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From: McDonald, Patrick [mailto:patrick.mcdonald@capp.ca]
Sent: Friday, January 09, 2015 3:45 PM

To: Kirk Bailey; Debbi Makela

Cc: Ken Schuldhaus; Gary Dilay; Abel, Terry

Subject: CAPP submission to AER on Reservoir Containment

Good afternoon Kirk,

Please see the attached CAPP submission in response to your request for feedback on the 5 AER
technical reports of June 24, 2014.

If you have any questions or would like further follow up, please give me a call.

| have arranged a meeting with the AER project team to discuss the submission early next week
which you are more than welcome to attend if you desire.

Happy New Year and Best Regards,

Patrick

Patrick McDonald P.Eng | Manager Oil Sands

D: 403.267.1136 | Email: Patrick. McDonald@capp.ca Website: www.capp.ca
HEEE &

=== ==

Please Note / Veuillez noter: This communication is intended for the person

ent|t¥ to which it is addressed and may contain confidential and/or
rivileg
|ﬂformat|on- IT you have received this communication in error, please contact
the

sender immediately and delete all coples

Cgtte communication est reservee a l"usage de la personne a qui elle est
adressee


mailto:/O=ALBERTA ENERGY & UTILITIES BOARD/OU=CALGARY & FIELD/CN=RECIPIENTS/CN=CB449
mailto:Reservoir.Containment@aer.ca
mailto:Patrick.McDonald@capp.ca
http://www.capp.ca/
http://www.facebook.com/OilGasCanada
https://twitter.com/#!/OilGasCanada
http://www.linkedin.com/groups?gid=2632445&trk=my_groups-b-grp-v
https://www.youtube.com/user/cappvideos
http://appstore.capp.ca/oilsands

( :‘P CANADIAN ASSOCIATION
OF PETROLEUM PRODUCERS

Canada’s 0il and Natural Gas Producers
























CAPP

CANADIAN ASSOCIATION
OF PETROLEUM PRODUCERS

Canada’s Oil and Natural Gas Producers

January 9, 2015

Kirk Bailey

EVP Operations

Alberta Energy Regulator
Suite 1000, 250 —"5Street SW
Calgary, Alberta T2P OR4

Dear Mr. Balley:

Re:  Request for Technical Feedback on Five Reports Regarding Reservoir Containment at
Shallow Steam-Assisted Gravity Drainage Schemes

The Canadian Association of Petroleum ProducerdP@rappreciates the opportunity to comment
on the Alberta Energy Regulator’'s (AER) five regagarding reservoir containment at shallow
steam-assisted gravity drainage (SAGD) schemesgasted in your letter of June 26, 2014.

Over the last several months, CAPP has worked sixtelly with the oil sands industry and is
pleased to provide the attached technical, evideéased submission for consideration by the AER.

CAPP appreciates being provided the opportunitpase this submission and would welcome
further opportunities to engage with the AER regagdhe drafting of any future regulatory
requirements related to the technical reportsolf gave any questions or concerns, please contact
the undersigned at 403-267-1178 or Patrick McDoaakD3-267-1136.

Yours truly,
T. G. Abel, P.Eng.

Director, Oil Sands

cc: Ken Schuldhaus, Director In Situ OperationsRAE
Gary Dilay, Senior Advisor, AER
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Executive Summary

At the end of June 2014, the Alberta Energy Regulator (AER) released five reports that
summarized the AER’s technical basis for establishing regulatory requirements for the shallow
thermal area of the Wabiskaw-McMurray deposit in the Athabasca Oil Sands Area. As part of
the release, the AER invited stakeholders to provide technical evidence-based feedback on the
reports which the regulator could consider as part of its development of future regulatory
requirements for reservoir containment in the shallow thermal area.

CAPP has collaborated with the oil sands industry to conduct an extensive technical review of
the AER reports and other relevant industry data and has summarized that work in this evidence
based submission.

While the technical review fully examined all aspects of the topics addressed in the AER reports,
the feedback contained in this submission focuses most on the following significant AER
conclusions:

e Caprock in the proposed area must meet specific criteria (Clearwater shale, 10 metre
thickness),

e Applicants are required to conduct 3D seismic surveys in the area of development in
order to ensure that any structural features are identified and can be managed
appropriately,

e Maximum Operating Pressure (MOP) be determined using the formula:

MOP (bottomhole) = 0.8 * Caprock Fracture Closure Gradient * Depth of Shallowest Base of Caprock

e Geomechanical modelling is not a suitable tool to justify an increase of the MOP
determined using the above formula, and

e Monitoring at SAGD operations in the shallow thermal area is not suitable to justify any
deviation from the MOP determined using the above formula.

CAPP generally supports the direction the AER is taking in these conclusions; however, we
believe some refinement of the AER’s approach to future regulatory requirements could achieve
the same public safety and environmental outcomes and better support the responsible
development of this significant energy resource.

CAPP fully supports the need to develop regulation that ensures the safe and responsible
development of this shallow oil sands resource. While we agree that reservoir containment in the
shallow thermal area is a complex technical matter, we do not agree that every SAGD operation
in this area would pose the same level of risk to either safety or the environment. SAGD
operations in the shallow thermal area are highly complex and each potential development is
characterized by a unique set of features (local environmental and geological setting; technical
design and scale) that define its particular risk profile. This fact represents the basis for the most
significant and overarching recommendation in this submission: The AER should adopt a
formal risk management based approach for evaluating and making decisions on project
proposals within the shallow thermal area.





CAPP believes a risk management approach is consistent with many of the historical regulatory
practices and the current direction of AER regulatory reform. It is also recognized that the
approach can and should be extended to regulatory activities beyond the original evaluation of
project proposals. The submission highlights how the approach can be used to assess important
geological elements, define data acquisition requirements, guide the use of and approach to
modelling and the design of project monitoring plans. CAPP believes this risk management
approach represents the most effective way for the AER to identify, assess and ensure the
mitigation of project risks without imposing unnecessary regulatory burden on projects within
the shallow thermal area.

Building upon the recommended risk management approach, the submission also identifies a
number of additional, specific technical recommendations. The most significant of these include:

o The regulatory process should require applicants to provide a comprehensive project risk
assessment.

The regulatory process should allow applicants to use alternative geological strata as the
project caprock when it can be technically demonstrated that an alternative caprock is
equivalent to the Clearwater shale described in RC 02.

The regulatory process should allow the applicant to identify a specific area within which
a particular Maximum Operating Pressure (MOP) will apply (MOP Area).

The caprock Fracture Closure Gradient (FCG) used in determining Maximum Operating
Pressure should be based on the most representative (not necessarily the lowest) gradient
for the corresponding MOP area.

Future regulatory requirements for project monitoring should not be based solely on the
RC-05 report





1. Introduction

1.1. Overview and Organization of Submission

This submission is organized to align with the five AER reports. The level of detail in the
feedback and the amount of supporting information varies considerably depending on the
complexity of the topic and the perceived impact of the associated AER conclusions.

Section 2 provides an overview of the proposed risk based management approach for the
evaluation of SAGD projects in the shallow thermal area.

Section 3 includes feedback and recommendations related to AER RC 02.
Section 4 includes feedback and recommendations related to AER RC 03.
Section 5 includes feedback and recommendations related to AER RC 04.
Section 6 includes feedback and recommendations related to AER RC 05.
Section 7 contains a summary of all the recommendations contained in this submission.

Completed copies of the requested AER feedback forms are provided in Appendix 1-1.

1.2. Economic Implications for Shallow SAGD

If future regulation of shallow SAGD development is based on the conclusions in the AER’s
five technical reports as currently written, there is a high probability that the development of
a very significant oil sands resource will be adversely impacted. Considering only the three
projects within the shallow thermal area that are currently in the application stage, a potential
107,000 bbls/day of bitumen production could be indefinitely deferred relative to current
plans that would have seen that production brought online over the next 5-10 years. Such
regulation would also immediately impact currently booked contingent resources that do not
have or meet the AER’s Clearwater caprock criteria. If the caprock definition continues to
limit development as currently understood, a restating of corporate resources would need to
occur, directly impacting company and shareholder values.

An initial analysis of the resource base within the shallow thermal area identifies
approximately 16 billion bbls of exploitable bitumen in place that does not have the AER
prescribed Clearwater caprock. Cumulatively, development of this resource has the potential
to contribute approximately $25 billion in royalties and taxes within the next 10 years and
over $100 billion in the longer term (based on the project projections and supply cost
estimates shown in Figures 1-1 and 1-2 respectively). CAPP is of the view that much of this
oil sands resource can be recovered in a safe and orderly manner that maximizes the





economic benefits of development for the Province and for the Country. CAPP recognizes
that the development of this resource involves additional complexity, but maintains it can be
recovered responsibly with existing technologies.

Figure 1-1: Potential impacted applications and potential future development of affected resource.

Figure 1-2: Bitumen supply cost breakdown for industry used to estimate royalty and income taxes impacts.





2. Risk Management for Reservoir Containment in Shallow SAGD
Schemes

2.1. Recommendations

e The AER should formally adopt a risk management based approach for evaluating and
making decisions on project proposals within the shallow thermal area.

o The risk based regulatory approach should accept and encourage the use of a
variety of technically supported approaches (e.g., timing of development, project
scale, development buffers, operating pressure, injection fluid type and volumes,
modelling, and monitoring) to reduce residual project risks and ensure safe and
responsible operations.

e The AER should more formally recognize and support the use of appropriate scale
operations to advance the understanding of caprock behavior, transmission pathways,
injection operations and associated project risks in a shallow geological environment.

2.2, Risk Management Based Approach

In its most fundamental form, risk management is used to identify the risks associated with
an activity, the consequences of those risks, and the opportunities to reduce and effectively
manage those risks. In the context of reservoir containment, a formal risk management
assessment can help both the AER and SAGD operators to better understand and account for
the uncertainty and residual risk of a given project. This supports more effective stakeholder
interactions as it allows the AER to make informed, transparent decisions that clearly
demonstrate the level of risk the Regulator is prepared to accept.

In reality, a risk based approach to regulation is not new to the AER and it can be argued the
Regulator has been using the approach informally for decades. A relevant example is the
existing oil sands development approval process. Under the Directive 23 process, if the risks
of a potential development exhibit higher consequence and/or probability, the AER will
typically require significantly more technical information to justify and support approval of
the project. Another example can be found in the AER’s approach to conventional
operations where varying levels of risk are managed using a routine/non routine application
process. CAPP believes that the risk management based approach proposed in this
submission would both build upon the AER’s past regulatory practice and support its current
risk-based vision for regulatory reform.

A potentially relevant example of the use of a risk management assessment can also be found
in CSA Standard Z741-12 Geological Storage of Carbon Dioxide. This CSA Standard
provides guidance on project design and operation (including conducting a risk assessment)
for the geological sequestration of CO,. Of note is that the Standard recognizes that design
and management are unique for each project and that intrinsic risk and uncertainties need to
be dealt with on a site-specific basis. While not specifically a CAPP recommendation, the
AER may find there are elements of Z741-12 that could be adapted to support a risk
management approach for reservoir containment for shallow SAGD.





CAPP recommends that AER require all applicants proposing SAGD projects within the
shallow thermal area to conduct a structured and systematic risk management assessment and
produce a risk management plan that is supported by monitoring. The level of rigor used in
the risk assessment would be determined by the AER on site-specific basis and would be
commensurate with both the complexity of the project’s geological setting and the severity of
the consequences to risk receptors.

The primary function of the risk assessment will be to identify the potential containment
failure mechanisms and then to demonstrate how project design features (e.g. lower pressure,
scale and timing of development, and enhanced monitoring) can reduce and maintain risk at
acceptable levels. As part of their regulatory application, applicants would be required to
identify all potential risk receptors and, for each receptor, provide a description of each
relevant risk scenario and discuss the proposed mitigation measures. That discussion would
address the expected effectiveness of proposed mitigations and highlight any residual risk.
The final project design, which includes all risk mitigation measures, would also be required
to include a monitoring program that provides a means of detecting deviations from
expected/predicted operating conditions. Operators would be required to regularly update
risk assessments and predictive models using the results of their monitoring program and if
necessary, modifications to the project design and/or operating parameters could be required
by the AER to ensure the previously assessed and accepted risk profile is maintained.

