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Executive Summary

Teck Resources Limited applied to the Alberta Energy Regulator (AER) for the Frontier project in
November 2011 and submitted an updated application in June 2015. The environmental assessment under
the Canadian Environmental Assessment Act, 2012 (CEAA 2012) started in January 2012 and forms part
of the application.

The applications are for approval to construct, operate, and reclaim an oil sands mine and processing plant
110 kilometres north of Fort McMurray, Alberta. The project disturbance area is 29 217 hectares, and the
project would operate for 41 years.

The Frontier project would produce about 41 300 cubic metres per day (260 000 barrels per day) of
bitumen. It would use trucks and shovels to mine two open pits and would include an ore preparation
plant, a bitumen processing plant, tailings preparation and management facilities, cogeneration facilities,
support utilities, disposal and storage areas, a river water intake, a fish habitat compensation lake, a bridge
over the Athabasca River, administration and maintenance facilities, roads, an airfield, and a camp.

The Frontier project required multiple regulatory filings:

« An environmental impact assessment was submitted to Alberta Environment and Parks (AEP;
formerly Alberta Environment and Sustainable Resource Development), the Canadian Environmental
Assessment Agency (the Agency), and the AER.

« Applications were submitted to the AER under the Oil Sands Conservation Act (OSCA), and AEP
under the Environmental Protection and Enhancement Act (EPEA), and the Water Act for provincial
approvals.

« Approvals will be required under the federal Fisheries Act and the Navigation Protection Act for
activities that may affect fish and fish habitat and navigable waters.

o Approval from the Alberta Utilities Commission will be required for the cogeneration facilities and
from the Regional Municipality of Wood Buffalo for parts of the camp.

« Ancillary approvals under the Public Lands Act, the Municipal Government Act, and the Historical
Resources Act are also required, but they are not a part of this review.

The federal Minister of Environment and Climate Change and the CEO of the AER announced the
establishment of a joint review panel for the Frontier project on May 24, 2016. Mr. A. Bolton was
appointed as panel chair, and Mr. R. McManus and Mr. W. Klassen were appointed as panel members.
Under the agreement, the panel must conduct its review in a manner that discharges the responsibilities of
the AER under the Responsible Energy Development Act (REDA), OSCA, EPEA, and the Water Act; the
requirements of CEAA 2012; and the panel’s terms of reference.
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The Minister and CEO of the AER amended the agreement on August 16, 2017, requiring the panel to
consider the effects of the Frontier project on the outstanding universal value of Wood Buffalo National
Park World Heritage Site, including the Peace-Athabasca Delta.

The panel conducted a public hearing that started on September 25, 2018, in Fort McMurray, Alberta, and
continued until October 4. It adjourned and resumed in Fort Chipewyan, Alberta, from October 15 to
October 18. On October 20, the hearing resumed in Fort McMurray and was adjourned on October 24.
The Aboriginal Consultation Office (ACO) provided its hearing reports on November 26, and final
arguments were held in Calgary, Alberta, on December 11 and 12, 2018, at which time the hearing record
was closed.

Provincial and federal governments will need to make separate decisions about the Frontier project,
taking into account the panel’s report.

Decision of the AER

OSCA requires us to consider whether the proposed project is in the public interest. The panel is also
aware of our responsibilities under section 15 of REDA and section 3 of REDA General Regulation and is
satisfied that, throughout this proceeding and in this decision report, we have considered the factors that
are identified in those provisions. This includes a consideration of the social and economic effects of the
Frontier project and of the effects of the Frontier project on the environment. The panel must also
consider the requirements of the Lower Athabasca Regional Plan and its management frameworks.

The Frontier project is located in an area Alberta has identified as being important for bitumen extraction.
The project would provide significant economic benefits. It is expected to create 7000 jobs during
construction and up to 2500 operation jobs during the 41-year life of the mine and is anticipated to
contribute more than $70 billion directly to federal, provincial, and municipal governments. Although we
find that there will be significant adverse project and cumulative effects on certain environmental
components and indigenous communities, under our authority as the AER, we consider these effects to be
justified and that the Frontier project is in the public interest. The panel has decided to approve the
following AER applications, subject to the limitations and conditions in this report:

o application 1709793 under sections 10 and 11 of OSCA to construct, operate, and reclaim a new oil
sands mine and processing plant

« application 001-00247548 under section 66 of the Environmental Protection and Enhancement Act to
construct, operate, and reclaim the Frontier project

« application 001-00303079 under the Water Act to carry out activities for site water management
associated with the Frontier project

« application 001-00303091 under the Water Act for a licence for the annual diversion and use of water
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We do not approve construction of the proposed flow splitter on Big Creek, because Teck has not
sufficiently demonstrated the need for this structure.

The Water Act licence will include the diversion of water from sources in the Athabasca River Basin,
including the Athabasca River, groundwater, and surface runoff contributing to Redclay Creek, Big
Creek, First Creek, and Athabasca River. The licence will not allow the diversion of water from any water
sources within the Peace/Slave River Basin. The northern 27 square kilometres of the project is part of the
Peace/Slave River Basin. We did not identify any technical, economic, environmental, or social issues
that would cause us to deny a licence for that part of the project, but diversion of water from the
Peace/Slave River Basin will be a transfer of water from that major basin to another, the Athabasca River
Basin. The Water Act prohibits issuance of water licences which allow an interbasin transfer unless the
licence is authorized by a special Act of the Legislature. Therefore, a licence relating to the Peace/Slave
River Basin cannot be issued. Before Teck can proceed with the part of the project located in the
Peace/Slave River Basin, it will need to apply to the Government of Alberta for a special Act of the
Legislature that would authorize the issuance of a licence that authorizes the transfer of water between the
Athabasca River Basin and the Peace/Slave River Basin.

The panel expects Teck to adhere to all of the commitments it made to the extent that those commitments
do not conflict with the terms of its AER approvals, any other approval or licence affecting the project, or
any law, regulation, or similar requirement that Teck is bound to observe.

While the panel has concluded that the project is in the public interest, project and cumulative effects to
key environmental parameters and on the asserted rights, use of lands and resources for traditional
purposes, and culture of indigenous communities have weighed heavily in the panel’s assessment.

In approving this project, the panel has set numerous approval conditions. For the conditions, refer to
Appendix 5. The panel also made recommendations to the federal Minister of Environment and Climate
Change, the Government of Canada and the Government of Alberta, summarized in Appendix 6.

Summary of Key Findings

We find that the project is likely to result in significant adverse environmental effects to wetlands, old-
growth forests, wetland- and old-growth-reliant species at risk, the Ronald Lake bison herd, and
biodiversity. The project is also likely to result in significant adverse effects to the asserted rights, use of
lands and resources, and culture of indigenous groups who use the project area. The proposed mitigation
measures have not been proven to be effective or to fully mitigate project effects on the environment or
on indigenous rights, use of lands and resources, and culture.

The project, in combination with other existing, approved, and planned projects, is likely to result in
significant adverse cumulative environmental effects to wetlands, old-growth forests, wetland- and old-
growth-reliant species at risk, fisher, Canada lynx, woodland caribou, the Ronald Lake bison herd, and
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biodiversity. The project, in combination with other existing, approved, and planned projects will also
contribute to existing significant adverse cumulative effects to the asserted rights, use of lands and
resources, and culture of indigenous groups in the mineable oil sands region.

We heard concerns from indigenous communities and others about a lack of progress with respect to the
assessment and management of cumulative effects within the Lower Athabasca region, particularly within
the mineable oil sands area, the Athabasca River, and the Peace-Athabasca Delta. Parties urged the panel
to make recommendations to the governments of Alberta and Canada for immediate action on
management frameworks and plans. The panel has included such recommendations to Alberta and
Canada related to a number of these issues, where we believed it was within the panel’s mandate and
appropriate to do so. For a list of the recommendations to the governments of Alberta and Canada, refer to

Appendix 6.

The panel believes that the Lower Athabasca Regional Plan, although still a work in progress, is an
appropriate mechanism for identifying and managing regional cumulative effects. The Lower Athabasca
Regional Plan is an important framework to introduce a more integrated regional approach, and the panel
strongly encourages the Government of Alberta to continue to implement this regional plan. It is critical
that the frameworks, plans, and thresholds identified in the Lower Athabasca Regional Plan be put in
place as quickly as possible.

We recognize that at this stage of the project planning and review process, the level of detail available for
some aspects of the project design is limited and there will be some uncertainty about future conditions
and the effectiveness of proposed mitigation measures. This is particularly true for some aspects of the
project’s tailings management and reclamation and closure plans. Overall, however, we found that the
level of project design and environmental assessment information provided by Teck was sufficient for the
panel to assess the effects of the project. Teck committed to using an adaptive management approach and
working with regulators, indigenous communities, and other stakeholders to address uncertainties and
issues that arise during construction and operation of the project. In response to requests from the panel,
Teck provided several draft mitigation, monitoring, and adaptive management plans for key
environmental receptors. While additional work is required to finalize the plans, the panel was satisfied
with the level of detail in the plans and Teck’s approach to adaptive management.

Economic Effects

A stated outcome of the Lower Athabasca Regional Plan is the maximization of the economic potential of
the oil sands. The Frontier project will provide significant economic benefits for the region, Alberta, and
Canada. Teck stated that the project will result in the recovery of about 3.2 billion barrels of bitumen over
its approximately 41-year life. The municipal, provincial, and federal governments will all receive
significant direct financial benefits as a result. These include approximately $12 billion in taxes to
Canada, $55 billion to Alberta in taxes and royalties, and $3.5 billion in property taxes to the municipal
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government. It will provide major and long-term economic opportunities creating a total of
278 190 person-years of direct, indirect, and induced employment across Canada.

Environmental Effects

Reclamation

Teck is planning to reclaim the project footprint to equivalent land capability and relies on reclamation as
the key mitigation measure for various environmental effects. While reclamation to an equivalent land
capability is legally required, reclamation will not fully mitigate all project effects because some habitat
types cannot be reclaimed (e.g., peatlands), reclamation will not occur or be complete for many years, and
there are uncertainties associated with final reclamation outcomes. Further, it is uncertain whether
indigenous groups will reestablish traditional use activities on reclaimed lands following a
multigenerational absence and the resulting loss of cultural connection to those lands.

The panel is encouraged by Teck’s plan for progressive reclamation, and we support Teck’s plan to
establish a reclamation working group to ensure that indigenous viewpoints are respected and integrated
into reclamation activities. This should help to address some uncertainties related to reclamation
outcomes such as the ability to return the land to equivalent capability, to integrate it to the boreal forest
ecosystem, and have it returned to users. While there are uncertainties associated with certain aspects of
Teck’s reclamation and closure plans and Teck’s ability to meet desired outcomes, this is expected at this
stage of the process and given the long life of the project. The panel has put in place a number of
conditions related to reclamation, monitoring, reporting, adaptive management, and mine closure. Mine
reclamation plans will provide the AER with detailed development and reclamation plans throughout the
life of the project and allow Teck to enhance and refine its reclamation plan to consider new technology,
advances in reclamation techniques, regulation changes, and continuous input from stakeholders.

Wetlands

Wetlands cover 43.6% of the local study area, with the most common wetland class being forested and
hardwood swamps. The Frontier project will remove all wetlands from the project development area.
Although Teck has included wetlands as part of its reclamation and closure plan, there will be a net loss
of over 14 000 hectares of wetlands in the local study area, including an irreversible loss of over

3000 hectares of peatlands. Given the importance of wetlands as habitat for some at-risk species, for
biodiversity and for indigenous land use, there is a need for ongoing research into wetland reclamation.
The panel has required Teck to conduct wetland reclamation research as part of its reclamation plan. The
loss of more than 14 000 hectares of wetlands is a high-magnitude and irreversible project effect. The
project in combination with other existing, approved, and planned projects will result in significant
adverse cumulative effects to wetlands in the region.
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Old-Growth Forests

Old-growth forests serve as habitat for some species, including at-risk species, of birds and wildlife, while
also contributing to biodiversity in the region. The project will remove all old-growth forests within the
project disturbance area. There may be a loss of habitat for many species reliant on such forests, including
species at risk, for at least 100 years following closure in 2081. There will be high-magnitude, long-term,
but possibly reversible cumulative effects on old-growth forests. The project in combination combined
with other operating, approved, and planned developments will result in significant adverse cumulative
effects to old-growth forests in the area.

Woodland Caribou

Woodland caribou are a species at risk and are traditionally and culturally important to indigenous people.
The project is not located within an area currently defined as core caribou range; however, there is
evidence of some use of the northern portion of the project area by caribou from the Red Earth herd.
Given the limited amount of high- and moderate-suitability caribou habitat in the project area and its
location outside of current core caribou range, the project is not likely to result in a significant adverse
effect to the two caribou herds that are located near the project area. However, the panel recognizes that
woodland caribou are declining throughout their range, and provincial caribou range plans have not yet
been finalized. The project, therefore, has the potential to make an incremental contribution to already
existing significant adverse cumulative effects to woodland caribou.

The panel has imposed several conditions and made recommendations to Teck concerning caribou.
Before constructing the Frontier project, Teck must finalize its wildlife mitigation, monitoring, and
adaptive management plan; describe how it will monitor effects of the project on caribou, such as
incidental predation; and explain how it will determine whether additional mitigation measures related to
caribou are required and submit the plan to the AER for approval.

The panel recommends that that the Government of Alberta complete and implement critical range
management plans for woodland caribou in northeastern Alberta and that the Government of Canada
complete the federal recovery strategy and action plan for woodland caribou, as it pertains to the Red
Earth and Richardson range herds. Other recommendations are found in the report.

Ronald Lake Bison Herd

The Ronald Lake bison herd is a small population of disease-free wood bison that are genetically distinct
from those found in Wood Buffalo National Park. The Frontier project is located within a portion of the
seasonal range of the Ronald Lake herd. There is a concern that development of the project could cause
the Ronald Lake bison herd to move northward into Wood Buffalo National Park, which may result in the
herd coming into contact with the herds within the park, which are known to carry bovine tuberculosis or
brucellosis. The use of the Ronald Lake bison by indigenous peoples is dependent on the bison remaining
disease-free. Ronald Lake bison are protected from non-indigenous hunting under Alberta’s Wildlife Act
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and are a listed species under Canada’s Species at Risk Act. They are subject to the 2018 Recovery
Strategy for the Wood Bison in Canada under the Species at Risk Act.

The magnitude of project’s effects on bison habitat is considered high given that the project will affect
over 20 per cent of bison habitat within the regional study area, and habitat loss is a primary threat to
bison sustainability. The potential for the Ronald Lake bison to become diseased through contact with
diseased bison in Wood Buffalo National Park is also considered a high-magnitude effect. While the
threat of disease transmission exists today without the project, and there is uncertainty about the degree to
which the project will increase this risk, if it were to occur it would represent a high-magnitude effect that
would be irreversible. It would have significant consequences for the herd and the asserted rights, use of
lands and resources, and cultural practices of indigenous communities who are connected to the herd.

The panel received conflicting evidence and views about the location of critical habitat for the Ronald
Lake herd, the habitat’s carrying capacity, the potential for the project to increase the potential for the
herd to come into contact with diseased bison within Wood Buffalo National Park, and the effectiveness
of potential mitigation measures. Given the conflicting evidence, the lack of mitigation measures proven
to be effective, and the small population size and at-risk status of the herd, the panel has relied on a
precautionary approach to determine that the project is likely to result in significant adverse effects to
bison related to habitat availability and disease transmission. For similar reasons, and relying on a
precautionary approach, the panel has also determined that the project combined with other existing,
approved, and planned projects is likely to result in significant adverse effects to the Ronald Lake bison.

The panel has imposed several conditions and made recommendations to Teck concerning the Ronald
Lake bison. Before constructing the Frontier project, Teck must finalize its Ronald Lake bison mitigation,
monitoring, and adaptive management plan with input from indigenous communities and relevant
provincial and federal authorities and submit it to the AER for approval.

The panel also made recommendations to the governments of Alberta and Canada concerning
management of the Ronald Lake bison. The panel recommends that the Government of Alberta continue
to monitor the status of the herd and complete its provincial management plan for wood bison under the
federal recovery strategy, including a management plan for the Ronald Lake herd. The panel recommends
that the Government of Canada complete the imminent threat analysis for wood bison currently underway
and its work to define critical habitat for the Ronald Lake bison population as required by the federal
recovery strategy for wood bison as soon as possible so that this work can further inform federal decisions
related to the Frontier project. The panel also recommends that the governments of Alberta and Canada
consider implementing a co-management approach for the Ronald Lake bison that involves indigenous
groups and industry. For all of the panel’s recommendations related to the Ronald Lake bison, refer to

Appendix 6.
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Effects to Wetland and Old-Growth-Reliant Species at Risk and Other Wildlife

A substantial amount of wetland and old-growth forest habitat will be lost entirely or lost for an extended
period as a result of the Frontier project and this will contribute to losses that have already occurred in the
region. The panel found that the project is likely to result in high-magnitude (greater than 10 per cent)
effects to habitat availability in the regional study area for some species of migratory birds and bats which
are species at risk. The panel concludes that these effects would be significant. The panel also concludes
that the project combined with other existing, approved, and planned projects is likely to result in
significant adverse cumulative effects for some species of migratory birds, bats and amphibians which are
species at risk as well as fisher and Canada lynx. For some species, significant habitat loss has already
occurred and the project only makes an incremental contribution to the loss. Despite the findings of
significant adverse effects, project and cumulative effects are not expected to threaten the sustainability of
regional species populations.

Biodiversity

The project will contribute to a regional loss of upland ecosystems, wetlands, old-growth forests, and
areas of high species diversity potential, rare plant potential, and traditional use potential. While
reclamation will mitigate these effects, some residual effects will remain. Some high biodiversity
potential areas cannot be reclaimed (peatlands) while others will not become reestablished for many years
after reclamation and closure (old-growth forests). There is also uncertainty about whether equivalent
levels of species and community diversity can be restored given the limited number of species included in
reclamation planting prescriptions.

While Teck has an aspirational goal of achieving a net positive impact on biodiversity as a result of the
Frontier project and has developed a draft biodiversity management plan for the project, Teck did not
provide sufficient evidence to demonstrate how it will achieve levels of biodiversity equivalent to
predevelopment conditions, much less a net positive improvement on biodiversity. While Teck stated that
it will consider the use of conservation offsets to mitigate residual project effects, it did not identify or
commit to any specific offset proposals. Teck noted that the Government of Alberta does not currently
have a regulatory requirement or policy framework in place for the use of conservation offsets. The panel
also heard concerns from indigenous groups and other participants that the biodiversity management
framework to be developed under the Lower Athabasca Regional Plan had still not been finalized more
than five years after it was to be complete.

The Mikisew Cree First Nation, Athabasca Chipewyan First Nation, and Teck jointly recommended the
establishment of a biodiversity stewardship area as a permanently protected area of sufficient size to
support the exercise of aboriginal and treaty rights and the culturally important relationships between First
Nations and local wildlife, including the Ronald Lake bison. We are aware from public announcements
by the Government of Alberta that, since the close of the hearing, it has established the Kitaskino
Nuwenéné Wildland Provincial Park, which incorporates much of the land area proposed by the First
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Nations to be included in the biodiversity stewardship area. The management intent of the park is to
support the exercise of treaty and harvesting rights for First Nations and Métis harvesters, as well as other
traditional uses, including cultural activities.

In the absence of sufficient evidence to demonstrate how Teck will achieve its biodiversity objectives,
and having regard for the size of the project disturbance area (292 square kilometres), the panel concludes
that the project is likely to result in a significant adverse effect to biodiversity, primarily as a result of the
loss of wetlands and old-growth forests. The loss of areas of high species diversity potential, rare plants,
and traditional use potential contribute to this effect. Given that similar losses of high biodiversity
potential areas are occurring at other mining operations in the region, the panel concludes that the project
in combination with other existing, approved, and planned developments will also result in significant
adverse cumulative effects to biodiversity.

The panel believes that conservation offsets are one of the few available mitigation measures that could
be used to mitigate some project and cumulative effects. The panel recommends that Teck discuss the use
of conservation offsets with Alberta and Canada, with input from potentially affected indigenous
communities, to further mitigate the effects of the project on biodiversity.

The panel recommends that the Government of Alberta consider providing further policy direction and
guidance on the use of conservation offsets as part of any future updates to the Lower Athabasca Regional
Plan. The panel also recommends that it finalize and implement the biodiversity management framework
under the Lower Athabasca Regional Plan as soon as possible, or, if it no longer plans to implement the
biodiversity management plan, that it amend the Lower Athabasca Regional Plan as necessary.

Air Quality

The Frontier project is not expected to result in significant adverse effects to air quality. Emissions from
the mine fleet make up a substantial portion of NO, emissions from the project. Teck proposes to mitigate
mine fleet NO, emissions by using Tier IV compliant equipment and ensuring the mine fleet is
maintained to prevent an increase in mine fleet emissions; the panel has imposed this as a condition of
approval. The Frontier project makes a relatively low contribution to regional emissions and is not
expected to cause an increase in NO, exceedances in the mineable oil sands area. The panel recognizes
there is some uncertainty regarding expected levels of regional NO, emissions because Teck has assumed
that all other operators will transition to Tier IV mine fleet equipment in the future. If Tier IV or
equivalent emission control technology is not widely adopted by other operators in the region, then
regional NO, emissions may be higher than those modelled by Teck in its assessment. This may also
contribute to exceedances of critical thresholds for NO,. However the current ambient air quality
monitoring in the region should provide sufficient warning of potential NOy air quality issues in the
region such that mitigation measures and adaptive management plans can be implemented regionally, as
contemplated in the Air Quality Management Framework under the Lower Athabasca Regional Plan.
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Effects of SO, emissions from the Frontier project will be minimal due to the use of low-sulphur natural
gas and diesel fuels, which we require as a condition of the approval.

Greenhouse Gas Emissions

The project will be large emitter of greenhouse gases. Total greenhouse gas emissions from the project
are estimated to be about 4.1 million tonnes of CO, equivalent per year. Teck submitted that the Frontier
project will be “best in class” with respect to greenhouse gas emissions intensity, having among the
lowest greenhouse gas emission intensities compared to all other oil sands production and having a lower
emissions intensity than about half of all oil refined in the United States.

Some participants disputed Teck’s claims about its greenhouse gas emissions intensity and urged the
panel to deny the project based on the magnitude of its greenhouse gas emissions. We agree that the
evidence provided by Teck does not demonstrate how the Frontier project will achieve best-in-class
greenhouse gas emissions intensity. However there is no specific regulatory requirement to achieve this
standard. The project is required to meet existing provincial and federal requirements for greenhouse gas
emissions, including Alberta’s Carbon Competitiveness Incentive Regulation and Oil Sands Emissions
Limit Act. The project satisfies these requirements.

The panel acknowledges there is some uncertainty about whether or when the 100 megatonne greenhouse
gas emissions limit in Alberta’s Oil Sands Emissions Limit Act will be implemented; however, the current
oil sands greenhouse gas emissions are well below the limit and will remain below the limit with the
approval of the Frontier project. Although changes may occur to the Carbon Competitiveness Incentive
Regulation as a result of the recent change in government in Alberta, the project must comply with any
change to regulatory requirements in place over the life of the project. The panel also recognizes that if
the project is approved and constructed, it may make it more difficult to achieve Canada’s targets and
commitments under the Paris Accord, including a 30% reduction of 2005 greenhouse gas emission levels
by 2030 and the 2050 mid-century target for total Canada greenhouse gas emissions of 150 Mt/year.
However, the development of policies and programs to meet Canada’s international commitments and
implementation of Alberta’s Climate Leadership Plan are beyond the scope of this project review and the
authority of the panel.

Groundwater and Surface Water

The project is not expected to result in significant adverse effects to groundwater or surface water
quantity or quality.

The proposed project design and mitigation measures will ensure that process-affected water is not
discharged to the surrounding environment. While some seepage from tailings areas into groundwater is
expected to occur, Teck has proposed appropriate mitigation measures, and the panel has required
groundwater monitoring and reporting. These measures should be sufficient to ensure that contaminants
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do not reach surface water bodies at concentrations that would cause harm to aquatic resources, wildlife,
or humans.

Flooding of organic soils and mercury in inflowing waters has the potential to result in the formation of
methylmercury in the fish habitat compensation lake and off-stream storage reservoirs, and there was a
concern that this could bioaccumulate in fish tissue, increasing potential health risks for wildlife and
humans. Teck has proposed stripping organic soils from the fish habitat compensation lake and off-stream
storage reservoirs before construction, and we have included this as a condition of approval. The panel
has also included conditions requiring Teck to conduct additional baseline sampling for mercury, to
monitor mercury and methylmercury concentrations in the fish habitat compensation lake and off-stream
storage ponds, and develop an adaptive management plan that identifies what actions will be taken should
elevated levels of mercury or methylmercury be observed. As a result, the project is not expected to make
a significant contribution to mercury or methylmercury concentrations in downstream receiving
environments.

End-pit lakes are part of Teck’s closure plan, but Teck has committed to not placing treated or untreated
tailings in them. This is expected to result in higher initial water quality in the end-pit lakes than water in
lakes containing fluid tailings, which should result in improved outcomes and shorter timelines for site
closure. Some uncertainty remains about when final closure of the reclaimed project area will occur, and
currently there is no policy for the release of water from end-pit lakes. However, the panel found the level
of information provided by Teck about end-pit lakes to be sufficient at this stage of the regulatory
process, given end-pit lakes are many years away for the Frontier project and the understanding of end-pit
lakes is improving with ongoing research.

While water levels and flows in the Athabasca River and Peace-Athabasca Delta remain a concern for
Mikisew, Athabasca Chipewyan, and other indigenous communities, the project is not expected to have a
significant effect on water levels or flows in these areas. Teck has committed to constructing off-stream
water storage and to minimizing water withdrawals during periods of low flow on the Athabasca River. In
addition, the panel has included conditions requiring that Teck develop an off-stream fresh water storage
plan and a water withdrawal minimization strategy and prohibiting the diversion of water from the
Athabasca River during periods of low flow to fill end-pit lakes.

Fish and Fish Habitat

The project will result in the destruction or permanent alteration of fish habitat that is part of or supports a
recreational or aboriginal fishery, but it is not expected to result in a significant adverse effect to fish or
fish habitat following mitigation. Teck proposes to construct a fish habitat compensation lake to mitigate
project effects to fish and fish habitat. We accept the view of the Department of Fisheries and Oceans that
when finalized and implemented, the detailed fisheries offsetting plan will fully mitigate the effects of the
project.
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Human Health

The Frontier project is not likely to result in a measureable increase in risk to human health. Exposures to
chemicals of potential concern from the project will be small, and emissions from the project combined
with other sources in the region are not expected to exceed risk-based regulatory thresholds or other
values justified within the human health risk assessment. On the few occasions where regulatory
guidelines are predicted to be exceeded, no significant increase over current concentrations is expected as
a result of the project. The panel found that the methodology and analysis in Teck’s human health risk
assessment was appropriate, conservative, and thorough and could be relied on.

The panel has recommended that the governments of Alberta and Canada consider implementing a
community health baseline study, including representation from local communities and oil sands
operators. The panel recognizes that this recommendation has been made by previous joint review panels;
however, the recommendation has yet to be implemented and community members continue to be
concerned about the potential for health effects as a result of the amount of industrial development in the
region. A community health study may help address some of those concerns.

Effects on Traditional Land Use, Rights, and Culture

During the review of the Frontier project, a number of indigenous groups actively participated in the
process with written submissions, documented oral testimony, traditional land-use assessments, cultural
impact assessments, and numerous other studies and reports:

Treaty 8 First Nations:

« Athabasca Chipewyan First Nation

Mikisew Cree First Nation

Fort McMurray First Nation #468

Fort McKay First Nation
e Deninu K’ue First Nation

e Smith's Landing First Nation

Katt odeeche First Nation
o Fond du Lac First Nation

Non-status indigenous groups:

« Original (First) Fort McMurray First Nation

o Clearwater River Band
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Metis indigenous groups:

o Fort Chipewyan Métis Local 125

o Fort McMurray Métis Local 1935

o Fort McKay Métis Local 63

o Lakeland Métis Local 1909

o Owl River Métis Local # 1949

« Métis Nation of Alberta Region 1

o The Northwest Territory Métis Nation

All of the indigenous groups that would be significantly affected by the Frontier project signed
agreements with Teck. Although the panel was not privy to all the details of these private agreements,
parties identified a number of economic benefits, opportunities for meaningful engagement and
communication, and measures to mitigate the effects of the project. Some groups have expressed outright
support for the project and indicated that the implementation of the agreements will lead to measurable
positive effects in their communities. Others have indicated that through the agreements they have
resolved their project-specific concerns but that their support for the project is conditional on a number of
actions by governments through which the effects of the project and other development can be further
mitigated. The agreements included recommendations to Alberta and Canada to address issues such as
regional planning, water allocation, and wildlife management that are beyond the ability of Teck, the
indigenous groups, or this panel, to address. The panel must assume that the measures agreed upon would
meet their respective needs and interests with respect to the Frontier project.

Regardless of whether an indigenous community has signed an agreement or has stated its support for the
project, the panel is mandated to accept and review information on the potential adverse environmental
effects that the project may have on asserted or established aboriginal or treaty rights, and information
regarding any measures proposed to avoid or mitigate the potential adverse effects of the project on
asserted or established aboriginal or treaty rights.

The panel determined the significance of the Frontier project effects for each indigenous community to
their current use of lands and resources and physical and cultural heritage based on the approach in the
Agency’s guide Determining Whether a Designated Project is Likely to Cause Significant Adverse
Environmental Effects under the Canadian Environmental Assessment Act, 2012 (March 2018).

The panel also assessed the potential for the Frontier project to impact the asserted rights assisted by the
Methodology for Assessing Potential Impacts on the Exercise of Aboriginal and Treaty Rights of the
Proposed Frontier Oil Sands Mine Project, jointly submitted to the panel by the Mikisew Cree First
Nation and the Agency.
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Overall, the project will result in the loss of lands and some resources used for traditional activities, and
this will affect indigenous groups and their members who use the project area. The mitigation measures
proposed are not sufficient to fully mitigate these effects. The project effects alone are unlikely to
extinguish the ability of indigenous groups to practice traditional activities. Although the assessments
varied for each group, in general the panel found that the project effects on use of lands and resources for
traditional purposes, their cultural and physical heritage, and asserted rights will be adverse and
significant for those groups close to the project. For groups far from the project area, the project effects
would be negligible.

The panel found that project effects, in combination with the effects of other existing, approved, and
planned developments and other disturbances in the region surrounding the project are adverse and
significant for most indigenous groups for some or all of the factors assessed. The exceptions are those
groups who entered late in the review process and did not provide sufficient information for us to make a
determination or who are far from the area—in some cases several hundred kilometres away.

Assessments for each of the indigenous groups are included in this report.

Mitigations by individual project proponents are not effective at avoiding significant adverse cumulative
effects in the project region. The intent of the Lower Athabasca Regional Plan is to take more of a
cumulative-effects-based approach to managing environmental effects in the Lower Athabasca region, but
it does not specifically address use of lands and resources for traditional purposes, cultural and physical
heritage, and effects on asserted rights. Several indigenous groups expressed concern that it does not
address their concerns and does not protect their aboriginal or treaty rights.

Indigenous groups that participated in the hearing raised concerns about the adequacy of consultation by
the governments of Canada and Alberta, particularly with respect to the management of cumulative
effects in the oil sands region and the impact of these effects on their aboriginal and treaty rights.

Effects to the Outstanding Universal Value of Wood Buffalo National Park World Heritage Site

Water Quantity and Quality in the Peace-Athabasca Delta

The Frontier project is not expected to result in measureable effects to water flows or levels in the Peace-
Athabasca Delta. The amount of water to be diverted for the project is very small compared to flows in
the Athabasca River, and the change in water level in Lake Athabasca is estimated to be less than one
centimetre at the maximum diversion rate. While the cumulative effect for all oil sands water withdrawals
may contribute to measureable changes in water levels in the Athabasca River and Lake Athabasca, the
magnitude of the change is about 6 centimetres and is small compared to changes resulting from climate
change and flow regulation on the Peace River. While cumulative effects to water levels are occurring in
the Peace-Athabasca Delta, the project will make a negligible contribution to this effect, and the
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combined contribution of all oil sands withdrawals is small. Climate change and flow regulation on the
Peace River have much larger adverse effects.

The Frontier project is also not expected to result in measureable effects to water quality in the Peace-
Athabasca Delta, Lake Claire, or Ronald Lake. However, the Frontier project has the potential to
adversely affect water quality in the Peace-Athabasca Delta and Wood Buffalo National Park through
three contaminant pathways: releases from the project area to the Athabasca River, which would flow into
the Peace-Athabasca Delta; releases from the project area to the Ronald Lake watershed, which would
flow via Buckton Creek into Lake Claire; and aerial deposition of metals, polycyclic aromatic
hydrocarbons, or acidifying compounds from the project, which could affect water quality. The panel
expects that these effects will be minimal given the low magnitude of changes predicted at the local study
area level and the distance between the Frontier project and the Peace-Athabasca Delta and Wood Buffalo
National Park, which will further reduce contaminant concentrations in air and water before they reach
these areas.

Even though measurable changes to water quality are not expected to occur in the Peace-Athabasca Delta
as a result of the project, the panel understands that contaminant loading in the Peace-Athabasca Delta
remains a concern, and the project could contribute to this loading. Monitoring and studies conducted to
date have not identified any consistent trends in water or sediment quality within the Peace-Athabasca
Delta that are attributable to loadings from the oil sands mining industry. However, the panel understands
that the Peace-Athabasca Delta is a dynamic system with a high degree of inherent variability in water
quality, making it difficult to detect low-level effects. Mitigation measures implemented for the project,
along with required monitoring of project effects by Teck, should serve as an early warning indicator of
potential adverse downstream effects.

Additional regional monitoring and research is required because the Peace-Athabasca Delta and Wood
Buffalo National Park have been less studied relative to the Athabasca River but are of high importance to
the region. To better understand the regional contributions the proposed project may be having on water
quality in the Peace-Athabasca Delta and Wood Buffalo National Park, Teck must fund regional water
quality monitoring programs.

Wildlife and Human Health in the Peace-Athabasca Delta

We are satisfied that Teck’s wildlife health risk assessment was conducted in a reasoned and responsible
manner and is consistent with existing regulatory guidelines. We agree with Teck’s conclusion that the
project will only contribute to minor increases in potential exposure to chemicals of potential concern to
wildlife in the region and that these exposures are not expected to have an adverse effect on wildlife.

We also find that the project is not likely to result in significant adverse human health effects. Teck’s
methodology and analysis in its human health risk assessment was appropriate and conservative. Given
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that increased risk to human health is not predicted to occur in the vicinity of the project, increased human
health risks are not expected to occur in the Peace-Athabasca Delta.

