


FIGURE 7. Different layers of soil overlaying cap-rock often contain overlapping buried channels or connections of porous
sand that create vertical paths for groundwater between aquifers, and to or from surface waters. SOURCE: Adrianshek, 2003,
with permission from the ERCB/AGS, 2011.

FIGURE 8. Location of wells associated with oil sands development north of Fort McMurray. SOURCE: With permission from
ERCB, 2010, in Adrianshek 2007.
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FIGURE 9. Regional groundwater flow north of Fort McMurray moves from highlands into the valleys and discharges into
the Athabasca River and its major tributaries, which is where the majority of oil sands development and associated wells
are located in this region. SOURCE: With permission from Cumulative Effects Management Association, 2010

3.4.5 SHALLOW AQUIFERS

Shallow aquifers generally are located above oil sands deposits,
and are separated from them by uneven layers of soils containing
clay and silt (called aquitards) and an uneven horizon of shale
known as cap-rock. As described above, shallow aquifers are
closely connected to rivers, lakes, and wetlands. Lakes often

form in areas of low topography where aquifers discharge to

the surface or are recharged by surface waters, and the base

flow of rivers - such as occurs during winter when there is little

rain or snowmelt - consists predominantly of groundwater.
The most obvious risk of groundwater pumping from 7 situ oil
sands development is the depletion of aquifers. For example,
groundwater pumped from an aquifer near the Muskrat River
Mine resulted in a 40 m drop of the local water table.®®

As mentioned above for risks associated with wells and buried channels, the risks to shallow aquifers
include contamination with increased concentrations of chemicals associated with increases in groundwater
temperature, fluid migrations due to drilling or faulty casing and sealing of wells, and the depressurization or

depletion of aquifers.
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3.4.6. CONNECTION TO RIVERS AND LAKES

Very little is known about the complimentary and highly variable movement of water between groundwater
aquifers and surface waters such as rivers, lakes, and wetlands in Alberta. For example, a recent study
described two lakes close to Fort McMurray that receive 0.5% to 14% of their annual water supply from
groundwater sources.” The Wiau Channel is the largest shallow aquifer in the oil sands region that is
connected to other channels, and it discharges groundwater directly into the Athabasca River. Therefore,
anything that affects groundwater in channels connected to the Wiau Channel may also affect the Athabasca
River. The total sustainable supply of groundwater that can be withdrawn for 7z situ oil sands operations
therefore also depends on the contributions of local or regional groundwater aquifers to surface waters.
Any development activities that affect either the quantity or quality of groundwater in the Wiau or other
shallow channels will likely contribute to cumulative negative effects of development on regional surface
waters. Because groundwater and surface water are very closely connected, it is important to understand these
connections in order to propetly manage both surface and groundwater.

oil sands deposit

N
\
—_—

buried channel

Shallow aquifers and channels feed rivers, lakes and wetlands in the winter, and generally shallow aquifers are recharged in
the summer.
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3.4.7 SUMMARY OF RISKS
Based on an assessment of aquifer recharge and discharge in the Lower Athabasca, Christina, and Clearwater
River basins, and the geology and groundwater flow patterns in the McMurray Formation and the Mannville

Group (ze., the main formations targeted for SAGD bitumen extraction), there are a number of important
70

risks SAGD poses to groundwater:

* finding and sustaining the large volumes of fresh water necessary for steam production, without
jeopardizing groundwater resources in the area;

* safe disposal of waste water from SAGD operations’';

*  protecting groundwater, energy and potential mineral resources from contamination, because of the
uncertain integrity and safety of SAGD and injection operations, and pootly cemented and impropetly
completed or abandoned wells; and

* the potential for large-scale groundwater movement between deep and shallower aquifers via highly
permeable abandoned steam chambers.

3.4.8 POOR UNDERSTANDING OF GROUNDWATER IN THE OIL SANDS REGION

One of the main problems contributing to the risks associated with the increasing amount of SAGD
development in Alberta’s oil sands region is the lack of understanding of regional groundwater dynamics.
According to the Cumulative Effects Management Association (CEMA)™, a suite of problems associated
with the continuing lack of monitoring and assessment of groundwater resources contributes to increased

risk, including:”

* lack of sufficient temporal data in existing monitoring wells to determine historical trends for key
indicators;

e limited monitoring coverage outside of the active mineable oil sands area;

* unknown degree of connectivity between certain aquifers and major water bodies (e.g., Clark Channel,
Kearl Channel, Fort Hills Channels) and wetlands;

*  pootly assessed hydraulic characteristics of most major channels;

* lack of geological data for most buried valleys (ze., is it sand or till?);

* lack of understanding of surficial geology on western side of study area;

