of core from the Nisku and Calmar 
formations are shown in Figure 12. The Nisku 
formation appears porous and vugular while the 
overlying Calmar seal is tight. Data was used to 
update the numerical geological model and support 
the development of a reservoir model to analyze 
CO2 injection and plume development scenarios. 

fig. 12.0 
PHOTOS OF CORES FROM THE EVALUATION WELL 
Nisku Formation Calmar Formation 
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The overall conclusion of the evaluation well 
program was the confirmation of very good storage 
formation and good caprock at the selected 
location. The evaluation well was determined  
to be capable of accepting the total Project  
Pioneer injection rate of 1.17 million tonnes  
of CO2 per year. 

Specific results of the evaluation well program  
are listed below: 

• Nisku formation thicker than expected –  
103 m vs. 77 m; 

• Nisku formation permeability better than 
expected – 1,000 md vs. 200 md; 

• Nisku formation pressure/temperature  
as expected; 

• Nisku formation fracture pressure slightly 
higher than expected; 

• Nisku formation fluids contain CO2 and H2S  
as expected; 

• Well test indicated possible boundaries  
300 – 1,500 m from well; 

• Calmar caprock permeability low as  
expected ~0.00007 md; and 

• Calmar caprock fracture pressure slightly lower 
than expected – similar to Nisku formation. 

Geological Model 

Overview 
Using the earlier geological studies and the  
data generated by the evaluation well program, 
Schlumberger Carbon Services created an 
updated geological model of the Winterburn 
Storage Complex in the Wabamun Lake area.  
The model was produced using Petrel2 E&P 
software platform. 

The model covered 90 km x 115 km with grid  
cells aligned to perfectly match model boundary 
(Figure 13). It contained approximately 52 million 
cells with dimensions 200 x 200 meters. It was 
based on updated porosity and permeability  
logs and property modeling. Isopach maps were 
created for the Nisku, Calmar, Blue Ridge, and 
Graminia formations for the entire region using 
existing 2D seismic data and well log data. The 
Nisku formation top in the area of the Project 
Pioneer evaluation well is shown as an example  
in Figure 14.
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fig. 13.0 
MAP OF THE GEOLOGICAL MODEL STUDY AREA 
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fig. 14.0 
NISKU TOP INTERPRETATION 
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The geological model described the four facies encountered in the Nisku formation in the Study Area: the  
open marine occupies 48.4% of the study area, while the evaporate basin, the shelf margin and the outer  
shelf represent 10.7%, 8.8%, and 32.0% respectively. Figure 15 locates these facies in the study area. 
Importantly, the model captured the high quality reservoir trend of the Nisku shelf margin located to the 
southeast of the Nisku outer shelf. The shelf margin facies exhibits the highest permeability of all of the  
Nisku facies, as indicated by Figure 16. 

fig. 15.0 
NISKU FACIES IN THE STUDY AREA 

 
 

	    



 

 24 

fig. 16.0 
PERMEABILITY OF NISKU FACIES 
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Modeling Outcomes 
One of the main conclusions of the geological modeling study was to confirm, by using all of the data available, 
that the Nisku formation offered areas of high permeability likely to deliver high injectivity to CO2, while the 
overlying Calmar formation exhibited very low permeability and would act as an effective seal. Permeability 
maps for the Nisku and Calmar formations are reproduced in Figures 17 and 18 respectively. 

fig. 17.0 
PERMEABILITY MAP OF THE NISKU FORMATION 
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fig. 18.0 
PERMEABILITY MAP OF THE CALMAR FORMATION 
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Reservoir Model 

Model Description 
Using the static geological model, Schlumberger 
Carbon Services built a dynamic reservoir model  
to simulate CO2 injection in the Nisku shelf margin 
in the Keephills area. The objectives of this activity 
were to identify the number of wells required by the 
Project Pioneer scope and to anticipate the aerial 
extent of the CO2 plume and of the pressure front 
under a number of scenarios. 

The reservoir model covered an area of  
90 x 115 km and had approximately 1.2 million 
cells of dimensions 100 by 4,500 m. The model 
parameters were taken from the geologic model 
and the results of the water injection test at the 
evaluation well. Specific parameters were  
as follows: 

• Initial reservoir pressure: 20.59 MPa at  
2,516.7 m (0.08 bar/m ~ 0.366 psi/ft) 

• Maximum bottom hole injection pressure: 
0.016 MPa/m (0.65 psi/ft) ~27 MPa at 1,850 m 

• Maximum tubing injection pressure: 14 MPa  
(~ 2,030 psi)  

• Injection Rate ~ 3,000 tonnes per day  
(1.1 million tonnes/year) 

• Salinity: 140,000 ppm 

• kv/kh: 0.54 (Core analysis) 

• Temperature: 60˚C  

• 41 m Nisku perforated for CO2 injection  
(1,827 – 1,868 m at the Highvale  
evaluation well) 

In order to calibrate the reservoir model, the  
results of the water injection test in the evaluation 
well were history-matched with excellent results,  
as evidenced in Figure 19. 

The analysis of water injection test data showed 
what appeared to be a partially penetrated wellbore 
with a dual porosity reservoir system. According  
to production logs, a large majority of the injected 
fluid entered in the top portion of the perforations, 
so, the partial penetration affect could possibly  
be contained in the 41 meters of perforated 
interval, or be the result of a reservoir thickness  
of 102 meters with 41 meters of perforations.  

The pressure response and modeled results  
were indicative of several effects: 

• There could be a partial penetration effect. 

• The reservoir, whether homogeneous or  
dual porosity had substantial permeability. 

• The reservoir contained some sort of 
productivity (or injectivity) decrease away  
from the wellbore either multiple boundaries  
or reduced transmissibility. 