Given the proximity of the Frontier project to Wood Buffalo National Park and the Peace-Athabasca
Delta, we find that there is a potential for the project to increase some air quality parameters in those
areas. However, the panel expects that any changes that occur will be of low magnitude, and air quality
will remain close to background in the Peace-Athabasca Delta and Wood Buffalo National Park.

Migratory Waterfowl and Water Birds

The project will result in the loss of high- and moderate-suitability habitat for migratory birds within the
project disturbance area. While this will have a negative effect on waterfowl nesting and rearing habitat
and reduce the available waterfowl stopover habitat, considerable habitat remains available in the region.
As migratory pathways are not fully understood, it is difficult to assess the magnitude of this effect on
birds migrating to and from Wood Buffalo National Park, but the panel expects the magnitude to be low.

In addition, there is the potential for migratory waterfowl and water birds to land on tailings ponds and
come into contact with process-affected water or bitumen. Given the number of birds observed to land on
tailings ponds and Teck’s commitment to use state of the art bird deterrent systems, the panel finds that
the likelihood of this occurring is low.

The panel concludes that effects to migratory waterfowl and water birds, while adverse, are not likely to
be significant.

Whooping Crane and Whooping Crane Habitat

The project will not directly or adversely affect breeding habitat for Whooping Crane given the location
of its breeding habitat and its distance from the project.

The project will result in the loss of temporary stopover habitat for Whooping Crane as discussed above
for migratory waterfowl and water birds, but significant habitat remains available in the region. In
addition, there is the potential for Whooping Crane to land on tailings ponds and come into contact with
process-affected water or bitumen.

The project is not expected to adversely affect recovery of the species. The population has been growing

even with oil sands growth. While we cannot rule out the possibility of mortality of Whooping Crane due
to contact with tailings ponds, given Teck’s mitigation measures, the potential is low and would not have
a population-level effect on the species.
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Great Plains-Boreal Grassland Ecosystem

The project is not likely to result in adverse effects to the Great Plains-Boreal grassland ecosystem. The
project is not expected to result in measureable changes to air quality or surface water quantity and
quality in the Peace-Athabasca Delta or Wood Buffalo National Park.

Predator-prey Relationship Between Wolves and Bison

The project is not likely to affect the predator-prey relationship between wolves and bison in the park
given the distance between the project and the bison herds that reside within the park. There may be some
potential for increased indirect mortality risk as a result of predation for the Ronald Lake bison herd
because predation is expected to increase slightly in the southern portion of the Ronald Lake bison range
near the project. However predation is expected to remain unchanged in the northern portion of the herd’s
range in Wood Buffalo National Park.

Ronald Lake Bison Herd

The panel considered the effects of the project on the Ronald Lake bison herd and determined that the
Frontier project was likely to result in significant adverse effects to bison related to habitat availability
and disease transmission. However, the panel does not consider the Ronald Lake bison herd to be an
outstanding universal value of Wood Buffalo National Park because the majority of the herd’s range is
outside of the park and individuals only infrequently enter its boundaries.

Salt Plains and Gypsum Karst Features

There are no pathways by which the project would affect the salt plains or gypsum karst features within
the park.

Integrity, Protection, and Management of Wood Buffalo National Park

The project will not result in any physical disturbance of Wood Buffalo National Park or create any new
access routes to its borders. The project does not involve extraction of resources within its boundaries or
cause adverse effects to ecosystems within the park. Based on the panel’s review, effects of the Frontier
project on Wood Buffalo National Park are expected to be of negligible or low magnitude. Since the
park’s location or remoteness will not be altered, the Frontier project is not expected affect its integrity,
which is the overarching outstanding universal value of Wood Buffalo National Park.

Section 5 of CEAA 2012

Conclusions, mitigation measures, and recommendations related to section 5(1) of CEAA 2012 in this
report can be found in the following sections: Bitumen Recovery, Tailings Management Plan, Air
Quality, Groundwater, Surface Water Quality, Surface Water Quantity, Fish and Fish Habitat, Wildlife,
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and Effects on Indigenous Traditional Use of Lands and Resources, Culture, and Asserted Rights. These
sections provide the panel’s findings on

« the effects on fish, fish habitat and migratory birds and,

o with respect to indigenous peoples, the effects in Canada of any change to the environment in health
and socioeconomic conditions, physical and cultural heritage, or the current use of lands and
resources for traditional purposes, and to any structure, site, or thing that is of historical,
archaeological, paleontological, or architectural significance.

Conclusions, mitigation measures, and recommendations related to section 5(2) of CEAA 2012 in this
report can be found in the following sections: Fish and Fish Habitat and Surface Water Quantity. These
sections provide the panel’s findings on potential effects on the environment and are directly linked or are
necessarily incidental to a federal authority’s exercise of a power or performance of a duty or function
that would permit the carrying out of the project.
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Teck Resources Limited
Frontier Oil Sands Mine Project
Fort McMurray Area

Applications 1709793, 001-00247548, 001-00303079, and 001-00303091
CEAA Reference No. 65505

1 Introduction

Project Description

[1] Teck applied to construct, operate, and reclaim a new oil sands mine and processing plant that
would be located in northeastern Alberta about 110 kilometres (km) north of Fort McMurray, Alberta.
The development area would be located in Townships 99, 100, 101, and 102, Ranges 9, 10, and 11, West
of the 4th Meridian.

[2] The Frontier project would have a disturbance area of 29 217 hectares (292 km?), resulting from
two development phases. Phase one would start in 2026, and both phases would be operational by 2037.
Phase one will include two processing trains that would begin operating one year apart starting in 2026,
and phase two will add a third train, which would begin operating in 2037. Each of the processing trains
will have an ore processing capacity of 8000 tonnes per hour and a bitumen production capacity of

13 500 cubic metres (m?) per day (roughly 85 000 barrels [bbl] per day), all together producing about
41 300 m3/day or 260 000 barrels per day of partially deasphalted bitumen (Table 1).

Table 1.  Frontier project schedule

Cumulative bitumen production*

Phase Start-up year Mined ore (t/h) (m3/cd) (bbl/cd)
1 2026 8 000 13 500 85 000

2027 16 000 27 000 170 000
2 2037 24 000 41 300 260 000

* Nominal production rate of partially deasphalted bitumen

[3] The Frontier project will consist of two mine pits and use large shovels and haul trucks to
excavate and transport overburden and ore. Each of the three process trains will include ore preparation,
bitumen extraction, froth treatment, and tailings preparation.

[4] The tailings management strategy for the Frontier project will be based on enhanced beach
capture and the use of centrifuges to treat fluid fine tailings recovered from the external tailings area.
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[5] The Frontier project will also include supporting infrastructure and utilities including
cogeneration facilities, support utilities, disposal and storage areas, a river water intake, a fish habitat
compensation lake, a bridge over the Athabasca River, administration and maintenance facilities, roads,
an aerodrome, and a camp.

[6] If approved, the Frontier project would operate for 41 years. Table 2 shows Teck’s proposed
schedule.

Table 2. Teck’s proposed project milestone schedule

Associated project approvals, licences and permits received for Phase 1 2017 to 2018

Teck Board of Directors project sanction decision 2019
Detailed engineering for Phase 1 2019 to 2023
Phase 1, production train 1 — site preparation and construction 2019 to 2025
Phase 1 — first oil® 2026
Phase 1, production train 2 — construction 2019 to 2026
Phase 1, production train 2 — first oil 2027
Phase 2 — construction® 2030 to 2036
Phase 2 —first ol 2037
Phases 1 and 2 — end of mine life 2066
Closure complete® 2081

a First oil production is assumed to occur on January 1, so 2026 comprises Year 1 of production.
b Phase 2 site preparation starts in 2030 and construction of production train 3 starts in 2033.

c Closure is considered complete when major closure works and reclamation have been completed; this includes pit lakes being
fully integrated with the surrounding receiving waters.

The Applications

[7] Provincial approvals are required for the following applications:

o Application 1709793 pursuant to sections 10 and 11 of the Oil Sands Conservation Act (OSCA) to
construct, operate, and reclaim a new oil sands mine and processing plant

« Application 001-00247548 pursuant to section 66 of the Environmental Protection and Enhancement
Act (EPEA) to construct, operate, and reclaim the Frontier project

o Application 001-00303079 under the Water Act for approval to carry out activities for site water
management associated with the Frontier project

o Application 001-00303091 under the Water Act for a licence for the annual diversion and use of water

[8] The panel’s terms of reference define the scope of the environmental assessment of the Frontier
project. The panel’s mandate was to consider the environmental effects of the project, access road, bridge,
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and aerodrome. If the Frontier project is approved, ancillary approvals will be required from other
government agencies for other components.

« The Frontier project is also subject to review by the Fisheries and Oceans Canada under sections 32
and 35 of the Fisheries Act and the Canadian Environmental Assessment Act, 2012.

[9] Teck has not submitted any applications under the Public Lands Act. However, in order to
proceed with the Frontier project, some activities will need Public Lands Act dispositions by the Alberta
Energy Regulatory (AER) or Alberta Environment and Parks (AEP).

Legislative and Regulatory Framework

[10]  InJuly 2012, the Canadian Environmental Assessment Act, 2012 (CEAA 2012) came into force
and repealed the Canadian Environmental Assessment Act. Pursuant to section 126 of CEAA 2012, the
review of the Frontier project commenced under the Canadian Environmental Assessment Act and
continued under CEAA 2012.

[11]  InJune 2013, the Responsible Energy Development Act (REDA) came into force in Alberta.
REDA created the AER and repealed the Energy Resources Conservation Act, which had established the
Energy Resources and Conservation Board. In accordance with REDA, the AER assumed all of the
Energy Resources and Conservation Board’s powers, duties and functions under Alberta’s energy
resource enactments (which includes OSCA), as well as Alberta Environment and Sustainable Resource
Development’s (now Alberta Environment and Parks) powers, duties and functions in respect of energy
resource activities related to public lands, water, and the environment. The AER is responsible for OSCA,
EPEA, and Water Act applications related to the Frontier project. The panel has factors it must consider
under section 15 of REDA, section 3 of the Responsible Energy Development Act General Regulation,
and section 3 of OSCA.

[12] The panel is satisfied that throughout this proceeding and in this report that it has considered all
the factors identified in those provisions. This includes a consideration of the social and economic effects
of the Frontier project, the effects of the Frontier project on the environment, and providing for orderly
and efficient development in the public interest of oil sands resources in Alberta.

[13]  Section 21 of REDA excludes the AER from determining the adequacy of Crown consultation
associated with the rights of aboriginal peoples as recognized and affirmed under Part Il of the
Constitution Act, 1982. The Aboriginal Consultation Office (ACO) directs, monitors, and supports the
consultation activities of Government of Alberta departments. Under provincial ministerial orders, the
AER is required to request advice from the ACO prior to making a decision on an energy application for
which First Nations or Métis Settlement consultation is required. The joint operating procedures for the
AER and ACO requires that the AER request advice from the ACO as to whether the ACO has found
consultation to have been adequate and request advice on mitigation measures that may be required to
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address potential impacts on aboriginal rights. The panel made the request and received reports from the
ACO with its advice before closing the evidentiary portion of the hearing.

[14]  Alberta’s Land-Use Framework, released in 2008 supported by the Alberta Land Stewardship Act
(ALSA) sets out how land will be managed in Alberta to effectively balance competing economic,
environmental and social demands. The regional plan under ALSA relevant to the Frontier project is the
Lower Athabasca Regional Plan (LARP). Although further public land applications will be required, the
panel is satisfied that for the current applications the Frontier project aligns with LARP.

Joint Review Process

[15] The joint review process was established to create a cooperative proceeding pursuant to section
18 of REDA and a joint review panel pursuant to sections 38, 39, 40, and 42 of CEAA 2012. Under the
agreement, the panel must conduct its review in a manner that discharges the responsibilities of the AER
under REDA, OSCA, EPEA, and the Water Act and discharges the requirements of CEAA 2012 and the
terms of reference attached as an appendix to the agreement.

[16] Then—Alberta Environment (now Alberta Environment and Parks) issued the Final Terms of
Reference for the Environmental Impact Statement for the Frontier project in February 20009.

[17]  Teck submitted an integrated application November 24, 2011, that combined information
required under OSCA, EPEA, the Water Act, and CEAA 2012.

[18] Between August 2012 and June 2015, Teck responded to four rounds of prepanel information
requests with the AER, Alberta Environment and Sustainable Resource Development, and federal
authorities, as defined in CEAA 2012. A public comment period was announced after each round of
information requests to allow the public to review and provide additional comments on Teck’s responses.

[19] OnJune 15, 2015, Teck submitted a project update which included significant changes to the
design of the Frontier project, including the elimination of one development area, an expansion of one of
the mine pits, a new tailings management plan, and a new bridge over the Athabasca River. Teck stated
that the Frontier project was updated in order to realize opportunities associated with the asset exchange
between Teck and Shell completed in 2013 and to highlight many improvements to the Frontier project’s
economic and social benefits and its overall environmental performance. The project update contained
over 13 000 pages of additional material compared to the original integrated application and
environmental impact assessment submitted in 2011, which contained approximately 8000 pages of
material.

[20]  Following the project update, there was another round of prepanel information requests with
provincial regulators and federal authorities followed by a public comment period.
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[21] On May 16, 2016, the AER advised Teck that it had deemed the environmental impact
assessment for the Frontier project complete pursuant to section 53 of EPEA.

[22] On May 24, 2016, the federal minister of Environment and Climate Change (the Minister) and the
CEO of the AER announced the Agreement to Establish a Joint Review Panel for the Frontier Oil Sands
Mine Project. Pursuant to the agreement, they established the panel and appointed Mr. A. Bolton, as the
panel chair, and Mr. R. C. McManus and Mr. W. Klassen as panel members.

[23] Immediately following the announcement of the Joint Panel Agreement on May 24, 2016, in
response to the devastating wildfires in the Fort McMurray area, the Minister extended the time limit for
issuance of the decision statement for the Frontier project by three months.

[24]  The panel announced a public comment period on August 17, 2016, to allow the public to
comment on the sufficiency of information submitted to date.

[25] The panel and three secretariat members visited the Frontier project area by helicopter on
September 27, 2016.

[26] Between November 2, 2016, and March 20, 2017, the panel sent Teck nine information requests
on various topics. Teck responded to the first request on March 29, 2017, and the panel announced a
public comment period starting April 7, 2017. Over the next three months, Teck provided responses to the
eight remaining information requests. On June 20, 2017, the panel announced that because Teck had
provided responses to all information requests, the public comment period would close on July 20. In
response to requests received by the public, the panel extended that comment period until July 24, 2017.

[27]  On August 24, 2017, the agreement was amended by the Minister and the CEO of the AER to
direct the panel to consider the potential effects of the Frontier project on the United Nations Education,
Scientific and Cultural Organization (UNESCO) defined outstanding universal value of the Wood Buffalo
National Park World Heritage Site, including the Peace-Athabasca Delta. It also reflected updates to the
Frontier project provided by Teck.

[28]  The panel determined that additional information was required from Teck to meet the new
requirements outlined in the Amended Agreement before it could proceed to a hearing. A request for
additional information was sent to Teck on August 24, 2017.

[29] On September 13, 2017, the panel requested an eight-month extension to the deadline to produce
the joint review panel report. The panel cited several reasons for the request including the significant
project update and changes to the terms of reference under the Amended Agreement. The panel was
notified by the Minister on November 7, 2017, that the deadline had been extended as requested.

[30] Between October 13 and November 8, 2017, the panel sent two more information requests to
Teck. Teck responded on February 28 and March 1, 2018. Another public comment period was
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announced on March 12, 2018. Comments were received from indigenous groups, federal departments,
and members of the public.

[31]] On May 25, 2018, the panel advised Teck that additional information was required. The panel
determined the information deficiency was minor in nature and that it would schedule a hearing subject to
receiving a commitment from Teck to provide the additional information by June 29, 2018.

[32] On May 29, 2018, Teck confirmed its commitment to provide the required additional information
by the requested date. Given Teck’s commitment to provide the required information by the deadline, the

panel determined that the information on the record was sufficient to proceed to the public hearing portion
of the review.

[33] The panel issued a notice of hearing on June 6, 2018. In the notice, the groups listed below were
invited to participate in the hearing. Groups or individuals not listed were asked to request to participate
in the hearing by June 22, 2018. Teck Resources Limited, Environment and Climate Change Canada,
Parks Canada Agency, Health Canada, Transport Canada, Department of Fisheries and Oceans, Natural
Resources Canada, and the Canadian Environmental Assessment Agency (the Agency) were required to
participate in the hearing.

Athabasca Chipewyan First Nation

Fort Chipewyan Métis Local 125

o Fort McKay First Nation

o Fort McKay Métis Community Association

« Meétis Nation of Alberta Association Fort McMurray Local Council 1935

o Meétis Nation of Alberta Association Lakeland Local Council 1909

o Mikisew Cree First Nation

« Oil Sands Environmental Coalition (OSEC)

o Canadian Parks and Wilderness Society Northern Alberta Chapter (CPAWS)
o Keepers of the Athabasca

« Aboriginal Consultation Office of Alberta Indigenous Relations, whose participation is provided for
by Ministerial Order

[34] The panel issued participation decisions on July 6, 2018, and on July 12, 2018, issued a revised
notice of hearing setting a schedule for submissions and motions and advising that the hearing would
begin on September 25, 2018. The hearing began on that date and closed on December 12, 2018.
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[35] On February 5, 2019 the panel requested an extension to July 25, 2019, to produce the joint
review panel report. The panel cited several reasons for the request including the length of the hearing,
the volume of the hearing record, concurrent reviews, and the need for a quality report. The panel was
notified by the Minister on March 28, 2019, that the deadline had been extended as requested.

Table 3. Review process timeline

Date

Process step

February 11, 2009
May 21, 2009

November 24, 2011

January 12, 2012
March 9, 2012

August 15, 2012
August 30, 2012

January 15, 2013
January 18, 2013

January 19, 2013

April 11,2013
June 6, 2013
October 28, 2013
November 4, 2013

December 23, 2013

March 17, 2014

May 14, 2014
October 10, 2014
October 23, 2014
January 29, 2015
February 20, 2015
June 15, 2015

Joint Review Panel

Final terms of reference for environmental impact assessment
Additional terms of reference requirements and clarifications for the proposed project

Application submitted to AER by Teck Resources Ltd. and SilverBirch Energy for approval

of the Frontier oil sands mine project
Traditional land-use study submitted by Fort McKay First Nation
Commencement of federal environmental assessment

Funding Review Committee's report on the allocation of federal funds for the

environmental assessment of the Frontier oil sands mine project
Round 1 information request by AER/ESRD/CEAA

Public Notice: Frontier Oil Sands Mine Project — Establishment of Timelines under CEAA

2012
Teck response to AER/ESRD/CEAA information request round 1

Public Notice: Frontier Oil Sands Mine Project — Environmental Assessment Public

Comment Period on Additional Information

Public Notice: Frontier Oil Sands Mine Project — Environmental Assessment Referral to

Review Panel and Availability of Funding

Round 2 information request by CEAA

Round 2 information request by AER/ESRD

Teck response to information request round 2

Public comments invited on additional information

Federal authorities’ information requests provided to ESRD

Public Notice: Frontier Oil Sands Mine Project — Public Comment Invited on Draft Joint

Review Panel Agreement

Round 3 information request by AER/ESRD

Teck responses to information request round 3

Public comment period on sufficiency of information submitted to date
Round 4 information request by CEAA

Round 4 information request by the AER/CEAA

Project update provided by Teck
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Date

Process step

June 30, 2015

July 2, 2015

July 9, 2015
November 19, 2015
November 27, 2015
April 15, 2016

April 28, 2016

May 13, 2016
May 16, 2016

May 19, 2016

May 24, 2016

May 25, 2016

June 6, 2016
August 17, 2016
September27, 2016
November 2, 2016
December 8, 2016
December 16, 2016
February 3, 2017
February 16, 2017
February 24, 2017
February 27, 2017
March 1, 2018
March 20, 2017
March 29, 2017
April 7, 2017

April 29, 2017

May 15, 2017

May 29, 2017
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Teck responses to AER/CEAA information request round 4

Public comment period on sufficiency of information submitted to date
Notice of revised applications

Public Notice: Availability of Additional Participant Funding
AER/CEAA information request round 5

Teck responses to round 5 information request

Teck revised response to round 5 information request, appendix 31b.1 Water Act

Application Form (Corrected)
Teck revised response to round 5 information request, question 33

Environmental impact assessment for Teck Resources Limited's proposed Frontier oil

sands mine project deemed complete by the AER

Agreement To Establish a Joint Review Panel for the Frontier Oil Sands Mine Project
Between the Minister of the Environment and Climate Change, Canada and the Alberta
Energy Regulator

Establishment of joint review panel

Extension of time limit for issuance of decision statement

Corrections to the scope of the project in the panel's terms of reference

Panel announces public comment period on sufficiency of information submitted to date
Panel aerial tour of the Frontier oil sands mine project area

Panel sends package 1 information request

Panel sends package 2 information request

Panel sends package 3 information request

Panel sends package 4 information request

Panel sends package 5 information request

Panel sends package 6 information request

Panel sends package 7 information request

Panel sends package 8 information request

Panel sends package 9 information request

Teck responds to information request package 1

Panel announces public comment period on sufficiency of information submitted to date
Teck responds to information request packages 2 and 3

Teck responds to information request package 6

Teck responds to information request package 4

Section 1: Introduction
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Date Process step
May 31, 2017 Teck responds to information request packages 7 and 8
June 5, 2017 Teck responds to information request package 5

June 20, 2017
August 24, 2017

August 24, 2017

September 13, 2017

October 13, 2017
November 7, 2017
November 8, 2017
January 29, 2017
February 28, 2018
March 1, 2018

March 12, 2018
May 25, 2018
June 6, 2018
June 6, 2018
June 29, 2018
July 12, 2018

September 22, 2018

September 25 to
October 24, 2018

November 26, 2018

December 11 and 12,

2018
December 12, 2018
February 5, 2019

March 28, 2019

Panel announces public comment period on sufficiency of information submitted to date

Amendment of Joint Review Panel Agreement to consider project effects on the

outstanding universal value of Wood Buffalo National Park World Heritage Site

Panel sends information request regarding the potential effects of the Frontier project on

the outstanding universal value of Wood Buffalo National Park World Heritage Site
Panel requests an extension of the regulatory timeline under CEAA 2012 to submit its
report

Panel sends package 10 supplemental information request

Time limit extension granted

Panel sends package 11 information request

Teck responds to information request package 11

Teck responds to information request package 10

Teck responds to information request on the potential effects of the Frontier project on the

outstanding universal value of Wood Buffalo National Park World Heritage Site
Public comment period on sufficiency of information submitted to date

Panel sends package 12 information request

Notice of hearing issued

Panel asks the Aboriginal Consultation Office for advice on consultation

Teck responds to information request package 12

Revised notice of hearing issued

Panel ruling on questions of constitutional Law

Hearing

Alberta Aboriginal Consultation Office hearing reports provided

Final arguments

Hearing record closed

Panel requests an extension of the regulatory timeline under CEAA 2012 to submit its
report

Time limit extension granted to July 25, 2019

Joint Review Panel

2019 ABAER 008 (July 25, 2019) 9



Teck Resources Limited, Frontier Oil Sands Mine Project Section 1: Introduction

Participant Funding Program

[36] The Agency administers a participant funding program, which supports individuals, non-profit
organizations, and indigenous groups interested in participating in federal environmental assessments to
ensure that concerns from the public and aboriginal groups are taken into consideration during an
environmental assessment process. Neither the panel nor the panel secretariat is involved in the
administration of the participant funding program or decisions on funding allocations. Over the course of
the review, the Agency allotted $1 124 274.35 among 21 applicants, including the following:

« Athabasca Chipewyan First Nation

o Canadian Parks and Wilderness Society, Northern Alberta

o Deninu K’ue First Nation

o Fond du Lac Denesuline First Nation

o Fort McKay First Nation

o Fort McKay First Nation and Fort McKay Métis Community Association (Métis Local 63)
o Fort McKay Métis Community Association

o Fort McMurray #468 First Nation

« John Malcolm on behalf of the Clearwater River Band #175

e John Malcolm on behalf of the Original Fort McMurray First Nation

o Kath’odeeche First Nation

o Keepers of the Athabasca Watershed Society

« Meétis Nation of Alberta Association Fort McMurray Local Council 1935
« Meétis Nation of Alberta Association Lakeland Local Council 1909

« Meétis Nation of Alberta Association Local #125 Fort Chipewyan

« Meétis Nation of Alberta Association Owl River Métis Local 1949

o Maétis Nation of Alberta, Region 1

o Mikisew Cree First Nation Government and Industry Relations

o North West Territories Métis Nations

« Pembina Institute for Appropriate Development

« Smith’s Landing First Nation
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Question of Constitutional Law

[37]  The panel’s ability to consider questions of constitutional law is derived from the Administrative
Procedures and Jurisdiction Act RSA 2000 A-3 (APJA) and the Designation of Constitutional Decision
Makers Regulation, A.R. 69/2009. APJA defines questions of constitutional law and also provides notice
requirements for posing those questions.

[38] On August 30, 2018, the Original Fort McMurray First Nation and the Clearwater River Band
No. 175 (collectively the Filers) filed a joint Notice of Question of Constitutional Law. The notice was
served on Teck, the Minister of Justice and Solicitor General of Alberta and the Attorney General of
Canada

[39] The notice first asserted that the Filers are Indians under section 91(24) of the Constitution Act,
1867 and are adherents to Treaty No. 8 and hold rights to hunt, fish, trap and gather on traditional lands
that would be adversely affected by the proposed project. The notice also stated that the Crown must
consult and accommaodate First Nations peoples even if existing aboriginal title to the lands has not yet
been proven.

[40]  The Filers posed the following questions:

« Has the Crown in right of Alberta discharged the duty to consult and accommodate the Clearwater
River Band with respect to the potential adverse effects of the project on the Clearwater River Band’s
treaty rights, as mandated by the treaty and section 35 of the Constitution Act, 19827

« Has the Crown in right of Alberta discharged the duty to consult and accommodate the Original Fort
McMurray First Nation with respect to Original Fort McMurray First Nation’s aboriginal rights as
mandated by section 35 of the Constitution Act, 19827

« Has the Crown in right of Canada discharged the duty to consult and accommodate the Clearwater
River Band with respect to the potential adverse effects of the project on the Clearwater River Band’s
treaty rights, as mandated by the treaty and section 35 of the Constitution Act, 19827

« Has the Crown in right of Canada discharged the duty to consult and accommodate the Original Fort
McMurray First Nation with respect to Original Fort McMurray First Nation’s aboriginal rights as
mandated by section 35 of the Constitution Act, 19827

[41]  The Filers sought the following relief:

e The panel deny the project because the Crown in right of Alberta or Canada has failed to adequately
discharge the duty to consult and accommaodate the Clearwater River Band and Original Fort
McMurray First Nation.

Joint Review Panel 2019 ABAER 008 (July 25, 2019) 11



Teck Resources Limited, Frontier Oil Sands Mine Project Section 1: Introduction

« Afinding that the project is not in the public interest and cannot be authorized unless and until the
Crown has fully discharged its duties to consult and accommodate Clearwater River Band with
respect to potential adverse effects on its treaty rights.

« Afinding that the project is not in the public interest and cannot be authorized unless and until the
Crown has fully discharged its duties to consult and accommodate Original Fort McMurray First
Nation with respect to potential adverse effects on its aboriginal rights.

« Inthe alternative, Teck be directed to resolve the unresolved and serious issues regarding the
development of its project on the lands of the Clearwater River Band and Original Fort McMurray
First Nation.

[42]  On September 12, 2018, the panel outlined a process for receiving written submissions from
hearing participants concerning any matters that could bear on the panel’s consideration of the Notice of
Question of Constitutional Law. The Minister of Justice and Solicitor General of Alberta, the Attorney
General of Canada and Teck filed written submissions for the panel’s consideration. The Filers provided
written submissions replying to Canada’s, Alberta’s, and Teck’s submissions.

[43] On September 22, 2018, the panel released its written decision (Appendix 3) stating that the
guestions posed in the notice all ask that the panel assess the adequacy of the Crown’s consultation with
the Filers, as holders of aboriginal and treaty rights. The panel found that it did not have the need,
jurisdiction, or ability to answer those questions.

[44] The panel stated that its terms of reference expressly state that the panel is not required to address
that issue. Additionally, as an AER panel, they are bound by section 21 of REDA, which states the
following:

The Regulator [AER] has no jurisdiction with respect to assessing the adequacy of Crown
consultation associated with the rights of aboriginal peoples as recognized and affirmed
under Part Il of the Constitution Act, 1982.

[45]  Further, the panel noted that its activities with respect to these proceedings form part of Canada’s
consultation with indigenous peoples. Consultation by Canada could occur after the panel issues its report
and before federal decision-making occurs under CEAA 2012 or other federal statutes respecting the
issuance of approvals. The panel found that the time for assessing the adequacy of consultation should
occur after the panel’s report has been issued and considered.

[46] The panel, in its capacity as an AER panel, also determined that it lacked the jurisdiction to assess
consultation adequacy. And, as a federal review panel, the panel would be acting prematurely if it were to
assess the sufficiency of consultation. For these reasons, the panel dismissed the Notice of Question of
Constitutional Law.
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Motions

Athabasca Chipewyan First Nation Motion

[47] OnJuly 31, 2018, the Athabasca Chipewyan First Nation sought an order from the panel that s.
20(1) of the Responsible Energy Development Act does not apply to the hearing of the Frontier oil sands
mine project.

[48]  Section 20(1) states:
ALSA regional plans

20(1) In carrying out its powers, duties and functions under this Act or any other
enactment, the Regulator shall act in accordance with any applicable ALSA [Alberta Land

Stewardship Act] regional plan.

[49]  The panel decided it could not make such an order and dismissed the motion (see Appendix 4). In
its decision, the panel stated that it must follow all provisions of REDA, including section 20, in fulfilling
its AER functions. Further, any discussion regarding section 20(1) of REDA on the panel’s mandate
would need to occur with the benefit of all the information the panel expected to receive in the hearing.

[50]  On the same day the panel released its decision on the motion, it received OSEC’s submission
regarding the matter. The panel did not reconsider its decision as OSEC’s submission stated the order
sought by Athabasca Chipewyan First Nation was not necessary.

Mikisew Cree First Nation Motion

[51] On September 17, 2018 Mikisew Cree First Nation filed a motion pursuant to section 20(1) of
AER Rules of Practice and section 45 of CEAA 2012 for an order to have certain representatives of the
Government of Alberta attend the hearing to speak to issues related to LARP and its frameworks,
Alberta’s bison management proposals, and the report of the ACO.

[52]  Section 6 of the Joint Panel Agreement, section 45 of CEAA 2012, and section 20 of the AER
Rules of Practice allow the panel to require a person to attend an oral hearing and produce documents.
Mikisew noted the panel’s authority and submitted that the attendance of the requested individuals was
necessary for an adequate understanding of measures that have been proposed for mitigating and
managing potential impacts of the Frontier project on Mikisew’s aboriginal and treaty rights beyond the
Frontier project footprint and for the development of recommendations for government action to mitigate
those impacts pursuant to the panel’s mandate.

[53] Alberta opposed Mikisew’s motion and submitted that Mikisew’s claim regarding the adequacy
of Alberta’s regulatory schemes was outside the panel’s mandate. Alberta further argued the panel has no
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jurisdiction with regard to assessing the ACO’s consultation requirements for the Frontier project and no
jurisdiction to compel the ACO to present witnesses

[54] The panel concluded it did not have the jurisdiction to compel the individuals who were requested
by Mikisew Cree First Nation to speak to the ACO report or any other matters Mikisew Cree First Nation
said is evidence filed by Alberta in this proceeding.

[55] The panel agreed with Alberta that the adequacy of Alberta’s policy and regulatory regime is not
something within the panel’s purview and this was not the forum for raising these issues with Alberta (see

Appendix 4).

Keepers Motion

[56] On September 17, 2018, the Keepers of the Athabasca filed a request to the panel pursuant to
section 45 of CEAA 2012 and section 20(1) of the AER Rules of Practice to issue a summons to two AER
employees to require them to attend the hearing to be cross-examined by the parties. On September 21,
2018, the AER filed a response to that request and on September 25, 2018, the Keepers filed an affidavit
in support of its request.

[57]  Section 6 of the Joint Panel Agreement, section 45 of CEAA 2012 and section 20 of the AER
Rules of Practice allow the panel to require a person to attend an oral hearing and produce documents.
For the panel to compel the attendance of a witness, it must be satisfied the evidence sought from the
witness is necessary, even crucial, for the panel to carry out its functions and cannot be reasonably
obtained from other sources. Such evidence must be relevant, but relevance alone is not sufficient.

[58]  The panel was not persuaded that the information sought regarding the scale of Alberta’s
unfunded environmental liabilities is necessary or critical in order for the panel to carry out its mandate.

[59] The panel also determined that the Keepers had access to relevant information on the scale of
Alberta’s unfunded environmental liabilities and the adequacy of Alberta’s existing regulatory programs
associated with such liabilities. Additionally, the panel received evidence from OSEC regarding Alberta’s
currently unfunded environmental liabilities and the adequacy of its existing regulatory programs. This
information also includes public ally available estimates of the Mine Financial Security Program liability
and security held by the AER.

[60]  The panel denied the Keepers’ request (see Appendix 4).
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Participant Involvement in the Review Process

Industrial Organizations

[61]  SilverWillow Energy Corporation filed a statement of concern on May 30, 2012. Because the
statement of concern was a letter of support for the Frontier project, it was closed by the AER on
April 16, 2014.

[62] Shell Canada filed a statement of concern on June 4, 2012. It was withdrawn on June 10, 2015.

[63] Scott Crichton made a presentation to the panel at the hearing on behalf of the International
Brotherhood of Electrical Workers, Local 424. Mr. Crichton read a prepared statement of support for the
Frontier project and was available for cross-examination.

[64] Luc Berube made a presentation to the panel at the hearing on behalf of Local Lodge 146 of the
International Brotherhood of Boilermakers. Mr. Berube read a prepared statement expressing support for
the Frontier project and was available for cross-examination.

Other Groups and Organizations

[65] Calgary Economic Development, Edmonton Economic Development Corporation, Ironworkers
Local 720, and the Edmonton Chamber of Commerce wrote letters in support of the Frontier project.

Regional Municipality of Wood Buffalo

[66] The Regional Municipality of Wood Buffalo provided a written submission on October 19, 2018.
Mayor Don Scott participated in the hearing on behalf of the Regional Municipality of Wood Buffalo.
Mayor Scott gave a presentation to the panel endorsing the Frontier project. He also answered questions
posed by members of the panel secretariat.

Aboriginal Groups

[67] Athabasca Chipewyan First Nation participated in the hearing through written submissions and by
presenting oral traditional knowledge and expert testimony in Fort Chipewyan and final argument in
Calgary.