Figure 2-1 provides an example of a generic risk matrix similar to what the AER might use if
CAPP’s recommended approach were adopted (a larger version of this matrix is provided in
Appendix 2-1). The matrix provides an illustration of how the regulator might address risks
of increasing consequence and likelihood within the project approval process. The red
regions of the matrix represent circumstances where industry understands risks cannot be
mitigated to a level acceptable to the AER even after incorporating mitigation strategies —
these developments would not be approved. Alternatively, the green region of the matrix
represents circumstances where a project meets all the AER application requirements and
does not contain any risk factors uncommon to typical SAGD operations — these
developments could move forward with standard AER approval conditions.

The remaining regions of the matrix represent circumstances where the applicant would be
required to provide a project design that includes suitable mitigation strategies that reduce
both the probability and consequence of an undesired event to a level that is consistent with
AER risk tolerance. In some instances, such as where residual risk is higher but where there
are no high consequence receptors (e.g., in a remote area), it may be desirable to undertake a
demonstration or pilot scale project to validate assumptions, modelling, and to prove caprock
performance before considering a commercial scale project. This approach would encourage
fuller understanding of the caprock, mitigation measures, and monitoring methods. It would
also support technology development and stakeholder confidence.

A more detailed discussion of a potential methodology that could be used to conduct the risk
assessment is contained in Appendix 2-2. Detailed examples of potential components of a
risk management assessment for the loss of reservoir containment is presented in Section 3.6
of this assessment.
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Illustrative risk matrix with examples of consequences and approvals by risk rank. A full size

version of the matrix is displayed in Appendix 2-1.






3. RC 02 - Draft Caprock Criteria and Information Requirements

3.1. Recommendations

e The AER should formally adopt the proposed regional geological cross sections for the
shallow area as per Appendix 3-1 of this submission.

e The AER should revise the shallow thermal area boundary as per the Appendix 3-2 of
this submission.

e The AER and Alberta Energy should ensure sufficient legislative and regulatory
flexibility exists for drilling operations so that applicants can adequately demonstrate the
Pre Cretaceous stratigraphy without trespass.

e The regulatory process should allow the use of alternatives to 3D seismic when such
imaging techniques can be shown to provide equivalent or adequate resolution of the
geometry and integrity of the caprock.

e The regulatory process should require applicants to provide a comprehensive project risk
assessment that includes the following:

o A comprehensive, site specific geological assessment that is proportional to the
risk and complexity of the geological environment within that project.
o A flow pathway assessment that identifies those pathways requiring mitigation
through project design
= All mechanisms by which the cap rock and overburden can respond to
injection operations must be considered (surface and subsurface release,
surface heave, and subsurface transfer of pore pressure and geomechanical
stress).
= All potential receptors within the region of influence for that mechanism
must be considered
= All potential consequences relevant to each receptor must be considered.
o Stakeholder notification activities must be aligned with the receptors identified in
the flow pathway assessment.

e The regulatory process should allow applicants to use alternative geological strata as the
project caprock when it can be technically demonstrated an alternative caprock is
equivalent to the Clearwater shale described in RC 02.

3.2. Proposed Reference Wells

CAPP does not believe the AER Reference Well Log 1AA/13-04-093-12W4/00 (RC 02,
Figure 2) is representative of the entire shallow thermal area. CAPP also notes the well has
no publically available core and lacks regional stratigraphic context. CAPP recommends that
the AER adopt the regional geological cross sections included in Appendix 3-1 in order to
more completely represent and characterize the Lower Clearwater Shale across the shallow
thermal area. The two type-sections included in Appendix 3-1 are comprised of the six
wells listed in Table 3-1 below.
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KB

uwi RR (m) Operator Development Area Core Other Data | Cross-Section
OHL,
00/14-33-092-12W4/0 2011-01-28 389.7 Suncor Dover Full West-East
Image Log
Tie-well
) (AOSTRA):
AA/10-24-093-08W4/0 1982-03-02 | 486.6 | Imperial Oslo Full West-East &

North-South

Full (break Mini-frac,

00/02-27-094-03W4/0 2010-02-03 515.8 | Cenovus Firebag/Telephone Lk around OHL, West-East
surf csg) Image Log
Mini-frac,
00/07-20-095-07W4/0 2002-02-02 444.8 Husky Steepbank T21 only OHL, North-South
Image Log
. 13187121 | Minifrac,
00/07-03-090-08W4/0 2011-02-11 432.2 Imperial Clarke onl tri-axial, North-South
Y OHL
AA/07-02-086-07W4/0 2011-01-02 490.9 Nexen Newby/Long Lake 721,731, OHL, North-South
T51 Image Log
Table 3-1: Type wells included in CAPP’s proposed regional cross-sections.
3.3. Revised Shallow Thermal Area Boundary

CAPP has reviewed the AER shallow thermal area boundary using the most current industry
data and notes that the defined area is not fully consistent with the stated criteria regarding
thickness (<10 m) and depth of base (<150 m) of Lower Clearwater Shale. CAPP
recommends that the AER revise the shallow thermal area boundary as per the map contained
in Appendix 3-2.

3.4. Pre Cretaceous Stratigraphy Concerns

As part of the 3D seismic data requirements, the AER is requesting structure and isopach
maps for and seismic ties to the Prairie Evaporite or Paleozoic Era Formations. In general,
the oil sands permit holders do not have the rights to these zones and require specific
authorization from Alberta Energy to conduct the necessary drilling operations to evaluate
these zones. The AER and Alberta Energy should ensure sufficient legislative and regulatory
flexibility exists for drilling operations so that applicants can adequately describe the Pre
Cretaceous stratigraphy without trespass concerns.

3.5. 3 D Seismic

CAPP agrees that 3D seismic achieves appropriate resolution to provide sufficient assurance
of local caprock geometry and integrity. CAPP notes however that other imaging techniques
are currently available and additional techniques are likely to be developed that will provide
equivalent or superior resolution. CAPP therefore recommends that the AER provide
sufficient flexibility in its regulatory requirements to allow for the use of alternatives to 3D
seismic when such imaging techniques can be shown by applicants to provide equivalent or
adequate resolution of the geometry and integrity of the caprock. Appendix 3-3 contains a
summary of geophysical techniques that could be used to map the caprock.
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3.6. Geological and Flow Pathway Considerations

3.6.1.Geological Uncertainty

The shallow thermal area presents a number of geological complexities. Not only does it
have fewer potential hydraulic barriers than regions with deeper SAGD developments, it has
increased variability associated with the quaternary glacial deposits, both depositional and
structural. CAPP therefore believes the most efficient way for operators in the shallow
thermal area to ensure features that could impact containment are identified and properly
mitigated is by undertaking a comprehensive, site-specific geological assessment. Given the
range of possible scenarios, the rigor of that assessment should be proportional to the risk and
complexity of the local geological environment within the project area.

Much work has been completed in relation to this varying geologic complexity in this area.
Recent research papers have highlighted the degree of geologic complexity across the
Athabasca region, and many of these studies have focused on the influence of deeper
Devonian strata on the oil sands and overlying caprock strata (e.g., Broughton, 2013; Cowie
et al., 2014; Schneider and Grobe, 2013; Wozniewicz, 2014). In their AER/AGS Open File
Report, Schneider and Grobe (2013) published a series of new geologic cross sections that
differentiate the Athabasca into the following three zones based on the amount of dissolution
of the Prairie Evaporite Formation:

e a western zone of partial halite dissolution,

e acentral zone of total halite dissolution and active loss of anhydrite, and

e an eastern zone of total dissolution of all evaporite minerals.

On either side of the salt dissolution front, packages of rock have experienced quite different
histories of geologic stresses imposed by the loss of the Prairie Evaporite Formation. Table
3-2 describes the major geological features associated with each of these three zones.
Appendix 3-4 contains a general, visual representation of the location of the three identified
zones within the salt dissolution zone.
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Active Zone of Salt Dissolution East of the Salt
West of the Salt ] : - -
Area Dissolution Leading Edge (“Anhydrite Only” Zone of Dissolution Trailing
ghae Schneider and Grobe, 2013) Edge
Salt Dissolution | Prairie Evaporite Fm halite Prairie Evaporite Fm halite recently Prairie Evaporite Fm halite
remains intact, with minor dissolved; anhydrite actively dissolving completely dissolved,
thinning at the leading edge of the anhydrites dissolved or
front dissolving
Karsting Minor karsting and erosion on the | High salinity waters in the McMurray Karsting has occurred, but is
Devonian subcrop Fm indicate that the Devonian saline no longer accentuated by
waters are currently connected via stress states
vertical karst pathways; karsting may be
accentuated
Implications No exposure to major changes in Stress states in the sedimentary strata are | Stress states no longer
stress states due to salt dissolution | changing rapidly due to recent halite and | changing rapidly due to salt
active anhydrite dissolution. Planes of dissolution. Planes of
weakness and karsting accentuated due weakness may exist in this
to the stresses imposed on the strata by area, but are no longer active
the sweeping of the salt dissolution front.
Highly transmissive aquifers in lower
Devonian strata may exist, allowing long
distance fluid and pressure transmission
Table 3-2: Describes the major geologic features of each area relative to the Salt Dissolution Zone.

The foregoing discussion is not intended to identify zones of inherently higher risk, but rather
to illustrate the earlier point that, given the nature of the shallow thermal area, differing
levels of geological complexity are present throughout the region and therefore any
geological evaluation efforts should be reflective of the local geological environment within

the proposed development area.

3.6.2.Flow Pathway Assessment and Region of Influence

As noted above, the AER shallow thermal area has fewer potential hydraulic barriers than
regions where deeper SAGD developments exist. In conducting a project-specific risk
assessment it therefore becomes critical to identify all geological features or elements of
concern that are present, their region of influence and the associated containment risk. All
identified containment risks must be adequately evaluated and a mitigation strategy

incorporated as necessary.

Because of increased knowledge from SAGD and mining operations, we suggest that the
concept of a site-specific “region of influence” be considered based on these types of flow
path assessments described in Figures 3-1 and 3-2 when assessing the regional effects of
pressure movement related to steam injection. Industry examples of lateral pressure
communication along these flow pathways are becoming increasingly more common after
the highly public Muskeg River mine inflow event in 2010 (Cooper, 2011; Ko, 2012) in
which pressure transmission through Devonian rocks was recorded 10°s of km away
(Wozniewizc et al, 2014; see detail in Appendix 3-5). Evidence of pressure transmission or
other effects through pathways suggest the risk assessment must consider the region of
influence of a SAGD operation, which may extend beyond the project or even lease

boundary.
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CAPP recommends that the AER require applicants to conduct a flow pathway assessment to
aid in identifying those pathways requiring mitigation through the design of the project.

Figure 3-1 illustrates the potential vertical pathways that should be considered in the
recommended flow pathway assessment as it relates to regions of influence and any setback
considerations. Those pathways include:

Faults and fractures in the Devonian Beaverhill Lake Group, the McMurray and
Clearwater Formations can occur as a strain response to stress originating from normal,
thrust and strike-slip faults in the Precambrian, from differential rates of evaporite
dissolution in the Devonian Elk Point Group and from collapse and karst of overlying
Beaverhill Lake carbonates. Faults and fractures in the McMurray and the Clearwater
Formations can occur as a strain response to stress originating from glacial compression,
glacial motion and glacial rebound. Appendix 3-5 includes photographic evidence of
these faults and fractures occurring in the active zone of salt dissolution.

Glacial rafts (Appendix 3-5) of dislodged Clearwater shale can occur as a strain response
to stress originating from glacial motion and glacial compression. Glacial rafts are
commonly observed in the Millennium and North Steepbank mines and can include
deposits of Quaternary gravels and cobbles along the base of imbricated rafts.
Post-Cretaceous incised valleys and tributaries filled with Quaternary channel sands and
gravels can cut down (Appendix 3-5) into the Wabiskaw Member or the McMurray
Formation. The sand- and gravel-filled incised valleys create vertical pathways of
pressure transmission that intersect with and provide sand on sand contact to the
horizontal pathways of communication in the progradational sands of the coarsening up
parasequences in the Clearwater shale interval and to the fining up transgressive sands of
the Wabiskaw C and the Wabiskaw A.

Old well bores that have not been abandoned to thermal standards may be present in
SAGD project areas. Improperly abandoned old wells have the potential to create
pathways of pressure transmission that will intersect with the horizontal pathways of
communication in the progradational sands of the coarsening up parasequences of the
Clearwater shale interval and with the fining up transgressive sands of the Wabiskaw C
and the Wabiskaw A.

Figure 3-2 illustrates the potential horizontal pathways that should be considered in the
recommended flow pathway assessment as it relates to regions of influence and any setback
considerations. Those pathways include:

Devonian: Where the BHL is faulted, fractured or brecciated it has the potential to
transmit pore pressure and Devonian fluids horizontally through the Devonian and
vertically into the overlying McMurray Formation. Appendix 3-6 provides evidence of
historic pressure transmission through the Devonian.