• The model appeared to have no flow 
boundaries and isolating faults were not 
believed to be present within the Nisku. 

• The radial composite model appeared to  
be more in line with the geological model. 
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fig. 19.0 
HISTORY MATCHING OF THE WATER INJECTION TEST 
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Reservoir Pressure Threshold 
A critical element of the reservoir analysis was  
to understand the pressure front that would be 
created by CO2 injection. To avoid the possibility  
of CO2 migrating back to the surface through a 
geologic pathway or well, the pressure of the CO2 
plume would not be allowed to exceed a threshold. 
The threshold pressure was defined based on  
the pressure which would allow Nisku formation 
brine to flow upward to the base of groundwater 
protection (BGWP) through a hypothetical open 
conduit. This was defined using the following 
parameters which are preliminary: 

• Nisku formation pressure gradient: 8.1 kPa/m 

• Nisku formation salinity: 110,000 ppm TDS 

• BGWP pressure gradient: 9.8 kPa/m 

• BGWP salinity: <= 4,000 ppm TDS 

The estimated Nisku formation salinity was  
based on the lowest measured salinity value  
within the study area. Based on these parameters, 
the calculated density of Nisku formation brine  
was 1,070 kg/m3. These parameters enabled  
the calculation of the Nisku pressure gradient 
needed to allow migration of Nisku brine upward  
to BGWP through a hypothetical conduit as being 
10.5 kPa/m. Measured Nisku brine density was 
1085 kg/m3. Thus, the above calculations were 
conservative and a slightly higher pressure 
gradient would be required to allow fluid  
movement to the surface. 

This parameter was applied in township 51-3W5M 
where the depth to the top of the Nisku formation  
is approximately 1,800 m and BGWP is 60 m 
below ground level. At a depth of 1,800 m, the 
pressure in the Nisku formation is expected to  

be 14.7 MPa; the calculated pressure required to 
enable formation fluid to move upward to BGWP 
through a hypothetical open conduit is 18.9 MPa, 
leading to a calculated threshold pressure  
increase of 4.2 MPa. This relatively high pressure 
increase is due to the Nisku formation being under 
pressured relative to a normal hydrostatic gradient. 

Modeling Outcomes 
Modeling was done using high and a low 
permeability assumptions and total injection 
volumes of 1, 3 and 10 million tonnes over  
10 years. 

The 10 million tonnes case required 3 wells in 
order to achieve target injection. It was also the 
only case that reached the 3.5 MPa differential 
pressure towards the end of injection and where 
the 1 bar differential pressure reached the model 
boundaries. 

The evaluation well was found to be able to  
handle the full injection rate without reaching 
erosional velocity.  

Simulation results for the 1 million tonnes case  
is shown in Figure 20. Case 1 assumes high 
reservoir permeability, while case 4 utilizes a low 
permeability assumption. It can be observed that 
with a higher permeability assumption, the areal 
extent of the CO2 is larger but reservoir pressure  
is lower and peaks sooner. The aerial view of the 
CO2 plume after 20 years is shown in Figure 21. 

It was determined that Nisku shelf margin offers  
a safe and secure unit for permanent CO2 storage, 
as it is porous, permeable, and aerially extensive 
while being contained above and below by sealing 
horizons. 
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fig. 20.0 
RESERVOIR SIMULATION RESULTS FOR 1 MILLION TONNES  
OF TOTAL CO2 INJECTION OVER 10 YEARS 
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fig. 21.0 
CO2 PLUME AERIAL VIEW FOR 1 MILLION TONNES  
OF TOTAL CO2 INJECTION OVER 10 YEARS 
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Risk Analysis 

Overview 
A CO2 sequestration site must be properly 
characterized in terms of geography, geology, 
hydrogeology, geochemistry as well as the 
number, type, and status of well penetrations. 
Based upon the extent of the site characterization 
information available and/or collected, a number  
of potential features, events, and processes (FEPs) 
may be identified which could result in negative 
impacts upon the project. These FEPs form 
potential risks scenarios that can be assessed  
and ranked in order of importance to predefined 
project values by technical experts. A dedicated 
Measurement, Monitoring and Verification (MMV) 
strategy must then be developed and implemented 
to reduce these risk scenarios.  

Risk Assessment  
Project Pioneer adopted the FEP approach to risk 
assessment. Within this context, individual FEPs 
were identified which may impact each of the key 
project values. These values included:  

• Health and Safety;  

• Environment; 

• Financial; 

• Schedule; 

• Reservoir Evaluation; and  

• Public Support.  

Pioneer retained Alberta Innovates – Technology 
Futures (AITF) to work with Schlumberger Carbon 
Services to assess project risk scenarios and 
develop a MMV strategy. Three separate risk 
workshops, followed by supplemental discussions, 
were held in order to assess potential project 
FEPs, develop and rank risk scenarios and 
generate options for reducing risks. 

Risk Assessment Workshop (October 2010) 
The risk assessment workshop was organized  
by Schlumberger Carbon Services and TransAlta. 
This workshop focused upon the drilling of the 
evaluation well at the CO2 injection location. 
Specific FEPs were identified and discussed  
in terms of risk scenarios which may impact the 
project. FEPs were semi-quantitatively evaluated 
for their likelihood and potential severity and were 
ranked by an invited expert panel. Specific risk 
scenarios were then generated with respect to  
the higher-ranked FEPs, creating a risk register  
for the project. At that time, 25 risk scenarios were 
identified as being specifically related to MMV 
activities. The focus of MMV-related risks included 
potentially unexpected behavior of both CO2 and 
pressure plumes within the injection formation,  
and the possible impact of CO2 and/or brine upon 
aquifers, potable groundwater, water quality, soil 
gas composition and air quality in the unlikely 
event of CO2 migration from the storage complex.  