[68] Atthe hearing, Athabasca Chipewyan First Nation confirmed they had entered into a participation
agreement with Teck for the Frontier project and that they had no project-specific concerns. Athabasca
Chipewyan First Nation and Teck jointly submitted a document outlining objectives related to
environmental management and comprehensive environmental impact mitigation and management
commitments from Teck in support of these objectives as well as areas for Crown action and support
related to the objectives. Athabasca Chipewyan First Nation and Teck requested that the panel consider
the objectives, commitments, and requested recommendations in preparing its report. The jointly
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submitted objectives, commitments, and recommendations made by Athabasca Chipewyan First Nation
and Teck are included in Appendix 9.

[69] Deninu K’ue First Nation’s participation occurred late in the review process. The Deninu K’ue
First Nation participated in the hearing by providing a written hearing submission and presenting oral
traditional knowledge to the panel in Fort McMurray as well as submitting written final argument.

[70] Deninu K’ue First Nation asserted that they are the holders of aboriginal and treaty rights that
may be impacted by the Frontier project and that they had not been consulted regarding the Frontier
project. Deninu K’ue First Nation stated that if the panel were to approve the Frontier project, the
livelihood of their members would be affected for years to come. Deninu K’ue First Nation stated that an
impact benefit agreement should be negotiated between themselves and Teck before the Frontier project
is allowed to proceed.

[71] Fond du Lac First Nation’s participation occurred late in the review process, appearing before the
panel in Fort Chipewyan to present evidence and information regarding their relationship with Treaty 8
nations. Fond du Lac First Nation did not provide a written hearing submission or participate in final
argument.

[72] Fond du Lac First Nation stated that the Frontier project has the potential to create an impact on
their community hunters and trappers, the animals they hunt, the fish they catch and eat, the plants they
gather for ceremonial and consumption purposes, and avian life within their traditional territory.

[73]  The Fort Chipewyan Métis Local 125 participated throughout the review process by providing
written submissions and comments. They said that cabins, campsites, trails, hunting areas, trapping areas,
berry picking areas, medicinal plant gathering areas, animal habitat areas, and areas connected to
traditional stories, oral history, and transmission of cultural knowledge, are located in the Frontier project
footprint and would be destroyed.

[74]  Before the hearing, Fort Chipewyan Métis Local 125 confirmed that they had signed a
participation agreement with Teck and that they did not object to the approval of the Frontier project. Fort
Chipewyan Métis Local 125 did not participate in the hearing.

[75] Fort McKay First Nation and the Fort McKay Métis participated throughout the review process
by providing written submissions and comments, often jointly.

[76] Before the hearing, Fort McKay First Nation entered into a long-term sustainability agreement
with Teck for the Frontier project and confirmed that their project-specific concerns had been addressed.
Notwithstanding their agreement with Teck, Fort McKay First Nation indicated that they remained
concerned about regional cumulative effects issues and their impact on Fort McKay’s treaty and
aboriginal rights and that they intended to participate in the hearing with respect to these matters.
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[77] Fort McKay First Nation participated in the hearing through written submissions, by presenting
evidence, and through written final argument.

[78] Fort McKay First Nation provided recommendations for Crown action and asked the panel to
make those recommendations to Alberta and Canada. The recommendations proposed by Fort McKay
First Nation are included in Appendix 9.

[79] Before the hearing, the Fort McKay Métis confirmed they had entered into a long-term
sustainability agreement with Teck regarding the Frontier project and that they did not object to the
approval of the Frontier project.

[80] Fort McKay Métis did not participate in the hearing.

[81] Fort McMurray 468 First Nation submitted comments regarding Teck’s responses to the panel’s
supplementary information requests during the sufficiency review phase.

[82] Before the hearing, Fort McMurray 468 First Nation withdrew their statement of concern related
to the Frontier project. Fort McMurray 468 First Nation did not participate in the hearing.

[83] Fort McMurray Métis Local 1935 participated in the review process and submitted comments
regarding Teck’s responses to the panel’s supplementary information requests during the sufficiency
review phase.

[84] Before the hearing, Fort McMurray Métis Local 1935 confirmed that they had entered into a
long-term sustainability agreement with Teck regarding the Frontier project, supported the Frontier
project, and did not object to the granting of approvals for the Frontier project. Fort McMurray Métis
Local 1935 did not participate in the hearing.

[85] Katl’odeeche First Nation’s participation occurred late in the review process. Katt’odeeche First
Nation provided a written hearing submission, cross-examined Teck in Fort McMurray, and provided
written final argument. They did not provide evidence to the panel during the hearing.

[86] Katl’odeeche First Nation raised concerns about the potential impacts of the Frontier project on
Wood Buffalo National Park World Heritage Site, on migratory birds, water quality and quantity in the
Peace-Athabasca Delta and downstream, airborne contamination, and consistency with the United
Nations Declaration on the Rights of Indigenous Peoples.

[87] Katl’odeeche First Nation stated that the Frontier project should not be approved given the risks
to species at risk and to Wood Buffalo National Park’s environmental integrity and outstanding universal
value. Katl’odeeche First Nation stated that if the panel approves the Frontier project, it should impose all
the conditions that have been proposed by Canada.
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[88]  Métis Nation of Alberta Association Lakeland Local Council 1909 (Métis Local 1909) submitted
comments regarding Teck’s responses to the panel’s supplementary information requests during the
sufficiency review phase.

[89] Before the hearing, Métis Local 1909 confirmed they had entered into a long-term participation
agreement with Teck regarding the Frontier project and that they did object to the granting of approvals
for the Frontier project. Métis Local 1909 did not participate in the hearing.

[90] The Mikisew Cree First Nation participated throughout the review process by providing written
submissions and comments. Mikisew participated in the hearing through written submissions and by
presenting oral traditional knowledge and expert testimony in Fort Chipewyan and final argument in
Calgary.

[91] Before the hearing, Mikisew and Teck entered into a participation agreement and jointly
developed conditions to better mitigate and monitor certain project effects. Mikisew and Teck also jointly
developed recommendations for Crown action. Mikisew stated that they did not object to the panel’s
decision on the Frontier project applications, provided that the panel’s decision reflected the Frontier
project conditions jointly developed by Teck and Mikisew. However, Mikisew indicated their position on
further decisions by the governments of Alberta and Canada regarding the Frontier project would be
dependent on those governments committing, prior to issuing final authorizations for the Frontier project,
to resolve the outstanding issues set out in Mikisew’s submission and discharging their respective duties
to consult Mikisew about the Frontier project. Mikisew requested that the panel incorporate the jointly
developed conditions with Teck into its decision and recommend that the governments of Alberta and
Canada commit, prior to issuing final authorizations for the Frontier project, to implement the measures
proposed by Mikisew in their submission to justify the adverse effects of the Frontier project on
Mikisew’s aboriginal and treaty rights.

[92] The Mikisew-Teck jointly submitted conditions and recommendations are included in
Appendix 9.

[93] The North West Territories Métis Nation’s participation occurred late in the process. North West
Territories Métis Nation participated in the hearing by providing a written hearing submission and
presenting traditional knowledge at the hearing.

[94]  North West Territories Métis Nation raised concerns regarding the potential downstream effects
and potential cumulative downstream effects of the Frontier project on their community. They also stated
that the Frontier project would adversely affect their aboriginal rights and that Teck had not made
sufficient efforts to gather traditional knowledge from them and address their concerns.

[95] North West Territories Métis Nation submitted recommendations to the panel. Their
recommendations are included in Appendix 9.
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[96]  Original Fort McMurray First Nation and Clearwater River Band 175 participated in the hearing
through written submissions and by presenting oral traditional knowledge and community evidence in
Fort McMurray and final argument in Calgary.

[97] The Original Fort McMurray First Nation and Clearwater River Band stated their objection to the
approval of the Frontier project and indicated that the effects of the project on traditional lands and on
their rights would be significant and that the project would result in serious and permanent damage to
wildlife, which they rely on.

[98]  Métis Nation of Alberta Region 1 submitted comments on the Frontier project to the panel during
the sufficiency review phase on behalf of its member locals Fort Chipewyan (#125), Fort McKay (#63),
Fort McMurray (#1935), Fort McMurray (#2020), Willow Lake/Anzac (#780), Conklin (#193), Owl
River (#1949), Lac La Biche (#2097), Lakeland/Lac La Biche area (#1909), Athabasca Landing (#2010)
and Buffalo Lake (#2002).

[99] Before the hearing, Métis Nation of Alberta Region 1 confirmed that they and Owl River Métis
Local 1949, Métis Local # 193 Conklin, Métis Local # 780 Willow Lake (Anzac), Métis Local # 2002
Buffalo Lake, and Métis Local # 2010 Athabasca Landing had entered into a long-term participation
agreement with Teck regarding the Frontier project and did not object to the approval of the Frontier
project.

[100] Métis Nation of Alberta Region 1 did not participate in the hearing.

[101] Owil River Métis Local 1949 submitted comments on the Frontier project to the panel during the
sufficiency review phase. Owl River Métis Local 1949 did not participate in the hearing.

[102] Smith’s Landing First Nation’s participation occurred late in the review process. Smith’s Landing
First Nation participated in the hearing by providing a written hearing submission and presenting
traditional knowledge at the hearing and written final argument.

[103] Smith’s Landing First Nation stated that they have been impacted by past and present upstream
oil sands development and are concerned that the Frontier project has the potential to further impact their
treaty rights and interests and that Teck has failed to assess impacts of the Frontier project on them.
Smith’s Landing First Nation stated that the Frontier project should not proceed unless Teck takes into
account their traditional knowledge, asserted aboriginal and treaty rights, and the potential effects of the
project on those rights.

Members of the Public Attending the Hearing

[104] George Clark, holder of 2939, presented to the panel at the hearing. He expressed his concerns
about the loss of his trapline, public safety, and the Ronald Lake bison herd.
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[105] Darryl Shevolup (senior holder of trapline 2346), Charles Shevolup, and Peter Hoffman
(collectively the trappers) appeared at the hearing and asked for the opportunity to present comments to
the panel. The trappers spoke about the adverse effects the Frontier project will have on flora and fauna,
and water and water-dependent ecosystems. They assert proposed water usage will make river navigation
much more difficult and make it more difficult to sustainably trap, hunt and fish.

Nongovernmental Organizations Attending the Hearing

[106] Stand Earth participated in the hearing by providing a written submission and a presentation to
the panel. Stand Earth’s submission and presentation focused on the economic benefits of the Frontier
project. Stand Earth submitted that the Frontier project should not be approved as it is not financially
viable.

[107] The Wilderness Committee participated in the hearing through the filing of a brief submission
and presentation. The Wilderness Committee’s submissions and presentation focused on the carbon
emissions associated with the Frontier project and their potential impact on provincial, federal, and global
climate objectives.

[108] CPAWS participated throughout the review process by providing written submissions and
comments. CPAWS participated in the hearing through written submissions, presentation of expert
evidence, cross-examination of Teck, and final argument. CPAWS submitted that the Frontier project, if
approved, would significantly hinder Canada’s ability to meet its greenhouse gas reduction targets and
thereby significantly hinder Canada’s transition to a sustainable economy. CPAWS also argued that the
Frontier project would have significant adverse environmental impacts on Wood Buffalo National Park
that cannot be mitigated. CPAWS provided evidence on the risk the Frontier project’s tailings ponds
would create for migratory waterfowl that pass over the project area. CPAWS primarily focused on the
risks to the Whooping Crane who are reliant on Wood Buffalo National Park for their long-term survival.

[109] Sierra Club BC participated in the hearing by providing a written submission and making a
presentation to the panel. Sierra Club BC’s submission and presentation focused on climate change,
potential effects to Wood Buffalo National Park and the Peace-Athabasca Delta, the risks of transporting
diluted bitumen, and the barriers that exist in taking part in the review process.

[110] The Council of Canadians participated in the hearing by filing a written submission and making a
presentation to the panel. The Council of Canadians questioned the economic benefits of the Frontier
project and stated that, in their opinion, the Frontier project is economically risky with little guaranteed
benefit for the public. The Council of Canadians also identified concerns about the cumulative effects of
the Frontier project and asked the panel to consider effects to indigenous rights under the United Nations
Declaration on the Rights of Indigenous Peoples, Canada’s climate commitments under the Paris

20 2019 ABAER 008 (July 25, 2019) Joint Review Panel



Section 1: Climate Change Considerations Teck Resources Limited, Frontier Oil Sands Mine Project

Agreement, the federal targets for 2030, the Alberta Oil Sands Emissions Limit Act, and the health of the
Athabasca River watershed and Wood Buffalo National Park.

[111] Keepers of the Athabasca participated throughout the review process through written
submissions, presentation of expert evidence, cross-examination of Teck, and final argument. Keepers
raised concerns about the financial viability of the Frontier project, climate change, tailings management,
aerial emissions, health effects, and the lack of indigenous knowledge used by Teck when developing the
Frontier project. Keepers argued that the Frontier project should not be approved.

[112] OSEC participated throughout the review process through written submissions, presentation of
expert evidence, cross-examination of the proponent, and final argument. During the hearing, OSEC
provided evidence and cross-examined Teck on issues related to the economic viability of the Frontier
project, reclamation and closure liabilities, greenhouse gas emissions and climate change, and
biodiversity management and caribou. OSEC submitted that the Frontier project is not in the public
interest and should not be approved.

Nongovernmental Organizations Not Attending the Hearing

[113] Several nongovernmental organizations provided letters or written submissions to the panel but
did not participate in the hearing, including the International Crane Foundation, the Glasswaters
Foundation, Honor the Earth, and Kairos.

[114] The International Crane Foundation expressed concerns related to the endangered Whooping
Crane and the potential for the Frontier project to pose a threat to the species. They noted that Wood
Buffalo National Park is home to the only self-sustaining population of Whooping Crane in North
America, and the Frontier project is expected to add approximately 6000 hectares of tailings to the region,
posing potential risks to the Whooping Crane because they use the Frontier project area as a stopover site
during their migration.

[115] The Glasswaters Foundation filed a request to participate in the hearing, and the panel concluded
that it could have relevant information. The Glasswaters Foundation did not attend the hearing but
provided a written submission detailing its concerns related to the degradation of the landscape and
watershed by fossil fuel extraction and transport, the effects of increased greenhouse gas emissions, the
effects of water use by the Frontier project, the expansion of tailings ponds, and the potential for spills
during bitumen transport.

[116] Honor the Earth opposed the Frontier project in a letter to the panel. The letter discussed impacts
to indigenous communities and culture, human health impacts, social and ecological costs, and
environmental impacts including climate change.
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[117] Kairos wrote to the panel with concerns that the Frontier project would violate the United Nations
Declaration on the Rights of Indigenous Peoples and the treaty rights of local First Nations, undermine
Canada’s progress on greenhouse gas reductions, and threaten endangered species.

Comments from the Public

[118] Martin Olszynski provided a submission to the panel on adaptive management plans.

[119] The panel received three separate form letters. The first was submitted by 8069 individuals
expressing concerns about loss of caribou and bison habitat and greenhouse gas emissions. The second
form letter was sent to the panel by 3603 individuals stating that the Frontier project contradicts Canada’s
obligations under the Paris Agreement and threatens the habitat of many animals. The third form letter
was submitted by 83 individuals requesting the opportunity to participate in the review process and public
hearing. The letter expressed concerns related to climate change, species at risk, biodiversity, water
quality, and human health and safety. It also contained objections to CEAA public review process,
challenged the public access to information and inadequate timelines, and asked that the hearing be
delayed until 2025.

Government of Canada

[120] The Government of Canada participated throughout the review process, providing comments on
the draft Joint Panel Agreement and sufficiency of information and reviewing and providing comments in
relation to the information responses and the terms of reference for the development of the environmental
impact statement.

[121] Federal departments involved included Environment and Climate Change Canada (ECCC),
Health Canada, Transport Canada, Natural Resources Canada (NRCan), Parks Canada Agency (Parks
Canada), Department of Fisheries and Oceans (DFO), and the Agency. ECCC, Health Canada, Transport
Canada, NRCan, Parks Canada and DFO participated in the hearing by providing written submissions and
oral testimony. The Agency also provided oral testimony at the hearing but did not provide a written
submission.

[122] ECCC participated in the hearing as a federal authority in accordance with section 20 of CEAA
2012 by providing scientific expert information and knowledge to the panel on areas within its mandate.
ECCC’s submission focused on concerns related to the terrestrial environment, air emissions and
greenhouse gases, polycyclic aromatic compounds and metals, the freshwater environment, and accidents
and malfunctions. ECCC recommended that if approved, the Frontier project should be planned, built,
operated, and decommissioned in a manner that ensures the highest level of environmental stewardship
through conservation, mitigation and reclamation.
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[123] ECCC stated that the project would directly affect the Ronald Lake bison herd, the Red Earth and
possibly Richardson caribou herds, and Whooping Crane. ECCC’s recommendations are set out in

Appendix 7.

[124] Parks Canada participated in the hearing as a federal authority to provide specialist or expert
advice related to its mandate in the management of protected areas, in particular national parks. Parks
Canada’s main interest in the Frontier project is because of its close proximity to Wood Buffalo National
Park. Wood Buffalo National Park would be less than 30 kilometres north of the Frontier project. Parks
Canada’s submission focused on Whooping Crane, the wolf-bison predator-prey relationship, migratory
waterfowl, water quantity and quality of the Peace-Athabasca Delta and the Great Plains-Boreal
Grasslands. Parks Canada’s recommendations are set out in Appendix 7.

[125] Parks Canada concluded that that project will likely result in large-scale ecosystem change, and
that the Frontier project will likely adversely affect the outstanding universal value of Wood Buffalo
National Park.

[126] Canada also provided a document titled “Submission to the Joint Review Panel Frontier Oil
Sands Mine Project — Government of Canada Preliminary Assessment of Potential Impacts on Asserted or
Established Aboriginal or Treaty Rights” with respect to the methodology for assessing potential impacts
on the exercise of aboriginal or treaty rights. The Agency’s role was to speak to this submission. The
submission sets out Canada's preliminary assessment of the potential impacts of the Frontier project on
the asserted or established aboriginal or treaty rights with respect to the Frontier project. Canada’s
submission concluded that the Frontier project may result in potentially serious impacts on the aboriginal
or treaty rights of Athabasca Chipewyan First Nation and Mikisew Cree First Nation.

[127] Canada cross-examined other participants and made final arguments.

[128] Witnesses appearing for the Agency advised they did not assist or advise the panel in assessing
the Frontier project under the provisions of CEAA 2012 and were not providing evidence in that capacity.
Instead the Agency coordinated the review of materials provided by indigenous groups and assisted in the
comprehensive review of the potential impacts of major projects on the constitutionally protected rights of
indigenous people.

[129] Health Canada stated its role at the hearing was to offer information about the potential effects of
the Frontier project on human health—specifically, to provide information on the potential effects on
human health from changes to air quality, drinking water quality, the acoustic environment or noise, and
the potential chemical contamination of country foods. Health Canada informed the panel that the
mandate and expertise that Health Canada had formerly held concerning the delivery of health services in
relation to First Nations and Inuit had been transferred to Indigenous Services Canada. Health Canada
filed a submission and participated in the hearing. Health Canada made several recommendations to the
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panel regarding air quality, drinking water, spill response, and country foods. Health Canada’s
recommendations are set out in Appendix 7.

[130] NRCan’s stated mandate is to seek to enhance the responsible development and use of Canada's
natural resources and the competitiveness of Canada's natural resource products. NRCan reviewed
relevant documents provided by Teck and other parties to inform its written evidence. NRCan’s evidence
focused on tailings management, hydrogeology (specifically groundwater quantity and flow), and forestry
with respect to wildfire management and reclamation planning.

[131] NRCan made several recommendations to the panel regarding tailings treatment, hydrogeology,
reclamation, and wildfire management. NRCan’s recommendations are set out in Appendix 7.

[132] DFO administers and enforces the Fisheries Act and regulations, and its mandate is to ensure the
protection of fish and fish habit. DFO stated that the Frontier project has the potential to affect
approximately 1.58 million square metres of fish habitat in the Red Clay Creek and Big Creek watersheds
as well as the Athabasca River. It also expressed concerns related to cumulative effects to fish and fish
habitat. It stated that impacts to fish and fish habitat could be mitigated and residual impacts offset with
the proposed detailed fisheries offsetting plan.

[133] DFO concluded that with proper mitigation, follow-up, monitoring, and adequate offsetting for
project-specific habitat loss, the productivity of recreational and aboriginal fisheries in the Athabasca
River and tributaries can be maintained. DFO also stated that it had concerns regarding the uncertainty of
cumulative effects of oil sands development on fish and fish habitat. DFO made several recommendations
to the panel regarding mitigation and monitoring. DFO’s recommendations are set out in Appendix 7.

[134] Transport Canada is responsible for transportation policies and programs and seeks to promote an
integrated transportation system that is safe, secure, efficient, sustainable, and environmentally
responsible. Transport Canada provided information on its regulatory regime as it relates to the proposed
bridge to Dalkin Island, the bridge and water intake within the Athabasca River, the infilling of Unnamed
Lakes 1 and 2, and the construction of the aerodrome. The focus of Transport Canada’s regulatory
involvement is with respect to the Navigation Protection Program. Transport Canada’s review of the
application materials led it to conclude that the construction phase of the physical works may pose
interference to navigation. Its recommendations are set out in Appendix 7.

Government of Alberta

[135] The Government of Alberta participated in the review of the environmental impact assessment
but did not participate in or provide a written submission to the hearing, other than through the
involvement of the ACO.
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Hearing

[136] The public hearing began on September 25, 2018, in Fort McMurray, Alberta. The hearing
continued until October 4 and was then adjourned. The panel resumed the hearing in Fort Chipewyan,
Alberta, from October 15 to October 18. On October 20 the hearing resumed in Fort McMurray, and was
adjourned on October 24, 2018.

[137] The ACO provided its hearing reports on November 26, 2018, and final arguments were held in
Calgary, Alberta, on December 11 and 12, 2018. The panel closed the hearing record on December 12,
2018.

[138] Those who appeared at the hearing are listed in Appendix 1.

[139] In reaching the determinations contained in this report, the panel has considered all relevant
materials constituting the record of the joint review and report found on the public registry maintained by
the Agency. This includes all records relating to the review, including submissions, correspondence,
hearing transcripts, exhibits and other information received by the panel, and all public information
produced by the panel relating to the review of the project. Accordingly, references in this report to
specific parts of the record are intended to help the reader understand the panel’s reasons relating to a
particular matter and should not be taken as an indication that the panel did not consider all relevant
portions of the record with respect to that matter. The panel further notes that as a general principle, if
written material was filed in the proceeding and the submitter did not participate in the oral hearing so as
to allow that material to be tested, the panel has given that written material less evidentiary weight than
other written material that was able to be tested during the oral hearing.
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2 Purpose or Need of the Project

Evidence

[140] Teck originally submitted the integrated application for the Frontier project to regulators in 2011.
It stated it has conducted development activities including acquiring the oil sands leases, planning,
exploratory drilling, assessment of project effects and public and aboriginal consultation since 2008.

[141] Teck stated it has an obligation to the people of Alberta to advance the development of the
Frontier project to recover the bitumen resources within its leases in a timely and responsible manner. It
noted that the global demand for oil continues and that it is in Canada’s public interest, and better for the
global environment, to supply its oil requirements from Canada rather than from foreign sources.

[142] In describing the need for the Frontier project, Teck identified three main objectives;

« To maximize the value of a product which is essential to everyday life,

« To generate significant economic benefits and opportunities for indigenous communities, local
communities, the province of Alberta, and Canada, and;

o Toresponsibly create value for Teck investors.

[143] OSEC stated that Teck’s justification of the need for the Frontier project is based on International
Energy Agency forecasts of global oil demand increasing from current levels of 95 million barrels a day
to 110 million barrels a day by 2040. They argued that this forecast is inconsistent with the Paris
Agreement and the goal of limiting warming to within 2 degrees of preindustrial levels and therefore
should not be relied on to justify need. They argued that the panel cannot accept Teck’s market
assessment that the Frontier project is needed based on this forecast as this would be accepting a future oil
demand scenario which is inconsistent with Canada’s commitment to the Paris Agreement to limit global
warming.

[144] Teck stated that reliance on the International Energy Agency future demand forecast of

110 million barrels per day in 2040 is reasonable given the factors that are driving the international
demand for oil. It noted that it is not the panel’s responsibility to determine how Canada or the rest of
world will reduce its consumption of oil as part of meeting greenhouse gas emission targets. Teck stated
that neither this panel nor Alberta or Canada are able to control the future global demand for oil.

[145] Teck also noted that the efficiency of production for the project would be in the top quartile of oil
sands production in Alberta, including in situ, and would have lower greenhouse gas intensity than half of
all the oil currently refined in the United States, suggesting that the development of the project could
displace less greenhouse gas efficient production under future global oil production scenarios.
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Analysis and Findings

[146] The panel understands that there is considerable uncertainty regarding forecasts for future oil
prices and that there is considerable uncertainty about how Canada and other countries will address
greenhouse gas emissions targets in the future.

[147] The panel does not agree with OSEC’s argument that in accepting Teck’s use of the International
Energy Agency forecast that the panel is accepting a future oil demand scenario which is inconsistent
with Canada’s commitment to the Paris Agreement to limit global warming. In the panels view, meeting
Canada’s international commitments is independent of whether global demand for oil increases or
decreases.

[148] For the purposes of its assessment, the panel accepts Teck’s use of the International Energy
Agency forecast for future global oil consumption as support for of its need to proceed with the project.

[149] The panel considers greenhouse gas emissions in section 15 of this report. However, determining
Canada’s ability to meet its international commitments to reduce greenhouse gas emissions is not part of
the panel’s mandate.

[150] According to the Agency’s operational policy statement, Addressing “Purpose of”” and
“Alternative Means™ under CEAA 2012 updated March 2015: “The purpose of the designated project is
defined as the rationale or reasons for which the designated project would be carried out from the
proponent's perspective. It conveys what the proponent intends to achieve by carrying out the designated
project.” The purpose of the project can be described as the rational or reasons for which the project
would be carried out from the proponents perceptive. It conveys what the proponent intends to achieve by
carrying out the project, what problems it intends to solve, or what opportunities it intends to seize.

[151] The panel finds that the three main objectives for the Frontier project described by Teck satisfy
the Agency’s operational policy statement by conveying what the proponent intends to achieve by
carrying out the project and opportunities it intends to seize (it intends to recover bitumen resources to
advance the interests of indigenous and non-indigenous local communities, Albertans, Canadians, and its
shareholders), and a problem it intends to solve (it intends to maximize the value of a product which is
essential to everyday life).

[152] To satisfy the AER’s mandate to provide for the efficient, safe, orderly and environmentally
responsible development of energy resources in Alberta, the panel must determine if a project is needed.

[153] The panel finds that from an AER perspective, Teck has demonstrated that there is a need for the
Frontier project to recover bitumen resources owned by Albertans and that the benefits of the Frontier
project can be realized by local and indigenous communities, the province of Alberta and Canada.
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[154] Teck has acquired the rights to develop these bitumen resources from Alberta for this purpose and
that it has been evaluating and planning how to best develop them for a number of years.
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3 Alternative Means of Carrying Out the Frontier Project

Evidence

[155] According to the Agency’s operational policy statement, Addressing “Purpose of”” and
“Alternative Means™ under the Canadian Environmental Assessment Act, 2012, updated March 2015,
“*Alternative means’ are the various technically and economically feasible ways under consideration by
the proponent that would allow a designated project to be carried out. Identified by the proponent, the
alternative means include options for locations, development and/or implementation methods, routes,
designs, technologies, mitigation measures, etc.”

[156] Teck submitted its integrated application to provincial and federal authorities in November 2011.
It contained a detailed description of the Frontier project including the selection criteria and preferred
alternatives for several project components. In June 2015, Teck provided a project update, which
described changes to the design of the Frontier project based on increased knowledge and improvements
in available technology since the integrated application was filed. In the project update Teck identified
some project components for which the preferred alternatives had changed or been modified. Teck stated
that the primary criteria used in the selection of the preferred alternatives were as follows:

« The alternative technology or process must be technically proven and commercially viable.
« The alternative must comply with regulatory legislation, regulations, and directives.

« The alternative should be directionally better environmentally or, in consideration of unavoidable
trade-offs, be more operationally robust.

e The alternative must produce a marketable product in accordance with the project schedule and
economic model.

Tailings Management

[157] Teck’s original tailings management strategy involved using a thickener to produce thickened
tailings and thin-lift drying to consolidate mature fine tailings, which would then be placed in the external
disposal areas. In the project update Teck described a revised strategy involving depositing coarse
combined tailings through beaching and the construction of dikes. Teck explained that coarse combined
tailings would be used to construct dikes, forming a tailings area that will collect fluids and contain other
tailings streams including secondary flotation tailings and froth treatment tailings. Fluid fine tailings
would be recovered from the external tailings areas by dredging and then processed by centrifuge. Teck
stated that the centrifuged fine tailings would be disposed of in dedicated disposal areas. The tailings
management strategy selected by Teck is described in section 7.
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[158] Teck stated that the revised tailing management strategy for the Frontier project is superior to that
in the integrated application for several economic and environmental reasons:

o The revised strategy is consistent with the Lower Athabasca Region: Tailings Management
Framework for Mineable Athabasca Qil Sands (TMF).

o Fines treatment is decoupled from the extraction and bitumen recovery process, which helps to reduce
the risk of producing off-spec tailings and improves operational robustness and reliability.

e The revised strategy is based on technologies that are currently used successfully in oil sands
operations.

o The revised strategy uses less water overall.
« Rehandling of tailings (i.e., both to and from the thin-lift drying area) is avoided.
« Challenges associated with operating a large thin-lift drying area are removed.

« The strategy enables progressive reclamation of the surface of an external tailings area during
operations.

« In-pit placement of centrifuged fine tailings is preferable to ex-pit options because it eliminates long-
term storage of treated fine tailings behind dams and provides a more robust reclamation landscape.

[159] Keepers of the Athabasca, the Original Fort McMurray First Nation, and Clearwater River Band
175 suggested that Teck should use emerging technologies for extraction without creating tailings waste.
Teck indicated that this was not currently technically or commercially feasible but that it would monitor
the technology.

External Storage for Waste, Tailings, and Reclamation Material

[160] In selecting the locations of the external disposal areas, external tailings areas, and reclamation
material stockpiles, Teck stated that it considered several economic and environmental factors:

« limiting potential resource sterilization,

« conserving energy and associated costs by reducing haul and tailings transport distances,

« limiting the energy consumption and cost required to construct dikes, and

« optimizing the use of the limited supply of mine waste material suitable for construction purposes.

[161] Teck described a revised layout in the project update in which the locations of an external
disposal area and two external tailings areas were moved. One external disposal area will be placed over
Unnamed Lakes 1 and 2 and the surrounding area, and the external tailings areas 1 and 2 were extended to
the north. Teck stated that it made the decision to place the external disposal area over the lakes because
the Teck-Shell asset exchange required that Big Creek be diverted to avoid resource sterilization, which
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made maintaining flows to Unnamed Lake 1 during and after operations not possible, diminishing the
value of historic resources around the lakes. Teck stated that relocating the external disposal area also
allowed for more efficient mine haulage, potentially reducing air emissions.

[162] Teck stated that it chose to extend external tailings areas 1 and 2 to the north despite the fact that
the range of the Ronald Lake bison herd is to the north of the Frontier project (See section 23, “Wildlife,”
for more information regarding the Ronald Lake bison herd). Teck stated that this was the preferred
option because:

o it was necessary to support the updated tailings plan;
« the additional disturbed area represents 0.1% of the herd’s range, and

« the additional disturbance is offset by the elimination of the thin-lift drying area, relocation of the
reclamation material stockpiles, and progressive reclamation, which is facilitated by the updated
tailings plan.

[163] Teck also noted that the potential alternative locations would require longer hauls and pumping of
tailings, which would require greater energy use.

Aerodrome

[164] Teck stated that it chose to build an aerodrome and operate the Frontier project as a fly-in/fly-out
operation for construction and operation. Teck stated that this was preferable to using road transportation
from Fort McMurray because the road transport option would lead to increased travel times, decreased
worker productivity, and would be less safe due to increased traffic. In response to information requests
from the panel, Teck stated that using existing aerodromes constructed for other oil sands operations was
not a suitable option because indirect road routes and restricted speeds on those roads result in travel
times in excess of one hour, which it considered more than would be acceptable versus retaining a fly-
in/fly-out workforce and its own aerodrome.

[165] In the integrated application, Teck proposed locating the aerodrome near the main development
area, immediately southeast of the plant site and lodge. In the project update, Teck stated that its new
preferred option was to construct the aerodrome east of external tailings area 1. Teck stated that the
alternative was preferable because it avoids habitat to the north that is favoured by the Ronald Lake bison
herd. The location also reduces habitat fragmentation as it accommodates the placement of a reclamation
material stockpile between the aerodrome and external tailings area 1.

[166] The mayor of the Regional Municipality of Wood Buffalo stated at the hearing that future
employees of the Frontier project should reside in Fort McMurray to achieve optimal socioeconomic
benefits for the region, rather than implementing a fly-in/fly-out solution. He also stated that the Frontier
project should make use of the Fort McMurray International Airport rather than its own proposed
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aerodrome. He stated that the Fort McMurray International Airport is currently operating at
approximately half of its capacity and could therefore accommodate additional industry-related flights.

River Water Intake

[167] Inthe integrated application, Teck stated that it considered five potential locations to construct
the river water intake for the Frontier project and determined that the preferred option was to locate the
structure immediately downstream of Dalkin Island. Teck stated that it selected this location, in part,
because of input from indigenous communities and the determination that it had the best environmental
and hydrological characteristics.

[168] In the project update, Teck explained that the 2012 spring freshet caused the main channel to shift
away from the preferred intake location identified in the integrated application, and the main channel did
not reestablish at the intake location during the 2013 or 2014 spring freshets. Teck stated that it would
therefore need to relocate the river water intake location to Dalkin Island. This location also requires the
construction of a bridge to carry the pipeline to the off-stream storage pond. Teck stated that relocating
the intake was preferable because maintaining the original preferred location would require dredging and
in-stream river training features to maintain operations. According to Teck, dredging and river training
are undesirable from an environmental and operational perspective.

[169] The Government of Canada submission stated that the bridge required for the water intake on
Dalkin Island may result in the introduction of permanent physical impediments within the river channel.
It also stated that it might result in changes to the riverbed and channels, resulting in an increased risk of
hazards to navigation on the Athabasca River including sandbars and bridge structures, fencing, and
access control.

[170] Teck stated that it selected the option of burying the pipeline between the river water intake and
the off-stream storage pond, rather than constructing it aboveground, to avoid impeding the movement of
wildlife.

Conceptual Fisheries Offsetting Plan

[171] Inthe integrated application, Teck identified eight potential locations to construct approximately
60 hectares of compensation fish habitat. Teck stated that its preferred option was to incorporate the
compensation habitat into Redclay Creek using the natural topography associated with the creek’s entry
into the Athabasca River valley. It selected this option due to the environmental, cost, commercial, or
technical challenges associated with the other seven options.