McMurray Fm; through the Basal McMurray Aquifer (BMA), through mobile fluids
within the bitumen pay, and through lean zones saturated with gas and water in the upper
part of the McMurray Fm. Appendix 3-7 provides evidence of varying pressure
diffusivity in the McMurray Formation.

Wabiskaw: through the laterally continuous Wabiskaw C sand and the laterally
continuous Wabiskaw A sand.
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* Clearwater Fm: along silty sands and sands in the coarsening up parasequences above the
T31, T51 and T61 transgressive surfaces of erosion.

Appendix 3-8 includes full size versions of the example flow pathway assessments.
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Figure 3-1: Vertical Pathways.
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Figure 3-2: Horizontal Pathways.
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3.7. Caprock Criteria

The AER’s caprock definition specifies that only the Clearwater Formation, having a
minimum of 10 metres of clay-rich bedrock with a gamma-ray value greater than 75 API,
would be considered suitable to contain steam and heated reservoir fluids. Because the
prescribed Clearwater Formation is substantially eroded within a significant portion of the
shallow thermal area, an explicit application of this definition would prevent the
development of approximately 16 Billion bbls of high quality bitumen-in-place using current
technology. CAPP therefore recommends that the AER allow operators to use alternative
geological strata as the project caprock when it can be technically demonstrated the
alternative is equivalent to the Clearwater shale described in RC 02.

CAPP notes there are a number of factors that contribute to an effective caprock, but
generally believes that if it can be demonstrated that an alternative formation has sufficient
low permeability, high integrity, and lateral continuity to contain steam and heated reservoir
fluids, it should be acceptable to the AER.

In Appendix 3-9, CAPP provides an example from Cold Lake that illustrates how less than
10 metres of the Clearwater Formation provided effective containment of high pressure
steam and heated reservoir fluids. This example is only intended to highlight the site-specific
and complex nature of geological formations and to provide support to the recommendation
to consider alternative caprocks.

3.8. Alternative Caprock Demonstration

CAPP accepts that a project proposing an alternative caprock would be more complex than
one using a Clearwater shale. CAPP therefore accepts that the AER would require an
applicant to undertake additional technical investigation, evaluation and data acquisition to
demonstrate the alternative caprock’s equivalent capability to contain steam and heated
reservoir fluids. The following discussion presents an example of the type of work an
applicant could undertake to demonstrate the seal potential of an alternative caprock. The
example is based on laboratory and field work conducted by Cenovus for Borealis Ridge
(Appendix 3-10) where the Quaternary demonstrates the potential to perform effectively in a
SAGD environment using the three parameters of seal capacity, seal integrity, and seal
geometry as noted in Kaldi and Atkinson’s Seal Potential of the Talang Akar Formation,
BZZ Area, Offshore NW Java, Indonesia (Oct 1993).

Seal Capacity: Caprock seal capacity can be defined by permeability resistance to buoyancy
of underlying fluid and gas, and to pressure transmission. An alternative caprock must
demonstrate its ability to be as impermeable to gasses and steam as the Clearwater Shale over
all potential operating conditions that may be encountered. These operating conditions will
be specific to the recovery process, operating philosophy, and site conditions of the particular
development. At Borealis Ridge, hydraulic isolation has been demonstrated between the
McMurray Formation and the overlying Quaternary Till. A sharp change in the pressure-vs.-
depth profile (Figure 3-3) above and below the Quaternary Till indicates the Till Unit is an
effective barrier to flow. Radiocarbon age dating of groundwater samples have a difference






of ~9,000 years above and below the Quaternary Till, which suggests a low vertical
infiltration rate across the Quaternary Till. Additionally, an air injection test in the
McMurray Formation in 2012 demonstrated containment as observed in the vertical seismic
profile (VSP) (Figure 3-4). High temperature permeability testing of the Quaternary Till has
been measured to be 0.00003 md, which is comparable to the Clearwater Shale.

Seal Integrity: Caprocks demonstrate seal integrity when they exhibit the geomechanical
properties necessary to contain induced stresses from operations and do not transmit pressure
through the mechanical discontinuities such as faults, fractures or joints. An alternative
caprock must demonstrate these same properties, which can be represented by minimum in-
situ stresses, adequate Young’s Modulus and Poisson’s ratio. At Borealis Ridge, a minimum
in-situ stress of up to 24.3 kPa/m has been observed along with High Temperature Tri-axial
strain tests favorable to thermal operations.
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Figure 3-3: Pressure-vs.-Depth Profile at Borealis Ridge test area demonstrating Hydraulic Isolation of the
Quaternary Till.
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Figure 3-4: VSP results of the air injection test at Borealis Ridge at 0, 6, 12, 18 hours and 7 months. The VSP
included a multi-azimuth, multi-hour borehole seismic dataset with 35 receivers at 4 m spacing
from 5 m to 143 m TVD, and a source located 100 m south of the test well. The air bubble is
clearly imaged and shows no vertical displacement in the data after 7 months.

Seal Geometry: The seal geometry of a caprock is defined by the lateral and vertical extent
of the caprock (stratigraphy and erosion). A caprock must demonstrate lateral continuity
over a pad, development area, and the region of influence affected by SAGD operations. A
caprock must also demonstrate sufficient homogeneity such that the parameters for Seal
Capacity and Integrity remain consistent over the affected area. The Quaternary deposits in
the Borealis Ridge test area have been divided into map-able units based on log signatures,
correlation of well logs (Figure 3-5), and ties to seismic. These units are dominantly
comprised of fine-grained glacial till material with significant clay content. Isopach maps
over the test area show a gross thickness of 49 to 140 metres for the combined till units.

The complexity of alternative caprocks may require additional data acquisition in order to
predict facies and map lateral continuity on a larger scale. At Borealis Ridge, the potential
for improved interpretation and confidence in the lateral continuity of a caprock unit may be
achieved through augmented data collection, such as seismic acquisition parameters targeting
the Quaternary horizons. Moreover, increased data collection will aid in identifying potential
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mechanical discontinuities in the Clearwater Shale or an equivalent caprock unit, and assist
in establishing adequate offsets from any mechanical discontinuity.

Testing of an alternative caprock must be completed to demonstrate seal capacity, integrity
and geometry at pressures and temperatures reflective of the project-specific operating
conditions. This analysis should include both lab based testing for specific parameters, as
well as field based testing to further validate a formation’s ability to be considered a caprock

prior to commercial operations.

Table 3-3 summarizes the comparison of the Borealis Ridge alternative caprock to the

Clearwater Shale.

uaternary Till

Clearwater Shale ((]230realis R)1, dge)
Adequate Thickness >10m 49-140m
Laterally Continuous Yes Laterally continuous over test area
Gamma Ray cut-off >75 API Specific to mineralogy (?)
Hydraulic Isolation Demonstrated Demonstrated
Minimum In-situ Stress 21.5 kPa/m 24.3 kPa/m
High Temperature 0.00001 md 0.00003 md
Permeability
HT Tri-Axial Strain test Yes Yes

indicative of a competent

caprock

Table 3-3: Demonstration of a Clearwater Equivalent Alternative Caprock.
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Figure 3-5: Cross-section demonstrating Quaternary Till units at Borealis Ridge Air Injection test area. Note
the observation wells adjacent to 2-27 Test Well to monitor pressure in uphole horizons.

3.9. Caprock Resiliency

CAPP notes that Clearwater caprock can, in some cases, be resilient and exhibit performance
that would not be expected given the results of prior geomechanical testing.

This behavior was observed in a Texaco pilot that operated near Fort McMurray in the
shallow thermal area back in the 1970s. Mini Frac testing for a recent Alberta Oil Sands
project application near the Texaco pilot site determined the Clearwater fracture closure
gradient to be 13.8 kPa/m. The base of the Clearwater shale at the pilot is approximately 68m
TVD. Using this data and the current AER MOP formula would yield a project MOP of
about 750 kPa. The Texaco pilot actually operated at wellhead injections pressure of greater
than 2000 kPa for almost seven years without incident until operations were terminated due
to a wellbore failure which resulted in a steam flow to surface. The fact that this pilot
operated at pressures in excess of two times the MOP for extended periods demonstrates the
potential resilience of the Clearwater shale and provides some context to assess the degree of
conservatism in current risk management approaches.

CAPP has also used the circumstances of this Texaco pilot to demonstrate the value of the
proposed risk management based approach and in particular the flow pathway assessment





24

proposed in Section 3.6.2 of this submission. That assessment is summarized in Figure 3-6
and depicts the mechanism of the release to surface.

CAPP believes that had the proposed risk management assessment and a flow pathway
assessment been completed with the original pilot application, this event would have been
better managed mitigating the impacts of the release. Following are some of the important
conclusions that would have been identified had the assessments been completed:

Recognition of the proximity of the project relative to the Salt Dissolution Edge
Recognition of the need to identify all wellbores as a potential vertical flow path,
Recognition that the Quaternary Channel was a potential horizontal flow path,
Acknowledgement of potential increased risks associated with the borrow pit
which was excavated into the Quaternary Channel,

Identification of the need to monitor the Quaternary Channel to detect changes in
baseline pressure and temperature, and

MOP calculation using topography vs KB datum would have taken into account
the borrow pit, which was the host of the primary release.

A summary of the Texaco pilot incident is included in Appendix 3-11.

Figure 3-6: Texaco flow pathway assessment.
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RC 03 — Development of MOP Formula
4.1. Recommendations

e The regulatory process should allow the applicant to identify a specific area within which
a particular Maximum Operating Pressure (MOP) will apply (MOP Area).
o MOP Area will be flexible and could range from a well pattern (minimum) to an
entire project area (maximum).
o Applicants will be required to provide a technically supported operational strategy
that is consistent with the requested MOP Area.
e The MOP for a corresponding MOP Area would be determined using the formula:

MOP (bottomhole) = 0.8 * Caprock Fracture Closure Gradient * Depth of Shallowest Base of Caprock

o Where Caprock Fracture Closure Gradient is based on the most representative
(not necessarily the lowest) gradient for the corresponding MOP Area.

o Where Depth of Shallowest Base of Caprock is based on the shallowest base of
caprock depth within the corresponding MOP Area and surface topography is
considered.

e The AER should acknowledge that a more conservative Safety Factor (i.e. less than 0.8)
is a potential risk mitigation tool (depending on the site specific risk evaluation of the
caprock criteria, assessed failure modes, and risk receptors).

e Industry and the AER should immediately undertake to develop a public database of raw
and interpreted fracture closure gradient data to support identification of “representative”
fracture closure gradients and assist in reducing the uncertainty associated with MOP
formula inputs.

e The regulatory process should acknowledge that it may be appropriate for the Regulator
to allow, with conditions, the calculated MOP to be exceeded during certain operations
(e.g. drilling, circulation, and dilation start up).

4.2. MOP Formula

The AER suggested approach to calculate the MOP is simple and easy to implement for both
industry and the AER and it encompasses simple concepts that are both meaningful and
relevant to stakeholders: the value of the pressure at which the caprock could be expected to
fail, the depth of caprock at which that pressure applies and a safety factor which is
somewhat arbitrary, but appropriately conservative. Industry supports the adoption of the
AER MOP formula subject to the recommendations and clarifications outlined in Sections
4.3 and 4.4.

4.3. MOP Area

CAPP recommends that the regulatory process allow applicants to identify a specific area
within which a particular MOP will apply (MOP Area). The size of an MOP Area will be
flexible and could range from a well pattern (minimum) to an entire project area (maximum).
This flexibility will enable applicants to tailor the project design and operational strategy to
account for and mitigate the risks identified in the site-specific risk management assessment
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conducted for their proposed project. CAPP recognizes that with this flexibility the AER will
need to require applicants to provide the technical justification to support the chosen MOP
Area, the project design and the operating strategy. This additional information will vary in
complexity and it must address risk receptors and consequences that were identified during
the risk management assessment.

4.4. MOP Formula Inputs
4.4.1. Safety Factor

CAPP believes there may be cases where a more conservative MOP safety factor may be a
reasonable mitigation strategy to reduce the risk of project, enable the AER to issue an
approval, and allow operations to proceed. To accommodate such circumstances, CAPP
recommends that the AER formally acknowledge that a more conservative Safety Factor (i.e.
less than 0.8) is a potential risk mitigation tool (depending on the site specific risk evaluation
of the caprock criteria, assessed failure modes, and risk receptors).