MMV Specific Risk Workshop (April 2011) 
A subsequent workshop was held in order to 
further evaluate MMV-specific risk scenarios  
and to start the development of a MMV strategy  
to reduce identified project risks. AITF and 
Schlumberger Carbon Services were both  
involved in this dedicated workshop. It included 
four separate sessions:  

1. A general review of MMV in the context  
of a CCS project;  

2. A summary of Project Pioneer information 
currently available, and discussion around 
further information required and/or 
recommended to be collected as part  
of ongoing site characterization activities;  

3. A discussion of the primary measurements 
required from each monitoring target, and  
most appropriate tools; and  

4. A brief discussion on the general aspects and 
implementation of an MMV program in terms of 
workflow, information handling, communication 
and reporting.  
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Based upon the MMV risk scenarios identified, 
evaluated and ranked (in terms of likelihood and 
severity), actions were recommended that would 
remove, mitigate or reduce risks. A total of 41 risk 
scenarios were assessed, and later 3 additional 
scenarios were added. 

Evaluation of Risk Scenario Impacts and 
Recommended MMV Activities (September 2011) 
AITF and Schlumberger Carbon Services staff 
evaluated each MMV-related risk scenario using 
the following steps:  

• Assess whether the uncertainty and/or 
perceived risk may be reduced, in either 
likelihood or severity (or both), via further  
site characterization activity.  

• If site characterization is sufficient, the type  
of information, technology to gather such 
information and the timing were captured. 
Furthermore, site characterization information 
was further subdivided into that which may be 
available from the literature versus information 
which should be collected as part of Project 
Pioneer activities.  

• For the remaining risk scenarios, the potential 
impact(s) and/or effect(s) resulting from each 
scenario (should that scenario occur) upon  
the CO2 storage site features were evaluated. 
To quantify each of the identified effects, 
technologies and frequency of measurement 
were determined.  

• Each activity, along with the proposed 
frequency of that activity and number  
of units, was captured.  

Subsequent collation of costs for the 
measurements, technologies and proposed 
implementation were compiled to form a 
preliminary cost estimate for each phase  
of Project Pioneer. 

The 42 risk scenarios (as of January 2012) and 
their relative importance with respect to overall 
rank are listed in Table 1. Rank number is a 
normalized rank between 1 and 100. These  
risks include site characterization as well as  
MMV-related scenarios. Lower risk numbers 
indicate greater perceived risk to one or more 
project values. 

Of the 42 risk scenarios included in the MMV 
ranking and evaluation, a total of 25 scenarios 
were considered to be adequately addressed  
via proposed site characterization activities in 
preparation for CO2 injection. Fifteen risk scenarios 
were to be mitigated by proposed monitoring 
activities. A total of 8 activities were defined as 
Contingency Activities, which would only be carried 
out in the event that a risk scenario was realized 
during the project. 
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table 1.0 
LIST OF PIONEER RISK SCENARIOS RANKED BY GREATER PERCEIVED RISK

Risk ID  Description  Rank  

P#AITFa01  CO2 leakage via wellbore (injector, observation, suspended, abandoned) results 
in the migration of CO2 into overlying aquifers causing physical and chemical 
impacts. [Near Field Effect]  

8 

P#RWq05  Brine leakage via wellbore (injector, observation, suspended, abandoned) 
results in the migration of brine into overlying aquifers causing physical and 
chemical impacts. [Far Field Effect]  

6 

P#AITFa03  Mobilized contaminants (metals/organics/H2S) and/or impurities (either in CO2 
injected or from the formation) leak via wellbore into overlying aquifers causing 
physical and chemical impacts.  

4 

P#AITFs14  Lack of understanding of hydrostratigraphy means that the hydraulic separation 
of aquifers, and hence effectiveness of caprocks, cannot be demonstrated.  

21 

P#39Bry159  The static earth model is poorly constrained with characterization data, so 
dynamic modeling can produce only essentially conceptual realizations that 
provide little decision support for future well placement.  

25 

P#AITFs16  Influence of surface features results in lack of access for monitoring activities 
such as equipment installation, maintenance, calibration, and data retrieval. 
This lack of access may result in insufficient monitoring data as well as 
additional time and cost.  

32 

P#AITFs10  MMV design does not capture the appropriate area of influence and features 
with that area which may be relevant to effective monitoring of both CO2  
and pressure. This may lead to potential CO2 leakage into an area where 
baseline measurements, features and stakeholders have not been  
sufficiently characterized.  

34 

P#AITFs20  Lack of understanding of hydrostratigraphy means that the fate of leaked  
CO2 cannot be assessed resulting in project delays and additional cost.  

36 

P#AITFs05  Lack of knowledge about existing industrial activities within the project area 
results in poor baseline data. Existing effects and potential contamination of 
soils, surface waters, and potable aquifers may be missed and later attributed  
to CCS activity, resulting in additional time and cost.  

37 

P#23Bel084  Anisotropic, linear porosity development within Nisku, over large distances, 
intersects other wells at greater than expected distances; need to limit injection 
effectively reduces storage capacity.  

37 
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Risk ID  Description  Rank  

P#25Bel086  Irregular porosity distribution yields irregular plume front, increasing cost  
and complexity of monitoring.  

37 

P#25Wol912  Poor reservoir conditions are actually present rather than the favorable 
conditions expected. Injection activity creates wellbore damage that reduces 
well injection capacity or leads to premature abandonment of the well.  

40 

P#AITFs03  Lack of detailed hydrostratigraphy results in poor understanding of a potential 
CO2 migration pathway within overlying aquifers. This may result in delay  
and additional expense to the program to satisfy regulators.  