[172] Teck stated that changes to the Frontier project in the project update would result in additional
fisheries productivity gains. In addition to enlarging the compensation habitat identified as the preferred
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alternative in the integrated application, Teck chose to identify additional offsetting options to create the
required additional compensation habitat for the following reasons:

« The planned fish habitat compensation lake is located in the range of the Ronald Lake bison herd, and
enlarging the lake would reduce bison habitat.

« Enlarging the lake would further reduce terrestrial habitat connectivity along the Athabasca River
valley.

« Indigenous communities expressed concerns regarding the creation of lakes they are unlikely to fish
and the associated removal of terrestrial habitat suitable for hunting and trapping.

o Teck stated that it believed that more sustainable fish offset alternatives exist in the Athabasca River
Basin.

[173] For details regarding the fisheries offsetting plan, see section 20, “Fish and Fish Habitat.”

Seepage Control

[174] Inthe integrated application, Teck stated that it considered four alternatives to control the seepage
of process-affected water from external tailings areas:

o Construct a barrier wall with interception wells

« Install liners in external tailings areas to act as a hydraulic barrier
« Passive dewatering via interception wells and trench

« Install active pumping wells

[175] Based on evaluation criteria, including performance certainty, cost, risk of failure, environmental
effects, land disturbance, and closure considerations, Teck selected the construction of a barrier wall with
interception wells as the preferred alternative.

[176] In the project update, Teck stated that it had revaluated the seepage alternatives and stated that,
instead of the barrier wall with interception wells, it will now install pumping wells and perimeter ditches
during operations and install a passive, post-closure seepage control system at the end of mine life. Teck
stated that it chose this overall approach as its preferred alternative for the following reasons:

« Pumping wells are a proven, robust, flexible and highly effective seepage control method.

« Redundant seepage control during operations is unnecessary and would adversely affect project
economics.
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« Itwould allow Teck to take advantage of advancements in technology and decades of additional
hydrogeological data obtained during operations.

« It would ensure that an optimal site-specific seepage control system would be in place in the post-
closure period.

[177] See section 17, “Groundwater,” for more information on seepage control

Analysis and Findings

[178] The panel finds that Teck identified and assessed various alternative means for carrying out the
Frontier project as per the Agency’s operational policy statement. The panel also finds that Teck provided
sufficient information on the alternatives selected appropriate options based on the criteria that it
identified.

[179] The panel accepts Teck’s explanation for constructing an aerodrome and operating the Frontier
project as a fly-in/fly-out facility based on considerations of travel time and road safety. The panel also
accepts Teck’s decision to select a tailings management process that is technically proven and
commercially viable rather than committing to emerging technologies at this time.
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4 Mine Planning and Resource Conservation

Evidence

[180] The Frontier project has two mine pits: the main pit and the north pit. Mining is proposed to begin
in the main pit in 2026 and be completed in 2066. Mining in the north pit is proposed to commence in
2059 and be completed in 2062.

[181] Teck developed its mining model in accordance with Directive 082: Operating Criteria;
Resource Recovery Requirements for Oil Sands Mine and Processing Plant Operations. Directive 082
specifies a total volume to bitumen in place (TV:BIP) ratio of 12:1 as the minimum value used to define
the pit limit for an oil sands mine. Teck stated that an economic pit limit based on a TV:BIP ratio of 16:1
was used for mine design purposes. Teck indicated the 16:1 total volume to bitumen in place used for
project design is more sensitive to bitumen price and mining costs. However, Teck stated that although
the total volume to bitumen in place ratio of 16:1 was used for mine planning, Teck was not committing
to mining beyond a TV:BIP ratio of 12:1.

[182] Teck stated that the project leases have a range of drillhole densities that provided sufficient
information required for the estimation of recoverable bitumen and for the project design. The majority of
the main pit area has 10 to 16 coreholes per section. Teck acknowledged that the northern portion of the
project development area is not drilled to the required Directive 082 corehole spacing of 700 metres for
locations outside the first 10 years pit limit. The areas under the external disposal areas and external
tailings areas are also not drilled to Directive 082 spacing requirements.

[183] Teck believed that the current geological information is sufficient to demonstrate that the
hydrocarbon-bearing portions of the McMurray Formation are located immediately west of the main plant
facilities and infrastructure and that no mineable bitumen exists beneath these areas.

[184] Teck stated that most project infrastructure is located in areas that do not show an occurrence of
potentially mineable resources. Teck noted reclamation material stockpile A is located in a potentially
mineable area outside of Teck’s lease. However, reclamation material stockpile A will not sterilize
resource because it is expected to be depleted by 2073 and because Shell withdrew its applications for the
Pierre River mine. Similarly, reclamation material stockpile B is located over Frontier ore but will be
removed as part of progressive reclamation efforts before mining in that area.

[185] Teck stated that the crushers are located outside of areas with total volume to bitumen in place of
less than 12:1, which minimizes the possibility of ore sterilization. The relocation of crushers will be
staged so that ore tied up in the pillar beneath the crusher area and the conveyor corridor will be mined
and hauled to the nearest operating crusher. This strategy ensures that ore is not sterilized as a result of
changing crusher locations. Teck submitted that no resource sterilization was required at the south lease
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boundary, but a boundary pillar may be required if a mine pit was to be developed by the adjacent
leaseholder.

[186] In the 2015 project update Teck stated the mineable bitumen estimate was 3.0 billion barrels
(2.9 billion barrels from main pit and 0.1 billion barrels from the north pit) using total volume to bitumen
in place of 16:1 and 1.8 billion barrels using total volume to bitumen in place of 12:1. In more recent
submissions, Teck stated that the total resource estimate for the Frontier project had been updated to
3.22 billion barrels of recovered bitumen as a result of completing additional drilling in 2014 and
updating the project geology model in 2015.

[187] When questioned by OSEC regarding inconsistencies in the application materials related to the
recoverable reserves and the associated economic impact to the project, Teck indicated it revised the
numbers based on the latest drilling information. Furthermore, Teck stated that the independent resource
assessor hired by Teck increased the unrisked resource estimate for the project to 3184 million
(approximately 3.2 billion) barrels of recovered bitumen, which is within approximately 1% of Teck’s
most recent estimate.

Analysis and Findings

[188] The panel accepts that Teck’s proposed mine plan is based on current drilling and geology
information and that refinements to the mine plan may occur over time as additional information is
collected during the detailed design and operational phases of the project. The panel finds that the level of
resource delineation drilling completed to date is appropriate for mine planning purposes at the
application stage but that additional drilling is required in some areas before mining to satisfy the
requirements in Directive 082 for the initial 10 years of mining. The panel requires Teck to provide its
additional drilling plans as a part of its annual mine plan submissions to the AER.*

[189] The panel is satisfied that Teck has made reasonable efforts to minimize resource sterilization
during the development of the mine plan and siting of project infrastructure.

[190] The panel accepts that Teck has estimated bitumen recovery using the parameters in Directive
082 and has defined the economic pit limit based on a total volume to bitumen in place ratio of 16:1 rather
than the minimum ratio of 12:1 required in Directive 082. The panel also understands that Teck has not
committed to mining to all areas where the total volume to bitumen in place ratio is greater than 12:1.
While Teck is seeking approval to mine all areas within the proposed pit limit as defined using the

16:1 ratio, Teck is only committing to mining those areas where the total volume to bitumen in place is
12:1 or less.

! Draft OSCA Approval — Condition 4
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[191] The panel finds this is an acceptable approach as it satisfies the minimum resource recovery
requirements required by Directive 082 while potentially increasing the amount of resource recovered
beyond that required. It also establishes the maximum extent of the mine footprint for environmental
assessment and approval purposes. The panel recognizes, however, that if mining to something less than
16:1 occurs, this will impact the predicted economic benefits of the project.

[192] The panel understands that the estimated recoverable bitumen may change as more drilling and
geology information becomes available. Therefore, the panel requires Teck to provide an update on
resource estimation and the impact on the approved mine plan through applications or annual mine plan
submissions to the AER.? If major changes to the approved mine plan are required due to changes to
resource evaluation, Teck shall submit a mine plan amendment application to the AER including any
impacts to the approved mine plan and the project.’

North Pit

Evidence

[193] Teck proposes to develop the project in two pits: a main pit containing the majority of the
project’s resources and a smaller pit in the northern portion of the project development area. Although the
north pit does not contain resources that satisfy the minimum total volume to bitumen in place ratio of
12:1 required to be mined under Directive 082, Teck indicated that using the 16:1 design ratio, the north
pit contains about 125 million barrels of recoverable reserves and is considered by Teck to be an
important part of the project. Teck requested that the north pit be included as part of the Frontier project
approvals.

[194] The north pit would be located within the Buckton Creek watershed, an area of particular
importance to indigenous communities and some other land users for hunting, trapping, and other
traditional use and cultural practices. The watershed is relatively undisturbed by industrial activity, and
waters within the watershed flow north to the Ronald Lake area and Lake Claire. The north pit would also
be the portion of the project closest to Wood Buffalo National Park.

[195] Teck stated that it had entered into agreements with Athabasca Chipewyan and Mikisew and that
the agreements included commitments related to a process that would occur for the two communities
before future development of the north pit.

[196] Mikisew and Teck jointly proposed six conditions related to construction and operation within the
Buckton watershed and requested that the panel incorporate these as approval conditions, should the
project be found to be in the public interest and approved. The proposed conditions require Teck to work

2 Draft OSCA Approval — Condition 5
® Draft OSCA Approval — Condition 6
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collaboratively with Mikisew and provide further baseline data collection, monitoring and analysis of
project effects, and detailed design and mitigation measures before development occurs within the
Buckton watershed. The proposed conditions are included in Appendix 9.

[197] Athabasca Chipewyan and Teck jointly developed a number of commitments related to the north
pit development and requested that the panel include these as approval conditions, should the project be
approved. The commitments state that Teck will “carry out a collaborative planning process with respect
to the north pit development with Athabasca Chipewyan before submitting applications under the Public
Lands Act needed to construct and operate the north pit.” The commitments also state that Teck will
provide a report to demonstrate that it has met its commitments with respect to the Ronald Lake bison
herd, caribou, water quantity and quality, the biodiversity stewardship area, and tailings management
commitments and a summary of the collaborative north pit process and areas of consensus and
nonconsensus regarding the north pit development. The jointly developed commitments are included in

Appendix 9.

Analysis and Findings

[198] The panel notes that the estimated mineable bitumen for the north pit is 0.1 billion barrels, which
represents approximately 3% of the recoverable reserves associated with the project. The panel also
understands that while the reserves in this area satisfy the total volume to bitumen in place criteria of
16:1, which Teck has used for mine planning purposes, they do not satisfy the total volume to bitumen in
place ratio of 12:1, which Teck has committed to mining. Furthermore, mining of this area is not planned
until year 34 to year 37. It is therefore possible that mining of the north pit may not occur, even if the
project is approved.

[199] The panel recognizes the importance of the Buckton Creek watershed and the Ronald Lake and
Lake Claire areas to Mikisew and Athabasca Chipewyan. The panel acknowledges that Athabasca
Chipewyan, Mikisew, and Teck have worked together to develop conditions and commitments in an
effort to ensure that before development of the north pit occurs, Teck has demonstrated its ability to
operate the project in a manner that protects adjacent watersheds. The panel supports the intent of these
conditions and commitments and has considered and incorporated them into its conditions to the extent
that the proposed conditions were within the AER’s jurisdiction and sufficiently clear to create an
enforceable condition.

[200] Mikisew, Athabasca Chipewyan, and Teck have proposed conditions and identified commitments
that are intended to ensure engagement between Teck and the two communities takes place before and
during the development of the Frontier project, including development of the north pit. The panel
supports the intent of the proposed engagement conditions and has included a condition requiring Teck to
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provide updates every two years to the AER on its engagement and collaboration efforts with Athabasca
Chipewyan First Nation and Mikisew Cree First Nation regarding the north pit development.*

[201] The panel will include an approval condition requiring Teck to submit an updated development
plan for the north pit for construction, operations, and closure five years before mining in the area.’

[202] The panel will also require Teck to submit amendment applications to obtain the approvals
required under the Public Lands Act to develop the north pit at least two years before any construction in
the Buckton Creek watershed.®

[203] Additional conditions related to the development of the north pit are discussed in the following
sections: Tailings Management Plan, Groundwater, Surface Water Quality, and Surface Water Quantity.

Geotechnical Design

Evidence

[204] Teck provided design parameters and stability analysis for mine and tailings structures including
the pit walls, internal and external disposal areas, internal and external tailings areas, internal tailings
areas dams (also referred to as dikes within the oil sands area), and reclamations material stockpiles. Teck
developed geotechnical design criteria for pit walls and tailings and mine waste disposal structures based
on target design factors of safety. Teck stated that the design parameters selection were made based on
laboratory testing results, regional experience, and published data.

[205] The two external tailings areas are planned to be built adjacent to each other, sharing a common
dike. They are located north of the plant site and east of the main pit. For the proposed dikes, Teck
indicated the target minimum factor of safety for failures involving liquefied beach below water is 1.1.
For other failure mechanisms, a target minimum factor of safety value of 1.3 is used for post-construction
stability, and a factor of safety of 1.5 is used for long-term stability. Teck proposed a maximum height of
60 metres and 90 metres for external and in-pit dikes respectively.

[206] Teck proposed a setback distance of 200 metres from the pit crest to external disposal areas and
external tailings areas as defined by geotechnical stability analyses. Teck proposed a setback distance of
250 metres from external tailings area dikes to external disposal areas and to plant or ore processing plant
or critical infrastructures to accommodate the external tailings area seepage collection system and to
provide flexibility for the external tailings area footprint. Teck proposed a setback distance of 150 metres
(200 metres where Clearwater unit is present in the foundation) from reclamation material stockpiles to

* Draft OSCA Approval — Condition 7
® Draft OSCA Approval — Conditions 8 and 9; Draft EPEA Approval — Condition 7.3.6 (b)
® Draft OSCA Approval — Condition 10
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all areas with infrastructure. Teck also proposed a 200 metre offset for reclamation material stockpiles
from rivers, lakes, and the toe of the Birch Mountains.

[207] Teck stated that the established pit limit was suitable for long-range mine planning and
conceptual mine design. The actual pit limit location and design would be refined during subsequent
engineering phases and during operations with the benefit of close-spaced drilling used for short-range
and mid-range mine planning.

[208] Reclamation material stockpile A is located outside of the Teck lease boundary within oil sands
lease OSL 7401100017 (see Figure 1). Teck stated that reclamation material stockpile A would not be
permanently depleted until 2073 (year 48 of project operations). Teck also indicated that if Canadian
Natural Upgrading Ltd. (Canadian Natural) was to reapply for the Pierre River mine, and if mining was
proposed for the area where reclamation material stockpile A is located while the Frontier project mine
was active, Teck would work with Canadian Natural to coordinate activities in order to avoid resource
sterilization.

Analysis and Findings

[209] The panel understands that Teck has developed its preliminary geotechnical design parameters,
design assumptions, and target factors of safety based on information obtained from limited field and
laboratory investigation, regional oil sands experience, and available best practice.

[210] While the level of assessment provided by Teck is preliminary in nature, the panel finds that it is
acceptable for this stage of application. The applied target factor of safety and design assumptions are
consistent with oil sands industry practices and applicable guidelines.

[211] The panel accepts the preliminary geotechnical designs for the proposed structures including pit
walls, overburden storage areas, external and in-pit tailings disposal area dikes, and reclamation material
stockpiles. The panel understands Teck will carry out detailed engineering design before any earthwork
begins. The panel will therefore require Teck to submit the detailed geotechnical designs of overburden
storage and tailings disposal structures to the AER for review and approval before construction can
begin.’

[212] For the construction, operation, and decommissioning of dams, Teck must follow the new Alberta
Water (Ministerial) Regulations, Part 6, the new Alberta Dam and Canal Safety Directive and any other
applicable AER dam safety requirements.®

" Draft OSCA Approval — Condition 11
® Draft Water Act Approval — Conditions 5.0 to 5.4
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Main Pit West Boundary Quaternary Channel

Evidence

[213] Teck identified a Quaternary channel on the west boundary of the main pit. Teck indicated that
the Quaternary channel was infilled with Pleistocene sediments, including clay and silts. Teck believed
very little granular material or water was contained within the Quaternary channel and that no protection
of the Quaternary channel would be required.

Analysis and Findings

[214] The panel notes that Teck’s initial characterization of the Quaternary channel along the west
boundary of the main pit did not identify significant aquifer conditions. The panel believes that additional
characterization and assessment of risks to safe mine operations is required during future engineering
design stages.

[215] The panel also notes that Teck’s preliminary pit wall design requires further analysis supported
by detailed assessment that includes site-specific foundation and material characterizations and design
parameters. Therefore, the panel will require Teck to submit to the AER the final pit wall designs for the
mine pits that include the detailed assessment before construction.®

Canadian Natural Proposed Compensation Lake Location

Evidence

[216] The proposed compensation lake associated with Shell’s approved Jackpine Mine Expansion
(South Redclay Lake) is located within the Teck Frontier proposed project area close to the Athabasca
River. The Jackpine Mine Expansion project ownership was transferred from Shell to Canadian Natural
in 2017.

[217] Teck indicated that discharge from the central pit lake will be conveyed through the project’s fish
habitat compensation lake to the Athabasca River through a downstream reach of Redclay Creek. If
Canadian Natural constructs a fish habitat compensation lake as originally proposed, the Frontier project’s
fish habitat compensation lake would discharge to the Canadian Natural compensation lake that
discharges to the Athabasca River. Further details on the fish habitat compensation lake for the Frontier
project are found in section 20, “Fish and Fish Habitat.”

[218] The proposed Canadian Natural compensation lake includes South Redclay Lake and North
Redclay Lake. South Redclay Lake is planned as compensation for the Jackpine Mine Expansion and
Pierre River Mines. North Redclay Lake is proposed as part of future fish habitat compensation
requirements for Canadian Natural developments.

° Draft OSCA Approval — Condition 12
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[219] When asked about the status of the Canadian Natural’s plans for the compensation lake proposed
within the Teck lease boundary, Teck responded that it had no information about the status.

Analysis and Findings

[220] The panel understands that the applications for the Pierre River mine project were withdrawn.
While the Jackpine Mine Expansion project was approved, Canadian Natural’s plans for the project are
not known.

[221] Before the construction of the Frontier project, the panel expects Teck will have agreements in
place with Canadian Natural to ensure the compensation lakes for the Canadian Natural projects and the
Frontier project development are able to proceed as planned.

[222] The panel requires Teck to confirm such an agreement is in place before starting construction.*
South Lease Boundary

Evidence

[223] Teck indicated some project components were located outside of the oil sand leases held by Teck.
Reclamation material stockpile A, a diversion ditch, and a small portion of the main pit’s southern limit
are located outside the south lease boundary within oil sands leases not held by Teck.

[224] Teck stated that reclamation material stockpile A would be temporary and used during
reclamation operations. Teck indicated reclamation material stockpile A is expected to be depleted by
2073 (year 48).

[225] Teck also stated it intends to use mid-ore mining at the lease boundary to maximize resource
recovery within the leases held by Teck. Along the south lease boundary between the Teck and Canadian
Natural leases, the main pit will incorporate a mid-ore pit wall design, resulting in an equal volume of ore
for each leaseholder.

[226] Inits preliminary closure drainage plan, Teck proposed a pit lake (south pit lake) adjacent to the
south lease boundary. Teck stated the proposed preliminary closure drainage plan was based on a mine
plan that was withdrawn (Pierre River mine). Teck indicated it had consulted with the former adjacent
leaseholder (Shell) during development of the Frontier project closure drainage plan. Teck stated that
while there was no plan by the adjacent leaseholder to mine close to the lease boundary, Teck would
continue to work with the current leaseholder (Canadian Natural) to discuss the shared boundary and to
ensure that resource sterilization would be avoided and that the closure plan and associated closure
landscape could be achieved.

19 Draft OSCA Approval — Condition 13
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Analysis and Findings

[227] The panel notes that reclamation material stockpile A is located outside of Teck’s lease area for
an extended period of time. The panel understands that reclamation material stockpile A will be rehandled
when the material is used for reclamation purposes. The panel accepts the placement of reclamation
material stockpile A, as shown in Figure 1, outside of the Teck lease as long as there is agreement with
the adjacent leaseholder and Teck obtains all regulatory approvals required before construction. The panel
therefore requires that Teck submit confirmation to the AER that all required agreements and regulatory
approvals are in place prior to establishing reclamation material stockpile A in the approved location,
outside of Teck’s lease.™

[228] The panel recognizes that the mid-ore mining approach is generally accepted as a way to equally
share ore at the lease boundary in order to maximize resource recovery. However, the panel notes that
Teck’s plan to create a pit lake adjacent to the south lease boundary would effectively eliminate the
ability of the adjacent leaseholder to recover their share of the ore if a mine pit was to be proposed for that
area.

[229] In the absence of mining on the other side of the south lease boundary, Teck may optimize
resource recovery on its lease by mining to the bottom of ore up to the lease boundary subject to
agreement with adjacent leaseholder for land disturbance and any other regulatory requirements.

[230] The panel understands that agreements between Teck and Canadian Natural are not currently in
place. The panel understands that in the absence of a mine plan by the other party, it is not possible to
provide an integrated closure landform design.

[231] The panel believes the south lease boundary development, including the closure landform
integration and closure landform design, should be finalized before mining in the south lease area. The
panel requires Teck to work with the adjacent leaseholder and submit a lease boundary update five years
before any disturbance along the south common lease boundary. The south lease boundary update should
include any update on the agreement between the common leaseholders, the mining or disturbance plan
along the south lease boundary, a plan for closure landform integration, and conservation and reclamation
plan according to the EPEA approval.*

! Draft OSCA Approval — Condition 17
12 Draft OSCA Approval — Conditions 14, 15, and 16; Draft EPEA Approval — Condition 7.3.6 (a)
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5 Devonian Geohazard

Evidence

[232] Teck stated that shallow karsting (which can cause sinkholes) was expected to occur adjacent to
the Athabasca River where Quaternary strata directly overlie Devonian strata. However, Teck stated that
the potential for deep-seated karst and vertical hydraulic connection between the deep Devonian strata
and the basal aquifer in the project development area is low. Teck only identified possible lost circulation
in one borehole during exploratory drilling, and that borehole is no longer within Teck’s project
development area because of the Teck-Shell lease exchange.

[233] Teck recognized that encountering localized high-permeability features in the Devonian during
operations could result in the inflow of large volumes of saline water into the mine pit or provide
preferential pathways for contaminant migration during operations and following closure. As part of its
resource evaluation programs, Teck collected cores extending into the upper 10 m of Devonian strata in
680 locations, reviewed the loss circulation event and abnormal total dissolved solids of basal water sands
water in well 14-33, and conducted seismic refraction surveys within the project development area.

[234] Teck stated that data gathered to date do not indicate the presence of a continuous karsted layer
within the project development area. Teck found the Upper Devonian strata to be massive, with limited
fractures. Fractures that were observed were filled with mud or clay matrix material, suggesting they were
inactive. Teck said that it would continue to acquire data to better define the Devonian horizon and that
the potential risk would be managed through a karst management plan.

[235] Teck provided a conceptual karst management plan which included ongoing characterization,
performance criteria and monitoring and development of mitigation strategies. A detailed karst
management plan would be developed during future stages of engineering, if the project is approved.

[236] Teck stated that ongoing characterization would include further drilling and coring within the
Devonian as mining progressed. Permeable Devonian strata, if encountered, would be flagged for further
investigation using techniques such as geophysical assessment, additional targeted drilling and
installation of monitoring wells, hydraulic testing, and evaluation of mineralogy or geochemistry of
groundwater.

[237] Performance criteria for monitoring during depressurization would include pressure changes and
salinity changes within basal water sands and Devonian monitoring wells. A set of performance criteria
would be developed for the pit floor that would include indicators of stress and pore pressure and seepage
quantity and quality.

[238] Teck committed to developing and continually refining a control surface to limit the depth of
excavation if monitoring suggests an increased risk of Devonian inflows to the pit. The control surface
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would be determined using information on water pressures in the Devonian and transmissivity of the
Devonian zone to calculate how much Cretaceous material should be left in the floor to counter the
potential upward force of water pressure in the Devonian. Teck identified depressurization of the Upper
Devonian Waterways Formation as another mitigation option to reduce a risk of saline ingress.

[239] Teck stated that if some form of inflow is detected, a timely focused investigation would be
conducted to characterize the immediate floor area and identify a remedial action plan. Teck identified
two potential mitigation strategies to limit inflow of saline groundwater.

1) Balancing in-pit pressures by injection of water (e.g., basal water sands depressurization discharge
water) into the basal water sands or shallow Devonian strata to change the hydraulic gradient between
any deeper source of saline groundwater and the basal water sands or flooding the pit to counteract
the inflow of saline groundwater. This would be a temporary measure to prevent accumulation at
surface of very saline water. The flow path for saline groundwater would still need to be restricted
before removing the water from the pit.

2) Reducing the local permeability of the Devonian strata through one or more of the following:
— injecting calcium chloride to precipitate gypsum and reduce permeability
— injecting rapid-setting cement grout with sodium silicate to reduce permeability
— hot bitumen grouting
— freezing with injected brine after the open pit is flooded and flood has stopped

[240] Teck indicated that selection of a mitigation strategy would depend on the mechanisms and the
rates of inflow should it occur. Teck also stated that other mitigation strategies will be developed during
future stages of engineering based on results from ongoing characterization and monitoring.

[241] Keepers of the Athabasca stated concerns about the adequacy of Teck’s characterization of the
Devonian unit in the project area. They stated that Teck may have underestimated groundwater flow rates
through the Devonian if karst is present and that groundwater flow and connectivity between the mine site
and the Athabasca River have not been well defined. They stated there was a major gap in the required
information because groundwater would very likely flow through the Devonian and Quaternary
formations to discharge into the Athabasca River. Keepers of the Athabasca alleged that the baseline
information describing groundwater recharge and discharge and groundwater—surface water interaction in
Teck’s submission were very general and limited and not supported with field measurements. Keepers of
the Athabasca recommended more drilling and testing in the project area to feed into the groundwater
model and assess risk from the project.
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[242] Teck performed sensitivity analysis of groundwater flow and transport model runs with Devonian
permeability increased by three orders of magnitude. This resulted in only marginally higher contaminant
concentrations at discharge nodes to surface water.

[243] Teck proposed the following measures to address the uncertainty of seepage migration via karst
pathways towards the Athabasca River:

« Further characterize the Devonian in the southern portion of the external tailings area, where the
Devonian is in direct contact with sand-dominated Quaternary deposits.

« Identify the following options to mitigate potential effects on downgradient receptors should higher-
permeability zones be encountered beneath the external tailings areas:

— Modify the seepage interception well system to capture groundwater seepage within the shallow
Devonian by installing additional deeper interception wells into the Devonian or by extending the
screens of the proposed Quaternary wells into the Devonian or by increasing pumping rates to
effect upward hydraulic gradients from the Devonian.

— Grout the local zones of karstic permeability.
— Re-evaluate effects by updating the flow and transport model.

[244] NRCan recognized the potential for karst to exist in the project area. However, NRCan
acknowledged that if there is a karst feature rupture, saline flow would be contained within the mine pit
and would not be expected to escape the mine pit and impact adjacent surface water. NRCan therefore
concluded that adverse environmental effects of saline flow would be negligible.

[245] NRCan noted the concerns of indigenous communities about downward migration of
contaminants from the external tailings area through karst features into the Athabasca, but did not offer its
opinion on this issue.

[246] NRCan accepted Teck’s assessment of no linkage between the project and the karst features in
Wood Buffalo National Park.

[247] NRCan stated the proposed karst management plan, including assessment, monitoring, and
mitigation strategies, was adequate and commensurate to the risk.

Analysis and Findings

[248] The panel understands that, if karst zones of higher permeability exist in the Devonian bedrock or
were activated by mining activity, this could result in the upward flow of saline groundwater from the
deeper Devonian aquifer into basal water sands or the mine pit. Shell experienced significant ingress of
deep saline aquifer water into cell 2A of its Muskeg River Mine while it was conducting ore cleanup
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operations. The incident resulted in some ore sterilization and a loss of storage space for tailings.
Consequently, Shell had to revise its mining and tailings plans to accommodate the cell 2A incident.

[249] The panel understands that the potential for karst zones of higher permeability beneath the
internal and external tailings areas is one of the uncertainties associated with assessing impacts of
process-affected seepage into the Athabasca River. Hydraulic permeability and pressures within the
Upper and Middle Devonian have not been well characterized, especially beneath the external tailings
areas and between the external tailings areas and the Athabasca River. Should karst zones of higher
permeability exist or be activated by mining activity, it could result in the upward flow of saline
groundwater from the Devonian into basal water sands or the mine pit or, conversely, a downward flow of
process-affected seepage depending on pressure differentials in a particular area. The panel notes that an
incident resulting from a Devonian aquifer release into the mine pit would affect the water management
plans, mining plans, and tailings management plan.

[250] The panel accepts that full characterization of the Devonian at the application stage or long before
the project start-up is not feasible. The panel also understands that when characterization activity is done
in conjunction with resource drilling for the mine plan, it would benefit both the mine plan and the karst
management plan.

[251] The panel is satisfied with Teck’s approach to address the uncertainty of seepage migration via
karst pathways towards the Athabasca River in its groundwater modelling work and through the
identification of possible mitigation measures should higher-permeability zones be encountered in the
vicinity of the external tailings areas.

[252] The panel finds that Teck’s proposed karst management plan is acceptable as a conceptual plan.
The fully developed karst management plan will provide Teck the necessary measures to identify and
avoid or mitigate deep aquifer ingress incidents to the mine pit. The panel therefore requires a detailed
karst management plan to be provided to the AER for review and approval before mine start-up and be
updated regularly during operations.®™

[253] The panel will also include conditions that require Teck to monitor relevant hydrostratigraphic
units, including Devonian units, and conduct periodic updates to groundwater flow and solute transport
models based on new information from supplementary geological investigations and hydraulic testing and
monitoring.'* (See section 17, “Groundwater.”)

3 Draft OSCA Approval — Conditions 18 and 19
 Draft EPEA Approval — Condition 4.5.10
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6 Bitumen Recovery
Project Design and Operations

Evidence

[254] Teck requested approval from the AER to construct, operate, and reclaim an oil sands mine and a
processing plant with capacity to produce 41 300 m%cd (260 000 bbl/cd) of partially deasphalted bitumen.
Teck also requested that no production cap be imposed on the project. Teck submitted that a production
cap would limit economic optimization of invested capital, reduce energy conservation, and constrain
operations.

[255] Teck also requested approval from the AER to receive third-party oil sands material (mined ore
or intermediate products such as bitumen froth) and to export similar oil sands material to third parties for
processing.

[256] Teck stated it would consult with the AER to establish the required measurement systems and
reporting methodology during future planning stages and committed to providing a detailed measurement
plan to the AER one year before starting operations.

[257] Teck stated it will develop a comprehensive emergency response plan before construction and
committed to providing it to the AER six months before starting operations.

[258] Teck also committed to providing the AER with a commissioning and start-up plan six months
before starting operations.

Analysis and Findings

[259] The panel understands that design processing capabilities are expected to be higher than the
expected average yearly production rates. The panel expects that higher daily production will be balanced
by processing plant availability and that the project will remain within approval emissions limits even
during higher daily production rates. The panel therefore finds it is not necessary to impose a production
cap as a condition of the OSCA approval. Should Teck decide to make modifications to the processing
plant resulting in an increase to the average yearly production rate above 41 000 m*/cd (260 000 bbl/cd),
an amendment application will be required.

[260] The panel understands that the import and export of oil sands and oil sands products will provide
Teck with operational flexibility for the project. The panel therefore approves Teck’s import and export of
oil sands ore and bitumen froth from third-party sources, with prior notification to the AER.*

> Draft OSCA Approval — Condition 1(1)
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[261] The panel accepts Teck’s commitment to establish measurement systems to meet AER
requirements. The panel will condition AER approvals requiring Teck to submit a detailed measurement
plan to the AER for approval one year before starting operations.™®

[262] The panel accepts Teck’s commitment to submit a comprehensive emergency response plan to
the AER and will make this a condition of approval. The site-specific emergency response plan must be
prepared in accordance with Directive 071 Emergency Preparedness and Response Requirements for the
Petroleum Industry and must include how Teck considered input from engagement and collaboration with
indigenous groups.’

[263] The panel also accepts Teck’s commitment to provide a commissioning and start-up plan six
months before starting operations and will make this a condition of approval. The commissioning and
start-up plan must include the mitigations Teck will implement to avoid resource waste during plant
commissioning as well as the final engineering design, final plant layout, evaluation of process aids
selection and selected rates, diluent selection, and start-up sequence.®®

Bitumen Recovery

Evidence

[264] Teck proposes to use the warm-water bitumen extraction process and high-temperature paraffinic
froth treatment process in order to meet the bitumen recovery requirements set out in AER Directive 082.
The directive requires a processing plant recovery factor of 90 weight per cent (wt%) if the average
bitumen content of the as-mined ore is 11 wt% bitumen or greater. If the average bitumen content of the
as-mined ore is less than 11 wt% bitumen, the required recovery is determined by an equation that
considers the average weight per cent bitumen content of the as-mined ore. Teck indicated that start-up
and the first year of operation may bring some challenges that impact its ability to meet the recovery
requirements. However, Teck also indicated it would strive to meet the requirements from year one.

[265] The bitumen recovery process starts with ore being crushed at the ore preparation plant and
mixed with warm water to create slurry, which is sent to the extraction plant. Conditioning is expected to
happen within the 3.5 to 4 km of the three lines going to the extraction plant. Teck indicated that it would
further test and research conditioning process aids and that the final process aid selection and dosage rates
will be determined during future stages of engineering.

[266] Inthe 2015 project update, Teck increased the upper-end temperature of the slurry preparation
and the extraction process by 5°C in order to increase resource recovery under a wide range of ore grades

18 Draft OSCA Approval — Condition 22
" Draft OSCA Approval — Condition 23
'8 Draft OSCA Approval — Condition 25
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and given the high fines content of the ore body. The ore preparation plant hot water temperature is
expected to be 77°C to 89°C and the extraction operating temperature in the range of 45°C to 55°C.

[267] High-temperature paraffinic froth treatment process was selected for the project. The process uses
paraffinic solvent to precipitate a portion of the asphaltenes contained in the bitumen froth and remove
water and solids, resulting in a high-quality, partially deasphalted bitumen that will meet pipeline
specification of 0.5 per cent water and solids. The product is then mixed with diluent to be transported to
market. Teck conducted pilot testing that demonstrated the bitumen froth responded favourably to the
process.