4.4.2. Caprock Fracture Closure Gradient (FCG)

The pressure at which the caprock will fail is most commonly estimated by the in situ
injection tests, where a reasonable amount of fluid (water) is injected into the caprock
formation to fracture the formation, propagate a fracture and let the fracture close once the
fluid injection is shut in. The pressure fall-off data is then analyzed to determine the value at
which a closure is observed.

Inherently, there are uncertainties in the entire methodology of estimating the fracture closure
pressure. From an operational standpoint, there could be circumstances in which the fracture

is not open in the formation or worse, a fracture is not created at all. The volumes and rates at
which the fluid is injected may play a significant role in both creating and opening a fracture.

After the test is completed there are several analyses applied to the resulting pressure fall-off
curves. These techniques are designed to determine the moment at which the fracture has
closed, by identifying an obvious change in fluid flow regime and corresponding pressure at
which the change in fluid flow has occurred.

There is sensitivity in the processes described above which can easily lead to erroneous
measurements and interpretations. If the AER only accepts the minimum value for fracture
closure gradient (FCG) for a project, there is a significant probability that the minimum value
could be a result of operation/interpretation error. It is important to note that errors are not
biased in a particular direction and could lead to MOPs that could be either too high or overly
conservative.

Appendix 4-1 provides evidence of differing FCGs within a localized area (2 kPa/m
difference within 554 metres). This data confirms that operators need to ensure they have a
good understanding of the local geology and spatial stress variability and that using the
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minimum or a single FCG for a project area does not necessarily lead to the safest and most
responsible operations.

As an alternative to using the lowest valid FCG, applicants should be allowed to identify and
justify a ‘representative’ value for the project that allows for the elimination of spurious
outlier(s) in the FCG dataset. The ‘representative’ value for the project could be obtained by
analyzing the dataset existing over the MOP Area and also be compared, recognizing
relevant geological complexities, with a regional database and map. CAPP maintains there is
a wealth of data submitted to the AER and developing a robust, working dataset that provides
the spatial distribution of FCG values would greatly benefit the industry and the AER and
advance the understanding of FCG data in the oil sands region.

4.4.3. Depth of Shallowest Base of Caprock

The AER requires that applicants use the shallowest base of the caprock within the entire a
project to calculate MOP. Some large projects can see considerable variation in the thickness
and/or true vertical depth of the caprock which can result in a very conservative calculated
base of the caprock for MOP determination for some parts of the project.

An illustrative example:
15 Sections: Base of caprock = 135 m TVD; FCG = 20.5 kPa/m; MOP = 2.214 MPa
3 Sections: Base of caprock = 125 m TVD; FCG = 20.5 kPa/m; MOP = 2.050 MPa

Applying the shallowest caprock base to the entire project reduces the MOP for 15 Sections of
the project by ~ 200 kPa.

Based on this simple example, CAPP recommends that the Depth of Shallowest Base of
Caprock be based on the shallowest base of caprock depth within the corresponding MOP
area described in Section 4.3.

CAPP also recommends that the AER require local topography to be considered when
determining the base of caprock. CAPP notes that if the depth is measured from the Kelly
Bushing of a well, there is risk that the depth is not reflective of actual field conditions and
could therefore be either too shallow or too deep. The AER should require applicants to
conduct a thorough topographic evaluation to ensure that surface features are appropriately
considered in depth calculations for the corresponding MOP formula. Operators also need to
be cautious about future changes to depth due to excavations.

4.5. Uncertainty Reduction

CAPP understands that geomechanical testing and interpretation can potentially have a
significant impact on the determination of the MOP for shallow SAGD projects. Therefore,
compiling and improving access to this information will clearly support Regulator and
industry efforts to improve the design and management of shallow SAGD developments. On
this basis, CAPP recommends that the AER and industry immediately begin collaborating to
renew past efforts to develop a database of FCG information.
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This proposed FCG database could be used as the primary source of regional and sub-
regional data that would aid in identifying both representative and spurious FCG values
leading to an overall improvement in the determination of MOPs. CAPP notes that the
AER’s previous initiative to collect the raw geomechanical data and associated supporting
analysis for FCG determination was well positioned to support the development of this
database. The AER’s draft Directive “Diagnostic Fracture Injection Test Submission and
Content Requirements” which set out submission and content requirements for diagnostic
fracture injection tests represents an important first step toward reducing uncertainty in the
determination of FCGs used in the MOP formula. CAPP suggests that finalizing and
implementing this draft Directive would be a useful focal point for early collaboration on
development of a database.

4.6. Early SAGD MOP

Use of the current MOP formula can limit operator flexibility during start-up and/or early
SAGD life potentially leading to reduced steam injectivity in situations where initial
reservoir pressures are high, geological heterogeneities are present or reservoir permeability
is low. Initial steaming of wells under these conditions may decrease steam chamber
conformance along the wellbore and increase the risk of steam coning both of which
negatively affect the long term operability of the wells and ultimate recoveries.

The following difficulties have been experienced with lower operating pressures during the
operational phases noted below:
e Circulation and Early SAGD
o Poor to no injectivity
o Higher reservoir withdrawal is often required to mitigate injectivity problems and has
resulted in steam coning and liner failures
e SAGD Conversion
o Slow chamber development
o Repeated unsuccessful conversion attempts have impacted reservoir dynamics and
steam chamber conformance
e Well Ramp-Up
o Difficulty lifting fluids resulting in steam chamber flooding
o Increased formation of hot zones requiring the flow to be choked
o Increased convection through localized higher permeability zones between injector
and producer
e Stable SAGD Operations
o Increased steam coning before the steam chamber fully develops (particularly where
there are delays in SAGD conversion)

Operating at higher pressures (marginally greater than calculated using the AER MOP
formula) during early phases of the SAGD operation has been shown to be safe and beneficial
for managing the problems noted above. CAPP therefore recommends that the AER formally
acknowledge that it may be appropriate for the Regulator to allow, with conditions, the
calculated MOP to be exceeded during certain operations. Applications for temporary
increases should be supported by the risk management assessment.
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RC 04 - Limitations of Geomechanical Modelling
5.1. Recommendations

e Geomechanical modelling should be required for all applications in the shallow thermal
area.

o The complexity of the modelling should be proportional to complexity of the
proposed development and its associated risks.

o The AER should not specify the underburden thickness used in modelling and
should instead assess the adequacy of the applicant’s modelling efforts on a case
by case basis.

e Geomechanical modelling should be updated during project operations at a frequency
agreed upon by the applicant and the AER.

o Updated modelling should incorporate the results of the project’s monitoring
program.

5.2. Overview

As noted in RC 04, the AER’s MOP formula only addresses tensile failure, and a caprock can
also fail in shear mode due to steam injection. In addition, the MOP formula does not
consider the behavior of the caprock as a result of the following:

e thermal effects,

uplifting,

permeability enhancement due to shear,

combination of shear and tensile failure, and

stress and pore pressure transfer.

CAPP agrees with the AER that modelling has an important role to play in the evaluation of
SAGD projects in the shallow thermal area, and that it should be used to compliment the
AER’s MOP formula. Geomechanical modelling is a beneficial tool that can be used to
assess the complexities associated with a SAGD project.

CAPP notes that each project has site-specific risks and features that will contribute to the
how reservoir containment will be impacted. Therefore, CAPP does not support the
application of a single, regulated approach to geomechanical modelling. Instead, applicants
should determine the complexity of the modelling required to support the risk management
assessment of their project, having regard for local geological complexity, site specific risks,
and the specific project design and operational strategies. The AER would assess the validity
of the modelling as part of the application review. CAPP recognizes this means that
applicants are assuming responsibility for any application delays that result from inadequate
modelling.

CAPP further recommends that the AER not direct that a specific commercial product be
used to conduct geomechanical modelling. CAPP recognizes that it is unrealistic to expect
the AER to purchase and maintain expertise on all modelling software, however, we also
believe that it is unnecessary to limit industry use of available modelling tools. CAPP
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therefore believes the AER should allow applicants to choose a modelling tool appropriate
for their development proposal and demonstrate the validity of the model to the AER. If the
AER requires additional information on assumptions and detail used in the development of
the model, they could work with the company on a case by case basis to satisfy any concerns.

CAPP also recommends that the AER require operators to update its geomechanical
modelling during project operations at a frequency agreed upon by the applicant and the
AER. CAPP believes that regularly updating project models based on the results of
monitoring programs, can greatly improve the reliability and accuracy of any model. This
ongoing review can further contribute to ensuring that actual project performance is aligned
with the predictions used to approve the original application. If the operations are not found
to be in alignment with predictions, further investigation would be required to assess the need
for project changes to ensure safe conditions are maintained.
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RC 05 — Monitoring Reservoir Containment

6.1. Recommendations

e Future regulatory requirements for project monitoring should not be based solely on the
RC-05 report.

e Applicants should be required to include a suitable monitoring program that is based on
project-specific risks and compliments the identified flow pathway assessment, caprock
characteristics and geomechanical modelling conducted in support of the application.

o Future monitoring results should be used to test assumptions and validate/improve
modelling predictions.

6.2. Monitoring

Active monitoring during shallow SAGD operations is a critical component necessary to
ensure safe operations at all stages in the life of the development. It can provide numerous
benefits but in most cases a number of different technologies, in combination are required to
achieve those benefits.

RC 05 largely focuses on the evaluation of individual monitoring technologies for the
purpose of providing advance warning or the alarming of a reservoir containment event.
CAPP agrees with the AER’s position that there are challenges with reliably detecting the
movement of steam and heated reservoir fluids everywhere within the sub-surface geology
and in real time. Further, CAPP does not believe that monitoring can be used as a tool to
justify an elevated MOP (beyond the minimum 0.8 safety factor). However, CAPP does
recommend that the AER acknowledge and accept that an appropriately designed monitoring
program can be an effective tool for managing the residual risk profile of shallow SAGD
operations in certain situations.

Given CAPP is not requesting the use of monitoring to justify an increase in project MOPs
and the limited focus of the RC 05 report, it is recommended that future regulatory
requirements for project monitoring not be based solely on the content of RC 05.

CAPP believes the benefits of monitoring are only achieved when a number of monitoring
technologies are used in combination. Appendix 5-1 provides a case specific example of
how an applicant might go through the design of a multi-faceted monitoring program having
regard for the site-specific conditions of their development. This program in this example is
constructed using the Texaco pilot and demonstrated the role monitoring could have played
in a more timely detection of the event.

CAPP recommends that the AER require all shallow SAGD applicants to develop a suitable,
site-specific monitoring program based on project-specific risks and that compliments the
geomechanical modelling conducted in support of the application.





32

While monitoring alone may not be able to reduce the probability of a loss of containment
event, it is definitely a tool that will inform the operator so mitigations can be taken to reduce
the consequence of such an event. It can provide early warning of a potential or active
abnormal operating condition and will enable operators to intervene with mitigating actions
in a more timely fashion. As noted with the Texaco pilot, if a suitable and properly designed
monitoring network was present it would have provided a number of opportunities to take
actions that could have lowered the consequence and duration of the event.

As CAPP has noted previously in this submission, when a project moves in to operations, the
monitoring data collected should be used to validate the predictions that were derived from
the geomechanical modelling and to calibrate and update the model as appropriate. This
improves an operator’s understanding of reservoir behavior and scheme performance and
will lead to improved inputs and assumptions for future geomechanical modelling.





7. Summary of Recommendations

Use of a Risk Management Approach:

The AER should formally adopt a risk management based approach for evaluating and

making decisions on project proposals within the shallow thermal area.

o The risk based regulatory approach should accept and encourage the use of a variety
of technically supported approaches (e.g. timing of development, project scale,
development buffers, operating pressure, injection fluid type and volumes, modelling,
and monitoring) to reduce residual project risks and ensure safe and responsible
operations.

The AER should more formally recognize and support the use of appropriate scale

operations to advance the understanding of caprock behavior, transmission pathways,

injection operations and associated project risks in a shallow geological environment.

RC 02 Recommendations:

The AER should formally adopt the proposed regional geological cross sections for the
shallow area as per the Appendix 3-1 of this submission.
The AER should revise the shallow thermal area boundary as per the Appendix 3-2 of
this submission.
The AER and Alberta Energy should ensure sufficient legislative and regulatory
flexibility exists for drilling operations so that applicants can adequately demonstrate the
Pre Cretaceous stratigraphy without trespass.
The regulatory process should allow the use of alternatives to 3D seismic when such
imaging techniques can be shown to provide equivalent or adequate resolution of the
geometry and integrity of the caprock.
The regulatory process should require applicants to provide a comprehensive project risk
assessment that includes the following:
o A comprehensive, site specific geological assessment that is proportional to the risk
and complexity of the geological environment within that project.
o A flow pathway assessment that identifies those pathways requiring mitigation
through project design
= All mechanisms by which the cap rock and overburden can respond to injection
operations must be considered (surface and subsurface release, surface heave, and
subsurface transfer of pore pressure and geomechanical stress).
= All potential receptors within the region of influence for that mechanism must be
considered
= All potential consequences relevant to each receptor must be considered.
o Stakeholder notification activities must be aligned with the receptors identified in the
flow pathway assessment.
The regulatory process should allow applicants to use alternative geological strata as the
project caprock when it can be technically demonstrated an alternative caprock is
equivalent to the Clearwater shale described in RC 02.