40 

P#AITFs21  Uncertainty in knowledge of the geological succession results in poor placement 
of monitoring equipment.  

40 

P#AITFs18  Lack of confidence in monitoring activities leads to objection to monitoring  
and CCS activities. This may result in time, cost and project suspension.  

41 

P#AITFs02  Lack of characterization of the stratigraphy may result in lack of understanding 
of overlying aquifers and aquitards. This may result in delays to the program 
and additional characterization to satisfy regulators.  

42 

P#AITFs12  Lack of uncontaminated fluid samples results in poor baseline information and 
reduces the potential to identify potential CO2 leakage into aquifers overlying 
the injection formation.  

43 

P#AITFs07  Lack of surface monitoring for meteorology, CO2, CH4, H2S results in poor 
baseline information and inability to assess air quality under normal conditions 
and in the event of surface leakage resulting in delays and additional cost 
driven by regulators.  

44 

P#AITFs04  Lack of baseline isotopic composition of potable waters prevents assessments 
of potential CO2 leakage from the injection formation. This may lead to 
extensive time delays and additional costs to the project as potential leakage  
is assessed.  

46 

P#AITFs17  Lack of surface monitoring for meteorology and H2S result in poor 
understanding of H2S and CO2 dispersion should a leak occur at surface, 
resulting in health and safety issues.  

46 

P#AITFs15  Lack of baseline stable isotopic data make it difficult to defend the absence  
of CO2 leakage. This may lead to an extended litigation process with project 
delays and additional costs.  

47 

P#24Arm026  At every stratigraphic level, porosity development in target reservoir is  
laterally discontinuous, significantly limiting capacity regardless of which  
levels are perforated.  

47 
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Risk ID  Description  Rank  

P#27der324  CO2 leakage occurs through both the primary and secondary confining 
formations, and over a long time CO2 migrates into the Mannville Group.  

48  

P#51Ren821  Inadequate understanding of geochemical processes in caprock (e.g. via  
core and fluid analyses), results in missing a key mechanism that causes  
rapid dissolution of caprock carbonate, siltstone, or anhydrite), causing  
project cancellation.  

49  

P#26Arm028  After injection begins, leakage is found to have occurred by way of vertical 
fracturing of the cap rock.  

50  

P#AITFs13  Lack of understanding of overlying succession results in poor understanding  
of potential migration pathways. Additional characterization may be required 
resulting in additional cost and time.  

51  

P#50Ren820  Inadequate understanding of geochemical processes in reservoir (e.g. via  
core and fluid analyses), results in missing a key mechanism that causes pore 
plugging, resulting in underestimation of the cost of Sequestration development.  

51  

P#AITFs01  Stable isotopic composition of injected fluids and existing fluids not been 
assessed; when a nearby lease owner claims that CO2 breakthrough has 
impaired oil production, this claim cannot be immediately rebutted resulting  
in negative publicity.  

52  

P#35Bry155  Lack of sufficient information about the primary confining layer results in 
underestimation of its competency, and large additional effort is expended  
in permitting and in conducting monitoring of possible leakage paths.  

52  

P#26Cou264  When injection well is drilled, data show that the Calmar-Graminia capock  
is uncertain to provide reliable confinement, and additional data acquisition  
and permit preparation are required to show that adequate confinement  
will occur within the Winterburn storage complex.  

52  

P#25Pet735  Reservoir permeability is dominated by fractures, limiting capacity and ability  
to predict plume migration.  

52  

P#47Bry167  Injection causes reservoir brine to migrate up an undetected fault, raising 
salinity in a potable aquifer.  

52  

P#28Ren797  Decision not to obtain fluid samples from formations above the Nisku leads  
to uncertainty about whether the Nisku, Wabamun and Mannville formations  
are separate hydrogeologic systems.  

52  

P#23Cho202  Oil and gas producers in the area find CO2 in their existing producing  
wells for unknown reasons, raising questions about storage concept  
and storage integrity.  

52  
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Risk ID  Description  Rank  

P#33Ren802  Faults become apparent nearby that are barriers to flow, limiting the volume  
of CO2 that can be injected in the well.  

52  

P#14Arm016b  CO2 migrates further [in the Nisku formation] than planned and appears at  
a producing well owned by another company. The company sues TransAlta  
for the impact on production.  

52  

P#33der330  Anhydrite that fills originally undetected fractures is eventually dissolved  
by injectate, and leakage occurs through the primary confining zone.  

52  

P#06LaC597  Contaminants in local soil and groundwater due to mining activities are 
incorrectly attributed to storage site activities, and project must expend  
effort to prove the contrary.  

52  

P#28Bel089  Hydrodynamic flow causes plume to migrate in unexpected direction, causing 
increased cost of monitoring and land rights.  

52  

P#30der327  Unconformity at base of primary confining zone contains thin widespread very 
porous-permeable horizon allowing rapid lateral plume spread, increasing 
monitoring and land costs.  

52  

P#31Ren800.2  Minimum horizontal stress measured in Nisku and/or Calmar formations are  
not well determined by the evaluation well, leading to uncertainty which impacts 
the viability of an injection scheme application.  

52  
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Risk Scenario Update Based Upon  
Updated Information (February 2012) 
A workshop was hosted by Schlumberger Carbon 
Services in February 2012 in order to capture  
work completed on various aspects of Project 
Pioneer including MMV activities. As a group, 
AITF, Communica, Schlumberger Carbon 
Services, and TransAlta presented progress 
updates, and specific risk scenarios previously 
presented in each category were ranked again. 
The purpose of this exercise was to assess any 
remaining elevated risk areas. For MMV-specific 
risk scenarios, many of which related to site 
characterization, this process resulted in the 
reduction in risk rank and re-prioritization of risks.  