[268] Teck stated that the bitumen in the froth is expected to contain approximately 17 wt%
asphaltenes. The amount of precipitated asphaltenes, or asphaltene rejection, will be influenced by the
solvent, the solvent-to-bitumen-ratio, operating conditions (temperature and pressure), and the quality of
the bitumen froth fed to the froth treatment plant.

[269] Teck indicated that the industry standard for asphaltene rejection is an annual average of about

10 wt%. Teck anticipates its annual asphaltenes rejection will be less than 10 wt%; however, in order to
accommodate changes in market conditions, Teck committed to limit asphaltene rejection to 10 wt% of
produced bitumen on an annual average. Teck also indicated that it will attempt to optimize asphaltene

rejection rates once further information on the site-specific conditions is available.

Analysis and Findings

[270] The panel considers the 5°C temperature change in the extraction process in order to increase
resource recovery to be reasonable. The panel notes that Directive 082 sets out mandatory requirements
that apply to Teck. The panel was not presented with a compelling reason why those requirements
relating to bitumen recovery should not apply to Teck.

[271] The panel accepts Teck’s commitment to limit annual average asphaltene rejection to less than
10 wt% of bitumen production and will include this as a condition of the AER approvals.*®

[272] The panel will also require Teck to provide updates on the optimization of asphaltene rejection
rates within its Qil Sands Conservation Rules (OSCR) section 58 annual report of operations, starting on
the first year of operations.”

9 Draft OSCA Approval — Condition 26
2 Draft OSCA Approval — Condition 27
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Solvent Losses

Evidence

[273] Most of the paraffinic solvent used is recovered in the solvent recovery unit and reused. Tailings
from the froth treatment plant are further processed at the tailings solvent recovery unit to recover
additional solvent before disposing of the froth treatment tailings in the external tailings area. Froth
treatment tailings contain the rejected asphaltenes, some precipitated maltenes, water, minerals, and some
of the unrecovered solvent.

[274] Teck requested an approval condition limiting their solvent losses to less than four volumes per
thousand volumes of bitumen production on an annual basis similar to other oil sands mining operations.
Teck indicated that the proposed solvent losses would be equivalent to 165 m%cd (1040 bbl/cd). Teck
indicated that it had no intention of discharging untreated froth treatment tailings (tailings that do not pass
through a tailings solvent recovery unit) to the tailings disposal area. The preliminary material balance
information submitted by Teck indicated that Teck’s current design will achieve solvent losses during
normal operations lower than four volumes per thousand volumes..

[275] The joint submission from Athabasca Chipewyan and Teck included a recommendation to the
panel to include the following condition to any AER approvals: “Teck will: avoid solvent loss of more
than four (4) volumes per thousand (1000) volumes of bitumen production average basis and endeavour
to reduce solvent loss of three (3) volumes per thousand (1000) volumes of bitumen.”

[276] During the hearing, Teck confirmed that it would strive from day one to reduce solvent losses to
three volumes per thousand volumes of bitumen, but it committed to less than four. Teck indicated it was
premature to comment on how and when they would achieve the three volumes per thousand volumes.
Teck indicated that best-in-class performance for solvent loss would be in the range of two and a half to
three volumes per thousand volumes of bitumen without including upsets.

Analysis and Findings

[277] Limits on solvent losses are a condition of AER approvals and are based on technology and plant
design capabilities and are evaluated on a case-by-case basis. The proposed plant design, Teck’s
commitment to not discharge untreated froth treatment tailings to tailings disposal areas, Teck’s
commitment to operate the Frontier project to the highest standard, Teck’s commitment to Athabasca
Chipewyan to endeavour to reduce solvent losses to less than three volumes per thousand volumes of
bitumen production, as well as Teck’s recognition of current best-in-class performance, all suggest that a
more stringent annual solvent loss limit is appropriate for the Frontier project.

[278] The panel recognizes that solvent losses may be higher during commissioning and initial start-up;
therefore, the panel will allow for 12 months of site-wide solvent losses at less than four volumes per
thousand volumes of bitumen production at the start of operations for each of the two phases. However

54 2019 ABAER 008 (July 25, 2019) Joint Review Panel



Section 6: Climate Change Considerations Teck Resources Limited, Frontier Oil Sands Mine Project

the panel will require solvent losses to be less than three volumes per thousand volumes of bitumen
production thereafter.?

[279] The panel accepts Teck’s commitment to not discharging untreated froth treatment tailings and
will include this as a condition of approval. The panel requires Teck to take all reasonable measures to
ensure that a tailings solvent recovery unit is operating effectively and efficiently when the froth
treatment units are in operation.*

Storage Tanks

Evidence

[280] Teck provided preliminary storage tank information for the project, which included the expected
number of vessels, volume capacities, and air emission abatement controls to be employed. The
substances that would require tank storages were listed as bitumen froth, process make-up solvent,
diluent, diluted bitumen, diesel fuels, lubricants, and varying process-related waters.

[281] Teck stated that all liquid hydrocarbon storage tanks will be designed to meet the requirements of
AER’s Directive 055 — Storage Requirements for the Upstream Petroleum Industry and the Canadian
Council of Ministers of Environment’s (CCME’s) Environmental Guidelines for Controlling Emissions of
Volatile Organic Compounds from Aboveground Storage Tanks (CCME guidelines).

Analysis and Findings

[282] The panel notes that compliance with Directive 055 is not required for oil sands mining
operations. On September 2008, the AER issued Directive 073: Inspection and Compliance of Oil Sands
Mining and Processing Plant Operations, which provided direction on tank storage requirements for oil
sands mining and processing plant operations. Directive 073 made some portions of Directive 055
applicable to new mining operations. The panel accepts Teck’s commitment to design liquid hydrocarbon
storage tanks in accordance with Directive 055. However, Teck must also meet other requirements
described in Directive 073, including secondary containment systems, leak detection systems, and spill
prevention systems. Operating procedures, maintenance practices, inspection programs, and record
retention requirements outlined in Directive 073 shall also be followed.*®

[283] Given that the design requirements for the tanks are in a preliminary stage, the panel recommends
that Teck re-evaluate the type of emission controls that would meet the objectives of the CCME
guidelines as it finalizes the design of all project tanks. The panel notes that the selection of emission

2! Draft OSCA Approval — Condition 28 and 29; Draft EPEA Approval — Condition 4.1.34
22 Draft OSCA Approval — Condition 30; Draft EPEA Approval — Condition 4.1.7
% Draft OSCA Approval — Condition 24; Draft EPEA Approval — Condition 3.1.3
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controls relies not only on volumetric capacities but may also require consideration of tank diameter and
the stored volatile organic liquids’ vapour pressures. Further discussion on tank emission controls is
found in section 14, “Air Quality.”

[284] The panel finds that by meeting the applicable requirements in the CCME guidelines and
Directive 055, Teck will minimize emissions to air and unauthorized releases (such as spills) and controls
will be in place to prevent soil, groundwater, and surface water contamination. The panel will therefore
include a condition requiring compliance with these requirements.?

Recommendation to Teck

[285] The panel recommends that Teck re-evaluate the type of emission controls that would meet the
objectives of the CCME guidelines as it finalizes the design of all project tanks.

 Draft EPEA Approval — Condition 3.1.4
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7 Tailings Management Plan

[286] The purpose of this section is to describe Teck’s proposed tailings management plan for the
project and to assess how it is aligned with the TMF and AER Directive 085: Fluid Tailings Management
for Oil Sands Mining Projects. The potential environmental effects resulting from implementation of the
tailings management plan are discussed in other sections of the panel’s report.

[287] The objective of the TMF is to minimize fluid tailings accumulation by ensuring that fluid tailings
are treated and reclaimed progressively during the life of a project and that all new fluid tailings
associated with a project are ready to reclaim within ten years of the end of mine life. In addition, the
TMF establishes four outcomes: land use must be returned to Albertans, sustainable ecosystem, liability is
minimized to Albertans, and environmental effects are managed.

[288] Directive 085 uses an outcome-based approach to hold operators accountable for managing fluid
tailings. Directive 085 sets the requirements for operators to demonstrate that their tailings profiles and
fluid tailings management plans are aligned with the intent and outcomes of the TMF. Directive 085
requires operators to submit information to support their proposed performance criteria, which establishes
when a deposit meets ready-to-reclaim status.

[289] The concept of ready-to-reclaim tailings supports the high-level objective of reclaiming oil sands
mine projects to a self-sustaining boreal forest ecosystem. There are two subobjectives that address the
different aspects of performance and evaluate if deposits are on a trajectory to meet the high-level
objective. Subobjective 1 is to ensure the deposit’s physical properties are on a trajectory to support future
stages of activity. Subobjective 2 is to minimize the effects of the deposit on the environment and to
ensure it will not compromise the ability to reclaim to a diverse, locally common, and self-sustaining
ecosystem.

Teck’s Proposed Approach to Tailings Management

Evidence

[290] Teck’s tailings management strategy was updated in 2015, and further details were provided
within Teck responses to information requests and during the hearing. The tailings management plan is
based on using centrifuge technology for fluid fine tailings treatment.

[291] The objectives for Teck’s proposed tailings management plan include the following:

« meeting the objectives of the TMF and Directive 085;
e ensuring containment stability for all dams through construction, operations and closure;

« ensuring adequate tailings containment and operational contingency space during operations;

Joint Review Panel 2019 ABAER 008 (July 25, 2019) 57



Teck Resources Limited, Frontier Oil Sands Mine Project Section 7: Tailings Management Plan

« minimizing and eventually eliminating long-term storage of fluid tailings in the closure landscape;
« effective progressive reclamation and progressively reducing fluid fine tailings inventory;

« maximizing the recycling of process water and effectively managing process-affected wastewater
storage; and

« developing landforms, pit lakes and wetlands that are sustainable in the long-term and ensuring
discharge waters are acceptable for the release to the environment.

[292] Teck’s proposed fines capture technology includes capturing fines in coarse sand beaches and
fluid fine tailings de-watering using centrifuge technology, followed by deposition in pit and below
ground level. Teck indicated that this approach improves water-use efficiency, allows progressive
reclamation, and results in no active tailings dams in the post-closure structure.

[293] Tailings are generated from the bitumen extraction process. The extraction process involves the
use hydrocyclones for particle separation and flotation cells to recover residual bitumen and to separate
coarse and fine solids.

[294] Teck’s extraction process will produce the following five tailings streams:

« Secondary flotation tailings: fine tailings from secondary flotation cells. Used for beaching in the
external tailings areas.

o Coarse combined tailings: coarse sand tailings from the primary separation cell combined with some
of the secondary flotation tailings. Used for dike construction and beaching in the external and
internal tailings areas.

o Froth treatment tailings: tailings from the tailings solvent recovery unit. The froth treatment tailings
are processed in the tailings solvent recovery unit to reduce the residual solvent content to an
acceptable low level. Deposited in the external tailings area for the life of the project.

« Fluid fine tailings: tailings produced by fines that separate from the coarse combined tailings,
secondary flotation tailings, and froth treatment tailings streams at the point of deposition. Deposited
in external tailings areas.

o Centrifuged fine tailings cake: produced by centrifuging the fine fluid tailings from the external
tailings areas. More than 95% of the centrifuge cake will be deposited in the in-pit disposal areas, and
the remaining will be part of the external tailings area.

[295] Teck proposes constructing two external tailings areas (external tailings area 1 and external
tailings area 2) and three in-pit tailings areas (internal tailings area 1, internal tailings area 2 and internal
tailings area 3) to store fluid tailings, recycle water, centrifuge fine tailings cake (centrifuge cake), and
coarse combined tailings. The external tailings areas would be constructed in two stages, with external
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tailings area 1 providing initial tailings disposal capacity and external tailings area 2 providing the second
stage of containment, until internal tailings area 1 is available.

[296] As part of the 2015 project update, Teck changed their tailings treatment technology from using
thickeners to using centrifuges. As Teck will no longer use thickeners, the cyclone underflow containing
the majority of the coarse sand particles (greater than 44 microns) will be sent directly to the tailings
disposal areas. Approximately 75 per cent of the coarse tailings will be deposited in the external tailings
areas, an additional 21 per cent will be deposited in internal tailings area 3, and the remaining coarse
tailings will be used to cap centrifuge cake deposits or meet closure landform requirements.

[297] Teck anticipated the coarse combined tailings deposition areas in the external tailings areas will
capture more than 50% of the fines in coarse sand beaches, reducing the fines released to form fluid fine
tailings. Secondary flotation tailings will be used for beaching in the external tailings areas, providing
additional fines capture up to 60%.

[298] The fluid fine tailings, formed by fines that segregate from combined coarse tailings, secondary
flotation tailings, and froth treatment tailings, will be centrifuged to form centrifuged cake deposits and
disposed mainly in the internal tailings areas.

[299] Teck stated that gypsum and/or polymer will be added to the centrifuge feed to increase the solids
content of the centrifuge cake. Teck selected the polymer currently used at other centrifuge operations on
a preliminary basis. Teck expects to further review it as part of future stages of the project.

[300] A small amount of centrifuge cake will be placed in external tailings area 2 (dedicated disposal
area 1) during the early years of operation. The rest, approximately 96%, will be placed within the in-pit
tailings areas (internal tailings area 1 and internal tailings area 2). Centrate water, the water leaving the
centrifuges, will be collected and transferred to external tailings area 1 and external tailings area 2.

[301] Teck’s tailings facilities are planned to be operated, infilled, capped, and recontoured as per the
schedule in Table 4. The closure and reclamation of tailings facilities is discussed in section 10,
“Conservation, Reclamation, and Closure.”

Table 4. Proposed tailings infilling, sand capping, and reclamation activities schedule

Start of further
Tailings Closure Sand reclamation
facilities Storage type Operating infilling capping activities
ETA1 Fluid tailings and recycle water 2026-2044 2045-2054 2055
ETA2 Centrifuge cake (thin lift), fluid
2044-2058  2058-2066 2067
tailings and recycle water
DDA 1 Centrifuge cake (thin lift) within
2028-2036 2044-2066 2070
ETA 2
ITA1CFT Centrifuge cake (deep deposit) 2037-2050 2053-2058 2060
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Start of further
Tailings Closure Sand reclamation
facilities Storage type Operating infilling capping activities
ITA2CFT Centrifuge cake (deep deposit) 2050-2067 2064-2069 2073
ITA3 Coarse combined tailings 2056-2066  2067-2073 2067

CFT — centrifuged fine tailings
DDA — dedicated disposal area
ETA — external tailings area
ITA — internal tailings area

[302] The environmental effects of tailings deposition areas and tailings processing facilities and Teck’s
proposed mitigation are discussed the following sections: Air Quality, Groundwater, Surface Water

Quality, and Conservation, Reclamation, and Closure.

[303] Teck stated that it will use an adaptive management approach to improve the reliability and
predictability of the tailings management plan and accommodate technological advances. Teck stated it
was a founding and active member of Canada’s Oil Sands Innovation Alliance (COSIA), an industry-led
research consortium that is actively pursuing fundamental and applied research in fine tailings behaviour,
treatment technologies, and deposit performance.

[304] Teck indicated that should the project be approved, there will be opportunities to confirm and
optimize design and planning assumptions for cake deposits before large-scale in-pit cake deposition in
2037. Teck also stated that, based on stakeholder input and in order to achieve progressive reclamation, it
will not place tailings in the end-pit lakes. Teck also confirmed tailings will not be deposited in the north
pit watershed.

[305] Notwithstanding its commitment to not placing tailings in end-pit lakes, Teck indicated that it
may wish to re-evaluate its position on the placement of tailings in end-pit lakes, water capping of
tailings, in the future should this technology be approved by the Government of Alberta and offer
opportunities to improve project performance. However, Teck stated that it would not consider that
approach until having discussions with indigenous communities, and it would be subject to receiving the
necessary regulatory approvals.

Analysis and Findings

[306] The panel finds that Teck’s proposed tailings management plan is aligned with the objectives of
the TMF. The panel accepts Teck’s proposed use of centrifuge technology to treat fluid tailings. The panel
also accepts Teck’s commitments to not place tailings in the end-pit lakes or the watershed containing the
north pit and will include these as conditions in the AER approvals.?® Should Teck want to place tailings
in end-pit lakes in the future, it will need to apply for amendment to the project’s approvals. The

% Draft OSCA Approval — Conditions 31 and 32; Draft EPEA Approval — Condition 4.3.12
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amendment application would need to include the information necessary to assess the environmental
effects of the proposed change.

[307] Given the early stage of the project, Teck will require time to verify its proposed tailings
treatment technology and deposit performance. The panel considered a number of areas of risk and
uncertainty and is imposing conditions to ensure that appropriate information is captured in a timely
manner. The conditions found in the draft AER approvals attached as appendices to this decision address
froth treatment tailings; the fluid tailings profile; project-specific thresholds; fluid tailings deposition
testing; deposit performance and milestones; future plans and other reports submission and requirements,
research, monitoring and reporting requirements; and engagement with stakeholders and indigenous
communities. Other standard tailings approval conditions are also applied.?

[308] In relation to the chemical additives to be used for tailings treatment, Teck is required to provide
additional information to the AER once the final selection is made.?” Depending on the nature of the
effects of the additives proposed, an authorization or amendment to the AER EPEA approval may be
required.

[309] The panel’s assessment of the environmental effects and proposed management, mitigation, and
monitoring strategies related to tailings management activities are discussed in other sections of this
report.

Froth Treatment Tailings

Evidence

[310] Teck proposes to send froth treatment tailings to the external tailings areas where they will be co-
deposited (commingled) with other tailings streams. Teck does not propose to segregate or create a
separate disposal area for froth treatment tailings.

[311] Teck submitted that this approach is current industry practice. Teck suggested that commingling
of tailings streams was an appropriate mitigation strategy and viewed the predicted effects as acceptable.
Teck stated it will consider adjusting tailings storage methods for froth treatment tailings should research
and monitoring indicate that it is necessary based on site-specific conditions and emerging technology
risk.

Analysis and Findings

[312] Although froth treatment tailings constitute a small percentage of the overall tailings volumes for
the project, these tailings may pose higher environmental risks because they contain residual paraffinic

% Draft OSCA Approval — Conditions 34, 37, 38, 46, 53, 55, 56, 57, and 63
% Draft EPEA Approval — Condition 4.3.11
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solvent, other hydrocarbons, and sulphides. Furthermore, froth treatment tailings may impact the
performance of tailings deposits containing centrifuge tailings and the ability to achieve long-term
reclamation outcomes.

[313] The panel will therefore include a condition that Teck only deposit froth treatment tailings in the
external tailings areas as proposed.?

[314] The panel expects Teck continue to monitor emerging options for the treatment and placement of
froth treatment tailings.

Fluid Tailings Profile

Evidence

[315] Teck provided a fluid tailings volume profile as required by Directive 085. Teck stated that the
project projected fluid tailings inventories are significantly below Directive 085 requirements at all
relevant stages, including early production, operation, and post end of mine life.

[316] The profile indicated that fluid tailings accumulation will increase and reach a peak in 2037, after
twelve years of bitumen production operations. The peak fluid tailings inventory is expected to be

231 million cubic metres (Mm?®) which represents an equivalent of seven years of full production fluid
tailings volume generation.

[317] Teck’s tailings profile indicates that within two to three years after the end of mine life, fluid
tailings will be reduced to zero.

Analysis and Findings

[318] Under Directive 085, the fluid tailings profiles represent the volume of fluid tailings that is not
ready to reclaim (i.e., does not meet ready-to-reclaim criteria). The fluid tailings profiles are important
tools by which the performance of an operator is measured.

[319] Directive 085 requires that all fluid tailings meet ready-to-reclaim criteria within ten years of the
end of mine life. Teck’s proposed fluid tailings profile indicates that all fluid tailings are expected to
achieve ready-to-reclaim status within two to three years of the end of mine life. Teck’s proposed profile
also satisfies the Directive 085 requirement that at the end of mine life there must not be greater than five
years of accumulation of fluid tailings production. The panel accepts and approves the fluid tailings
profile provided by Teck and shown in Appendix 5 table C-1 for the fluid tailings profile and figure C-1
for the fluid tailings profile graph.*

% Draft OSCA Approval — Condition 33
% Draft OSCA Approval — Condition 35
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[320] The TMF identifies triggers and a limit (known collectively as thresholds) for new fluid tailings.
The thresholds will be stablished on a project-specific basis by the AER and will be used to ensure
operators are on track to meet the ready-to-reclaim objective within 10 years. The profile deviation trigger
alerts operators and regulators when the volume of fluid tailings is growing faster than originally
approved for. It is based on when the fluid tailings volume growth is 20 per cent higher than the approved
profile and considers a five-year rolling average to account for year-over-year variability. To allow for
this variability, the panel set the profile deviation trigger for Teck as a five-year rolling average of the
annual profile deviation. The panel is setting the thresholds based on the approved tailings profile.

[321] Inaccordance with the TMF and Directive 085, Teck is also subject to a total volume trigger,
which is a volume of fluid tailings that is equivalent to 100 per cent of the greater of the maximum
approved fluid tailings profile volume or the end of mine target. This trigger indicates that the volume has
exceeded the maximum accumulation of fluid tailings and will require additional management action.
Teck is also subject to a total volume limit. Exceedance of this limit is considered an unacceptable risk to
the environment and a potential long-term liability. The total volume limit represents 140 per cent of the
greater of the maximum approved fluid tailings volume profile or the end of mine target. Teck’s total
volume trigger is set at 231 Mm? and the total volume limit at 323 Mm®. See Appendix 5, table C-2 for
the tailings profile thresholds.*

Tailings Treatment Technology

Evidence

[322] Teck proposes to treat fluid tailings in phases, beginning with small scale centrifuge operations in
2028. The full-scale centrifuge operations will begin in 2037 after having nine years of site-specific
operational experience.

[323] Teck considers centrifuge technology to be sound and proven and referenced the recent
implementation of this technology at Syncrude Canada Ltd.’s Mildred Lake Mine and Canadian Natural
Jackpine Mine. Teck plans to leverage what it learns of best practices and best technologies from other
companies using this technology through its participation in COSIA. Teck indicated those lessons will
inform any changes required as a result of future developments from both technology and deposit
performance. Teck stated that it would therefore work to refine the implementation of the centrifuge
processes and cake deposition strategies over the next several years.

[324] Teck also indicated that decoupling the fluid fine tailings centrifuging from the bitumen recovery
process significantly reduces the risk of “off-spec” tailings (tailings which do not meet targeted quality
parameters). Teck stated that it will manage poor performance of any off-spec centrifuge cake by widely

% Draft OSCA Approval — Condition 36
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distributing it along the perimeter of the in-pit cake deposits. Teck is planning to perform a
demonstration-scale implementation of centrifuges in the early stages of the project. Teck believes this
will provide them with the operating experience required to optimize design and large-scale
implementation.

[325] Teck submitted that all fluid tailings will be processed using centrifuges within one year after the
end of mine life. The centrifuge cake will be deposited in external tailings area 2 during the initial years
and in in-pit deposit after year 12 of operations. The centrifuge cake deposits are expected to reach a
thickness of 30 to 60 m overtime. Teck believes the key uncertainty to this approach is the current limited
monitoring data for consolidation in large-scale thick (deep) centrifuge cake deposits. Teck also indicated
the uncertainty does not invalidate the tailings management plan or the long-term performance of the
facility.

Analysis and Findings

[326] The panel understands that centrifuge technology provides greater process controls to reduce
treatment quality variability. The panel accepts Teck’s plan to use centrifuge technology on the Frontier
project but notes that centrifuge technology is a cost-intensive technology. The fluid tailings treatment
capacities rely on building and operating a significant number of centrifuges near the end of mine life, and
this may represent a significant economic risk for the project.

[327] The panel expects Teck to continue its research and participation in industry groups to evaluate
new alternative tailings treatment technologies to optimize its fluid tailings management strategy.

[328] The risk of “off-spec” tailings and centrifuge cake deep deposits underperformance can result in
more fluid tailings than expected, an increase in capping material needs, a decrease in storage capacity,
and an increase in the tailings deposit consolidation time. The panel acknowledges that there is some
uncertainty about the ability of centrifuge cake deposits to support future reclamation activities, achieve
stable targeted ecosites (see section 10, “Conservation, Reclamation, and Closure™), and meet the TMF’s

outcomes. Therefore the panel will condition Teck to monitor centrifuge plant operations monthly,
monitor centrifuge cake deposits annually, and report on these monitoring results annually.*

Deposit Milestones

Evidence

[329] Teck indicated that the deposition of centrifuge fine tailings will occur using thin-lift deposition
from the start of operations until 2037, with a thickness of generally less than 1.8 m per year. Deposition
of centrifuge fine tailings will occur as deep-centrifuge deposits after 2037.

%! Draft OSCA Approval — Condition 54
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[330] External tailings area 2 will contain a thin-lift centrifuge cake tailings deposit (dedicated disposal
area 1). Internal tailings areas 1 and 2 will store centrifuge fluid tailing cake. Internal tailings area 3 will
store coarse combined tailings. All fluid tailings will be removed from external tailings area 1 by 2047
and from external tailings area 2 by 2061. At the end of mine life and during the infilling of external
tailings area 2, the reclaim water source will be the temporary in-pit fluid storage area, in the location of
the proposed central pit lake.

[331] Teck proposes to place centrifuge cake tailings in internal tailings area 1 starting in 2037 and in
internal tailings area 2 starting in 2050. The centrifuge cake will be placed year round in deep deposits
that range in total thickness from approximately 30 m to 60 m. Teck also proposes to use tailings sand
with a thickness of 10 m to cap the external tailings areas and their centrifuge cake deposits (internal
tailings areas 1 and 2).

Analysis and Findings

[332] Directive 085 requires operators to identify critical milestones for each tailings deposit, including
deposit preparation, start of fluid placement, capping, and start of further reclamations activities.

[333] The panel accepts Teck’s proposed approach for tailings deposition and requires the tailings

facilities to be operated, infilled, capped, and recontoured in the timeframe as specified by Teck and

outlined in Appendix 5, table E-1.% The panel also requires that Teck provide to the AER a plan that
updates the fluid tailings management for each deposit one year before placement of fluid tailings or
treated tailings in each deposit or by any other date as the AER may stipulate in writing.*

[334] Reclamation and closure of the tailings disposal areas is discussed further in section 10,
“Conservation, Reclamation, and Closure.”

Ready-to-Reclaim Criteria for ETA 2 (DDA 1) — Thin-Lift Centrifuge Cake Tailings Deposits

Evidence

[335] Teck proposed a centrifuge cake solids concentration of >50 per cent as the ready-to-reclaim
criteria for the project’s centrifuge cake deposits, with an expected >65 per cent solids by weight by the
end of deposition with a maximum thickness of approximately 10 metres. Final sand capping is expected
to be completed by 2066. The proposed subobjective 2 included closed-circuit water drainage and
collection in containment structures for surface flows and waters in contact with tailings, seepage control
during operations and post-closure, and groundwater monitoring. Surface water drainage, seepage control,

%2 Draft OSCA Approval — Condition 40
% Draft OSCA Approval — Conditions 49 and 50

Joint Review Panel 2019 ABAER 008 (July 25, 2019) 65



Teck Resources Limited, Frontier Oil Sands Mine Project Section 7: Tailings Management Plan

and groundwater monitoring related to tailings deposits is discussed in the following sections: Water
Management, Surface Water Quantity, and Groundwater.

[336] Teck proposed the following specific measures for external tailings area 2 (dedicated disposal
area 1)

e Subobjective 1:
— A minimum of 50 per cent solids by weight at deposition, based upon deposit sampling.

— A minimum of 65 per cent solids by weight by the end of deposition, based upon deposit
sampling.

— Completion of sand capping by 2066.
e Subobjective 2

— Surface water: Closed-circuit drainage and collection in containment structures for surface flows
and waters in contact with tailings are operating as designed.

— Seepage: use of pumping wells during operation and a passive seepage control system post-
closure for external tailings areas seepage control.

— Monitor groundwater as required by the EPEA approval.

Analysis and Findings

[337] The proposed thin-lift centrifuge cake, with a minimum of 50 per cent solids by weight at
deposition, is expected to have reasonable consolidation within a reasonable period of time. Therefore,
the panel accepts Teck’s proposed ready-to-reclaim criteria for the thin-lift centrifuge cake deposits in
external tailings area 2 (dedicated disposal area 1) as outlined in Appendix 5, table D-1.*

[338] Although Teck proposed a passive seepage control system for the external tailings areas post-
closure as part of its subobjective 2, no design details were provided. The proposed seepage control
systems associated with the external tailings areas are discussed further in section 17, “Groundwater.”

[339] The panel requires Teck to provide by December 31, 2025, updated subobjective 2 ready-to-
reclaim criteria for external tailings area 2 (dedicated disposal area 1). The update must include a detailed
evaluation and design of the proposed passive seepage control system for the external tailings areas that
will be used post-closure.*®

% Draft OSCA Approval — Condition 39
% Draft OSCA Approval — Condition 41
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Ready-to-Reclaim Criteria for ITA 1 (DDA 2) and ITA 2 (DDA 3) — Deep-Centrifuge Cake
Tailings Deposits

Evidence

[340] Teck indicated that by the time in-pit cake deposition occurs, which is planned to begin in 2037,
industry as a whole should have more experience with large-scale thick cake deposits, also referred to as
deep deposits. Teck noted that industry experience, together with Teck’s own test results, will provide the
data needed to further understand the deposit behaviour and expected settlement.

[341] Teck proposes to deposit centrifuge cake year round in internal tailings areas 1 and 2; the deposit
will reach a total thickness of 30 to 60 m. Teck used a one-dimensional large strain model to calculate
centrifuged fine tailings deposit consolidation for internal tailings area 1, which is the deeper deposit. For
the analysis, the maximum total centrifuge cake height is about 50 m, and the total capacity of internal
tailings area 1 is approximately 218 Mm®,

[342] The annual rate of rise for the 20-year filling period is about 2.5 m. The results of the modelling
show total settlement of 15-17 m within 100 years. Teck’s one-dimensional consolidation settlement
results showed additional total settlement due to the proposed 10 m sand capping.

[343] Teck proposed the following specific measures for the deep-centrifuge cake deposits for internal
tailings areas 1 and 2:

e Subobjective 1:
— A minimum of 50 per cent solids by weight at deposition, based upon deposit sampling.

— A minimum of 60 per cent solids by weight by the end of deposition, based upon deposit
sampling.

— Crust of cake with a minimum of 70 per cent solids by weight before sand capping, based upon
deposit sampling.

— Completion of sand capping by 2058 for internal tailings area 1 and 2069 for internal tailings
area 2

e Subobjective 2:

— Surface water: Closed-circuit drainage and collection in containment structures for surface flows
and waters in contact with tailings.

— Monitor groundwater as required by the EPEA approval.
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Analysis and Findings

[344] Teck proposes to rely on Syncrude’s and Canadian Natural’s experiences in order to achieve the
objectives for the deep-centrifuge cake tailings deposits. Therefore, the panel expects Teck to demonstrate
no major changes in deep-centrifuge cake tailings deposit performance before capping.

[345] The panel notes there is uncertainty in the consolidation modelling due to the assumptions,
estimations, initial and boundary conditions, and scaling effects. The panel does not expect significant
hydraulic (seepage-induced) consolidation due to the geology of the area and the possibility that the initial
cake deposits may reduce the permeability of the adjacent formation. Therefore, there is uncertainty
around Teck’s ability to achieve the target physical characteristics of the deep-centrifuge cake tailings
deposit. As a result, the panel does not authorize Teck’s ready-to-reclaim criteria for deep-centrifuge cake
tailings deposits. The panel requires Teck to submit updated, well-justified ready-to-reclaim criteria to
address the uncertainties in a future updated tailings management plan by December 31, 2032.%

[346] The panel understands that Teck has enough time to carry out pilot testing to justify the proposed
subobjective 1 ready-to-reclaim criteria for deep-centrifuge cake tailings deposits in internal tailings areas
1 and 2. The panel therefore requires Teck to submit to the AER for approval a pilot testing plan for deep-
centrifuge cake tailings deposit by December 31, 2025.%’

[347] Teck’s assumptions regarding treatment technology performance and tailings deposit
performance raises concerns about Teck’s ability to achieve the approved fluid tailings profile. Therefore
the panel requires Teck to submit an updated tailings management plan by December 31, 2032.%

[348] The panel expects that the understanding of tailings treatment technologies and deposit
performance will evolve significantly over the next decade. The panel expects that the tailings
management plan update due December 31, 2032, be aligned with the objectives of the most recent and
relevant government policy (including the TMF), meet the regulatory requirements of Directive 085, and
incorporate the best practice from industry peers and best available tailings treatment technology.

Tailings Research

Evidence

[349] Teck is relying on industry experience and its own test results to provide information needed to
further understand the deep deposit behaviour and expected settlement. Teck membership in COSIA is
expected to provide further understanding of fine tailings behaviour, dewatering processes, technology
development, and deposit characterization.

% Draft OSCA Approval — Condition 42
%" Draft OSCA Approval — Conditions 43 and 44
% Draft OSCA Approval — Conditions 47 and 48
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[350] Teck is also relying on ongoing monitoring and research to achieve its reclamation outcomes.
Teck expects the information generated will be incorporated into the project and inform its adaptive
management approach.

Analysis and Findings

[351] The panel notes that research is important to manage risk and resolve site-specific uncertainties in
Teck’s proposed tailings management approach. In order to ensure appropriate management of these risks
and resolve uncertainties, the panel expects Teck to continue its participation in relevant regional
initiatives and will require Teck to address uncertainties through research activities and submit plans and
report to the AER on the environmental aspects to tailings research and development.®

[352] The panel is concerned about the ability of centrifuge cake deposit to support a 10 m sand cap.
This increases the uncertainty of timelines of final reclamation and closure and ultimately meeting the

objectives of the TMF. Therefore, Teck is required to provide a capping research plan for its centrifuge
cake tailings deposits by December 31, 2026.%

[353] Teck is also required to provide to the AER a consolidation model or engineering analysis, along
with any required supporting information, including milestones, for the deep-centrifuge cake tailings
deposits by December 31, 2031.*

Tailings-related Stakeholder and Indigenous Communities Engagement

Evidence

[354] Teck indicated it had undertaken extensive consultation with indigenous communities most
affected by the project. Teck submitted it had agreements with 14 indigenous groups that are intended to
last the life of the project. Additionally, Teck, Athabasca Chipewyan First Nation, and Mikisew Cree First
Nation jointly developed and submitted recommendations to the panel with respect to shared objectives
for environmental management, mitigation commitments from Teck, and areas for requested Crown
action and support. Teck indicated it was committed to carrying out its commitments to Athabasca
Chipewyan First Nation, Mikisew Cree First Nation, and all its indigenous partner communities. The
complete list of jointly developed conditions, commitments, and recommendations submitted to the panel
can be found in Appendix 9.

[355] Teck received feedback from indigenous communities affected by the project. Some aspects of
the environmental assessment and project application were changed in response to the input received.