RC 03 Recommendations:
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The regulatory process should allow the applicant to identify a specific area within which
a particular Maximum Operating Pressure (MOP) will apply (MOP Area).
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o MOP Area will be flexible and could range from a well pattern (minimum) to an
entire project area (maximum).

o Applicants will be required to provide a technically supported operational strategy
that is consistent with the requested MOP Area.

The MOP for a corresponding MOP Area would be determined using the formula:

MOP (bottomhole) = 0.8 * Caprock Fracture Closure Gradient * Depth of
Shallowest Base of Caprock

o Where Caprock Fracture Closure Gradient is based on the most representative (not
necessarily the lowest) gradient for the corresponding MOP Area.

o Where Depth of Shallowest Base of Caprock is based on the shallowest base of
caprock depth within the corresponding MOP Area and surface topography is
considered.

The AER should acknowledge that a more conservative Safety Factor (i.e. less than 0.8)

is a potential risk mitigation tool (depending on the site specific risk evaluation of the

caprock criteria, assessed failure modes, and risk receptors).

Industry and the AER should immediately undertake to develop a public database of raw

and interpreted fracture closure gradient data to support identification of “representative”

fracture closure gradients and assist in reducing the uncertainty associated with MOP
formula inputs.

The regulatory process should acknowledge that it may be appropriate for the Regulator

to allow, with conditions, the calculated MOP to be exceeded during certain operations

(e.g. drilling, circulation, dilation start up).

RC 04 Recommendations:

Geomechanical modelling should be required for all applications in the shallow thermal

area.

o The complexity of the modelling should be proportional to complexity of the
proposed development and its associated risks.

o The AER should not specify the underburden thickness used in modelling and should
instead assess the adequacy of the applicant’s modelling efforts on a case by case
basis.

Geomechanical modelling should be updated during project operations at a frequency

agreed upon by the applicant and the AER.

o Updated modelling should incorporate the results of the project’s monitoring
program.

RC 05 Recommendations:

Future regulatory requirements should not be based solely on the RC-05 report.

Applicants should be required to include a suitable monitoring program that is based on

project-specific risks and compliments the identified flow pathway assessment, caprock

characteristics and geomechanical modelling conducted in support of the application.

o Future monitoring results should be used to test assumptions and validate/improve
modelling predictions.





Appendix 1-1: Completed AER Feedback Forms
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Alberta
Energy

Reservoir Containment Technical Reports Feedback Form
=g Regulator

The AER is requesting technical, evidence-based feedback on five technical reports. Fill in a separate feedback form for each technical report. Submit completed forms
by e-mail to reservoir.containment@aer.ca. Attach any supporting evidence.

Please indicate the technical report that this feedback relates to: RC 01-RC 05

To create a new row, place your cursor at the end of the text in the last box and hit tab.

Section and Rationale to support solution or
page number Issue Possible solution or recommendation recommendation

RC-01, “A caprock breach at shallow depths ~ The AER should formally adopt a risk By adopting a risk management
Section 1, poses a potential safety risk because a management based approach for evaluating and based approach for the evaluation
Page 1. likely consequence is a surface steam  making decisions on project proposals within the of projects in the shallow thermal

release...”

CAPP notes there are other potential
risks within the shallow thermal area
besides a release to surface. As a
result of the geological complexity
within the region, projects can have
substantially different risk profiles

and should be considered accordingly.

There are number of strategies that
can be used to alter the risk profile of
the project in addition to operating
pressure and they should all be used
in combination to ensure the safe and
responsible development of the oil
sands resource in the shallow area.

shallow thermal area.

The risk based regulatory approach should accept
and encourage the use of a variety of technically
supported approaches (e.g. timing of development,
project scale, development buffers, operating
pressure, injection fluid type and volumes,
modeling, and monitoring) to reduce residual
project risks and ensure safe and responsible
operations.

The AER should more formally recognize and
support the use of appropriate demonstration
projects to advance the understanding of caprock
behavior, injection operation, transmission
pathways, and associated project risks in a shallow
geological environment.

area the AER will be able to
ensure a more thorough evaluation
is conducted and that all project-
specific risks are appropriately
mitigated.

In cases where technical
uncertainties are creating
unacceptable risks for large-scale,
commercial projects, smaller
scale, field demonstrations could
be used to advance technical
understanding and reduce or
eliminate risk.

If only the MOP formula is used in
isolation to determine operating
pressure, there may be risks
present that are not mitigated
appropriately.

Alberta Energy Regulator Suite 1000, 250 — 5 Street SW, Calgary, Alberta T2P OR4 1 of 14





Alberta Energy Regulator

Section and
page number

Issue

Possible solution or recommendation

Rationale to support solution or
recommendation

Additionally, other hazards, such
as pressure diffusion, the transfer
of stress and pore pressure, and
heave can affect some receptors.

Including a project specific risk
management based approach to
build upon the existing regulatory
framework will allow the AER to
balance the risks presented with
development to amount of data
needed to support the project.

In addition, some projects that
may present challenges to move
forward with a project at a large
commercial scale could be proved
safe by conducting field pilots at a
smaller scale that would
demonstrate how the reservoir
and caprock would respond to
operations in the area.

RC-02, Page
1, Section 2,
Shallow
Thermal Area
Discussion.

“the Quaternary strata and the Grand
Rapids Formation do not contain
caprocks”

Reword to include “to date, the Quaternary strata
and the Grand Rapids Formation have not
demonstrated their capability as caprock as defined

below.”

If technical data supporting
currently unrecognized caprocks
can be provided, it should be
considered on a technical and risk
weighted basis.

Reservoir Containment Technical Reports Feedback Form 2 of 14





Alberta Energy Regulator

Section and Rationale to support solution or
page number Issue Possible solution or recommendation recommendation
RC-02, Page Caprock is required to “...be Reword to “be composed of clay-rich bedrock of RC-02 specifically “the
1, Section 3 b), composed of clay-rich bedrock of the = the Clearwater Formation (with a gamma-ray value Quaternary strata and the Grand
Shallow Clearwater Formation with a gamma-  greater than 75 API units) or a demonstrated Rapids Formation do not contain
Thermal Area  ray value greater than 75 API units” equivalent”. caprocks”. This conclusion is
Discussion. Evaluation of caprock should be based on: based on a lack of dajca that proves
these strata can function
e Caprock Seal Geometry . .
) effectively as a caprock. It is not
* Caprock Seal CapaC}ty based on actual data that
e (Caprock Seal Integrity demonstrates the strata cannot
function as a caprock. Industry
believes data exists and/or can be
compiled that supports the use of
non-Clearwater caprocks.
Limiting the definition of caprock
to only the Clearwater formation
may unnecessarily cause a
significant delay to the
development of a large oil sands
resource.
RC-02, Page The shallow thermal area is not The AER should revise the shallow thermal area Additional well data and mapping
1, Section 3.c,  consistent with criteria when boundary as per the Appendix to this submission. used by industry can be reviewed
Shallow compared with available industry with the AER.
Thermal Area  data.
page 7, fig 1
RC-02, Page Reference well log is not The AER should formally adopt the proposed Industry has provided
8,Figure 2 representative, has no publically regional geological cross sections for the shallow representative wells that reflect the

available core for reference, and lacks
regional and stratigraphic context.

area as per the Appendix to this submission.

stratigraphic variation across the
Shallow Thermal area and
identified the core and caprock
analysis available for these wells.
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Alberta Energy Regulator

Section and Rationale to support solution or

page number Issue Possible solution or recommendation recommendation

RC-02, Page Allow consideration of alternative Recommend AER amend wording to “3D seismic ~ Other applicable imaging

5, Section 6.4,  geophysical methods. or an equivalent imaging technique that can techniques are available and others

Shallow adequately demonstrate the geometry and integrity may become available that will

Thermal Area of the caprock be completed for all projects in meet the need for demonstrating

Discussion. shallow thermal area. geometry and integrity of caprock.
It would be reasonable to allow
the use of alternatives to 3D
seismic when such imaging
techniques can be shown to
provide equivalent or adequate
resolution of the geometry and
integrity of the caprock.

RC-02, Page To provide “structure and isopach The AER and Alberta Energy should ensure This will allow the evaluation of

5, Section maps of the Prairie Evaporite sufficient legislative and regulatory flexibility deeper formations to get a more

6.4.c, Shallow
Thermal Area
Discussion.

Formation, Paleozoic Era, Wabiskaw
Member, and Clearwater Formation;
would require trespass in most cases.

3

exists for drilling operations so that applicants can
adequately demonstrate the Pre Cretaceous
stratigraphy without trespass.

fulsome characterization and
maintain consistency within the
evaluation process. Operators
should be able to drill into the Pre
Cretaceous without concern or
limitation from Alberta Energy.
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Alberta Energy Regulator

Section and Rationale to support solution or
page number Issue Possible solution or recommendation recommendation
RC-02, Note: 1) Context of key geological features, The regulatory process should require applicants to

set back implications, evaluation provide a comprehensive project risk assessment

techniques and associated risks need  that includes the following:

to be considered at time of e A comprehensive, site specific geological

application. assessment that is proportional to the risk and

2) Requirement to identify vertical CQE@?:? of Fhe geological environment

and horizontal pathways/containment. within that project. ) )

. . e A flow pathway assessment that identifies
3) Notification of stakeholder should those pathways requiring mitigation through
be consistent with risk evaluation. project design

o All mechanisms by which the cap rock
and overburden can respond to injection
operations must be considered (surface
and subsurface release, surface heave, and
subsurface transfer of pore pressure and
geomechanical stress).

o All potential receptors within the region of
influence for that mechanism must be
considered

o All potential consequences relevant to that
receptor must be considered.

e Stakeholder notification activities must be
aligned with the receptors identified in the
flow pathway assessment.
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Alberta Energy Regulator

Section and Rationale to support solution or
page number Issue Possible solution or recommendation recommendation
RC-03, page2 The MOP formula is : The regulatory process should allow the applicant ~ CAPP is supportive of the use of

MOP pot0m note) = (Safety factor of 0.8)
x (Caprock fracture closure gradient)

x Depth(shallowest base of caprock)

to identify a specific area within which a particular
Maximum Operating Pressure (MOP) will apply
(MOP Area).

MOP Area will be flexible and could range
from a well pattern (minimum) to an entire
project area (maximum).

Applicants will be required to provide a
technically supported operational strategy that
is consistent with the requested MOP Area

The MOP for a corresponding MOP Area would
be determined using the formula:

MOP (bottomhole) = 0.8 * Caprock Fracture
Closure Gradient * Depth of Shallowest Base of
Caprock

Where Caprock Fracture Closure Gradient is
based on the most representative (not
necessarily the lowest) gradient for the
corresponding MOP area.

Where Depth of Shallowest Base of Caprock
is based on the shallowest base of caprock
depth within the corresponding MOP area and
surface topography is considered.

this formula for determination of
tensile failure provided that a risk
based management evaluation is
undertaken in addition to the
formula that is fitting with the
associated geological complexity
and risk receptors present at each
project and within the region of
influence potentially affected by
the project.

Large projects could have
considerable variation in the depth
of the base of caprock and should
be able to manage variations in
MOP throughout the project with
an appropriate, technically
supported operating strategy.

Inherently, there are uncertainties
in the entire methodology of
estimating the fracture closure
pressure which can easily lead to
erroneous measurements and
interpretations. Only accepting the
minimum value for FCG for a
project could mean using a value
that is a result of operation/
interpretation error. It is important
to note that errors are not biased in
a particular direction and could
lead to MOPs that could be either
too high or overly conservative. A
thorough analysis of a broader
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Alberta Energy Regulator

Section and
page number

Issue

Possible solution or recommendation

Rationale to support solution or
recommendation

range of available data should
produce a more representative
value on which to base project
designs.

Varying surface topography could
have a large impact on the
calculated depth and should be
considered in the evaluation
process; specifically lakes and
borrow pits.