* limited understanding of cross formational flow and groundwater surface water interactions;

e contribution from bedrock formations water to natural water bodies like the Athabasca River (i.e., loading
of natural constituents versus industrial contamination);

*  vertical variation of quality conditions in discrete water-bearing intervals and potential effects of bedrock
water chemistry on near-surface sands and buried channels/valleys;

* insufficient information on Grand Rapids, Wabiskaw and Methy Formations to facilitate vulnerability
mapping and management classification scheme; and

* limited information on the distribution of basal McMurray Formation beyond the central portion of the
regional study area (i.c., further west and cast).
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According to CEMA, one of the more comprehensive regional hydrogeological studies is still more than 30
years old.”* As pointed out in the recent report on environmental monitoring commissioned by the Royal
Society of Canada, this is indicative of the lack of an integrated regional groundwater framework for the oil
sands region.”

Apparently, the accident at Shell Canada’s Muskeg River Mine described above is the first of its kind, in
which aquifer perforation has occurred during an oil sands mining operation. A spokesman from the ERCB
characterized the source of the problem as a geological anomaly in the “naturally occurring concrete” at the
bottom of the mine pit.”* However, rather than a homogeneous layer of cap rock that seals and separates
surface bitumen deposits from deep groundwater, as discussed above buried channels have been identified

as forming hydraulically connected labrynth-like patterns within these layers. In addition, because buried
channels are so narrow they are difficult to detect with standard borehole assessments of sediment and
hydrology.”” Thus, these narrow vertical channels can provide undetected direct vertical pathways for water or
steam movement, akin to climbing or descending a set of stairs between deep bedrock and the surface.”™

Buried channels are often not planned for, detected, or adequately investigated when found. “[I]n the surface
mining area, they can act as natural pathways for the subsurface migration of fluids from overlying tailings
ponds” and “[t]his geologic feature is clearly one that must be avoided in the design and approval of tailings
ponds.”” If buried channels can connect to surface water or tailings ponds fluids, then it is reasonable to
conclude that buried channels might also facilitate upward movement of saline water from deep saline
aquifers. Because saline or brackish groundwater used in 7z situ oil sands operations is disposed of via
underground injection, undetected hydraulic interconnections like buried channels are problematic for long-
term storage of industrial wastes. Therefore, a detailed understanding of subsurface hydraulic connectivity
such as buried channels and how formations are connected is critical for quantifying and understanding the
potential and risks for underground disposal of injected saline wastewater to shallow aquifers and surface
waters.®

The two case studies describing the accidents with Total and Shell in this report provide clear examples of the
kinds of risks associated with iz situ 0il sands extraction. High-density 3-D seismic and groundwater mapping
techniques used as the industry standard are evidently insufficient to adequately assess either the local stability
of cap-rock, or the local presence and location of hydraulically connected permeable formations in the soils
overlaying it or at the base of mineable oil sands formations. According to the Royal Society’s commissioned
report, groundwater flow modeling performed as part of project environmental impacts assessments is only
local in scale and limited in utility to the local area in the vicinity of a particular project. There has been no
conceptual hydrogeological model produced for the entire oil sands region. Consequently, both the amount
of regional groundwater available for use in 7 sifu bitumen extraction and the cumulative effects of such use
on regional groundwater aquifers and surface waters remain unknown.”
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TECHNICAL PROBLEMS WITH SAGD BITUMEN EXTRACTION

In addition to the geological and hydrogeological uncertainties associated with SAGD sites, the methods and
technologies deployed for SAGD bitumen extraction present their own risks. Despite these risks, SAGD is
promoted as a proven technology and SAGD projects are continually approved by the ERCB or Joint Review
Panels. Yet, the efficacy and safety of SAGD technology are uncertain, as disclosed by Total in their after-

action report on the accident described in Case Study 1:%

Although proven by several successful pilot / small scale applications, SAGD is not

yet fully mature. A significant amount work is still necessary to fine tune equipments
and procedures required to operate safely SAGD projects for the long term in the fairly
wide range of conditions foreseeable in Alberta (and beyond). Considering such large
range of conditions, it is difficult to lay out precise and generic recommendations but it is clear
that any project should address the following issues:

i Seal: characteristics including maximum admissible pressure.
il.  Well design: casing, cement, and completion.
iii. Operating pressure: philosophy including during startup, expected surface heave.

iv.  Overall steam confinement monitoring: philosophy (including link with surface layout design) and
means.

v. Itis expected that these issues be challenging as a whole in some areas (Joslyn being one) while
they may be less of a concern in others. (emphasis added)

Since the explosive steam eruption described in this report, Total has abandoned its Joslyn Creek SAGD
project.” According to the ERCB, the closure was due to the poor economics associated with, among other
things, permitted operating pressure restrictions and monitoring requirements for the project. If an i situ oil
sands project is not viable when regulatory restrictions and permits are attached to its approval and permits,
then such inviable elements in a project should be detected prior to its approval. This was not the case in the
Total’s Joslyn Creek and Nexen’s Long L.ake SAGD projects, which suggests that regulatory oversight and
SAGD project assessment at the approval stage in Alberta are insufficient.