% Draft EPEA Approval — Condition 5.1.1
“0 Draft OSCA Approval — Conditions 51 and 52
! Draft OSCA Approval — Condition 45
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With regards to the proposed tailings management plan, Teck indicated that during early engagement with
indigenous communities, they expressed concerns about tailings in end-pit lakes. As a result of that
feedback, Teck made a commitment to the indigenous communities to not place tailings in the pit lakes.

Analysis and Findings

[356] Both the TMF and Directive 085 highlight the importance of transparency and involvement of
stakeholders and indigenous communities in tailings management.

[357] Given this overarching principle, together with the concerns expressed by the participants, the
panel requires Teck to engage with stakeholders and indigenous communities on the activities undertaken
in respect of fluid tailings management throughout the life of the project. This engagement will include
conducting an annual forum once the project is operational (every three years before operations) and
reporting to the AER on these engagement activities.**

*2 Draft OSCA Approval — Conditions 58 to 62
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8 Water Management

Evidence

[358] Teck requested an approval and licence under the Water Act to construct and operate water
management facilities and to divert water for the Frontier project. The request included the following
activities:

« muskeg drainage and overburden dewatering
« basal water sands depressurization and Quaternary deposit dewatering
« withdrawing, diverting, and impounding surface and groundwater

« constructing, operating, and reclaiming external and internal tailings and overburden disposal areas,
including dam structures

« constructing water handling and containment structures, including dam structures
« constructing watercourse crossings such as pipelines, transmission lines, and bridges
« diverting surface waters and streams around the project disturbance area

[359] Teck also provided an overview of the water sources and the water management facilities for the
project within their water management plan dated October 2018. The key water management facilities at
the Frontier mine consist of a river water intake and recycle water system, external tailings area seepage
control system, domestic wastewater and potable water treatment systems, closed-circuit system, release
water drainage system, stream diversion system, and off-stream storage pond. All of these facilities
provide water handling systems to support mine development, as well as the diversion of water from the
Athabasca River, surface water runoff, and groundwater sources. The abovementioned water management
facilities are all regulated under the Water Act and the Environmental Protection and Enhancement Act.
This section summarizes Teck’s evidence related to the proposed water sources, water management
facilities, and aquifer depressurization and dewatering.

Sources of Water

[360] Teck stated that it investigated multiple water sources as potential sources for the project,
including local site water (surface and groundwater), local streams (including Redclay Creek, Big Creek,
and Eymundson Creek), Ronald Lake, Lake Athabasca, and the Athabasca River. Teck proposed using
the Athabasca River as the main water source due to availability and reliability of the water supply. Teck
stated that with the use of its proposed off-stream storage pond, the hydrological changes associated with
using water from this source are small.
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[361] Teck stated that potential water withdrawals from the Athabasca River will vary seasonally and
annually depending on the project phase and the amount of precipitation runoff and groundwater seepage
water collected within the closed-circuit system.

[362] Teck submitted an application under the Water Act to divert water from the Athabasca River,
surface runoff water in the closed-circuit areas, seepage to the mine pit, basal water sands
depressurization, and seepage from the perimeter of the external tailings area. The requested maximum
annual water diversion volume from all water sources during phase 1 (2022 to 2032) was 105.2 million
cubic metres (Mm?®) per year; during phase 2 (2033 to 2081), the maximum volume was 81.1 Mm?® per
year. The requested maximum annual volume of water withdrawal specifically from the Athabasca River
during phase 1 was 98.0 Mm?® per year and during phase 2, it was 60.0 Mm? per year. The maximum rate
of withdrawal from the river during both phases is proposed to be 4.2 cubic metres per second.

[363] Teck requested that it be permitted to withdraw additional water from the Athabasca River for the
first eight years to accommodate the development of the external tailings area water cap and the start-up
of the two process trains that comprise phase 1. After that, the volume could be reduced for the remainder
of the project life.

[364] Teck stated that the peak river water withdrawal rate is expected to occur when the external
tailings area water cap is being developed and during periodic refilling of the off-stream storage pond.
Teck indicated the peak instantaneous river water withdrawal rate for the project is 4.2 cubic metres per
second.

[365] Teck stated that the project will involve closed-circuit drainage from 2022 through 2081,
including the construction, operation, and reclamation phases of the project and applied under the Water
Act for a maximum annual surface runoff water allocation of 14.9 Mm?®,

[366] Teck has applied for a maximum annual groundwater diversion volume of 14.7 Mm?, which
consists of the following components:

« maximum volume of annual seepage inflow to the mine pit: 8.2 Mm?®

« maximum volume of basal aquifer depressurization: 3.4 Mm®

« maximum volume of annual seepage from the seepage control system around the external tailings
area: 3.1 Mm®

[367] Overall, Teck requested the maximum annual diversion volumes for the project from all sources
to be 105.2 Mm?® (2022 through 2032) and 81.1 Mm? (2033 through 2081).

[368] A summary of Teck’s requested annual diversion volumes are provided in Table 5.
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Table 5. Summary of requested water diversion volumes

Maximum annual
diversion volum;e
Water source (Mm”)

Surface Water
Athabasca River
Phase 1 (2025 to 2032) 98.0
Phase 2 (2033 to 2081) 60.0

Closed-Circuit Areas

Period 2022 to 2081 14.9
Groundwater
Seepage to the mine pit (2022 to 2081) 8.2
Basal aquifer depressurization (2022 to 2081) 3.4
External tailings area seepage control system (2026 to 2081) 3.1
Total Groundwater 14.7

Total from all sources
Phase 1 (2022 to 2032) 105.2
Phase 2 (2033 to 2081) 81.1

River Water Intake and Recycle Water System

[369] The proposed location of the Athabasca River intake was changed to Dalkin Island from its
originally proposed location immediately downstream of the island due to morphological changes to the
Athabasca River associated with the 2012 spring freshet. The location of the intake is to be outside of
Teck’s oil sands leases; however, it is located within Teck’s proposed Water Act fenceline boundary.

[370] The associated proposed river water circuit includes the river water intake and pump house, river
water pipeline, off-stream storage pond, river water pond and pumps, firewater system, treated water for
boilers and steam generators, and the potable water system. Teck stated that water treatment package
units will treat water from the river water pond to make demineralized and soft water. Demineralized
water will be used in the steam boilers to generate steam and as make-up to the closed-loop cooling water
system. To demineralize the water, filtered water will be pretreated in the water treatment plant and then
pass through membranes or ion exchange beds followed by polishers.

[371] Teck stated that the recycle water system supplies the process and flushing water needs for the
plant. Recycle water, depending on its quality, might also be used for gland water for the pumps in the
extraction, tailings, and ore preparation areas. Athabasca River water and reclaim water from external
tailings areas will be the two main sources of make-up water for the recycle water pond. A barge-mounted
pump and piping system will pump water from the tailings areas to the recycle water pond at the plant site.
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Seepage Control System for the External Tailings Area

[372] Teck stated that during operations, the near-surface seepage from the external tailings areas will
be intercepted by perimeter ditches at the toe of the dikes and returned to the external tailings area or
transported to the recycle water pond at the plant site. Deeper groundwater seepage will be collected via
hydraulic barrier interception wells and pumped to the external tailings areas or the recycle water pond.
The post-closure seepage control system will be installed downstream of the perimeter ditch to intercept
and direct seepage to constructed reclamation lakes or the central pit lake in the reclaimed footprint. Teck
stated that the design intent of the post-closure seepage system is to maintain acceptable downstream
water quality conditions in the receiving environment. The post-closure hydraulic barrier would be a
physical wall or equivalent control that would be advanced through any surficial sands to the top of low-
permeability underlying strata. If the barrier is a physical wall, it would be designed to provide a long-
term, low-permeability contiguous barrier to horizontal seepage within the Quaternary sediments.

Domestic Wastewater and Potable Water Treatment Systems

[373] Teck stated that a domestic wastewater treatment system was needed at the lodge. While specific
details of the domestic wastewater treatment system were not provided within the application, Teck
proposes to pump treated effluent from the domestic wastewater treatment system to the plant’s recycle
water pond, which is part of the project’s closed-circuit system and is the source for water reuse within
the bitumen processing plant. The dewatered cake produced from the domestic wastewater treatment
system will be disposed of at the project’s Class Il landfill. Before the recycle water pond and Class Il
landfill are constructed and commissioned, the treated effluent and dewatered cake will be trucked off site
to suitable approved disposal locations. Teck stated that the required additional information for the
domestic wastewater treatment system, including the collection system, will be submitted as an EPEA
application at a later stage of engineering.

[374] Teck is requesting to construct and operate a potable water treatment plant in phase 1 of the
project to support the Frontier lodge. Proposed to be located at the lodge, the potable water treatment
plant will be designed to support approximately 5000 people and will use ultrafiltration and nanofiltration
technology, with ultraviolet and chlorination tertiary treatment. Preliminary engineering designs have the
peak potable water demand during the construction phase at approximately 1370 m*/d, but during normal
operations, the potable water demand would equal roughly 375 m*/d. Teck expects to truck in potable
water to the Frontier site until the potable water treatment plant is approved and operational. Teck stated
that a future application to construct and operate the potable water treatment plant will be submitted to the
AER once finalized details and engineering is complete.
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Closed-Circuit System

[375] Teck proposes to construct and operate a closed-circuit drainage system to collect water from the
following sources:

« plant site runoff, including the ore preparation plant and corridor
« runoff and seepage from the external tailings area facilities

« water collected in the mine pits, including precipitation runoff, groundwater seepage, and free-
draining overburden water released during excavation

« on-site road drainage, where required

[376] The closed-circuit drainage system will consist of collection ditches, sumps (or groundwater
wells), pumps, pipelines, and temporary storage ponds. Teck stated that water within the closed-circuit
drainage system will not be released to receiving waters. It will be pumped to the tailings areas where it
will enter the recycle water system and be used for process activities.

[377] Inaddition, during preproduction, when there is limited water storage available, approximately
half of the water resulting from depressurization of the basal water sands will be reinjected into an
adjacent basal water sands unit in the project disturbance area. The other half of the depressurization
water will be placed in an excavated holding pond pending its incorporation into the closed-circuit
system.

Release Water Drainage System

[378] Teck stated that the release water drainage system will consist of drainage water collected outside
of the closed-circuit system, such as muskeg and overburden drainage water, which will be discharged to
receiving waters to reduce hydrological changes that will result from excluding the closed-circuit areas
from the watershed. The muskeg drainage and overburden dewatering systems are proposed to consist of
ditches, sumps, and polishing ponds. Teck states that the polishing ponds are required to ensure release
water is of acceptable quality because water from muskeg drainage and overburden dewatering activities
can contain a high concentration of suspended sediment. Teck proposes that natural runoff from
undisturbed areas and cleared areas will be routed directly to receiving waters.

[379] In addition, Teck identified that runoff from external disposal areas and reclamation material
stockpile areas can contain a high concentration of suspended sediment, and runoff from the external
disposal areas can also have an oily sheen. Collection ditches are proposed to be located along the
perimeter of the reclamation material stockpiles and the external disposal areas and will convey water to
polishing ponds for treatment. Teck proposes that the polishing ponds for the external disposal areas will
be equipped with oil exclusion devices. Runoff from external disposal areas that contain dried fine
tailings will be conveyed to the closed-circuited system before dried fines deposition begins.
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Stream Diversion

[380] Teck stated that stream diversions are required to facilitate muskeg drainage, overburden
dewatering, mine pit development, and closed-circuit operations. For the purposes of this section, the term
“diversion” refers to the routing of stream flows for discharge to the environment. Streams and runoff
from undisturbed areas will be diverted around the project disturbance area in diversion channels. Stream
diversions will begin in 2021 and extend through to the end of mining in 2066. Several diversion channels
will route natural flows from the Unnamed Creek 18, Unnamed Creek 17, Redclay Creek, and Big Creek
watersheds around areas where mining-related activities will occur. Some of these channel diversions will
remain operational until the end of closure, which is expected to be in 2081.

[381] In 2037, Teck proposes to construct a flow-splitting structure and an additional 4.85 km diversion
channel to divert a portion of flows from Big Creek and Unnamed Creek 2 to the off-stream storage pond.
Teck stated that the off-stream storage pond will function as a flow-through structure with diverted flows
released through a spillway to a downstream reach of Unnamed Creek 2.

[382] In 2040, the development of the northern reclamation material stockpile D and E will require
construction of an 8.4 km long channel to divert headwaters of Unnamed Creek 17. Teck states that, as
the mine advances northward, this channel will be extended in 2045 to divert the headwaters of Redclay
Creek around the northern boundary of the main pit. Teck also proposes to construct another flow-
splitting structure, located at the crossing of Unnamed Creek 17, to direct the flows originating in
upstream tributaries of Unnamed Creek 17 northeastward to Unnamed Creek 17, which ultimately flows
to Ronald Lake. The flow splitter is proposed to proportionally divide the flow to two separate channels
and will be designed to convey sufficient flow to account for the north watershed area that will be closed-
circuited. The remaining flow will be conveyed eastward to the existing Redclay Creek diversion and
ultimately to the fish habitat compensation lake.

Off-Stream Storage Pond

[383] Teck stated that the off-stream storage ponds have been sized to comply with the Surface Water
Quantity Management Framework for the Lower Athabasca River (Government of Alberta 2015). Teck
indicated that during periods of low flow, river water might not be available for the project or other
developments in the Athabasca oil sands region. During these periods, it will rely on off-stream storage as
a make-up water supply. In the early life of the mine (2025 to 2036), the off-stream storage pond will be
located north of the mine maintenance facility in the main pit area. During the remaining life of the mine
(2037 to 2066), most of the required off-stream water will be stored in the external tailings areas for
process use, and a smaller off-stream storage pond will be constructed in the Unnamed Creek 2 valley to
store fresh water for uses such as boiler feed and potable water.
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Aquifer Dewatering and Depressurization

[384] The mine pits intercept groundwater-bearing strata, resulting in the need for overburden
dewatering and depressurization of the deeper, pod-like McMurray basal water sands aquifer. The
dewatering and the depressurization cannot be avoided during mining operations. Depressurization of the
basal water sands will occur through pumping wells, while dewatering of the Quaternary overburden will
occur through a combination of wells, sumps, and ditches.

[385] Teck plans to reinject up to 0.94 Mm?® of nonsaline basal water sands groundwater back into the
basal water sands aquifer in the western portion of the site for a period of up to three years for temporary
storage during preproduction phase. The rest will be placed in an excavated holding pond for this period.
Once the external tailings areas are ready to receive basal depressurization water, the depressurization
water would become part of the closed-circuit system. The reinjection of the depressurization water into
the basal water sands aquifer is subject to obtaining separate AER approvals under Directive 051 and
Directive 065.

[386] Teck proposes a basal and process-water storage pond to manage excess basal water sands
depressurization water during the preproduction years of 2023 to 2025. The estimated brine volume the
storage pond will hold is 0.47 Mm?, and its location is proposed to be within the footprint of external
tailings area 2.

[387] Teck provided groundwater quality data for basal aquifer wells within the proposed Teck Frontier
footprint. The groundwater samples were analyzed for routine parameters such as chlorides; chloride
concentrations were in a range from 36 mg/L to 7400 mg/L.

[388] Teck stated that the storage pond is in the conceptual design stage and will be advanced during
future stages of engineering. The design of the storage pond will meet regulatory requirements and
consider applicable guidelines, such as the Guidelines for Alberta Brine Storage Reservoirs (AENV,
1978) and the Action Leakage Rate Guidelines (AEP, 1996).

Analysis and Findings

[389] Further details and assessment of the environmental effects of water management infrastructure
and activities are found in the following sections of this report:

o Sources of water — section 19, “Surface Water Quantity,” and section 17, “Groundwater”

o River water intake — section 20, “Fish and Fish Habitat”

« Seepage control for the external tailings area — section 17, “Groundwater”

o Closed-circuit system — section 19, “Surface Water Quantity,” and section 17, “Groundwater”

« Release water drainage system — section 18, “Surface Water Quality”
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o Stream diversion — section 19, “Surface Water Quantity”

o  Off-stream storage ponds — section 19, “Surface Water Quantity”

e Aquifer dewatering and depressurization — section 17, “Groundwater”

Domestic Wastewater and Potable Water Treatment Systems

[390] The panel stresses the importance that Teck reuse water in other areas of the project’s operations
to maximize water conservation and minimize environmental effects.

[391] The panel does not have enough information to determine whether the domestic wastewater
treatment system would trigger the requirements listed under EPEA’s Activities Designation Regulation
(Alberta Regulation 276/2003), Schedule 1, Division 2, Part 7(g) or Schedule 2, Division 2(d). The panel
therefore requires Teck to further the engineering of the domestic wastewater treatment system and,
should the details illustrate that the treatment activity triggers the regulation, to apply for an EPEA
amendment approval accordingly.®

[392] When designing and operating the system, the panel expects Teck to comply with the Wastewater
System Standards for Performance and Design (Government of Alberta, 2013) and the Wastewater
System Guidelines for Design, Operating and Monitoring (Government of Alberta, 2013) of the
Standards and Guidelines for Municipal Waterworks, Wastewater and Storm Drainage Systems, if the
domestic wastewater treatment system triggers an EPEA approval.

[393] The panel notes that the construction, operation, or reclamation of a waterworks system (i.e.,
potable water) that serves an industrial development and that uses, as a source of its water supply, surface
water or groundwater other than high-quality groundwater, would trigger an approval under the EPEA’s
Activities Designation Regulation (Alberta Regulation 276/2003) — Schedule 1, Division 5.

[394] However, Schedule 2(1)(b) of the Specified Enactments (Jurisdiction) Regulation (Alberta
Regulation 201/2013), states that Part 7 (Potable Water) of EPEA is not applicable under REDA, and
therefore the AER has no authority with respect to it. Once further engineering is complete, the panel
recommends Teck apply for an EPEA approval to the applicable jurisdictional organization for the
construction, operation, and reclamation of the aforementioned potable water treatment plant.

Aquifer Dewatering and Depressurization

[395] Based on the information provided in the application, the panel notes that the chloride
concentration range falls within the requirements of EPEA’s Activities Designation Regulation (Alberta
Regulation 276/2003), Schedule 1, Division 2, Part 8(h)(vii). The panel therefore requires Teck to further

*® Draft EPEA Approval — Condition 3.5.1
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the engineering of the basal and process-water storage pond and apply for an EPEA amendment approval
at the appropriate time.

[396] To reinforce the requirement for an EPEA amendment application to be submitted at a future
date, the panel requires, as a condition of the EPEA approval, that Teck obtain an amendment approval
before starting construction and operation of the basal and process-water storage pond.*

[397] The panel expects that the design and operation of the basal and process-water storage pond will
comply with the Guidelines for Alberta Brine Storage Reservoirs (AENV, 1978) and the Action Leakage
Rate Guidelines (AEP, 1996).

Recommendation to Teck

[398] If the domestic wastewater treatment system triggers an EPEA approval, the panel expects Teck
to comply with the Wastewater System Standards for Performance and Design (Government of Alberta,
2013) and the Wastewater System Guidelines for Design, Operating and Monitoring (Government of
Alberta, 2013) of the Standards and Guidelines for Municipal Waterworks, Wastewater and Storm
Drainage Systems.

[399] Teck will need to apply to the appropriate authority, AEP, for an EPEA approval for the
construction, operation and reclamation of the potable water treatment plant.

*“ Draft EPEA Approval — Condition 3.4.11
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9 Waste Management

Evidence

[400] Teck developed a preliminary waste management plan to provide guidance for managing
generated waste material during the construction and operational phases. Waste as defined in the plan
does not include overburden, interburden, and tailings mine waste. Teck also states that detailed waste
management procedures and waste management facility designs will be further developed before the start
of construction and that this information will be provided to the AER.

[401] Teck’s waste management plan considered applicable regulations and guidelines including the
Alberta Waste Control Regulation (Alberta Regulation 192/1996), federal Transportation of Dangerous
Goods Act and Regulation, Alberta User Guide for Waste Managers, and Alberta’s Hazardous Waste
Storage Guidelines.

[402] Teck provided preliminary waste types and accompanying classifications and storage,
transportation, and disposal methods of the expected waste streams to be generated on site.

[403] Interms of on-site storage, Teck will have temporary waste storage areas, waste transfer areas,
and two types of permanent landfills. The waste storage and transfer areas will have proper signage and
adequate fencing and security to prevent access by wildlife and unauthorized personnel. To reduce
environmental impacts from these areas, appropriate weather protection, secondary containment, and leak
detection systems will be considered. As stated by Teck, transportation will be essential to move waste
from temporary waste storage areas to waste transfer areas and from the waste transfer areas to on-site
landfills or off-site, third-party facilities for recycling, treatment, and final disposal.

[404] For final disposal, the majority of waste produced by the project is expected to be recycled or
disposed of at approved third-party facilities. On-site disposal of waste in the two landfills will be limited
to waste classified as nonhazardous or inert.

Analysis and Findings

[405] The panel is satisfied with the preliminary waste management plan that Teck has provided but
expects that a final, detailed plan be submitted before the project begins the construction phase. The final
plan should, at a minimum, include Teck’s procedures to classify and measure generated waste; defined
methods and distinct locations relating to the handling, storing, transporting, and final disposal of
generated waste; and details on maintaining sufficient waste tracking and reporting records.

[406] In addition to the regulations and guidelines that Teck has explicitly outlined to be considered
within the waste management plan, the panel recommends that Teck also consider the documents
Industrial Waste Identification and Management Options (Alberta Environmental Protection, 1996) and
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AER Directive 073: Requirements for Inspection and Compliance of Oil Sands Mining and Processing
Plant Operations in the Oil Sands Mining Area.

[407] The submission of a final detailed waste management plan will be a condition within the EPEA
approval.”
management plan will require that the plan be updated and submitted to the AER for reassessment.

Any future changes related to the management of waste and specifically within the waste

Panel Recommendations to Teck

[408] Teck should consider the following documents when finalizing the project’s waste management
plan:

« Industrial Waste Identification and Management Options (Alberta Environmental Protection, 1996)

o AER Directive 073: Requirements for Inspection and Compliance of Oil Sands Mining and
Processing Plant Operations in the Oil Sands Mining Area (AER, 2008)

Class Il and Class Il Landfills

Evidence

[409] Teck proposes to construct and operate a Class Il and Class I11 landfill adjacent to each other at
the Frontier oil sands mine site. Teck is proposing to dispose of any class | waste to existing off-site
approved regional landfills.

[410] The two proposed landfills are situated to the southeast of the ore preparation plant and north of
external disposal area 2. Teck’s preliminary decision to place the landfills at the proposed location was
due to favourable geotechnical conditions, as the soils in the area have generally lower hydraulic
conductivities. Teck stated that it is committed to siting, designing and constructing the landfills
according to the Standards for Landfills in Alberta (Government of Alberta, 2010). However, the required
detailed information as specified by the Standards for Landfills in Alberta (Government of Alberta, 2010)
was not provided within the application, and will be submitted to the AER at the appropriate stage, when
the landfills will be required.

[411] Teck provided Class Il and Class 111 waste estimates for the different stages of Frontier’s
operation. The Class Il waste estimates for the construction, operation, and decommissioning phases
range from 397 tonnes per annum to 1489 tonnes per annum, while the Class 111 waste estimates range
from 1853 tonnes per annum to 6950 tonnes per annum.

*® Draft EPEA Approval — Condition 3.4.1
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Analysis and Findings

[412] A Class Il landfill accepts nonhazardous waste, which may generate leachate within the
containment and surrounding area. The Standards for Landfills in Alberta requires that all Class Il
landfills include, at a minimum, a liner and a leachate collection system capable of maintaining the
maximum acceptable leachate head.

[413] A Class Il landfill accepts inert waste, and the Standards for Landfills in Alberta (Government of
Alberta, 2010) requires that all Class I11 landfills be able to contain all of the disposed inert waste.

[414] In addition to minimum design criteria, the Standards for Landfills in Alberta (Government of
Alberta, 2010) requires information pertaining to siting, operational monitoring, and landfill closure and
post-closure.

[415] Based on the domestic waste estimates by Teck, the Class Il and Class 111 waste volumes are
below 10 000 tonnes per year. As a result, this waste disposal activity triggers the requirement for a
registration under EPEA’s Activities Designation Regulation (Alberta Regulation 276/2003), Schedule 2,
Division 1(c). Given that the oil sands mining activity requires an EPEA approval, the AER will
incorporate this registration activity under the oil sands mining EPEA approval and not require a separate
registration.

[416] In conclusion, the panel is of the view that the level of information for the proposed landfill
operations is appropriate for planning purposes. Teck should further engineer the two landfill designs and
obtain an EPEA approval amendment before starting construction of the Class Il and Class 111 landfills.
This requirement will be a condition of the EPEA approval.*® The Standards for Landfills in Alberta
(Government of Alberta, 2010) and Alberta’s Waste Control Regulation (Alberta Regulation 192/1996)
will be applicable when finalizing the landfill design and operations.

“® Draft EPEA Approval — Condition 3.4.8
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10 Conservation, Reclamation, and Closure

[417] The Frontier project will directly impact landforms, soils, vegetation communities, wildlife, and
traditional use and other land-use practices within the project development area and local study area
during the construction, operations, and closure phases.

[418] Section 137 of Alberta’s EPEA outlines an operator’s requirement to conserve, to reclaim, and to
obtain a reclamation certificate for specified land. The approval holder is to ensure that activities that will
be undertaken during the various phases of construction, operation, and reclamation are appropriate for
ensuring that the disturbed areas will be reclaimed to an equivalent land capability as defined in the
Conservation & Reclamation Regulation. The approval holder is also to ensure that conservation and
reclamation activities and outcomes align with applicable regional plans. For the Teck Frontier project,
reclamation plans and practices must align with LARP. Under LARP, the project development area must
be reclaimed to a diverse self-sustaining locally common boreal forest ecosystem with terrestrial and
aquatic ecosystems that are integrated into the surrounding landscape.

[419] Teck relies on reclamation to mitigate the project effects to soils and terrain, vegetation, wildlife,
and traditional use. Successful reclamation and closure is required to ensure that the lands are returned to
a state that allows equivalent land use, returning the lands to Alberta and minimizing future liability to the
public.

[420] Teck submitted a conceptual closure, conservation, and reclamation plan that describes how the
project disturbance area of the Frontier oil sands mine project (the project) will be returned to a
productive capacity after reclamation.

Evidence

[421] Teck stated that the overarching goal of the closure, conservation and reclamation plan is to
support the development of a diverse, self-sustaining, locally common boreal forest landscape with
equivalent land capability.

[422] Teck identified the following objectives and goals for the closure, conservation and reclamation
plan:

« Provide a predictable closure landscape with integrated, stable, and fully functioning ecosystems that
will support a diversity of land uses that are similar to those carried out under baseline conditions.

o Reclaim the disturbed areas in a way that will allow indigenous use of the landscape for cultural and
traditional practices.
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« Reclaim the disturbed areas such that the closure landscape will have equivalent land capability for
primary land uses, similar to what was present before development.

« Obtain reclamation certification and return the lands to the Crown.

[423] Teck’s plan is divided into two main segments, a conservation and reclamation plan and a closure
plan.

[424] The conservation and reclamation plan describes the measures for salvaging timber and sufficient
reclamation material to support reclamation during operations and final reclamation at project closure.
Reclamation measures are intended to reclaim the project area to a desired closure landscape that has
landforms, drainage patterns, soils, and vegetation patterns that are equivalent to predisturbance
conditions and provide for targeted end land uses. Teck’s targeted land uses include forestry, wildlife
habitat, hunting and trapping, plant harvesting for traditional uses, recreation, fishing, and biodiversity.
Teck stated that it will progressively reclaim the Frontier project.

[425] The closure plan describes the conceptual closure landscape for the project development area in
terms of the distribution of ecosite and wetland-class distributions and topography, soils, hydrology,
terrestrial and aquatic features, and end land use objectives.

Conservation and Reclamation Plan

[426] Teck indicated that the closure, conservation, and reclamation plan was developed using planning
concepts and principles related to end land use objectives and achieving reclamation certification that
allows the leased lands to be returned to the Crown for subsequent use. Teck indicated that the following
planning principles pertain specifically to the conservation aspect of the plan:

e The surface disturbance footprint will be kept to a minimum, to reduce environmental effects within
the constraints imposed by the primary objective of recovering the oil sands resource.

« Clearing the site and salvaging reclamation material will be done progressively over an extended
period of project development and will be conducted in a way that conserves soil to optimize its
quality for reclamation.

o The strategy for salvaging and stockpiling reclamation materials is based on the soil conditions at the
site, the land capability of the original landscape, the closure landscape reclamation objectives, and
the soil replacement prescriptions required to obtain equivalent land capability.

¢ Refinements to the mine plan and development schedule will occur on an ongoing basis over the life
of the Frontier project and will, by extension, require ongoing detailed planning, modifications, and
improvements to the closure, conservation, and reclamation plan.
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[427] Teck stated that the following principles were used in the development of the reclamation plan:

« Wherever possible, coversoils will be directly placed to preserve their seed bank and integrity and
improve efficiency of operations. This will also reduce associated greenhouse gas emissions by
minimizing the need for rehandling.

o Tothe degree practical and in consideration of competing imperatives, the reconstructed landscape
will have a land capability for forestry and forest ecosystems that is equivalent to what is present
under existing conditions.

« Coversoil prescriptions have been developed using the latest version of the Land Capability for
Forest Ecosystems in the Oil Sands Region, 3rd Edition (AENV 2006) calculator to allow for a
variety of reconstructed soil types that include all the recognized site types and will support varied
revegetated communities that enhance the biodiversity of the reclaimed landscape.

« By placing reclamation materials to the appropriate thickness and quality, and with the inputs of
natural processes over time, the reconstructed landscape will support land uses similar to those
supported by naturally occurring soils.

o Revegetation objectives and project costs are based on the most current regulatory guidelines.

« The reclamation soil and revegetation objectives were developed using currently accepted best
models that can be revised and updated over time.

[428] The proposed operational life of the Frontier project is 41 years, with the following milestones:

« Site preparation activities start in 2019 (seven years before production) with clearing, surface
drainage and initial salvage of reclamation material and overburden.

« Bitumen production begins in 2026 and finishes in 2066.
« First reclamation activities occur in 2024 around the shores of the fish habitat compensation lake.
« Continuous reclamation activities begin in 2034.

« Filling of the north pit lake begins in 2063, while filling of the central and south pit lakes starts in
2066; initial discharge of water into the environment from the pit lakes is anticipated to begin in
2081.

[429] Teck stated that reclamation activities will start as soon as practical after final landform
construction has been completed on active portions of the project development area. This will minimize
the active footprint and provide opportunities for the direct placement of reclamation materials.

Timber Salvage

[430] Teck indicated that non-merchantable timber and slash (i.e., coarse woody debris) would be used
primarily as rollback to prevent erosion of exposed soil and as padding for temporary roads; excess would
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be burned. Teck indicated timber and slash would not be incorporated into reclamation material stockpiles
as it can have adverse effects on soil nutrient ratios.

Soil Management During Construction and Operations

[431] Teck proposes to salvage reclamation materials in two lifts to generate the volumes of suitable
resources necessary to create the proposed closure land capability classes: an upper lift consisting of
coarse-textured upland surface soil, medium-textured and fine-textured upland surface soil, and fine-
textured fluvial fan material, and a lower lift consisting of coarse-textured suitable subsoil material,
medium-textured and fine-textured suitable subsoil material, and organic soil. Table 6 details Teck’s
planned reclamation material salvage layers and depths.

Table 6. Reclamation material salvage depth (from project update, volume 1, table 13.5-2 a)

Salvage layer Salvage depth
Upper Lift
Coarse-textured upland surface soil Overlying LFH, O, and upper 20 cm of mineral material
Medium- and fine-textured upland Overlying LFH, O, and upper 35 cm of mineral material
surface soil
Fine-textured fluvial fan material Overlying LFH, O, and upper 50 cm of mineral material
Lower Lift

Coarse-textured suitable subsoil material 20 cm or to depth of suitable-quality subsoil material, as required

Medium- and fine-textured suitable 35 cm or to depth of suitable-quality subsoil material, as required

subsoil material

Organic soil To depth plus over-stripping into underlying mineral

LFH= Surface leaf litter horizon on well drained upland soils
O= Surface organic accumulation, usually peat, on lowland or poorly drained soils

[432] Progressive salvage of the upper lift of reclamation materials will follow site clearing and precede
mine development. Teck states that its approach to salvage of lower-lift material recognizes that suitable
overburden materials are found throughout the project development area, which allows smaller areas to be
excavated to greater depths later in the project development schedule. This allows material salvage to take
place as close as possible to the time when it will be required for reclamation placement and, as a result,
direct placement can be maximized while minimizing both the areas required for stockpiles and the length
of time the materials reside in the piles. Teck stated that other benefits of this approach include a
reduction in rehandling of the material and associated adverse effects on its quality as well as reductions
in associated greenhouse gas emissions.
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[433] Teck indicated that the available volumes of suitable-quality lower subsoil and suitable-quality
overburden present at the site will allow the following approach:

o During 2023 to 2025, coarse-textured material from a limited area under external tailings area 1 will
be salvaged and stockpiled as it is the only source for this type of lower-lift material.

« Lower-lift material will be removed as part of the general overburden stripping process and placed in
the external disposal areas, but it will not be segregated from general overburden or designated for
use as reclamation material.

« Review of borehole logs indicates that suitable overburden (i.e., with reclamation suitability ratings of
good, fair, or poor) is present in sufficiently large areas and to adequate depths that it is feasible to
delay salvaging and stockpiling materials to be used as the lower reclamation lift. Deeper salvage
would occur primarily in the 2036 to 2045 interval when mining progresses through the large fluvial
fan associated with Redclay Creek where suitable-quality overburden material thicknesses exceed
20 m.

[434] Reclamation material will be stored in discrete stockpiles corresponding to the salvage layers
outlined in the application in order to preserve the qualities of each type of material. Reclamation material
stockpiles will be revegetated as soon as practical following material placement to stabilize the surface
and limit erosional losses.

[435] Issues related to soil conservation including practices for soil salvage and placement is discussed
further in section 21, “Terrain and Soils.”

Progressive Reclamation

[436] Teck stated that areas disturbed by the Frontier project will be progressively reclaimed as soon as
it is practical to do so considering the inherent constraints associated with production and operations.