A total of 77 risk scenarios were evaluated and 
ranked again by expert panel. Of these, only  
9 were in the MMV category; in particular, 4 were 
considered to be important to the success of  
the project. Table 2 provides an updated risk 
ranking. All of these scenarios were related to  
the requirement for a better understanding of 
Pioneer site characteristics. Examples include  
the adequacy of MMV activities to defend the 
project from potential claims of negative impacts, 
lack of sufficient data to permit liability transfer to 
the Crown at the end of the Closure Phase, or 
inability of the MMV plan to gather sufficient data 
with which to accommodate unexpected events 
such as unexpected plume migration within the 
storage complex.  

It was suggested that ongoing site characterization 
activities during the Development Phase,  
along with proposed MMV activities within the 
Development, Operations and Closure phases 
were more than sufficient to address any potential 
claims of out of zone CO2 migration. Should out-of-
zone CO2 migration occur, the MMV strategy was 
considered sufficiently flexible to locate, quantify 
and mitigate migration and its potential impact(s). 
With regard to the perceived risk of inadequate 
MMV data to permit liability transfer, it was 
considered likely that a contract would be in place 
between Project Pioneer and the Crown prior to  
the Operations Phase which would clearly state  
the extent of MMV information required by the 
Crown. In addition, the incremental updates to  
the risk assessment and associated MMV plan 
every 36 months, as required by the regulator, 
throughout the duration of the project would have 
captured any changing requirements as the project 
progressed, so there would have been no unknown 
requirements at the point of Project Pioneer's 
application for a Site Closure Certificate. 
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table 2.0 
UPDATED SCENARIOS AND RISK RANKING 

Scenario ID  Scenario 
Considered 
Important 

Avg S * 
Avg L 

Average 
S*L 

Expert 
Max S*L 
Expert 

P#12aHug545  Claim of project-caused groundwater 
impairment cannot be refuted due  
to insufficient baseline or monitoring 
data; injection permit renewal  
is denied.  

x 6.8 7.2 12.0 

P#uF12a1s1  Inadequate baseline characterization 
of private well(s) leads to opposition 
and claimed groundwater impact.  

x 5.3 5.6 12.0 

P#AITFs05  Lack of knowledge about existing 
industrial activities within the project 
area results in poor baseline data. 
Existing effects and potential 
contamination of soils, surface 
waters, and potable aquifers may  
be missed and later attributed to  
CCS activity, resulting in additional 
time and cost.  

x 4.7 4.8 6.0 

P#uF12a1s2  Under current uncertainty about 
conditions of future closure, operator 
collects less data than are eventually 
required, and costs continue to 
accrue while liability transfer is 
delayed.  

x 4.2 4.2 7.0 

P#AITFs04  Lack of baseline isotopic  
composition of potable waters 
prevents assessments of potential 
CO2 leakage from the injection 
formation. This may lead to extensive 
time delays and additional costs  
to the project as potential leakage  
is assessed.  

 4.5 4.5 6.0 

P#RWq01  Project permitting or public support 
for the project is delayed due to 
concerns about impacts to reserved 
or special-use lands near the  
project area.  

 3.8 4.0 6.0 
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Scenario ID  Scenario 
Considered 
Important 

Avg S * 
Avg L 

Average 
S*L 

Expert 
Max S*L 
Expert 

P#AITFs10  MMV design does not capture the 
appropriate area of influence and 
features with that area which may be 
relevant to effective monitoring of 
both CO2 and pressure. This may 
lead to potential CO2 leakage into an 
area where baseline measurements, 
features and stakeholders have not 
been sufficiently characterized.  

 4.1 3.8 4.0 

P#AITFs20  Lack of understanding of 
hydrostratigraphy means that the 
movement of leaked CO2 cannot  
be assessed resulting in project 
delays and additional cost.  

 3.8 3.5 4.0 

P#AITFs13  Lack of understanding of overlying 
succession results in poor 
understanding of potential migration 
pathways. Additional characterization 
may be required resulting in 
additional cost and time.  

 3.8 3.5 4.0 

 

“considered important” meaning considered important to the success of the project. 

‘Avg L” means ‘average likelihood’ 

Avg S” means ‘average severity’ 
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Site Characterization  
and MMV Strategy 

Purpose and Process 
A dedicated MMV strategy must be developed  
and implemented to reduce project risks. MMV 
plans typically have several objectives: 

• To meet the regulatory requirements set out  
in legislation; 

• To collect sufficient data to enable transfer  
of long-term liability to the regulating 
government body; 

• To provide the rationale for the selection  
of monitoring technologies; 

• To monitor potential risks to containment as 
identified by the risk management plan as well 
as trigger mitigation or remediation activities; 

• The reduction of identified risk scenarios, 
where possible, by collecting appropriate and 
relevant information. The collection of this 
information, as part of a baseline study, also 
permits potential changes to important CCS 
project parameters (e.g. saline formation 
pressure and temperature, potable water 
chemistry, soil gas composition, air quality)  
to be assessed during CO2 injection and  
in the post-injection phase; and 

• To provide direct site specific data to inform 
numerical models of the CO2 sequestration 
performance, increasing confidence in these 
models, and allowing models to be updated  
to support the data collected. 