RC 03, page2  “The MOP formula uses a safety The AER should acknowledge that a more There may be circumstances
factor of 0.8 to account for potential conservative Safety Factor (i.e. less than 0.8) is a where it is appropriate to use a
errors and uncertainties in estimating  potential risk mitigation tool (depending on the site  lower factor of safety based on the
the caprock fracture closure gradient.” specific risk evaluation of the caprock criteria, results of the site specific risk

assessed failure modes, and risk receptors). based evaluation.

RC03,page3 “The AER will use what it considers ~ Propose using “Representative” fracture closure

to be the lowest valid caprock fracture
closure gradient obtained from
representative diagnostic fracture
injection tests.”

There is uncertainty associated with
the determination of the fracture
closure gradient

- Collection and interpretation
of the data used to determine
the gradient

- The aerial distribution of
stress fields within the
caprock over the project area.

e Where Caprock Fracture Closure
Gradient is based on the most
representative (not necessarily the lowest)
gradient for the corresponding MOP area.

Industry and the AER should immediately begin
collaborating to develop a public database of raw
and interpreted fracture closure gradient data to
support identification of “representative” fracture
closure gradients and assist in reducing the
uncertainty associated with MOP formula inputs.

gradient requires the operator to
understand both the geological and
geomechanical characteristic of
the proposed project.

This is not necessary the lowest
value of the fracture closure
gradient.

More measurements may be
required in more complex
locations and an operator may
require information from off-
setting leases, whether or not the
data exists.

Operators should be able to
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Alberta Energy Regulator

Section and
page number

Issue

Possible solution or recommendation

Rationale to support solution or
recommendation

provide their argument for a
representative fracture gradient,
which may vary spatially, and be
able to address data outliers.

Creating a public database would
be very useful to allow data
collection and interpretation
methods being readily available to
the AER, industry and the public.

RC 03, page 4

The AER’s proposed MOP formula
applies to all phases of SAGD
operation, which may hinder or
preclude some SAGD operational
needs.

Use of the MOP formula during start-
up or early life will be difficult to
manage in certain situations.

The regulatory process should acknowledge that it
may be appropriate for the Regulator to permit,
with conditions, the calculated MOP to be
exceeded during certain operations (e.g. drilling,
circulation, dilation start up).

During certain phases or
operations, pressures higher than
allowed by the proposed the MOP
formula may be required for
efficient start-up and production
lifting operations, or to establish
communication with the reservoir.

The MOP formula will result in
reduced steam injectivity in some
situations (shallow areas where
initial reservoir pressures and
geological heterogeneities are
high). Steaming wells in these
conditions may decrease steam
chamber conformance along the
wellbore increasing the risk of
steam coning. These conditions
may affect the long term
operability of the wells and impact
ultimate recoveries.
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Alberta Energy Regulator

Section and Rationale to support solution or
page number Issue Possible solution or recommendation recommendation
RC-03, page 3  AER notes the MOP should be CAPP supports the calculation of MOP at the Varying surface topography could
calculated at the shallowest base of shallowest base of caprock in the applied for MOP  have a large impact on the
the caprock. area. calculated depth and should be
CAPP wants to ensure surface topography is considered 1n.the cvaluation
. . . process; specifically lakes and
considered in the evaluation. .
borrow pits.
RC-04, The AER proposes asking operators Geomechanical modelling should be required for Modelling is beneficial as it
Section 1, to assess the potential for shear failure all applications in the shallow thermal area. delivers an assessment of the
page 1 and using geomechanical modeling. Geomechanical modelling should be updated following:
Section 6, . . .
2 during project operations at a frequency agreed e Thermal effects,
page upon by the applicant and the AER. e Lifting,
Updated modelling should incorporate the results ~ ®  Permeability enhancement,
of the project’s monitoring program. ¢  Combining shear and tensile
failures,

e Stress and pore pressure
transfer within region of
influence, and

e Comparison of predictions to
actual field measurement

RC-04, “The majority of geomechanical The complexity of the modelling should be The report describes the state of
Section 4.1, modelling studies submitted to the proportional to complexity of the proposed the art of [continuum]
page 3 AER to address caprock integrity development and its associated risks. geomechanical modeling, although

issues have used either GEOSIM or
ABAQUS.”

the discussion is limited to two
software tools; other commercial
(e.g., STARS+FLAC or STARS-
Geomechanics Module) and
proprietary models are used by
members as well.

The AER should accept the use of
any suitable geomechanical
modelling software or advanced
simulation techniques and focus
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Alberta Energy Regulator

Section and
page number

Issue

Possible solution or recommendation

Rationale to support solution or
recommendation

on judging the adequacy of the
applicant’s modelling efforts and
results.

RC-04, To accurately determine an MOP for ~ The complexity of the modelling should be The level of rigor required for a

Section 4.1, shallow SAGD schemes, a complete proportional to complexity of the proposed risk assessment is determined by

page 3 2-way coupling method is important.  development and its associated risks. the severity of the potential harm
to receptors (i.e., the severity of
consequence), the complexity of
the geological, geomechanical and
hydrological setting of the project
and the scenario being assessed.
Complete 2-way coupled models
might not be necessary.

RC-04, “c) The bottom boundary is a roller The AER should not specify the underburden The requirement to model the

Section 4.2, boundary, but there must be some thickness used in modelling and should instead underburden to 4-5 times the

page 5 reasonable thickness of the assess the adequacy of the applicant’s modelling SAGD zone thickness is

underlying strata in order to make
sure that the boundary proximity is
not affecting the results. The
thickness of the underburden should
be 4-5 times the thickness of the
SAGD zone”.

efforts on a case by case basis.

problematic as this potentially
represents 50 to about 200 metres
of underburden , which in some
cases does not exist. Currently
there is limited data in Pre
Cretaceous horizons and
acquisition requires approval from
Alberta Energy since operators
generally do not have rights below
the McMurray Fm.

The factor of 4-5 times comes
from tunnel and foundation
design, but in reality the issue is a
function of different stiffness
ratios between the reservoir and
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Alberta Energy Regulator

Section and
page number

Issue

Possible solution or recommendation

Rationale to support solution or
recommendation

underburden. For stiffer
underburden, the thickness of the
underburden that needs to be
included in the model is
significantly less. Modelling a
few metres may be enough for
hard underburden such as
Devonian but this needs more
study.

RC-05,
General
Comments

Deformation measurements seem to
be the preferred monitoring methods
described in RC-05.

Future regulatory requirements should not be
based soley on the RC-05 report.

Applicants should be required to include a suitable
monitoring program that is based on project-
specific risks and compliments the identified flow
pathway assessment, caprock characteristics and
the geomechanical modelling conducted in support
of the application. Future monitoring results
should be used to test assumptions and
validate/improve modelling predictions.

While the information in RC-05
provides an overview of different
monitoring methods, it does not
recognize the benefits when a
combination of monitoring
methods are used that are designed
in a fit for purpose application for
a given project’s assessed risk
receptors.

Reservoir Containment Technical Reports Feedback Form
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Alberta Energy Regulator

Section and Rationale to support solution or
page number Issue Possible solution or recommendation recommendation
RC-05, Near-  RC-05 states that “... 150-200 sites Tilt meters may be practical for small scale The higher cost and footprint
Surface Tilt per square kilometer will be needed.”  developments (1-2 km?) or in localized areas of a required to implement this
Measurements, According to Pinnacle (Halliburton larger development, but are not currently practical ~ technology would likely make it
page 53 Data Sheet H08451) a tilt meter for full field deformation monitoring of shallow impractical for use at a full field

density of 1/3 the shallowest SAGD projects. scale at a commercial project

subsiding depth would be required to (generally larger then 4-5 km?)

optimally resolve the deformation.

For Shallow SAGD projects this

would require approximately 400

sites per square kilometer. This

degree of density could make the use

of tilt meters impractical for large

developments in shallow reservoirs.
RC-05, Relatively short operational range This approach may be an appropriate technology Working range is estimated to be
Ground Based makes Ground Based InSAR in areas with minimal vegetation however most of  approximately 4 km in line of site
Interferometric  challenging to implement in large the shallow SAGD projects would require (as per Alberta Geological Survey.
Synthetic development areas in the Athabasca. additional clearing to increase site lines and data 2013. Ground-Based InSAR on
Aperture quality. Turtle Mountain). For large

Radar, page 59

developments continuous line of
site would be difficult to achieve
and would require additional

footprint disturbance at a project.

Reservoir Containment Technical Reports Feedback Form
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Alberta Energy Regulator

Section and Rationale to support solution or
page number Issue Possible solution or recommendation recommendation
RC-05, RC-05 states that differential GPS can D-GPS is another technology that could be used to  Surface heave is generally a slow
Differential “give the difference in elevation to gather valuable vertical deformation data; however and gradual process (20-50 mm a
GPS precisions on the order of 10 the relatively low precision of the technology may  year). If a subsurface deformation
Approaches, millimeters (better if the sites are make D-GPS inappropriate for alarming event was to occur, it may induce
page 55 guaranteed to be stably anchored at applications. a surface deformation that is
shallow depths). The coarse precision below the precision of the D-GPS
of D-GPS would make deformation and therefore could not be
alarming challenging. properly resolved/detected. The
precision would also increase the
likelihood of false alarms if this
technology was used for that
purpose.
RC-05, Monitoring as described in RC-05 is Monitoring is essential to validate engineering and CAPP agrees with the RC-05
Section 1.1 generally described as not suitable for  geomechanical predictions. (Ref RC-05 page 15). observation that monitoring is
“Reasons for alarm use. This validation step is often missing in current conducted for a variety of
Monitoring”, monitoring and surveillance efforts. That purposes beyond alarms for

pages 1 and 2

validation can be useful to increase confidence in
predictions and reduce operational risk.

Future monitoring results should be used to test
assumptions and validate/improve modelling
predictions.

incipient loss of containment.

Monitoring has multiple benefits
and could potentially be used to
take action to reduce the
magnitude of the potential loss of
containment event.

Monitoring data when tailored to a
site specific site can show trends
and be used to determine if
operations are responding as
predicted in models conducted
before operations commence.
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Alberta Energy Regulator

Section and Rationale to support solution or
page number Issue Possible solution or recommendation recommendation
RC-05, Reliability of models used for heave Heave inversion may be a fast and good estimation  Further work would be required to
Section 5 inversion. method, but it does rely on many assumptions that  extend heave inversion technology
“Conclusions”, can affect accuracy (e.g., the rock deformations are  to extend its validity.
page 68 only described in the elastic region and the rock is

homogenous).
RC-05, Ground water pressure and Industry has widely adopted ground water pressure A broader recognition of

Section 2.3.1
“Are cap rock
and

overburden P
&T

temperature monitor has been
dismissed in RC-05 as ineffective in
alarming an imminent loss in
reservoir containment. The premise of
RC-05 is that the monitoring is

and temperature monitor in sands both in and
above the defined Clearwater cap rock. These
monitored sands can exhibit excellent lateral
continuity as well as wide range of permeability.
These sands are beneficial in telegraphing a loss of

Monitoring to have the capability
to show deviations from normal
operations and allow operator
control over the system to manage
operations as necessary needs to

Measurements conducted in the silts and shales are fluid containment from beneath the Clearwater. be incorporated.

useful for contained in the Clearwater caprock

alarms?”, as defined by the AER.

pages 15-19

RC-05, RC-05 dismisses the use of “Chamber Some industry participants have adopted some A broader recognition of

Section 2.3.2,  Injection Rates and Pressures” as form of monitoring “Chamber Injection Rates and =~ Monitoring to have the capability
page 19 ineffective in alarming an imminent Pressures” to detect loss of containment from the to show deviations from normal

loss in reservoir containment.

reservoir. It is recognized this technique becomes
more difficult to use as steam chambers grow and
coalesce with neighboring chambers and the
system compressibility increases. This monitoring
approach is believed to be a useful alarm technique
to create alerts when there is the potential for a loss
of fluid containment and the operator needs to
manage the residual risk.

operations and allow operator
control over the system to manage
operations as necessary needs to
be incorporated.
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Increasing
Likelihood

Risk Rank

IV 1l 1} Il Il

\ [\ 1 1 1l Il
Vv I\ 1 1] Il

\ Vv Vv IV LI} 1}

Increasing Consequence

Consequence Examples

Risk Rank

Appr.ov.al Example
Description
No approval
Conditional Pilot approved in

approval subject
to reassessment
and restricted
area

a restricted
portion of
development
area

Approval subject
to mitigation
activities and

operational
controls

Bitumen buffer,
pressure fence

. Single
Single temporary ermanent Fatality or
Health and Incident with no . . . Single Medical disability or LTI, p. L .y
Single first aid ; . disability or multiple
Safety treatment Treatment or multiple aid . e
multiple lost- disabilities
cases . .
time injuries
Recurring
national and
. Single Multiple Communit Provincial . international
Reputation g P ¥ National concern .
Stakeholder Stakeholders concern concern media,
government,
NGOs
Significant
. . Release with Release with Release with release with
Release on site; Release on site; R . | o .
. . ) minor impact to moderate impact major impact to catastrophic
Environmental passively actively - . .- . R
a significant to significant significant impact to
controlled controlled L
receptor receptor receptor significant
receptor
Significant
Significantly regional impact Provincial impact
Economic Fines and impacts one to current Regional impact (eg, all oil sands
(Production and Immaterial enalties field/company operations (eg, to current and areas) to current
Facilities) P operation (eg, regulatory future operations and future
shut-in order) production operations
restrictions)
L Regulator Significant
Regulatory limit Regulatory . g L v g
Below AER R investigation; regulatory
N . breached; formal | response impacts X
Regulatory notification AER notified penalties; response
) consequences company . ) ;
requirements R . focused industry impacting all
triggered operations . 4
regulation companies

Pressure
Approval with monitoring,
1\ monitoring heave
commitments monitoring,
passive seismic
Approval with
Vv stakeholder

commitments






Appendix 2-2: Sample Risk Management Methodology for Reservoir
Containment in Shallow SAGD Schemes

CAPP has recommended that all applicants proposing SAGD projects within the shallow thermal
area be required to conduct a structured and systematic risk assessment that becomes the basis
for producing a risk management plan that is supported by monitoring. The level of rigor used in
the risk assessment would be site-specific and would be commensurate with both the complexity
of the project’s geological setting and the severity of the consequences to risk receptors.