[437] Teck noted that the plant and facilities must be developed before production begins and will be
required for the full operating life of the mine. As a result, it will not be possible to reclaim most of the
plant components until the post-mining phase. However most of the components of the mine will be
developed sequentially over time and will be ready for reclamation as the mine footprint progresses
across the landscape. External disposal area 1 will be available for reclamation starting in 2035, while the
south portion of external tailings area 1 and the centre portion of the internal disposal area will not be
available for reclamation until the 2051 to 2055 timeframe. As the mine develops, the pit will be
backfilled with overburden, and tailings and will be reclaimed as soon as conditions allow, thereby
reducing the disturbed areas to the degree practical. Annual and cumulative reclamation progress is
summarized in Table 7.
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Table 7. Annual and cumulative reclamation progression (from project update, volume 1, table 13.5-9)

Reclaimed area (ha)

Mine Plant Combined
Year Status of operations Annual Cumulative Annual Cumulative Annual Cumulative
2019-2023 Construction 0 0 0 0 0 0
2024 Start of production 0 53 53 53 53
2025 Mining operations 0 0 0 53 0 53
2026 Mining operations 0 0 0 53 0 53
2027 Mining operations 0 0 0 53 0 53
2028 Mining operations 0 0 0 53 0 53
2029 Mining operations 0 0 0 53 0 53
2030 Mining operations 0 0 0 53 0 53
2031 Mining operations 0 0 0 53 0 53
2032 Mining operations 0 0 0 53 0 53
2033 Mining operations 0 0 53 0 53
2034 Mining operations 127 127 1 54 128 181
2035 Mining operations 120 247 0 54 120 301
2036-2040 Mining operations 591 838 211 265 802 1103
2041-2045 Mining operations 925 1763 229 494 1154 2 257
2046-2050 Mining operations 209 1972 184 678 393 2650
2051-2055 Mining operations 1403 3375 928 1606 2331 4 981
2056-2060 Mining operations 1500 4 875 1920 3526 3420 8 401
2061-2065 Mining operations 3238 8113 1039 4 565 4277 12 678
2066 End of mine life 0 8113 0 4 565 0 12678
2067-2081 Closure 4 365 12 478 9 088 13653 13453 26 131
Total terrestrial 0 12478 0 13 653 0 26 131
Pit lakes 3076 15 563 286 13 654 3362 29 217
Total 0 15 563 0 13 654 0 29 217
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Closure Plan

[438] Teck stated that the closure plan and associated end land uses are based on the following planning
principles:

« The land capability and vegetation distributions in the closure landscape are conceptual, and their
development over time will be affected by natural variables such as climate change and wildfire that
cannot be incorporated in the present models.

e The closure vegetation communities and ecosystems can be developed to allow a variety of uses. For
example, the Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region,
2nd Edition (Alberta Environment, 2010) indicate that by varying the species composition, crown
cover, and planting densities, it should be possible to target a given ecosite to commercial forest
production, traditional use, or wildlife habitat depending on the desired end land use. Therefore, over
time, the vegetation communities and ecosystems can be modified using silviculture practices to
address changes in regulatory requirements and input from stakeholders and indigenous communities.

o EPEA approvals for oil sands require that an updated mine reclamation plan be submitted three years
after the initial approval date and every three years thereafter. The mine reclamation plan must
provide a detailed reclamation plan for the next three-year operations period. This allows the mine
reclamation plan to reflect recent experience at the site, new technological developments, advances in
reclamation techniques, changes in regulatory requirements, and ongoing input and advice from
indigenous communities.

Closure Topography and Landforms

[439] Areas that are no longer used for mine operations will be contoured to create drainage systems of
ridges and swales to support either upland or wetland vegetation. After contouring, these surfaces will be
covered with reclamation soil before revegetation. Teck stated that closure landforms are designed to
mimic the natural landscape.

[440] Although there is an increase in topographic diversity at closure due to the inclusion of some
steeper slope classes, there is an overall shift in topography towards flatter slopes. Closure drainage
features have been designed so that stream channels will have lower velocity and erosion potential.

Soil Reconstruction

[441] Teck developed nineteen potential reclamation coversoil prescriptions for the various landscape
features in the project development area having regard for salvage material types, closure topography,
closure distribution of surface materials (i.e., tailings sand [coarse] or overburden [medium to fine
textured]), and closure drainage.
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[442] Tailings deposits will be integrated into the closure landscape. Teck proposes to treat all fine fluid
tailings with centrifuge technology to remove excess water. Centrifuge cake will initially be deposited in
thin layers in external tailings area 2 for drying and consolidation. Once mined-out space is available, all
centrifuge cake will be deposited in mined-out pits before capping and placing reclamation material. In-
pit deposits will be up to 30 to 60 metres deep. Surfaces that contain tailings deposits (whole tailings or
centrifuge cake) and other material considered to be unsuitable will require a minimum 1 metre deep
capping with tailings sand or suitable overburden before placing the reclamation material.

Land Capability

[443] Lands rated as class 1, 2, or 3 have high, moderate, or low capabilities for commercial forest
production, respectively; whereas, those in classes 4 and 5 are conditionally productive / severely limited
and nonproductive, respectively. In the closure landscape, the areas reclaimed as class 1, 2, and 3
landscapes decrease by 4750 hectares (ha), while those in classes 4 and 5 increase by 950 ha. Open water
increases by 3800 ha (mainly pit lakes), while 890 ha of littoral fringes around the lakes, which have no
predevelopment counterpart, will be created.

[444] Teck noted that while there are reductions in the area that can support commercial forestry, there
are increases in class 5 areas, littoral fringes (i.e., wetlands), and water bodies that have moderate and
high potential habitat for certain wildlife species that are important to potentially affected indigenous
communities. Teck submitted that increasing the areas with wetland potential in the closure landscape is
consistent with recent regulatory direction as set out in the Guiding Principles of the Wetland Mitigation
System of the Alberta Wetland Policy (ESRD 2013a) and is aligned with Teck’s corporate sustainability
goals.

[445] Furthermore, Teck noted that upland site types increase by 4400 ha in the closure landscape and
that upland site types most associated with commercial forestry activities show an increase of 1500 ha.

Revegetation Plan

[446] Teck’s revegetation objectives and strategies are aimed at providing a stable closure landscape
that consists of functional ecosystems that will support a range of end land use activities similar to those
carried out under existing conditions. A mix of uplands, lowlands, and wetlands will be created and native
ecosites established within the constraints imposed by changes in landscape features resulting from the
development.

Teck’s approach to planting prescriptions is based on the identification of end land-use objectives and
associated target site types or ecosites as outlined in the Guidelines for Reclamation to Forest Vegetation
in the Athabasca Qil Sands Region, 2nd Edition (AENV 2010). Different combinations of reclamation
coversoil prescription, substrates (including capping material), landscape features, and drainage class will
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be revegetated with combinations of selected overstory and understory species. Table 8 lists the species
that Teck will plant in each site type.

Table 8. Conceptual planting prescriptions for different site types (adapted from project update, volume 1,
tables 13.6-6 a and 13.6-6b)

Area in
Ecosite closure
Site phase/wetland Tree Shrub and forb Predisturbance landscape
types Ecosite class species species area (ha) (ha)
Dry a,b a1, b1, b3 Jackpine, Blueberry, Bearberry, 3593 3 651
Aspen, Labrador tea, Green
White alder,
Spruce,
Moist c c1 Jackpine, Bearberry, Labrador 67 2130
Poor Black tea
Spruce
Moist d d1,d2,d3 Low-bush Cranberry, 5984 5392
Rich Buffaloberry,
Saskatoon, Prickly
Rose, Green Alder,
Raspberry
Wet Rich e, f e1,e2, e3, f1,f2 Aspen, Dogwood, Raspberry, 4 245 3136
Balsam Bracted Honeysuckle,
Poplar, Low-bush Cranberry,
White Prickly Rose, Green
Spruce Alder, Raspberry
All Other 1, j, k i1,i2,j1,j2, k1, NA NA 11 563 0
wetlands k2, k3, treed
swamps
Wet Poor g, h g1, h1 White Labrador Tea, Bog 329 4 408
Spruce, Cranberry, Common
Black Blueberry
Spruce,
Jackpine
Marshes MONG Awned Sedge, 475 1162
Common Spike Rush,
American
Sloughgrass
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Area in
Ecosite closure
Site phase/wetland Tree Shrub and forb Predisturbance landscape
types Ecosite class species species area (ha) (ha)
Shrubby SONS Willow species, 2058 4 445
Swamps Swamp Birch, Alkali
Bulrush, Common
Cattail, Awned Sedge,
Northern Reed Grass
Littoral WONN Alkali Bulrush, 0 886

Common Cattail, Rat

Root Islands

[447] Teck will implement a weed control program to control invasive species during reclamation in
order to encourage the successful establishment of native species.

[448] Table 9 below compares landscape types in the project development area before and after
reclamation and closure.

Table 9. Predisturbance and conceptual closure ecosite phases and wetland-class distributions in the
project development area (PDA) (adapted from project update, volume 1, table 13.6-7)

Change from

Predisturbance area % of  Closure area % of predevelopment
Land type (ha) PDA (ha) PDA ha %
Uplands 14 400 49 18 717 65 4 399 +16
Wetlands 14 096 47 5614 19 -8 489 -28
Peatlands 3295 10 0 0 -3 295 -100
Littoral fringes of pit 0 0 886 3 886 3
lakes
Water 0 0.6 3995 14.0 3995 14
Disturbed Area 721 3 0 0 -721 -2
Total 29 217 100 29 217 100

[449] In general, the closure landscape will contain a higher proportion of uplands than is currently
found in the area. There will be a 16% increase in uplands and a 14% increase in open water in the
closure landscape. The increase in open water is due to the creation of end-pit lakes, reclamation lakes,
and the fish habitat compensation lake.

[450] Shallow wetlands will form part of the closure drainage system. Teck proposes to construct
shallow wetlands and lakes where suitable to provide hydrological and environmental benefits. Further,
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Teck expects opportunistic (unplanned) wetlands forming on reclamation surfaces to form part of the
landscape.

[451] Wetlands present in the closure landscape include marshes (1162 ha) shrubby swamps (4445 ha),
and shallow open-water (886 ha) wetlands. According to Teck, the littoral fringes around end-pit lakes are
classified as shallow open-water wetlands. This represents an overall decrease in wetland area of 28%
(—8489 ha). In addition, 3295 ha of peatlands present in the project area will be permanently lost. Teck
stated that given the amount of time required to naturally develop these ecosystems, many consider it
unlikely that peatland ecosites can be developed in the time period typically considered for oil sands
reclamation. Therefore, reclamation of peatlands is not included in Teck’s reclamation plan.

Closure Drainage

[452] Teck stated that the closure drainage system has been designed to mimic natural drainage
features, be sustainable over the long term, and provide a biologically productive landscape that supports
native vegetation, fish habitat, and wildlife communities.

[453] Teck stated that the conceptual closure drainage plan has also been designed to reduce the effects
of the Frontier project at closure and in the far future and minimize changes in water flow in the
watersheds of Ronald Lake (including unnamed creeks 17 and 18), Redclay Creek, and Big Creek
(including unnamed creeks 2 and 6). Runoff from the reclaimed landscape will be conveyed to the
downstream receiving waters through three end-pit lakes (south, central, and north pit lakes).

[454] Teck stated that the most effective and practical method for treating water from the reclaimed
closure mine landscape is bioremediation. This involves directing runoff and seepage flows from
reclaimed areas through wetlands and pit lakes before releasing it to receiving waters.

[455] Teck stated that two reclamation lakes will be constructed along the south and east perimeter of
the external tailings area to increase the water treatment capacity of the closure drainage system. The
reclamation lakes will be operational during production operations and after end of mine life and form
part of the closure drainage system. The conceptual closure drainage system is shown in Figure 2.

[456] The end-pit lakes are sized to be hydrologically sustainable over time and provide water storage
and sufficient residence time for inflow water to be remediated to acceptable water quality standards for
release.

[457] The north pit lake, located within the Ronald Lake watershed, will receive runoff from the Birch
Mountains and discharge to Unnamed Creek 18 and flow northward to Ronald Lake. Neither the lake
itself nor its drainage area will contain tailings.
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Figure 2. Conceptual closure drainage plan (from project update, volume 1, figure 13.6-4)
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[458] The central pit lake, located within the Redclay Creek watershed, will receive runoff from the
following areas:

o external tailings areas 1 and 2

o internal tailings area 3

« internal tailings area 2

« internal disposal area (north)

« natural area of 106 km? in the Birch Mountains, including Redclay Creek

[459] Discharge from the central pit lake will be conveyed through the fish habitat compensation lake
to the Athabasca River through a downstream reach of Redclay Creek. If Canadian Natural Resources
Ltd. (CNRL; acquired from Shell) constructs a fish compensation lake on Redclay Creek as originally
proposed, the fish habitat compensation lake would discharge to the CNRL compensation lake that
discharges to the Athabasca River.

[460] The south pit lake, located within the Big Creek watershed, will receive runoff from the following
areas:

« internal tailings area 1

« internal tailings area 2

« internal disposal area (west)

« natural area of 60.7 km? in the Birch Mountains, including Big Creek

[461] Discharge from the south pit lake will be routed through constructed drainage channels to Big
Creek before release to the Athabasca River. If CNRL constructs its proposed fish habitat compensation
lake as originally proposed, flow from the south pit lake would be released to the CNRL compensation
lake that discharges to the Athabasca River.

[462] The pit lake water will be released through the outlet to the receiving environment only when the
water quality meets the regulatory release criteria. Teck stated that the surface water quality modelling in
the project update accounted for all expected lake inflows to estimate the water quality at first discharge
and that the results of this analysis indicate that the estimated retention times will provide adequate
treatment for the pit lake water before first release.

[463] If actual conditions differ from modelled conditions, Teck identified the following options that
could be implemented so that pit lake water is suitable for discharge to receiving waters:

« manage the rate of pit lake filling to enable water quality targets to be met,

« add nutrients to the pit lakes to elevate productivity levels and biological treatment capacity,
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« increase the efficiency and size of wetlands that route reclamation drainages to the pit lakes, and

« actively or passively treat pit lake outflows by adding wetlands or settling basins to the discharge
channels that connect the pit lakes to the receiving waters.

[464] If natural bioremediation proves to be less successful than expected, Teck identified several
active treatment options that would be available for treating inflows to pit lakes such as adsorption,
microfiltration, ultrafiltration, nanofiltration, reverse osmosis, advanced oxidation, and constructed

wetlands. With continued research and development, the treatment technology might be optimized

individually or in combination to manage the pit lake waters.

[465] After closure and in the far future, the runoff from the upstream natural and reclaimed areas and
seepage interactions with the groundwater flow system will maintain the water balances for the pit lakes
and compensate for evaporative losses.

[466] At this time, the Government of Alberta has not provided policy for construction and inclusion of
end-pit lakes into the boreal forest landscape.

External Tailings Areas

[467] The reclaimed external tailings areas will be constructed above original ground level to a
maximum elevation of 340 m above mean sea level. The average surface elevation will be approximately
330 m above mean sea level, which is approximately 50 m above the predisturbance ground surface.
Upon confirmation of all stability considerations being satisfied, sections of the dike walls in the external
tailings areas will be breached to allow construction of the proposed closure drainage valleys and
channels. Dike breaching will occur before closure.

[468] The top surface and side slopes of the reclaimed external tailings areas will be covered by a layer
of reclamation soil. The surface will have a relatively low potential for erosion after mature vegetation
has been established.

[469] A drainage system of ridges and swales will be developed on the surface of the tailings sand.
With this drainage configuration, the swales will be relatively wet and supportive of wetland vegetation,
while the upland ridges created will be relatively dry and supportive of upland vegetation. The seepage
collection areas along the perimeter of the reclaimed external tailings areas will support wetland
vegetation.

[470] The average overland slope of the reclaimed external tailings areas will be 0.5 per cent, sloping
towards the centre of the external tailings areas. Two wetlands are planned to provide residence time for
initial bioremediation of runoff from the tailings sand. Runoff from the surface of the external tailings
areas and some seepage water will be directed to the central pit lake. The majority of seepage water from
the external tailings areas and runoff from the north, east, and south external tailings area slopes will be
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directed to two constructed lakes located to the south and east of external tailings area 1 before release to
the fish habitat compensation lake.

External Overburden Disposal Areas

[471] The surfaces of the external disposal areas will be contoured to create drainage systems with
adequate drainage densities and capped with a layer of reclamation soils. The reclaimed external disposal
areas will yield relatively high runoff because the relatively steep topography will be well drained.

Internal Tailings and Overburden Disposal Areas

[472] The mined-out pit cells, except for the cells to be used as pit lakes, will be used for tailings and
overburden storage. At closure, internal tailings areas will be capped with tailings sand where required
and a layer of reclamation soils (a mixture of organic and mineral soils). A drainage system of the ridges
and swales will be developed on the surfaces of the internal tailings areas similar to those prescribed for
the external tailings areas. The internal tailings areas surfaces will have slopes of approximately 0.5 per
cent and the runoff will be directed to shallow wetlands at the internal tailings areas outlets for initial
bioremediation.

[473] Similar to the external disposal areas, the internal disposal areas will be contoured to develop
drainage systems with appropriate drainage densities and capped with a layer of reclamation soils.

[474] Attenuation of seepage of process-affected water is discussed further in the sections “Surface
Water Quality” and “Groundwater.”

Reestablishment of Biodiversity and Wildlife Habitat

[475] Teck acknowledged that the Frontier project will directly impact landforms, soils, vegetation
communities, wildlife habitat availability, and connectivity and biodiversity in the local study area. The
loss of wetlands and old-growth forests will result in the loss of areas of high biodiversity potential and
plant and wildlife species adapted to those areas. Inability to reclaim peatlands will result in loss of
habitat for peatland-reliant species such as the Rusty Blackbird, Horned Grebe, and Yellow Rail—species
that are listed under Canada’s Species at Risk Act (SARA).

[476] Teck stated that protecting and enhancing biodiversity is integral to Teck’s approach to
sustainability; therefore, Teck has developed an approach to managing biodiversity at all their operations.
Teck’s vision is to achieve a net positive impact on biodiversity as a result of its activities and presence in
a region. Teck believes this vision is achievable through a combination of mitigation actions, with on-site
rehabilitation playing a primary role and off-site conservation offsets contributing additional benefits, if
required. Teck submitted a draft biodiversity management plan outlining its approach to management of
biodiversity.
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[477] Teck stated that maximizing direct placement of reclamation materials provides the greatest
potential for maintaining the existing diversity of the biological components of coversoils (i.e.,
propagules, organic matter). Direct placement will also introduce species other than those in the
revegetation prescriptions. In addition, Teck committed to collecting native seed from the local area for
revegetation stock.

[478] Teck acknowledged that newly reclaimed landscapes tend to have high numbers of relatively few
species (i.e., those best adapted to pioneering conditions), but it believes that these species will, over time,
alter the conditions to be more favourable for other species that will eventually move in. Teck stated that
based on its reclamation knowledge from elsewhere in western Canada, diversity will be improved by
planting additional species to supplement those recommended in provincial reclamation guidelines. Teck
indicated it will target early development of a tree canopy to improve overall stand composition.

[479] Teck’s expectation is that biodiversity will be limited during the early stages of revegetation but
will increase over time as habitats become established and succession provides greater variation across
the landscape.

[480] During the hearing, Teck stated that it fully supports the initiative led by the Mikisew Cree First
Nation to create a biodiversity stewardship area to the north of the Frontier project and voluntarily
relinquished their Twin Lakes leases to support the establishment of the biodiversity stewardship area.

[481] The effects of the Frontier project on biodiversity and Teck’s proposed biodiversity management
plan are discussed in section 25, “Biodiversity.”

Post-Mining Traditional Land Uses

[482] Teck stated that the development of the end land-use objectives and target ecosite and wetland-
class distributions in the closure landscape has been informed by input from potentially affected
indigenous communities. Vegetation communities and wildlife species of traditional value in the
predisturbance landscape have been incorporated into the closure plan. Teck submitted that progressive
reclamation will allow the development of vegetation communities of varying age structures and
compositions that, in turn, will provide a diverse range of habitats necessary for these various species and
support post-mining traditional land uses.

[483] Teck committed to continue working with potentially affected indigenous communities to refine
the closure, conservation, and reclamation plan through the life of the Frontier project. Teck indicated it
plans to co-create reclamation working groups with potentially affected indigenous communities to seek
input to the reclamation plan and measures and targets to determine its success.
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Potential Effects of Climate Change on Reclamation Outcomes

[484] Teck acknowledged there was uncertainty associated with climate change projections and how
future climate change could affect soil moisture regimes, reclamation prescriptions, and how well
vegetation would grow on the reclaimed landscape. Teck believed that most of the uncertainty was related
to the different climate change scenarios as it could be warmer or colder, wetter or dryer. Teck stated that
it had high confidence that through monitoring and adaptive management, reclamation outcomes would
be met.

Reclamation Research

[485] According to Teck, research on the establishment of peatland ecosites that naturally develop over
thousands of years, is just beginning to be tested in the oil sands region. Early studies focused on the
survival of boreal peatland species in wetlands with elevated concentrations of parameters associated with
oil sands process material and the survival of species exposed to oil sands process water.

[486] Notable research on the establishment of peatland ecosites is being conducted at two oil sands
mines and funded through joint industry partnerships such as COSIA. Both Syncrude and Suncor are
testing the viability of fen reclamation. As a founding member of COSIA, Teck has contributed to and
will actively participate in regional collaborative research initiatives to complete reclamation and closure
studies in order to bring continual improvement to reclamation of oil sands mines.

[487] Other reclamation related research currently supported through COSIA includes the following:

« topsoil reconstruction,
o caribou habitat restoration, and

« reclamation drainage design of Syncrude’s waste dumps.

Reclamation Monitoring and Adaptive Management

[488] Teck stated that the closure, conservation and reclamation plan was developed in the context of
current regulatory requirements, conservation and reclamation techniques, input from potentially affected
indigenous communities and public stakeholders, and end land-use objectives. Teck expected that as
reclamation occurs, monitoring results (both those specifically within the Frontier project itself and in the
broader oil sands region) and research will identify refinements to the plan that will improve successive
reclamation efforts. Teck stated that one of the benefits of progressive reclamation is that it allows a
feedback-loop approach to continual application, analysis, and improvement of techniques with time.

[489] Teck developed a draft reclamation monitoring plan in response to an information request from
the panel. Teck indicated that the plan will be routinely updated in cooperation and collaboration with
regulators and indigenous communities. VVegetation composition and abundance, soils, landform stability,
and the quantity and quality of surface and groundwater draining through the system will be monitored.
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Collected information will be integrated and analyzed to ensure success of reclamation. Adaptive
management will be incorporated into Teck’s finalized reclamation monitoring plan.

[490] Teck indicated that elements of the adaptive management aspect of the reclamation program will
include the following:

« specific key performance indicators that are consistent with those used in the Cumulative
Environmental Management Association’s regional initiatives;

o measureable characteristics for each key indicator that are relevant for assessing reclamation
performance, informed by input from indigenous communities, and practical to collect during field
inspection and monitoring programs;

« evaluation criteria based on the protocols implemented for the Alberta Biodiversity Monitoring
Program; and

« clearly defined performance benchmarks against which to evaluate the measured characteristics.

[491] Teck indicated it would follow adaptive management practices for mine operation and closure in
general, and for pit lake management in particular. Teck stated that it will follow accepted strategies for
adaptive management, which Teck summarized as follows:

« Engage stakeholders and potentially affected indigenous communities.

« Define the challenges and objectives.

« Set out management actions, including mitigation.

« Design a monitoring plan to evaluate the progress towards achieving objectives.
o Develop and refine predictive models.

« Implement the Frontier project, including mitigation.

« Monitor and observe performance of operational and closure mitigation. Compare monitoring data
with desired outcomes to evaluate the effectiveness of management and mitigation.

« Reuvise the design of the Frontier project, including mitigation as necessary (cycle back). The iterative
cycle of decision making, monitoring, and assessment, repeated over the life of the project.

[492] Frontier project, leads to a better understanding of project dynamics and an adjusted management
strategy based on what is learned.
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[493] Mikisew and Teck jointly developed a number of conditions related to construction and operation
of the Frontier project and requested that they be incorporated as approval conditions, should the Frontier
project be found to be in the public interest and approved. The jointly proposed conditions included two
related to reclamation and closure:

« The Proponent shall reclaim land to a self-sustaining ecosystem that supports equivalent land-use
capacity, including the use of lands and resources by indigenous groups for traditional purposes.

e The Proponent shall consult with indigenous groups regarding the Mine Reclamation Plan and the
Life of Mine Closure Plan, including with reference to any standards developed by indigenous
groups.

o The Proponent shall ensure that the Mine Reclamation Plan and the Life of Mine Closure Plan
relevant to the North Pit have been the subject of consultation with indigenous groups and will
undergo additional consultation as it evolves during mining.

[494] Athabasca Chipewyan and Teck jointly developed commitments related to reclamation and
closure and requested that the panel include these as approval conditions, should the Frontier project be
approved. The reclamation objectives are:

[495] To return the project area, as quickly as reasonably possible, to a landscape that is as close to its
predisturbance condition as possible and that supports the continuation of the exercise of Athabasca
Chipewyan’s treaty and aboriginal rights.

[496] In furtherance of the jointly developed reclamation objectives stated above, the following
mitigation and management commitments were agreed upon:

« engage Athabasca Chipewyan First Nation in the quantification, development, and validation of the
mine liabilities reclamation security estimate for the Frontier project;

« work collaboratively with Athabasca Chipewyan First Nation through implementation of the
participation agreement on ongoing reclamation plans and conduct of progressive reclamation work;

« review prescriptions to identify ways in which the predisturbance conditions of the project area can be
restored with the same number and types of species and ecosites currently present on the landscape
through reclamation work;

« design mitigation measures to support proper management and, where prudent and consistent with
best reclamation practices, avoid and minimize settlement over time;

o prepare maps that indicate the likely development of landforms, such as lakes, on reclaimed
landscapes at different times during reclamation and closure; and

« provide for adaptive management actions and corrective measures to be taken where long-term
monitoring results suggest that the reclamation objectives are not being achieved.
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[497] NRCan supported Teck’s plans to establish a reclamation working group and recommended
considering the following:

« Terms of reference should be established that specify the governance, membership, and roles and
responsibilities of the reclamation working group.

o Subgroups should be established, as needed, within the reclamation working group structure to ensure
all aspects of reclamation are covered.

e As Teck’s reclamation plan contains little detail about reclamation practices and timelines, the
reclamation working group should provide input on reclamation targets and timelines.

« Indigenous participation in the reclamation working group is critical to ensure that indigenous
viewpoints are respected and integrated into reclamation activities.

« The reclamation working group should actively monitor the recovery of ecosystem services during
and following reclamation activity, with particular attention paid to rare plants and plants of
indigenous importance.

« Incorporate continuous improvement as a guiding principle for the reclamation working group's
mandate, review reclamation successes and failures, and consult with relevant authorities if
reclamation targets are not achieved.

« Ensure stable funding to support the activities of the reclamation working group over the entire term
of the Frontier project.

[498] Teck accepted NRCan’s recommendations related to the reclamation working group.

[499] Fort McKay did not identify any project-specific concerns related to the Frontier project but
requested the panel make recommendations to the governments of Canada and Alberta with respect to
measures it deemed necessary to manage the cumulative effects of development on Fort McKay's treaty
and aboriginal rights and interests. Fort McKay submitted that there is a significant gap in cumulative
effects management as a result of Alberta Environment and Park’s decision to no longer require industry
to fund the Cumulative Environment Management Association.

[500] Fort McKay submitted a report by Dr. Gillian Donald that discusses the role, work, and
governance structure of the Cumulative Environment Management Association and identifies the gaps it
has left in the region. Fort McKay stated that the important work plans defined by the working groups of
Cumulative Environment Management Association remain incomplete, and no government-led
multistakeholder forums have addressed the knowledge gaps identified by Cumulative Environment
Management Association working groups, and this has resulted in stalled cumulative effects management.
Fort McKay stated that many of these gaps exist in tailings management, reclamation, and mine closure,
which are key mitigations for impacts to treaty and aboriginal rights.
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[501] According to Fort McKay, these gaps include the following:

an adaptive management framework to evaluate if the various management activities are achieving
the result of minimizing cumulative effects of development, including evaluating the assumptions and
uncertainties in the reclamation guidance documents;

landscape design guide for closure planning which integrate a variety of design tools, including
traditional ecological knowledge, and provide guidance for designing oil sands mining landforms for
natural appearance and landform integration;

management levels or management actions for the regional performance metrics, including limits and
triggers;

risk assessment of pathways for chemicals of potential concern in treated tailings deposit by treatment
technology and placement on landscape; and

a policy for the facilitation and implementation of climate change adaptation actions.

[502] Fort McKay requested that the panel make the following recommendations to the governments of
Alberta and Canada related to reclamation and closure criteria and guidelines:

The Government of Alberta and Canada should establish a multistakeholder initiative similar to the
Cumulative Environment Management Association or refund the Cumulative Environment
Management Association with stable funding to address current priority management and knowledge
gaps with respect to tailings management integration into final reclamation and closure landscape.

Complete the work of the Closure Coordination Task Group to develop a landscape design guidance
document for designing oil sands mining landforms for natural appearance and landform integration.

Follow up on the gaps identified in the End-Pit Lakes Guidance Document.

Develop risk pathways for chemicals of potential concern in treated tailings deposit by treatment
technology and placement on landscape and to understand risks to reclamation of treated tailings
deposits by treatment technology and placement on landscape.

Develop climate mitigation and adaptation planning for oil sands mine reclamation with inclusion of
indigenous communities and conduct a regional analysis of climate change for the mineable oil sands,
with consideration of the ecosystem-based approach prompted by the International Union for
Conservation of Nature.

Follow up on the gaps identified in 2015 for reclamation planning, operations, effectiveness
monitoring, and certification compiled by Cumulative Environment Management Association’s
Reclamation Working Group.
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Analysis and Findings

[503] Teck proposed reclamation to mitigate the project effects on a range of valued ecosystem
components including but not limited to soils and terrain, vegetation, wildlife habitat, biodiversity, and
traditional land use.

[504] Section 137 of the EPEA outlines an operator’s requirement to conserve, to reclaim, and to obtain
a reclamation certificate for specified land. This implies that Teck is to ensure that activities that will be
undertaken during the various phases of construction, operation and reclamation are appropriate for
ensuring that the disturbed areas will be reclaimed to an equivalent land capability as defined in the
Conservation and Reclamation Regulation (CCR). In addition to requirements under EPEA and the CCR,
reclamation must be consistent with regional plans including the requirement to reclaim the project area
to a diverse self-sustaining locally common boreal forest with terrestrial and aquatic ecosystems that are
integrated into the surrounding landscape.

[505] Development and implementation of conservation and reclamation and closure plans are
governed by legislation, policy, regional land-use plans, and guidance documents issued by the
Government of Alberta and approval conditions and direction issued by the AER.

Specified Enactment Direction 003

[506] Specified Enactment Direction 003: Mineable Oil Sands Conservation and Reclamation
Submissions (SED 003) was released by the AER on December 18, 2018, shortly after the close of the
hearing. SED 003 clarifies for EPEA approval holders how to meet the terms and conditions of their
approvals related to reclamation and conservation. The panel will include a condition in the EPEA
approval requiring Teck to meet the requirements in SED 003.*

[507] SED 003 requires three submissions for conservation and reclamation requirements:

« life of mine closure plan
« mine reclamation plan
« annual reclamation progress tracking report

[508] The life of mine closure plan depicts the approval holder’s targets and conceptual plan for
achieving a final closure of a mine project and outlines what the approval holder is planning to achieve
through its conservation, reclamation, and closure activities. The life of mine closure plan must align with
regional planning requirements and with the TMF. The life of mine closure plan will require Teck to
report on signed reclamation agreements and all other commitments that have been made with indigenous
communities and stakeholders. The life of mine closure plan is updated periodically through the life of the
project.

*" Draft EPEA Approval — Conditions 7.3.4, 7.3.11, and 7.6.2

106 2019 ABAER 008 (July 25, 2019) Joint Review Panel



Section 10: Climate Change Considerations Teck Resources Limited, Frontier Oil Sands Mine Project

[509] The mine reclamation plan uses location-specific information and integrates site-specific
constraints and commitments made in applications and the life of mine closure plan. The mine
reclamation plan is an operational plan that depicts the approval holder’s conservation and reclamation
activities for a period of 3 years. It outlines how the approval holder will implement conservation,
reclamation and closure activities. The mine reclamation plan incorporates research findings, results, and
best practices that reflect an adaptive management approach to conservation and reclamation. Mine
reclamation plans are updated through the life of the project and submitted every three years.

[510] The annual reclamation progress tracking report standardizes the annual reporting of conservation
and reclamation activities. Information contained in the annual reclamation progress tracking report helps
the regulator determine compliance with operating terms and conditions and submitted plans. The annual

reclamation progress tracking report is submitted every year.

[511] Each required submission addresses specific milestones throughout the life of a project, including
the eight milestones referenced in the LARP progressive reclamation strategy. The submissions also
require operators to report on how identified reclamation outcomes address traditional end land-use, how
stakeholder feedback and traditional land-use information shared by indigenous communities has been
integrated into reclamation outcomes, and how biodiversity elements and wildlife and aquatic habitat and
species outcomes are being achieved.

[612] Companies are required to implement a reclamation monitoring program to enable performance
evaluation of compliance with regulatory requirements and achievement of reclamation outcomes. While
they are not required to submit reclamation monitoring data annually, information is to be collected and
made available to the regulator upon request, upon application for reclamation certification, or as required
by EPEA approval conditions. Results of the monitoring program must be used to adapt practices and
plans and to show that the approval holder is tracking the progress towards achieving a self-sustaining,
locally common boreal forest ecosystem that is integrated into the surrounding area.

[513] The submissions required under SED 003 will provide the AER with comprehensive and
standardized information that will undergo compliance verification in order to reduce risks to the
achievement of successful reclamation outcomes. In addition to providing content direction for
completing the three submission types, SED 003 also outlines monitoring and reporting criteria so that
conservation and reclamation objectives will be met to achieve equivalent land capability. Compliance
with SED 003 will be required within the EPEA approval, and the panel expects Teck to follow this

direction for the Frontier project.*®

“® Draft EPEA Approval — Conditions 7.3.4, 7.3.11, and 7.6.2
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[514] Additionally, the panel requires that Teck provide an updated life of mine closure plan five years
before disturbing the north pit area.*®

[515] In addition to complying with SED 003, Teck must consider the following regulations, guidelines,
and supporting documents when developing life of mine closure plans and mine reclamation plans:

« Conservation and Reclamation Regulations (Alberta Regulation 115/1993),

« Best Management Practices for Conservation of Reclamation Materials in the Mineable Oil Sands
Region of Alberta (Alberta Environment and Water, 2012),

o Directive 085: Fluid Tailings Management for Qil Sands Mining Projects (Alberta Energy Regulator,
2017),

« The Canadian System of Soil Classification — third edition (Agriculture and Agri-Food Canada,
1998),

o Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region (Alberta
Environment, 2010),

o Alberta Forest Genetic Resource Management and Conservation Standards (Government of Alberta,
2016),

« The General Status of Alberta Wild Species (Government of Alberta, 2017),
o Alberta Wetland Classification System (ESRD, 2015),
o Field Guide to Ecosites of Northern Alberta (Beckingham J.D. and J.H. Archibald, 1996),

o Guidelines for Wetlands Establishment on Reclaimed Oil Sands Leases (Cumulative Environmental
Management Association, 2014),

« Weed Control Act (Statutes of Alberta, 2008), and

o Weed Control Regulation (Alberta Regulation 19/2010).