Ultimately, at the time of application for a Site 
Closure Certificate, the MMV data and associated 
numerical models updated throughout the project 
form the key information with which to demonstrate 
CO2 containment and conformance of models  
to MMV data. The process followed by Project 
Pioneer to develop its MMV strategy is outline  
in Figure 22. Risk identification was discussed  
in the previous section. This section describes  
the finalized MMV strategy. 
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fig. 22.0 
RISK ASSESSMENT AND MMV PROCESS 

Note: The Section 115 permit received by Pioneer only covered the drilling and testing of the evaluation well.  
   A Section 116 permit was to be requested by Pioneer to allow the injection and sequestration of CO2. 
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The proposed MMV plan was divided into temporal 
implementation phases including:  

• Development Phase (2012 – 2015): Activities 
carried out prior to CO2 injection. This included 
currently available data as well as new data  
to develop a conceptual model of the Project 
Pioneer site. It also included the measurement 
type, location and frequency for selected 
parameters prior to the injection of CO2.  

• Operations Phase (2016 – 2025): MMV 
measurements throughout the course of  
the planned 10 year CO2 injection program.  

• Closure Phase (2025 – 2035): MMV activities 
between the cessation of CO2 injection at  
the site and subsequent award of a closure 
certificate.  

The conceptual MMV model is shown in Figure 23. 
Two observation wells were to be drilled one into 
the Nisku formation and one into the overlying 
Wabamun formation, both at some distance from 
the injection well in order to monitor the impact  
of CO2 injection on pressure. 

 

fig. 23.0 
PIONEER CONCEPTUAL MMV MODEL 
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Development Phase (2012 – 2015) 
Site characterization, and the associated 
development of a site conceptual model, are  
an important component of the CCS project  
and associated risk-driven MMV strategy. This 
information may take the form of the collation, 
assessment and interpretation of existing data 
and/or the collection of new information. For  
site characterization activities, frequency of 
measurement is not suggested because these 
activities are considered to be required only once 
at the start of the project. Subsequent baseline 
activities are designed to capture variations  
in site characteristics. 

The activities summarized in the following sections 
form the MMV plan. Activities are subdivided into 
Surface-Based MMV Activities, Near-Surface MMV 
Activities, and Subsurface MMV Activities. 

Surface-Based MMV Activities  
The following MMV activities were proposed: 

• Desktop Data Collection 

• Micrometeorology and Air Quality Analysis 

• Surface Gas Flux 

• Surface Water Analysis 

Near-Surface MMV Activities 
The following activities were proposed: 

• Potable Water Analysis 

• Soil Gas Analysis 

Subsurface Activities 

• 3D Surface Seismic Data Acquisition 

• Injection well  

• 3D Vertical Seismic Profile (VSP)  

• Downhole Well Logging 

• Observation Well 1: Nisku Monitor 

• 3D VSP  

• Downhole Well Logging 

• Downhole Pressure and Temperature 
Measurements 

• Observation Well 2: Wabamun Monitor 

• 3D VSP  

• Downhole Well Logging 

• Downhole Pressure and Temperature 
Measurements 

• Additional Activities 

• Geochemical Modeling 

• Core-CO2 Interaction 

• Reservoir CO2-Brine Relative Permeability 

• Geomechanical Modeling 

Operations Phase (2016 – 2025)  
The proposed MMV activities for the Operations 
Phase (i.e. where CO2 was to be injected into  
the Nisku formation.) were a continuation of the 
activities outlined for the Development Phase.  
The only differences were (i) the frequency at 
which proposed measurements were to be taken 
and (ii) a decreased technical scope as many  
of the activities to be carried out during the 
Development Phase would have been completed 
and therefore would no longer be required.  

The frequency of activities in the first 3 years of  
the Operations Phase was the same as that of  
the Development Phase. Years 4 through 10  
had a reduced frequency assuming that the CO2 
behaved in a predictable manner in the storage 
formation. Continuous measurements proceeded 
unaltered throughout the entire phase. 



 

 45 

Closure Phase Activities (2026 – 2035)  
In the Closure phase, it is likely that certain MMV 
activities carried out during the Operational Phase, 
along with the regular reporting frequency, would 
continue for a period agreed between Project 
Pioneer and the Crown. However, the frequency  
of measurement was proposed to decrease 
assuming that the CO2 plume had behaved in  
a predictable manner during the Operations  
Phase. It was envisaged that injection wells  
and observation wells would be progressively 
decommissioned and abandoned in line with 
appropriate ERCB Directives during the closure 
phase, so that by the end of the closure period,  
no further subsurface access would be available. 
The injection well would be abandoned at the  
end of the Operations Phase and so would not  
be accessible during the Closure Phase. The 
remaining project wells would be suspended at  
the end of the Operations Phase, but would not  
be abandoned until the end of Closure Phase to 
allow subsurface access and additional monitoring 
as required. These wells would be abandoned  
at the end of the Closure Phase. All data  
collected throughout the project would be  
used to demonstrate CO2 containment and 
conformance, and would therefore have formed  
a critical component of the application process  
to acquire a Site Closure Certificate.  

A 10 year Closure Period was proposed by Project 
Pioneer, during which time site decommissioning, 
reclamation, and remediation would have occurred 
alongside ongoing MMV data collection and 
reporting. At the end of the Closure Period, and 
after three successive reporting episodes following 
the cessation of CO2 injection, the intention was  
to apply for a Closure Certificate. The Closure 
Certificate application would have taken place  
in Year 10.  

Assuming there were no outstanding issues with 
CO2 operations during the Closure Phase, and  
CO2 containment and conformance had been 
adequately demonstrated, it was envisaged that 
there would be no post-closure activities to be 
carried out by Project Pioneer. As soon as the 
Closure Certificate would have been awarded, 
liability for any further MMV activities would  
have been the responsibility of the Crown. It is 
probable, however, that the Crown or ERCB  
would request that some monitoring equipment 
remain at the project site following the transfer  
of liability to enable the Crown to continue to take 
measurements and samples at the project site  
as part of assurance monitoring. Should this be 
requested by the Crown, any required equipment 
and operational training would be negotiated at  
the time of liability transfer. 