Reservoir containment at these SAGD schemes can be considered a system reliability problem
and as such is well suited to the application of risk management processes. In this case, the
system to be evaluated and managed comprises a fluid and energy source, a containment system,
and surface and sub-surface receptors that could suffer adverse consequences as a result of an
undesirable response or failure of the containment system. The risk management process can be
used throughout the life of a project, from design through operation and abandonment.

Risk assessment starts with identifying the surface and sub-surface receptors that can be
adversely impacted if the energy and fluids are not contained within a wellbore or the intended
sub-surface formation. Receptors can include people, settlements, the environment (e.g.
undeveloped land, rivers, creeks, lakes, and groundwater), infrastructure (e.g. roads, power lines,
and substations), industrial developments (e.g. production facilities, buried pipelines,
foundations, dams, off-setting in situ recovery and mining operations), and company and sector
reputation (at a local, national or international level). The consequences of non-containment on
the different receptors can vary from negligible to catastrophic.

In the case of SAGD developments, the energy and fluids that must be contained could include:
e steam,

steam condensate,

mobilized bitumen,

injected, exsolved and evolved gases, and

drilling and workover fluids.

The quantity, state, and location of the energy and fluids can also vary over time.

The containment system for SAGD is represented by both the natural and engineered barriers
that provide the separation between the energy/fluids and the receptors. Natural containment
barriers include the adjacent reservoir, cap rock, overburden, and underburden, all of which are
anisotropic and exhibit various heterogeneities that result in active and/or potential flow paths.
To support a site-specific risk assessment, a model of the geologic and geomechanical state of
the natural containment system must be created in sufficient detail to enable dynamic prediction
of the thermo-hydro-mechanical response of the containment system as it is exposed to high
pressure and temperature fluids. The model must also be able to predict the effects of mass, heat,
and stress transfer beyond the project boundary or reservoir. Further, the complexity of the

52





model and the associated risk site-specific assessment will increase in proportion to the
complexity of the containment system and the severity of potential consequences to receptors.

While not the specific focus of the AER’s five technical reports, or the CAPP submission,
engineered containment barriers are also important. Engineered barriers include the wellheads,
well casings, casing joints, and casing cement sheaths for all production, injection, observation,
and standing wells. Abandoned wells and core holes are also engineered containment barriers
because of their reliance on the cement and packers used to abandon penetrations into the natural
containment system. The design, construction, operation, maintenance and repair are critical to
the effectiveness of the engineered barriers because the construction of wells can affect the
competence of natural barriers (due to high pressure drilling fluids) and well failures can induce
flow paths or provide a conduit to pre-existing flow paths. It is therefore important that the
effectiveness of these barriers be assessed as part of the site-specific risk assessment.

The SAGD containment system can respond to high pressure and temperature fluids in several
ways. The risk assessment needs to evaluate all relevant and potential mechanisms including:

heat conduction,

dilation and heave,

mass transfer (e.g. fluids accessing natural or induced flow pathways),
pressure diffusion,

transfer of stress and pore pressure,

tensile failure,

shear failure, and

any combination of the above.

A particular receptor response can range from negligible to catastrophic.

The site-specific containment system properties and SAGD operating parameters are used to
model the range of potential containment system responses and associated consequences. Those
potential responses and associated consequences comprise the risk scenarios that must be
evaluated to produce an estimate of the likelihood and severity of the consequences for each
scenario. Uncertainties in the inputs or in the severity of consequences can be addressed by
sensitivity studies. Quantification of the likelihood of occurrence may not be possible, in which
case professional judgment and expertise may need to be relied upon to arrive at an estimate. The
final step in the risk assessment is to compare these results to a defined risk ranking (which is
really just a way to articulate risk tolerance).

The chart in the upper left corner of Appendix 2-1 illustrates a typical risk matrix that displays
risk rank (or tolerance) as a function of consequence and likelihood of occurrence. The red
regions of the sample risk matrix in Appendix 2-1 represent circumstances where industry
understands risks cannot be mitigated to a level acceptable to the AER even after incorporating
mitigation strategies — these developments would not be approved. Alternatively, the green
region of the matrix represents circumstances where a project meets all the AER application
requirements and does not contain any risk factors uncommon to typical SAGD operations —
these developments could move forward with standard AER approval conditions. The remaining
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regions of the matrix represent circumstances where the applicant would be required to provide a
project design that includes suitable mitigation strategies that reduce both the probability and
consequence of an undesired event to a level that is consistent with AER risk tolerance. Some
examples of potential mitigation strategies could include:

e using a lower MOP,

e using smaller scale projects in more remote areas to advance technical understanding,

e waiting for new technology to reach an appropriate level of development,

e accelerating or deferring a project that might encroach on a high risk receptor, or

e decommissioning of a high risk receptor.

The chart in the lower left of Appendix 2-1 is an example of potential consequences for various
areas of concern from a regulator’s perspective. CAPP proposes to work with the AER to define
the risk tolerances by which SAGD projects would be evaluated.

The primary benefit of the risk analysis is to identify the potential failures, enable the
development of risk mitigation and ultimately an improved project design. In a typical risk
assessment process, the operator would first evaluate the project risk scenarios, determine the
risk rank for each and use those results to determine the need for risk mitigation strategies. An
iterative re-assessment of the risks after the application of potential mitigation strategies will
help determine the optimum project design that will meet the defined risk tolerance. These
evaluations and mitigation strategies will be included in the operator’s application for a SAGD
project approval. Ideally the application would include, for each risk receptor, a description of
each risk scenario, the planned mitigation, its predicted effectiveness, and a description of any
residual risk. The description of residual risk would include a discussion of the circumstances
where an operator may not be able to detect imminent or latent failures during operations and its
ability to maintain or regain control once abnormal conditions are detected.

The final project design, which includes all risk mitigation measures, would also be required to
include a monitoring program that provides a means of detecting deviations from
expected/predicted operating conditions. Operators would be required to regularly update risk
assessments and predictive models using the results of their monitoring program and if
necessary, modifications to the project design and/or operating parameters could be required by
the AER to ensure the previously assessed and accepted risk profile is maintained.
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Appendix 3-1: Proposed Regional Geological Cross Sections for the
Shallow Thermal Area

Summary

The chosen stratigraphic nomenclature correlates with major transgressive flooding surfaces
from the AOSTRA Technical Series #10, December 1995 and the Regional Geological Study
(RGS), Dec 31, 2003, Alberta EUB Report 2003-A. The Wabiskaw D Shale/mudstone

correlates on a local scale in the MacKay River area. The Base of the Wabiskaw D Shale defines
the initial surface of Boreal Sea transgression (AOSTRA). The Wabiskaw C Sand, a fine to
medium grained, glauconitic sand, is overlain by the transgressive surface, T11 and the
Wabiskaw B Shale. The Wabiskaw A is included in the parasequence above the T11. The top of
the Wabiskaw A marks the top of the Wabiskaw Member and is overlain by the transgressive
surface T21.

The T21 represents the base of the first post-Wabiskaw transgression and is overlain by the
Lower Clearwater Shale (AOSTRA). The T31 and T51 markers represent the base of the second
and third, post-Wabiskaw marine transgressions, respectively. The T-61 marker represents the
base of the uppermost transgression and is defined on the AOSTRA type well AA/10-24-093-
08W4/0, as shown on the resistivity and neutron logs in this appendix.
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Figure 3-1A: Type-Section Base Map for the Shallow Thermal Area.
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Figure 3-1 B: North-South Type Section
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Figure 3-1 C: West-East Type Section
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Appendix 3-2: Proposed Shallow Thermal Area Boundary Revisions
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Well list used in evaluation

1AA092309015W400
1AA102309015W400
1AA142309015W400
1AA152309015W400
1AA162309015W400
1AA012409015W400
1AA022409015W400
1AA032409015W400
1AA042409015W400
1AA052409015W400
1AA062409015W400
1AA072409015W400
1AA082409015W400
1AA092409015W400
1AA102409015W400
1AA112409015W400
1AA122409015W400
1AA132409015W400
1AA142409015W400
1AA152409015W400
1AA032509015W400
1AA042509015W400
1AA102509015W400
1AA022609015W400
1AA042609015W400
1AA102609015W400
1AA122609015W400
1AA062709015W400
1AA062809015W400
1AA073109015W400
1AA103209015W400
1AA103309015W400
1AA093409015W400
1AB113509015W400
1AA103609015W400
1AA030809307W400
1AA040809307W400
1AA090809307W400
1F1021709307W400

1AA061709307W400
1AA021309504W400
1AA062609105W400
1AA062609303W400
1AA092809403W400
1AA092909504W400
1AA123309403W400
1AA123509006 W400
1AA123609006 W400
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Appendix 3-3: Summary of Geophysical Techniques

Seismic Methods
1. 2D surface seismic

64

@)
©)

(@]

Time domain measurement can be converted to depth domain

2D imaging of boundaries with acoustic contrast both horizontally and vertically
with metre to 10’s of metre scale resolution

Large continuous vertical cross sectional image

Identification of shallow and deep structural elements (fractures, faults, collapse
features)

Mapping geological facies and geomorphological features (quaternary paleo
channels)

Detection of insitu rock properties using amplitude vs. angle prestack data.(stress,
dynamic Young’s modulus and Poisson’s ratio) from pre-stack data

2. 3D surface seismic

®)
@)

o

o

o

Time domain and converted to depth domain measurement
3D imaging of boundaries with acoustic contrast both horizontally and vertically
with metre to 10’s of metre scale resolution
Large 3D areal imaging.

= High cost for high resolution shallow imaging

= Significant environmental footprint for shallow imaging
Imaging of shallow and deep structural elements (fractures, faults, collapse
features)
Mapping geological facies and geomorphological features (quaternary paleo
channels)
Detection of insitu rock properties using amplitude vs. angle prestack data.(stress,
dynamic Young’s modulus and Poisson’s ratio) from pre-stack data
Detection of sub seismic fractures through velocity and amplitude azimuthal
anisotropy

3. Borehole Seismic (VSP)

@)
@)
©)

@)

Time and direct depth domain measurements

Better horizontal and vertical resolution then surface methods (metre scale)
Small 3D areal coverage — dependent on wellbore total depth (lateral coverage
approximately % of TVD)

Excellent tool for extracting and calibrating seismic amplitude response with
angle for rock property extraction

Small environmental footprint

4. Crosswell Seismic

©)
©)
@)

Time and direct depth domain measurements

Highest resolution acoustic method (sub metre scale)

2D cross-sectional imaging able to identify subtle lateral structural (faults and
fractures) and facies changes between wellbores

Small environmental footprint





Potential Field Methods

1. Resistivity / Conductivity methods

(@]

o

(@]

©)

(@]

o

Airborne and ground based detection of lateral and vertical changes in electrical
conductivity

Measures changes in electro-magnetic currents in the subsurface through direct

current application or induction.