SAGD is still considered an immature technology, requiring significant development of equipment and
procedures to make large-scale and long-term projects safe under diverse field conditions. The fact that

Total breached its permitted injection and operating pressure limits indicates a lack of internal and external
operational oversight. Either Total failed to recognize the initial evidence of fracturing more than a month
before the explosion, or simply ignored it. Combined with the lack of understanding of regional groundwater
connectivity, quantities, or impacts, all of these problems paint a picture of SAGD as a high risk oil sands
development technology that operates on the basis of numerous unsupported geological, hydrological,
technological, and safety assumptions. Equally important, the first two case studies described here point to
insufficient risk management approaches and practices employed by the Government of Alberta, including
insufficient demands for pre-approval assessment of risks to groundwater associated with z situ oil sands
development. Rather than managing 7# sit# oil sands development on the basis of clearly identifying and
quantifying risks associated with it, it is being managed on the basis of a largely incomplete, unmonitored,
and undeveloped knowledge of groundwater resources upon which it relies and for which it poses substantial
risk, leaving us unprepared to deal with serious problems until after they arise and are detected.
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RECOMMENDATIONS

Our recommendations for the management of groundwater use and impacts of SAGD and other oil

sands extraction processes fall into two categories. The first relates to adoption of improved groundwater
assessment and monitoring programs that would enable an understanding of regional groundwater dynamics
and sustainable yields, and the second to the enforcement of protective environmental standards.

The Government of Alberta should:

1.

Create an independent scientific panel to a) design a scientific plan that will enable the determination
of pre-development baselines for surface and groundwater quality and quantity and sustainable yields
from local and regional aquifers, and b) design a groundwater assessment and monitoring plan that will
permit the detection of significant changes in groundwater quality and flow dynamics and patterns, and
the distinction between natural and human causes for any identified changes in groundwater quantity or

quality.

Commit to adopting, funding, and fully implementing a scientific groundwater assessment and
monitoring program described in Recommendation #1, thereby ensuring that a sufficiently detailed
understanding of the hydrogeology and groundwater dynamics is acquired to properly manage and limit
oil sands development and protect groundwater and surface water resources.

Significantly increase in-house and external research capacity and funding to quantify and qualify
groundwater resources in Alberta.

Expand groundwater assessment and monitoring to include not only all non-saline aquifers but also

all saline aquifers with concentrations between 4,000 and 10,000 mg/L. This will contribute to a better
understanding of the effects of industry use of saline groundwater and injection of saline waste materials
into deep aquifers and formations.

Within a single government ministry, collect, organize, and integrate all industry data collected to date
for saline and non-saline water use, perform (as much as possible) an up-to-date cumulative regional
assessment of oil sands extractors’ groundwater use and impacts, and make both the data and cumulative
assessment freely accessible, searchable, and available to the public.

Develop and implement, as soon as possible, science-based industry performance indicators related to
groundwater quality, quantity, and sustainable yield, and regulatory triggers for government responses to
either anticipated or identified impacts on either groundwater quality or dynamics.

Immediately design and adopt interim indicators and limits that are based on the precautionary principle
and the best available current understanding of local and regional sustainable groundwater, to prevent
harm to groundwater resources while more appropriate indicators and triggers are being developed as per
Recommendation #6.

Adopt, regulatory and management responses as part of the Lower Athabasca Regional Plan and other
relevant laws, policies, guidelines and ERCB directives, that include the requirement to stop groundwater
extraction or steam or waste injection when identified groundwater indicator thresholds or triggers are
reached or surpassed.
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10.

Include in all approvals for oilfield or waste injection and appropriate governing regulations the
operational requirement to immediately report to the primary governing or regulatory body any evidence
of unexpected significant geological anomalies or primary fractures caused by injection of steam, water,
chemicals, or waste products, and adopt regulatory and industry response triggers that impose immediate
cessation of local injection operations in such an event, when the potential effects may compromise the
integrity and utility of either aquifers or bitumen-bearing formations.

Develop a publicly accessible and searchable database of all wells used for i sitn operations, detailing
which wells have been reclaimed and which have not, and coordinate and impose a shared financial
responsibility for all operators for sealing and maintaining orphaned wells.
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