Cost Estimate (Capital and Operating) 
Two options were analyzed for the scope  
of sequestration operations: 

• Storage of 1 million tonnes over 10 years, 
requiring: 

• Site characterization, permitting, design 
and construction of sequestration 
infrastructure; 

• No new injection well as the existing 
evaluation well which would be converted 
to injection service; 

• One deep observation well; 

• One shallow groundwater monitor well  
per deep well; 

• Baseline 3D seismic survey; 

• 3D VSP baselines on each well; 

• Well monitoring baselines; 

• Environmental baselines: 
• Groundwater – private wells in area 

and Project Pioneer groundwater wells; 
• Soil gas and soil gas flux; and 
• Atmosphere. 
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• Storage of 3 million tonnes over 10 years, 
requiring in addition to the first case: 

• One new injection well in addition  
to the existing evaluation well;  

• One more deep observation well; and 

• Larger baseline 3D seismic survey 

Costs over the 3 phases of the sequestration 
project (development, operations and closure) 
were estimated based on 2012 costs with no 
escalation included. They were bottom-up 
estimates and they included all products and 
services. Preliminary designs were completed  
for all wells (drilling, completion, and testing)  
and current quotes were obtained for the majority 
of tasks. Sensitivity analysis yielded P10 and P90 
estimates. Similarly, preliminary designs were 
completed for several seismic survey alternatives 
and quotes were obtained for each option. Detailed 
scoping was done for each element of the MMV 
strategy and costs were estimated by soliciting 
current quotes. Schlumberger staff time was 
estimated based on experience and a detailed 
review of technical tasks including quotes for 
subcontractor tasks. Finally estimates for lease  
and regulatory fees were based on current 
practice. Costs for the Project Pioneer 
Sequestration Technical Team and on-site  
HSE costs were not included. 

Capital cost estimates are presented in Table 3.  

Operating costs were also estimated for both  
cases for the Operations and Closure Phases.  
The 1 million tonnes case required 1.75 FTE per 
year during operations and 0.8 during the closure 
periods while the 3 million tonnes case needed  
2.1 and 0.9 FTE respectively. Operating costs  
are shown in Table 4. 

The final scope and cost estimate for Project 
Pioneer was based on the 1 million tonnes case. 
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table 3.0 
SEQUESTRATION CAPITAL COST ESTIMATES (CANADIAN FUNDS) 

 1 Million Tonne Case 3 Million Tonnes Case 

Wells $7.9 million $16.2 million 

Seismic $4.6 million $10.3 million 

MMV $0.7 million $1.2 million 

Staff $6.1 million $7.2 million 

Lease and Regulatory Fees $0.4 million $0.6 million 

Contingency $2.5 million Not defined 

Total $22.2 million $35.5 million 

 

table 4.0 
SEQUESTRATION OPERATING COST ESTIMATES 

(per year) 1 Million Tonne Case 3 Million Tonnes Case 

Operations (2016 – 2025) $1.8 million $2.9 million 

Closure (2026 – 2035) $0.9 million $1.5 million 
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Level 3 Schedule 
Major milestones of sequestration development 
activities are listed below: 

• Baseline 3D Seismic Survey – August  
or October 2012; 

• Section 116 Lease Application – August  
or October 2012; 

• Directive 65 Injection Scheme Application – 
April or May 2013; 

• Drilling/Completion/VSPs – June through 
October 2013; 

• Environmental Baselines – July 2013 through 
June 2015; 

• Receive Directive 65 Permit – May 2014; 

• Pre-Injection Technical Work Complete –  
May 2014. 

Project Execution Plan 
The three project partners had equal responsibility 
for the execution of Project Pioneer. They assigned 
the responsibility of project management to 
TransAlta. Hence, TransAlta was to take on  
the traditional project management role of being 
responsible for execution, quality, meeting or 
exceeding design performance, within budget  
and to be in service by January 1, 2016.  

The integrated geologic sequestration system  
was comprised of surface facilities, injection 
well(s), monitoring facilities and the sub-surface 
Winterburn storage complex where CO2 would 
have been permanently stored. Construction  
of this system was planned to be overseen  
by Schlumberger Carbon Services who would  
have been responsible for the design, permitting, 
procurement, construction, commissioning of all 
wells and the performance of the sequestration 
field. Essentially Schlumberger Carbon Services 
would have been responsible for all subsurface 
work originating at each wellhead. This included  
all the MMV as required by the regulator and the 
Project Pioneer MMV strategy. 

Partner approval of the project was scheduled for 
August 2012 which was identified as the Limited 
Notice to Proceed (LNTP) date. This would have 
authorized Pioneer to spend a limited budget to 
progress the project to meet the Commercial 
Operation Date (COD). Prior to LNTP, a term  
sheet would have been produced to reflect the 
understanding of Pioneer and Schlumberger with 
respect to the sequestration work. This would also 
have also authorized the signing of a contract with 
Schlumberger Carbon Services. Full Notice to 
Proceed (FNTP) would have been given by the 
partners after environmental permits had been 
approved (anticipated in the spring of 2013).   

This contract with Schlumberger Carbon Services 
would have been negotiated on a target price 
basis. Schlumberger Carbon Services would  
have been responsible for the complete scope  
to a budget and schedule target.   

The drilling of the 1st sequestration test well was 
completed in late 2011. The drilling and testing of 
the 2nd sequestration test well, if approved by the 
Partners, was planned for the 3rd quarter of 2012. 
Schlumberger Carbon Services was planning to 
commence design of the sequestration site shortly 
after LNTP. Construction of the sequestration 
facilities was planned after FNTP with completion 
in September 2014. Commissioning and start up 
would have been undertaken in the time period  
up to COD date. 