Relatively shallow depth of investigation (100’s of metres)

Able to detect and map quaternary tills and paleo channels and valleys

Areal mapping of thickness and lateral continuity of the conductive Clearwater

and other shales and clays.

Able to map bitumen and water saturated reservoirs

2. Gravity methods

o

Airborne and ground based passive detection of lateral and vertical changes in
subsurface density
= Measures total and rate of change (gravity gradiometry) in variations of
the gravity field due to density changes in the subsurface.
= Shallow to deep investigation
= Potential for mapping lateral density changes in carbonate due to karsts
= Potential for mapping shallow faults through curvature analysis
= Mapping of faults where density contrasts exist across the boundary
=  Mapping of deep basement structures that may tectonically influence the
sedimentary overburden
= Mapping of variations in near surface quaternary till

3. Magnetic methods

o

@)
©)
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Usually airborne passive measurement of lateral and vertical changes in magnetic
susceptibility

Shallow to deep investigation

Able to map basement faults and shear zones that tectonically influence the
shallower Devonian, Cretaceous and Quaternary cover.

Able to map shallow mineralized faults with magnetic susceptibility





Appendix 3-4: Notional Location of the Salt Dissolution Zones

(After Cowie et al 2014)
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Appendix 3-5: Photographic Evidence in Area of Active Salt
Dissolution

Note: All photos are only representative of local conditions within the area of active salt
dissolution

Figure 3-5A: Clearwater Formation intact

Figure 3-5B: Clearwater Formation fractured at Millennium Mine (Stabb, 2012-09-26)
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Figure 3-5C: Pervasive intersecting Joints & Fractures in Clearwater Formation at Millennium Mine

Stuart Macneil, 2014-04-23

Figure 3-5D: Clearwater Formation Triple Fault at Millennium Mine
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Figure 3-5D: Clearwater Formation Fault Millennium Mine with 2 intersecting fault planes

Figure 3-5E: Karst induced fault in Clearwater Formation
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Figure 3-5F: Glacial rafted Clearwater Formation
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Appendix 3-6: Evidence of Lateral Pressure Transmission through
the Devonian

Figure 3-5A: Pressure Response in the Devonian at Fort Hills as result of Shell Muskeg River Mine Event
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Figure 3-5B: Pressure Response in the Devonian at Fort Hills as result of Shell Muskeg River Mine Event

Summary

The Muskeg River mine inflow event of 2010 is an example of lateral pressure communication.
Other oil sands operators in the region also detected the Muskeg River mine water influx.
Wozniewizc et al (2014) reported pressure responses within the Waterways Formation at
distances greater than 10 km away. They wrote that “based on the response in a regional
borehole monitoring network to an inflow event, the rapid propagation of pressure transients in
the ‘Intact’ Prairie Evaporite aquifer is consistent with a high transmissivity aquifer that is
confined (storativity of 10-4 to 10-5) and well-connected over 10’s of kilometers; at least in a
north-south direction in the immediate study area.”

Long distance pressure communication through Devonian strata has also been observed at
another oil sands mine. Within Suncor’s North Steepbank Extension (NSE) Area, vibrating wire
piezometers installed in the Waterways Formation observed a hydraulic response on the order of
approximately 2 metres that was associated with hydraulic testing several kilometers away
within the same formation. These results indicate low storativity within the Waterways
Formation, and thus the potential ability of this unit to efficiently transmit hydraulic pressure
long distances.

Cowie et al (2014) used karst hydrogeology to provide a suitable explanation for high salinity
formation waters in the McMurray Formation, as well as other unusual phenomena in the
Athabasca oil sands region. They write:
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“For example, in 2010 during excavation of a new tailings pond at its Muskeg
River mine, Shell workers excavated a spring that caused sulphide-rich water
(reported TDS ~29 000 mg/L;Ko, 2012) to discharge into the pond at a very high
rate of 2 x 106 litres per hour (Cooper, 2011). The simplest explanation for the
occurrence of rapid discharge of saline groundwater is the presence of a large
conduit connected to an over-pressured Devonian aquifer. These saline water
eruptions may possibly be triggered in areas where resource development reduces
the overlying formation pressure, such as that caused by dewatering and digging
of an open-pit mine facility. This study reveals that the most likely location for
saline water intrusion occurs to the east of the dissolution edge of the Prairie
Evaporite Formation, and detailed hydrogeological work should be conducted
before development of 0il sands facilities in these areas.”





Appendix 3-7: Evidence of Pressure Diffusivity in the McMurray
Formation

Figure 3-6A: Pressure responses (hydraulic head) observed within the McMurray Formation during Pad 106 and
Pad 116 start up October 2012 at Suncor Firebag.
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Figure 3-6B: Distance of pressure observation wells from SAGD wells used to generate Figure 3-6A.
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Figure3-6C: Observed McMurray Pressure increases at MacKay River and Firebag after three years of SAGD
operation. Distances are measured directly to the nearest SAGD well pair. Pressure changes are larger and extend
further at Firebag than at MacKay River.
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Appendix 3-8: Flow Pathway Assessments
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Vertical Pore Pressure Transmission Pathways
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Vertical Pore Pressure Transmission Pathways
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Vertical Pore Pressure Transmission Pathways
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Appendix 3-9:

86

Evidence of Clearwater Shale Effectiveness at

Thickness Less Than 10 Metres

Cold Lake Area Stratigraphy

Summary

In most cases, 5-6m of Clearwater
Formation shale and siltstone provides
fluid and pressure isolation for high
pressure cyclic steam stimulation in the
Cold Lake area

Injection pressure in the Clearwater is 10
to 12 MPa; the pressure response in the
overlying Grand Rapids is less than 4
MPa — a pressure difference of 6 to 8 MPa

The timing of the pressure response in the
Grand Rapids is observed to be consistent
with net injection into the Clearwater
while the magnitude is consistent with the
poro-elastic stress effect





Appendix 3-10: Borealis Ridge
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Appendix 3-11: Texaco Steamflood Pilot Blowout
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TEXACO STEAMFLOOD PILOT BLOWOUT

Operations Prior to the Blowout What Happened
+ 1972 -79 a cyclic steam flood with air and light hydrocarbon .

Learnings
« Deviations from normal operations were observed and correc-
tive actions had commenced but there was insufficient time to
institute a complete pressure reduction program

Follow-up surveys showed casing damage 15 and 45 metres

additives and one well in the centre pattern showed injection at 55m
« Steam (80% quality ) injected at wellhead pressures of 2,000 (above the McMurray)

kPa (bottom hole estimate 2,250 kPa) - Assumed that steam entered an upper gravel zone
- Production and injection occur simultaneously during the + First blowout on side of reservoir“B”. Steam plume “up to

pressure cycles (2,000 to 500 Kpa) 200 ft high”
« Blowout moves into borrow pit and is quenched

- Second blowout occurred the flowing day between Pattern |

« Ground heave (see below) surveys based on real time monitor-
ing would have allowed for a much earlier response

« Although the fracture pressure at the top of the Mcmurray is
predicted is at or below 1,800 kPa (based on the highest
stress gradients in the area) the Clearwater cap was resilient
enough to contain steam pressure cycles with injection well-
head pressures of 2,000 kPa for extened periods (18 months).

+ A pressure depletion occurred through 1977 which was
followed by a long pressurization cycle through to the blow-

outin June 1979 and “B”
- Lasted approximately 2 days. Mound of mud 5+m high at“C”

- Pile driving operations in vicinity of well two days prior to
2 4 ysP « No oil reported in the blowout

blowout

«Hours prior to blowout observed “bubbles”around in a ditch
within the pattern and the borrow pit“B”and operators
begin to lower steam injection

« 1979 June 11, steam blowout occurs 300 meters from centre
of Pattern | at 03:30

Heave Surveys
« Surveys started in 1977 to monitor the steam front

« The survey just prior to the blowout measured an
increased heave of 15 cm compared to a survey two
months earlier - an increase higher than expected

« Immediately after the blowout ground in the direction
of the blowout had risen 60 cm

» The survey results were only available after the blowout

B G TVI:I) m 6 days before the blowout 2 days after the blowout
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Appendix 4-1: Mini-frac Variability at Firebag Project

Summary

Recognizing that geological complexity affects the stress regime, a representative mini-frac
should be assigned based on good understanding of the geology.

For example, at the Firebag project three mini-frac tests were conducted (wells OB134, OB 135
and OB 136), to understand the effects of Devonian Upper Keg River Platform on stress regime
variation. As shown in Figure 4-1A OB 136 (100/11-10-095-06W4/0) targeted a drape feature on
the margin of the Devonian Upper Keg River platform, and OB 135 (106/09-09-095-06W4/0)
was located on a plateau and OB 134 (100/01-16-095-06W4/0) was located on the margin of the
Devonian Upper Keg River platform. The Firebag mini-frac tests were conducted at the interface
of Clearwater Unit and McMurray shore face and also at the McMurray Tidal Flat member
above the McMurray complex channel (the Firebag bitumen reservoir). The results of these tests
are reported in Figure 4-1B. It must be noted that all mini-frac tests and data interpretations were
conducted in a consistent manner.

As shown in Figure 4-1B the fracture closure pressure observed at OB136 at the
Clearwater/McMurray interface is significantly lower than other two mini-frac results. The
fractures had a horizontal orientation in all reported mini-fracs in Figure 4-1B. OB136’s fracture
gradient at the Tidal Flat is slightly lower than other two wells, but the difference is not nearly as
significant as was the case with the result noted at Clearwater/McMurray interface.
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Figure 4-1B: Suncor Firebag variation in fracture closure pressures

Wells

Distance (meters)

OB 134 -0OB 135

1546 metres

OB 134 -0B 136

1370.7 metres

OB 135 -0B 136

553.7 metres

Figure 4-1 C: Observation well inter-distances.
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Appendix 5-1: Monitoring Application to Risk Based Approach

Monitoring Plans

Active monitoring at a SAGD project is important to ensure safe operations over the life of the
development. As previously noted in this submission, monitoring programs will be site-specific
and should be based on the project-specific risks to containment identified through the risk
management based approach proposed in Section 2 (a more detailed example of a possible risk
management methodology is also provided in Appendix 2-2).

A monitoring strategy would be developed following the general steps outlined below:

1. Review the results of the risk management evaluation to understand the potential pathways
for loss of containment and the likelihood of pathway activation at specific locations between
reservoir and surface.

2. Compile a list of the sub-surface monitoring tools available that are relevant for the identified
risks/pathways.

3. Evaluate of the monitoring tools relative to the contributions they may make in
understanding, detecting and mitigating the identified risks to containment.

4. Design the site-specific monitoring program based on the evaluation in point 3.

5. Develop the operational practices for the monitoring program (including data management,
the definition of response triggers, the response plans, etc.)

The design of the final monitoring program should have considered all of the potential risks
highlighted in the risk review. The type of monitoring tool, the location of the monitoring point
and the method of analysing and responding to the real time data would reflect the results of the
risk review and other practical considerations such as the ease of implementation and the cost
benefit of the tool. Where practical, the actual monitoring would occur as close to the operating
steam chamber as possible (to achieve closest to real time response) and would extend upward
through the geological formations to the surface surveillance, as demonstrated in the example
depicted Figure 5-1A.

Hydrogeological Monitoring related to Caprock Demonstration

Hydrogeological information is considered a valuable component in the overall analysis of caprock integrity. Of
particular relevance is an understanding of the groundwater flow regime within the various water-bearing units
that occur above and below the caprock. Information on groundwater flow is determined through the installation
of groundwater monitoring wells. Groundwater level monitoring not only allows determination of hydraulic head
in the various water-bearing units but can provide insight into the hydraulic properties of the caprock. For
example, large differences in hydraulic head values in aquifers that overlie and underlie a caprock are indicative
of a caprock with low vertical hydraulic conductivity.

Monitoring wells are also used for groundwater quality sampling. Groundwater quality data, when coupled with
the use of environmental (stable and radioactive) isotopes, provide an indication of groundwater provenance,
age, and geochemical processes in the subsurface. The utility of groundwater monitoring wells to improve
hydrogeological understanding of the Quaternary deposits has been demonstrated within the Telephone Lake
and Borealis Ridge areas.
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In addition to the use of groundwater monitoring wells, the in situ compressibility and specific storage of the
caprock can be determined based on pore pressure response. An innovative approach using fully-grouted
pressure transducers within clay-rich formations has been tested in northern Alberta and northern
Saskatchewan (Smith et al, 2013) and it is suggested that this approach could also be of value.

Figure 5-1 A: Examples of possible flow scenarios, not limited to these scenarios or this in situ technology
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