The supervision of operations of the sequestration 
site on behalf of Project Pioneer had not been 
determined by the time the Project was cancelled. 
It was a possibility that Enbridge would have 
performed this function and, if not, a third party 
contractor would have been engaged. 
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3.0 
LESSONS LEARNED 
Project cancellation was a tough decision for the 
industry partners to make.  

The decision to terminate the Project was not  
a reflection on the long-term viability of CCS or  
the future of coal-fired generation. It was dictated 
by specific Project circumstances such as the 
preference for new technologies using horizontal 
wells over CO2 EOR in the regional oilfield, 
uncertainties about the current and future value  
of emissions credits and strict government  
funding deadlines that did not allow more time  
for alternative market strategies to be investigated 
and brought to fruition. 

The approximately $30 million spent on Pioneer 
studies and technical investigations has had the 
substantial benefit of contributing to the growing 
body of knowledge around CCS technology. In 
addition, it also accomplished exactly what it was 
supposed to – determining engineering and 
economic feasibility and informing the decision 
about taking Project Pioneer to the next stage. As 
such, the Project team felt that the outcome of the 
Initial Phase studies and investigations contributed 
value to shareholders and other funders. 

Some of the lessons learned for the Project 
Pioneer team regarding the sequestration 
programme included:  

• CO2 sequestration in deep geological 
formations is not widely practiced in Alberta. 
And as such, there is a paucity of well control 
information for wells that penetrate the 
horizons of interest.  

• Preliminary studies will need to rely  
on incomplete and dated information. 

• The Project Pioneer team, and lead on 
sequestration, Schlumberger Carbon Services, 
felt that it was (and is) imperative to drill an 
evaluation well to validate the conclusions  
of preliminary studies. In particular, injectivity  
at the location of interest needs to be validated 
to support the commercial design.  

• When drilling the evaluation well, it is important 
to obtain as much information as possible, 
including core of caprock and of the injection 
interval, fluid samples, several types of wireline 
logs, mini frac and cement log. These data are 
critical to the development of high quality static 
and dynamic geological models. 

• The MMV program must be designed 
rigorously, starting from a full risk  
assessment and including a complete  
baseline characterization and suite of 
monitoring and mitigation measures. 
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Written by: 
Marc Godin, P. Eng., MBA 
Principal, Portfire  
Marc Godin has over 30 years of experience in 
business, technology development, marketing, 
product management, strategy, R&D, technical 
service and customer service, at senior levels with 
large chemical and energy companies. He regularly 
collaborates with partners in the private and 
academic sectors and contributes complementary 
knowledge and capabilities. 

This report was written with significant contributions 
from Schlumberger Carbon Services and Harvey 
Heinrich.  

Edited by:  
Stacey Hatcher 
Knowledge Transfer Specialist, Project Pioneer 
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4.0 
APPENDIX 1 
Acid Gas and CO2 Storage  
Potential in Western Canada  
In Canada, the provincial governments of Alberta 
and British Columbia have regulations in place  
for approval of acid gas disposal. This acid gas 
disposed is a mixture of H2S and CO2 covering  
the range from 97% CO2 to over 85% H2S. 

The first scheme in Alberta was approved in 1989, 
with the next two following 1993 and 1994. There 
are now over 58 acid gas disposal schemes that 

have been approved in Alberta. Of these schemes 
over 30 are into deep saline aquifers, 20 into 
hydrocarbon pools, and 8 for enhanced recovery. 

The disposal rates vary from very small to very 
large. Similarly the approved disposal volumes  
vary from <10 e6m3 to over 3,000 e6m3. 

In tonnes per day (t/d) the largest acid gas 
schemes are 1,500 t/d into a depleted hydrocarbon 
pool, and 500 t/d into a saline aquifer. Project 
Pioneer will be designed for 3,000 t/d into a  
saline aquifer using at least 2-3 wells. 

The largest current acid gas disposal schemes  
are of a similar magnitude to the planned CO2 
disposal wells of Project Pioneer and as a result 
are good analogs for design and operations. 
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Generally, the Western Canada Sedimentary Basin 
is suitable for CO2 sequestration by all means 
because it is tectonically stable, it has regional-
scale aquifers confined by aquitards or aquicludes, 
and has oil and gas reservoirs in various stages of 
depletion, uneconomic coal seams, and extensive 
salt beds. However, various regions in the basin 
have different degrees of suitability that range from 
not suitable along the eastern edge of the basin,  
to extremely suitable in southwestern and central 
Alberta. Most major CO2 producers, such as power 
plants and refineries around Edmonton, are found 
in regions that are suitable for CO2 sequestration  
in geological media; however, some, such as the oil 

sands plants in the Athabasca area, are in regions 
that are not suitable. This analysis of the suitability 
of the Western Canada Sedimentary Basin for  
CO2 sequestration in geological media should 
provide industry and governments with essential 
information needed for developing plans and 
policies in response to climate change effects  
of anthropogenic greenhouse gas emissions into 
the atmosphere. (Source: Geological Sequestration 
of Anthropogenic Carbon Dioxide in the Western 
Canada Sedimentary Basin: Suitability Analysis 
STEFAN BACHU and S. STEWART, Alberta 
Geological Survey, Alberta Energy and Utilities 
Board) 

Major CO2 Sources in the Western Canada Sedimentary Basin 
 

 
 
Source: Bachu and Steward, 2002 
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5.0 
APPENDIX 2 

Pictures from Project Pioneer’s Evaluation Well 
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