Progressive Reclamation

[516] The panel recognizes that there are limitations to the amount of reclamation that can occur during
mine operations, particularly during the early years of mine development. However, the panel is
encouraged by Teck’s plans for progressive reclamation. Although significant reclamation activities do
not start until after 2035, by the end of mine life in 2066, approximately 40 per cent of the project
disturbance area will have been reclaimed according to the schedule Teck proposed.

*° Draft EPEA Approval — Condition 7.3.6(b)
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[517] The panel understands, however, that reclaimed lands must meet regulatory requirements for
certification before they can be returned to Albertans. The timelines for certification will be dependent on
fulfilling regulatory requirements. This is discussed further below.

Tailings Deposits and the Achievement of Targeted End Land Uses

[518] The presence of tailings on the landscape poses a number of potentials risk to achieving
reclamation outcomes, including risks to

« the establishment of targeted ecosites, wetland classes, and hydrological drainage patterns;

« the ability to reclaim the project development area to equivalent land capability as required by the
Environmental Protection and Enhancement Act;

« the ability to return the project area to a locally common boreal forest ecosystem integrated into the
surrounding area; and

« meeting the range of targeted end land uses including commercial forest, wildlife habitat, and
traditional use.

[519] Teck proposes to deposit tailings in two external tailings areas and three internal tailings areas. In
each case, the timeframe from when the deposit is created to when the deposit is ready for reclamation is
uncertain. Each type of tailings deposit will need to achieve ready-to-reclaim criteria and have attained
sufficient physical strength to be trafficable and capped with tailings sand or other capping material
before the area is ready for reclamation. Additionally, the rate and degree of settlement of reclaimed
surfaces over deep-centrifuge deposits is unknown. Due to limited experience with the creation and
reclamation of deep-centrifuge deposits to date, there is no research currently available that demonstrates
successful reclamation and revegetation can occur on reclaimed areas located on in-pit tailings deposits in
a timely manner. Long after reclamation material placement and revegetation, reclaimed surfaces on
external tailings areas and in-pit tailings areas may continue to settle as water contained within the
centrifuge cake deposits continues to express out. In some cases, continued settlement may result in
extensive changes in the surface of reclaimed areas.

[520] The presence of tailings on the reclaimed landscape also poses a potential risk to the
establishment of functioning reclaimed and opportunistic wetlands. Water expressed from tailings
deposits placed in-pit and in the external tailings areas contains chemicals of potential concern that could
impact reclamation outcomes in wetland communities. For example gases and other chemicals of
potential concern migrating from the tailings to the wetland water and rooting medium could cause a
direct impact to water quality that can in turn affect wildlife using reclaimed wetlands. Increased
chemicals of potential concern in water can also affect plant growth, ultimately leading to a poor
performing wetland that would not meet certification requirements. Chemicals of potential concern
include salts, hydrocarbons, and naphthenic acids.
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[521] The panel notes that Alberta has not yet provided policy for the construction of end-pit lakes and
their inclusion into the boreal forest landscape. Alberta has also not provided criteria for the release of
process-affected water from end-pit lakes or the closure landscape to surrounding environment. Future
policy direction in these areas has the potential to affect reclamation and closure objectives.

Closure Timeline

[522] Teck’s reclamation schedule indicates closure will occur by 2081, however based on the evidence
provided, the time to certification and return of the land to the Crown will likely extend well beyond
2081. The timeline for certification is dependent upon the time required for consolidation of tailings
deposits and attainment of sufficient strength of the deposits to allow for placement of reclamation
material and revegetation, how soon surface- and groundwater on reclaimed sites achieve acceptable
water quality standards and can be released to the surrounding environment, and when the reclaimed
lands achieve an equivalent land capability.

[523] While Teck has estimated when potential closure may occur, actual timelines to certification and
return of the land to the Crown cannot be predicted with certainty because certain components of the
project may require prolonged monitoring to ensure that all remedial actions have been taken and to
ensure that the site does not pose a risk to the environment. For example, the two reclamation lakes
designed to passively treat contaminant seepage from the external tailings areas before it enters the
downstream receiving environment will need to be monitored until water quality meets criteria suitable
for discharge to the environment.

[524] Uncertainties associated with the consolidation and performance of deep-centrifuge tailings
deposits also have the potential to extend timelines to final closure of the project area beyond Teck’s
predicted closure date of 2081. Teck stated that monitoring of settlement on reclaimed surfaces overlying
deep-centrifuge deposits may need to continue for 65 years post-closure.

[525] These and other issues create uncertainty around timelines to reclamation certification and closure
of the Frontier project.

Loss of Organic Wetlands (Peatlands)

[526] If approved, the Frontier project will result in the loss of 6690 ha of wetlands, including 3295 of
peatlands (bogs and fens) that will be permanently lost. Loss of peatlands is considered irreversible
because successful reclamation of large areas of organic wetlands (peatlands) has not yet been proven.
For this reason, Teck’s reclamation and closure plan does not include the reclamation of bogs and fens.

[527] While there is research at two oil sands mines on reclamation of fen communities, there is need
for additional research into peatland reclamation. Peatlands contribute to biodiversity of the boreal
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landscape due to their value to plant and wildlife species that depend on them. The panel will require that
Teck participate in research related to the reclamation of peatlands.>

Extended Timelines to Return Old-growth Forests to the Region

[528] Approximately 2598 ha of old-growth forests will be removed from the project development area.
At closure, the oldest stand of reclaimed forest would be 27 years old. If old growth is determined to be
140 years for coniferous species and 100-120 years for deciduous and mixed-wood forests, respectively,
a large proportion of old-growth forest will not be present in the project development area for more than
100 years after 2081. Reclamation is only effective as a mitigation measure for old-growth forests in the
very long term or far future.

Potential Impact of Climate Change on Reclamation Outcomes

[529] The panel recognizes that future climate change may affect reclamation measures and outcomes
for the Frontier project. Potential impacts of climate change include increasing temperatures and more-
frequent extreme weather-related events such as drought, floods, and forest fires. Increasing temperatures
can also result in higher evapotranspiration rates, which may reduce the amount of soil moisture available
for plants, potentially affecting the establishment of vegetation and reclamation to a self-sustaining boreal
forest ecosystem. Conversely, flooding of reclaimed lands can result in decreased water quality in water
bodies as contaminants from tailings deposits in the landscape could run off, affecting more areas than
anticipated and increasing contaminant loading to receiving end-pit lakes, reclamation lakes, wetlands, or
receiving water bodies.

[530] The panel understands the challenges associated with predicting and planning for changes which
may be uncertain. The panel finds that the adaptive management approach outlined in the draft
reclamation monitoring plan is appropriate. The adaptive management program discusses
objectives/indicators, metrics, targets/trends, and options for adjustment. While it is somewhat conceptual
in areas, Teck states that the final version of the draft reclamation plan will rely on the joint review panel
report, the federal decision statement, approval conditions, future stages of project planning, and feedback
from indigenous communities and stakeholders to further develop the reclamation monitoring and
adaptive management plan.

Biodiversity

[631] The panel acknowledges Teck’s aspiration to have a net positive impact on biodiversity.
However, given the number of species included in Teck’s proposed planting prescriptions compared to
the number of species present in predisturbance communities, and Teck’s reliance on natural succession
to increase species diversity over time, the panel expects that a return to predisturbance levels of

* Draft EPEA Approval — Conditions 5.3.1 and 5.3.3(b)
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biodiversity will likely only occur in the very long term or far future, if at all. Although Teck discusses
the potential use of conservation offsets as a means to mitigate project effects to biodiversity, no specific
conservation offset measures have been presented by Teck. Teck stated that the biodiversity stewardship
area was not being proposed as mitigation for project effects. It is therefore unclear to the panel how Teck
intends to achieve a net positive impact on biodiversity as a result of the Frontier project.

[532] Project effects to biodiversity and Teck’s draft biodiversity management plan are discussed
further in section 25, “Biodiversity.”

[533] Given the limitations of the proposed reclamation measures in returning reclaimed areas to
predisturbance biodiversity levels, in addition to following biodiversity requirements outlined in

SED 003, the panel requires as a condition within the EPEA approval that the following to be submitted
as part of Teck’s life of mine closure plan:

o Design and submit an improvement program that demonstrates continuous improvement in
biodiversity potential both in the number of species planted and on the number of habitats (ecosite
phases and wetland classes) on reclaimed sites with a target to increase the number of wildlife habitat

types.

o Submit a summary with each updated life of mine closure plan of biodiversity trends during
progressive reclamation and closure of the project.

« Inlight of the importance of peatlands to maintenance of high biodiversity potential of an area, the
total area that will be disturbed by the project (3295 ha), the inability to reclaim peatlands once
disturbed and Teck’s assertion that they can achieve a net positive impact despite the lack of specific
conservation offset measures being presented by Teck, the panel expects Teck to construct and
conduct research on a wetland targeted to a peatland ecosystem in order to advance the knowledge on
peatland reclamation in the mineable oil sands area.*

e The panel also recommends that the Minister include mitigation measures, monitoring requirements
and follow-up programs in the decision statement under CEAA 2012 (see section 38).

Monitoring and Adaptive Management

[534] The panel accepts that monitoring and adaptive management is an appropriate approach for
managing uncertainty during reclamation and closure. The panel finds that the approach to adaptive
management outlined in the draft reclamation monitoring plan is reasonable. Teck must finalize and
implement its reclamation monitoring and adaptive management program and submit it for review and
approval by the AER.

%! Draft EPEA Approval — Condition 5.3.3(b)
*2 Draft EPEA Approval — Conditions 7.5.1, 7.5.2, and 7.5.4
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Reclamation Working Group

[535] The panel supports the establishment of a reclamation working group for the Frontier project and
has included recommendations related to such a group following the recommendations suggested by
NRCan. In addition to following stakeholder engagement and traditional use requirements outlined in
SED 003, the panel requires as a condition within the EPEA approval that the details of engagement,
collaboration, and agreements made related to planning and implementation of reclamation and closure
activities be submitted as part of the life of mine closure plan.

Mikisew Cree First Nation and Teck Resources Ltd. Proposed Conditions

[536] The panel supports the Mikisew and Teck jointly developed proposed conditions related to
reclamation and closure. The requirement to reclaim the lands to a self-sustaining ecosystem that supports
equivalent land use is a requirement of the CCR. Teck has committed to and SED 003 requires operators
to demonstrate how reclamation outcomes address traditional land use and how input and traditional land-
use information shared by indigenous communities has been integrated into reclamation outcomes. The
panel will include a condition in the EPEA approval requiring Teck to satisfy the requirements of

SED 003.*

[537] The panel requires Teck to submit an updated life of mine closure plan within five years of
disturbance on the north pit mine area.*®

Athabasca Chipewyan First Nation and Teck Commitments

[538] The panel supports the Athabasca Chipewyan and Teck jointly developed reclamation objectives
and commitments. Teck has committed to working collaboratively with Athabasca Chipewyan and

SED 003 requires that operators demonstrate how reclamation outcomes address traditional end land use
and how input and traditional land-use information shared by indigenous communities has been integrated
into reclamation outcomes. SED 003 also requires operators to demonstrate how biodiversity objectives
will be met, to monitor reclamation progress and to take corrective action and use adaptive management
actions where reclamation objectives are not being achieved. As indicated above, the panel will include a
condition in the EPEA approval requiring Teck to satisfy the requirement of SED 003.>

Fort McKay Recommendations

[539] The panel notes that Fort McKay has entered into a long-term sustainability agreement with Teck
and did not raise any project-specific concerns at the hearing. The panel also understands that

%% Draft EPEA Approval — Conditions 7.3.5(f)

% Draft EPEA Approval — Conditions 7.3.4, 7.3.11, and 7.6.2
% Draft EPEA Approval — Conditions 7.3.6(b) and 7.3.7

% Draft EPEA Approval — Conditions 7.3.4, 7.3.11, and 7.6.2
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notwithstanding Fort McKay’s position on the Frontier project, it continues to be concerned about the
cumulative effects of development on Fort McKay's treaty and aboriginal rights and interests and has
therefore requested the panel make recommendations to the governments of Alberta and Canada to take
immediate and concrete actions to manage the cumulative effects on treaty and aboriginal rights.

[540] The panel notes that the recommendations Fort McKay is asking the panel to make cover a broad
range of issues related to the management of cumulative effects in the oil sands region, including effects
resulting from tailings management, reclamation, and mine closure. While the panel accepts that
proponents, decision makers, indigenous communities, and other stakeholders would potentially benefit
from further guidance in these areas, the panel believes it would be inappropriate for it to make specific
and detailed recommendations to the governments on these matters as part of a project-specific regulatory
process for an individual proponent. The panel recommends that the governments of Alberta and Canada
consider Fort McKay’s recommendations as part of their work on cumulative effects assessment and
management in the oil sands.

[541] The panel finds that the proposed conservation and reclamation and closure plans for the Frontier
project are consistent with government policy, regulatory requirements, and current guidance and industry
practices. Mine reclamation plans will provide the AER with detailed development and reclamation plans
for ten-year periods, which will allow Teck to enhance and refine its reclamation plan to consider
implementation of new technology, advances in reclamation techniques, regulation changes, and
continuous input from public stakeholders. While there is some uncertainty associated with certain
aspects of the plans and Teck’s ability to meet desired outcomes, this is typical at this stage of the
process. The panel accepts Teck’s proposed approach to monitoring and adaptive management as an
appropriate way to manage the uncertainty.

Panel Recommendations to the Government of Alberta

[542] The panel recommends that Alberta consider Fort McKay’s recommendations related to mine
tailings, reclamation, and closure as part of Alberta’s efforts to assess and manage cumulative effects
within the Lower Athabasca region.

Panel Recommendations to the Government of Canada

[543] The panel recommends that Canada consider Fort McKay’s recommendations related to mine
tailings, reclamation, and closure as part of Canada’s efforts to assess and manage cumulative effects
within the Lower Athabasca region.
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11 Accidents and Malfunctions

Evidence

[544] Teck analyzed various accident and malfunction scenarios associated with project activities and
facilities for their potential to cause environmental effects, including geotechnical instability of mine pit
slopes, tailings and mine waste disposal areas; erosion of closure landforms and pit lake features; release
of hydrocarbons and other pollutants into air and water during emergency operations; site safety and
traffic accidents; emergency flaring; failure of vapour recovery systems; and waterfowl landings in tailing
management areas. From its assessment, Teck stated that only 2 scenarios were ranked with a high level
of environmental consequence and were therefore likely to cause adverse effects: geotechnical instability
of tailings disposal areas and waterfowl landings in tailings management areas. However, Teck noted that
the likelihood of these scenarios occurring was low. For more information on waterfowl landings in
tailings management areas, see section 23, “Wildlife.”

[545] In response to joint review panel information request 2.5, Teck undertook an assessment of the
adverse environmental effects of a tailings impoundment structure failure, including potential impacts to
downstream aquatic habitats. Teck assessed an accident scenario of a breach of an external tailings area
structure, with a release of contaminants ranging from 36 Mm? (million cubic metres) to 294 Mms3 of
process-affected water and fine fluid tailings. Teck examined all flow pathways for contaminant transport
heading in every direction from the area and identified elements/receptors of the environment that could
be affected. These elements/receptors included downstream aquatic habitats, species at risk, communities,
cabins and areas of major use. Once Teck established a linkage between the contaminant pathways and
elements/receptors, it assigned predicted environmental consequences. Teck provided environmental
consequence ratings prior to the application of any emergency response and spill contingency plans.

« Redclay Creek, Unnamed Creek 19, Big Creek, Unnamed Creek 2, Fish Habitat Compensation Lake
and Athabasca River: High

« Ronald Lake bison, wolverine, fisher, Canada lynx, Little Brown and Northern Myotis, Northern
Goshawk, Yellow Rail, Whooping Crane, Horned Grebe, Short-Eared Owl, Common Nighthawk,
Olive-Sided Flycatcher, Rusty Blackbird, Western toad and Canadian toad: High

o Fort Chipewyan: Moderate
o Poplar Point (IR 201 G), Cabins (near the Project Development Area): High

[546] Although the environmental consequences of a tailing impoundment structure would be high,
Teck stated that the likelihood of occurrence would be low because of its robust design standards and
adaptive management practices. Teck confirmed that its tailing impoundment structure would be designed
to meet Canadian Damn safety guidelines. If the worst-case scenario were to occur, Teck would be able to
identify the issue during monitoring and immediately take mitigation measures. Teck’s tailings
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management plan would allow for the elimination of both the likelihood and consequence of catastrophic
failures within five years after the completion of mining. Teck would be able to achieve this because all
fluids (both water and fluid fine tailings) would be contained below the original ground surface in a
geotechnically secure location. For more information on the tailings management plan, see section 7.

[547] ECCC stated there was a lack of understanding of how Teck will address their responsibilities for
preventing and mitigating project-related accidents and malfunctions. It stated that Teck had not provided
substantive information on emergency response plans and procedures for the accidents and/or
malfunctions that might occur during each phase of the project. ECCC noted that spills of process-
affected water, tailings, process chemicals, hydrocarbons and other substances have the potential to affect
water quality and harm fish and aquatic organisms, as well as migratory birds. These environmental
effects might also directly impact human health via the consumption of contaminated water, fish or
wildlife.

[548] ECCC indicated that it understands emergency response and spill contingency plans are
conceptual but should include elements and components to outline what type of risks are being posed to
the environment and the critical infrastructure. Acknowledging that a catastrophic incident is not only
plausible but rather likely to occur during the lifespan of the project, ECCC recommended that Teck
commit to a comprehensive emergency response and spill response plan commensurate with its project’s
environmental risks and taking into account site-specific conditions and sensitivities. This plan should be
developed before mine operations begin and be provided to interested parties, indigenous groups and
regulators for review and comment.

[549] Parks Canada Agency stated that the project would bring active oil sands development within

30 kilometres of the boundary of Wood Buffalo National Park. The project would be the closest oil sand
mine development to the park to date and could have the potential to contribute to adverse cumulative
effects on water quality within the Peace-Athabasca Delta via spills, leakage from tailings and/or disposal
areas, wastewater management or tailings containment failure. Parks Canada Agency indicated that an
accident or malfunction of this type could result in cumulative, irreversible and potentially catastrophic
effects on the outstanding universal value of Wood Buffalo National Park either through the Ronald Lake
watershed or the Athabasca River watershed. Parks Canada Agency noted that scientists involved with the
reactive monitoring mission also expressed concerns regarding potential leaks and failure of tailings
containment, increasing the contaminant exposure risk to wildlife and fish, and subsequently the health
and integrity of the outstanding universal value of Wood Buffalo National Park (International Union for
Conservation of Nature, 2017; UNESCO, 2016).

[650] Parks Canada Agency noted that Teck provided a limited discussion of the potential types of
accidents and malfunctions, possible mitigation measures and likelihood and consequence of such an
event. It also stated that Teck did not outline any specific details of an emergency response plan. For the
accident scenario of an external tailings area breach, Teck did not assess any downstream impacts to the
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Peace-Athabasca Delta and Wood Buffalo National Park because it believed that no project contaminants
would reach those areas. Parks Canada disagreed with this conclusion. Parks Canada acknowledged that
despite improvements made in the mining sector, as well as increased geotechnical engineering
knowledge, failures of tailings dams and dikes still occur. It noted tailing pond failures at the Obed Coal
Mine in Alberta (2013) where measurable contamination from tailings fluid reached as far as the Peace-
Athabasca Delta, over 1000 km downstream from the mine, and the tailings failure at Mount Polley Mine
in British Columbia (2014) (Cooke et al., 2016; UNESCO, 2016; IEEIR, 2015; Schindler, 2014) (p.52)

[551] Health Canada agreed with ECCC that Teck should provide a more detailed emergency response
plan relating to contaminant releases to water and soil and its potential impacts to drinking water sources.

[652] Athabasca Chipewyan First Nation and Mikisew Cree First Nation identified issues regarding:
seepage from tailings and external disposal areas affecting ground and surface water quality; surface
water quality beyond 2081 (14 years post-closure, once the end-pit lakes are full) and how drainage from
end-pit lakes and other mine features could affect ground and surface water. They expressed concern
about the efficacy and lifespan of the External Tailings Area barrier wall and seepage containment and
how Teck would address post-closure mitigation in the event of seepage containment failure (Athabasca
Chipewyan First Nation & Mikisew Cree First Nation, 2017).

[653] Athabasca Chipewyan First Nation and Mikisew Cree First Nation have expressed concerns
regarding Teck’s emergency response plan and mitigation measures for accidents and malfunctions.
Specifically, they identified the need for further analysis and assessment of the potential environment
effects of leaks from tailings management areas; contamination of downstream environments; human
health and wildlife health. The First Nations stated their primary concern was the release and exposure of
project contaminants through air, water, vegetation, and wildlife consumption.

[554] The Original Fort McMurray First Nation and the Clearwater River Band raised concerns that an
oil spill or flaring incident could occur while they are on the land and that they would not be informed of
the incident before it reached them. They argued that shipping bitumen as dry bitumen or pellets would
reduce effects of a spill.

[555] The Fort McKay Métis raised concerns that the project could cause accidents such as tailing pond
breaches and pipeline breaches, resulting in effects local waterways from released oil.

[556] The Deninu K’ue First Nation raised concerns regarding the effects of contaminants from tailing
ponds leaks and seepage.

[557] Métis Nation Region 1 stated that they also remain concerned about future potential environment
incidents related to oil sands projects.
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[558] Some parties expressed concerns regarding the potential success of oil sands reclamation
technology which forms the basis for much of the mitigation measures for accidents and malfunctions in
the post-closure timeframe. They did not think that Teck would be able to prevent groundwater seepage
from tailings management areas and stop water and soil contamination.

[559] In the post-closure landscape, Teck noted there is a potential for the erosion of closure landforms
and of the shores of pit lakes. This could lead to exposed deposits of oil sands; the decreased stability of
closure landforms and the reduced capability of landforms to contain the waste material. Teck indicated
that the shores of the pit lakes will be constructed to prevent overtopping of channels and made of erosion
resistance materials in appropriate locations. Teck stated the pit lakes will not be reintegrated into the
post-closure drainage network until stability is demonstrated over several seasons. Teck noted that the
likelihood of post-closure landforms failing and the release tailings material into the surrounding
environment due to erosion is very low. For more information on the closure, conservation and
reclamation plan, see section 10.

Mitigation Measures

[560] Teck confirmed at the public hearing that an emergency response and spill contingency plan will
be developed before construction to deal with potential accidents and malfunctions of the project.

ECCC

[561] As stated previously, ECCC recommended that Teck commit to a comprehensive emergency
response and spill response plan commensurate with the project’s environmental risks and which takes
into account site-specific conditions and sensitivities. The plan would:

« Provide an outline of its spill response measures and systems relating to upset releases to water and
soil. The outline should cover environmental risk information for each type of accident or
malfunction scenario. It should also cover an assessment of the effectiveness of proposed
preparedness and response measures, as well as systems aimed to reduce the environmental
consequences.

« Identify and describe and evaluate the potential impacts of all reasonably foreseeable project-related
accidents and malfunctions involving the potential release of chemicals or hazardous materials.

« Identify site-specific environmental sensitivities, specific and detailed procedures, and associated
timeframes that would ensure a prompt response, regulator notification, as well as cleanup in the
event of a chemical or hazardous substance spill or threat of release.

« Provide the plans, measures and systems information identified in (1), (2), and (3) for review prior to
construction and upon request of interested stakeholders and indigenous groups. All such plans
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should be provided to relevant authorities prior to the commencement of the operations phase and
updated regularly throughout the life of the project.

Parks Canada Agency

[562] While Parks Canada acknowledged that Teck had given consideration to the prevention of
accidents and malfunctions through its engineering design and tailings management plans, the fact
remains that large-scale disasters caused by failure of tailings containment areas can and do occur,
regardless of design (Grant et al., 2010). Based on the identified pathways of effects on the outstanding
universal value of Wood Buffalo National Park, and the observed and documented state of the Peace-
Athabasca Delta, the project could have adverse effects on the outstanding universal value of Wood
Buffalo National Park and reduce Canada's ability to restore all four desired outcomes regarding the
outstanding universal value in the event that the effects of a catastrophic accident or malfunction reached
Wood Buffalo National Park. Parks Canada recommended that Teck be required to:

« Develop spill response measures and systems relating to releases to water and soil for approval prior
to the commencement of construction.

« Develop an emergency response plan for approval prior to construction that would include:

— Project and site-specific mitigation measures and response procedures to minimize the
environmental effects of an accident or malfunction reaching Wood Buffalo National Park;

— How to mitigate effects and prevent contaminants from entering the Peace-Athabasca Delta and
Wood Buffalo National Park;

— effective emergency response capacity and training of staff;
— commitment to continue diligence to be in state of preparedness/readiness;
— commitment to sufficient response materials and equipment available in strategic locations; and

— Community notification and emergency communications procedures to be incorporated into the
plan, particularly for drinking water and traditional land users.

« Initiate community awareness and education initiatives about emergency responses.
« Provide Parks Canada Agency with an opportunity to review and comment on the plan.
« Commit to fund the cleanup and restoration of affected areas within Wood Buffalo National Park.

[563] Natural Resources Canada recommended that:

o Teck adhere to all the components of both the FireSmart Guidebook for the Qil and Gas Industry as
well as the Canadian Association of Petroleum Producers’ Emergency Preparedness Guide for
Hazards Associated with Wildfires.
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o Project firefighting staff be trained as provincial Type 2 wildland firefighters, including Incident
Command System training for crew members and leaders.

« Implement a grass fuel management plan for Industrial Zone 3.

« Firefighting staff be equipped for suppression of grass and forest fires (e.g., portable gas powered
water pumps, hand tools) with equipment compatible with provincial standards.

o Teck collaborate closely with area staff from Alberta Agriculture and Forestry to adequately mitigate
wildfire risk and provide for appropriate response.

Analysis and Findings

[564] Teck has assessed project risks and potential accident and malfunction events. It identified that a
breach of an external tailings area structure and resultant release of process-affected materials would have
a high consequence on residents of Poplar Point and a number of important fish and wildlife species
downstream of the project. The panel agrees that a while it is unlikely, failure of an external tailings
structure with an associated release of process-affected materials would be a catastrophic disaster from an
environmental perspective. The panel also notes that Teck’s tailing management plan will eliminate this
risk of a dam failure within 5 years of the end of mining activities.

[565] The panel recognizes that there is robust design and regulatory oversight system in place to
minimize the risk of a tailings pond dam failure. Teck has committed to conforming to the Canadian Dam
Safety Guidelines in the design of its tailing pond dams, and this provides confidence to the panel that the
tailing dams will be designed and operated safely.

[566] The panel notes that Teck’s Emergency Response and Spill Contingency plans are conceptual at
this point, and accepts the concerns expressed by ECCC, Parks Canada and other parties regarding the
lack of detail regarding emergency response and spill contingency measures. The types of spills
associated with this type of operation are generally limited in size and areal extent and generally
contained to the project footprint and so are unlikely to result in significant environmental effects. The
panel supports ECCC and Parks Canada recommendations that Teck commit to develop a comprehensive
emergency response and spill response plan before mine operations begin and that the plan be provided to
interested parties, indigenous groups and regulators for review and comment.

[567] The panel is satisfied that Teck has considered potential accidents and malfunction in the design
of the project and that it will prepare appropriate emergency response plans to guide its response to
potential accidents and malfunctions should they occur.

[568] In section 6, “Bitumen Recovery,” the panel has imposed a condition on Teck requiring the

development of a comprehensive site-specific emergency response plan.>” The panel also recommends

> Draft OSCA Approval — Condition 23
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that the Minister include mitigation measures in the form of a site-specific response plan in the decision
statement under CEAA 2012 (see section 38).

Recommendation to Teck

[569] The panel recommends that Teck implement Natural Resources Canada’s recommendations to:

« adhere to all the components of both the FireSmart Guidebook for the Oil and Gas Industry as well as
the Canadian Association of Petroleum Producers’ Emergency Preparedness Guide for Hazards
Associated with Wildfires;

« train Frontier project firefighting staff as provincial Type 2 wildland firefighters, including Incident
Command System training for crew members and leaders;

« implement a grass fuel management plan for Industrial Zone 3;

« firefighting staff be equipped for suppression of grass and forest fires (e.g., portable gas powered
water pumps, hand tools) with equipment compatible with provincial standards; and

« collaborate closely with area staff from Alberta Agriculture and Forestry to adequately mitigate
wildfire risk and provide for appropriate response.
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12 Panel Approach to Determination of Significance of Project and Cumulative Effects

[570] The panel’s approach for determining the significance of project and cumulative effects is
consistent with the Canadian Environmental Agency’s Operational Policy Statement and Technical
Guidance: Determining Whether a Designated Project is Likely to Cause Significant Adverse
Environmental Effects under the Canadian Environmental Assessment Act, 2012.

[571] Teck did not determine the significance of project or cumulative effects in their environmental
assessment, stating that it is the responsibility of the Responsible Authority to identify if effects are
significant. Instead, it made a determination of “environmental consequence” in its classification of
environmental effects. In that determination, Teck did followed the Agency’s guidance. Table 10
summarizes the effects classification criteria and definitions used in Teck’s assessment.

Table 10. Effects classification criteria (from project update, volume 3, section 2.5.8)

Criteria Definitions
Geographic Extent Local Effects occurring within the local study area
Regional Effects occurring within the regional study area beyond
the boundary of the local study area
Provincial Effects occurring within the provincial boundary,
extending beyond the regional study area
National Effects occurring within the national boundary, extending
beyond the provincial boundary
Duration Short Effects lasting less than one year
Medium Effects lasting more than one year, but ending by closure
Long Effects persisting beyond closure
Frequency Continuous Effects occurring continually
Isolated Effects occurring once
Periodic Effects occurring intermittently but repeatedly over
assessment period
Reversibility Reversible Measurable parameter returns to levels similar to those
present before project disturbance
Irreversible Measurable parameter does not return to levels similar to
those present before project disturbance
Magnitude Quantitative or qualitative change in measureable parameter
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[572] The panel has adopted the same criteria and definitions used by Teck in its significance
determination as they are consistent with CEAA guidance. While the definition of magnitude depends on
the specific valued ecosystem component or parameter under consideration, the panel has generally used
the following qualitative descriptors to classify its assessment: negligible, low, moderate, or high.

[573] In addition, the panel has considered ecological context as part of its significance determination.
For the Frontier project, ecological context includes recognition that the project is located adjacent to the
Athabasca River and downstream of other oil sands mining projects. It would also be the most northerly
oil sands mining project and the oil sands mining project closest to Wood Buffalo National Park, a World
Heritage Site. It is located within a key wildlife and biodiversity zone and in an area important for the
continued practice of indigenous rights. Figure 4 and Figure 5 show areas used by Teck to review the

project effects.

[574] The panel used an approach that relied on the sequential interaction between the magnitude,
geographic extent, and frequency criteria to inform its determination of significance. The panel’s
approach is summarized in Figure 3. Recognizing that the influence of key criteria on the determination
of significance may not be the same for all valued ecosystem components, the panel took into account
considerations specific to each valued ecosystem component and modified the approach as necessary.

Figure 3. Decision tree for determining significance
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Figure 4. Local study areas
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Figure 5. Regional study areas
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13 Air Quality
[575] Teck provided a project update in 2015 that updated the air quality assessment to reflect changes

in the project and additional information obtained since its initial 2009 integrated application. Teck
evaluated the following air quality effects of the Frontier project:

« Nitrogen oxides (NO,) emissions from boiler, heater, and cogeneration stacks and the mine fleet

o Sulphur dioxide (SO,) emissions from trace sulphur in the burning of natural gas and diesel fuel in the
mine fleet

o Acid deposition resulting from NO, and SO, emissions
« Fine particulate matter (PM,s) emissions from boiler, heater, cogeneration stacks, mine fleet

o Total suspended particulates, polycyclic aromatic compounds, and metal emissions from mine
fugitives

e Hydrocarbon and reduced sulphur compound emissions from fugitive plant, mine face, and tailings
areas

« Effects focused on Wood Buffalo National Park and Peace-Athabasca Delta

[576] In conducting its air quality assessment, Teck defined a 290 km x 700 km air dispersion
modelling domain within which it quantified all substantive industrial and non-industrial emissions
sources. Within the model domain it established a predevelopment scenario, which reflected air quality
conditions before oil sands development. It also calculated an existing conditions reference scenario to
determine all current emissions. It then assessed three future development scenarios:

o Base case, which included emissions from developments that were operating, under construction, and
approved but not yet constructed

« Application case, which included the base case plus emissions from the Frontier project

« Planned development case, which included the application case plus emissions from developments
that have been disclosed or applied for but not yet approved

[577] For each of the existing, base, application, and planned development case scenarios, Teck used
the CALMET and CALPUFF models (as prescribed by the Alberta Air Quality Model Guideline) to
define meteorological conditions and predict ambient air quality concentrations and deposition patterns
for key project emissions.

[678] Teck stated that its air quality modelling results are conservative. Teck’s modelling assumes that
all developments in the 290 km x 700 km model domain area will proceed and operate simultaneously at
full capacity. They note that emissions from the Frontier project incorporate a number of other
conservative assumptions that may overstate these emissions.

Joint Review Panel 2019 ABAER 008 (July 25, 2019) 127



Teck Resources Limited, Frontier Oil Sands Mine Project Section 13: Air Quality

Nitrogen Oxides

[579] Inthe Alberta mineable oil sands area, nitrogen oxides (NO,) are substances that are primarily
produced as a by-product of combustion, which can include industrial boilers and heaters, turbines, mine
fleet, urban traffic, and residential and commercial heating. Nitrogen dioxide (NO,), a specific nitrogen
oxide, is both a respiratory irritant and a precursor to ozone formation, photochemical smog, acid
deposition, and nitrogen deposition.

Project Effects

Evidence

[580] Inthe 2015 environmental impact assessment project update, Teck stated that the Frontier project
NOy emissions total would be 20.94 tonnes per day (t/d)—9.00 t/d from stack emissions and 11.94 t/d
from mine fleet emissions.

[581] The existing case regional NO, emissions total is 387.2 t/d, where 248.2 t/d is from stack
emissions, 118.0 t/d is from mine fleet emissions, and 21.0 t/d is from non-industrial emissions.

[582] The base case regional NO, emissions total is 631.9 t/d, where 473.3 t/d is from stack emissions,
137.4 t/d is from mine fleet emissions, and 21.2 t/d is from non-industrial emissions.

[583] The application case regional NO, emissions total (which includes the Frontier project emissions)
is 652.8 t/d, where 482.3 t/d is from stack emissions, 149.3 t/d is from mine fleet emissions, and 21.2 t/d
is from non-industrial emissions. The Frontier project emissions represent a relative increase from the
base case of 3.3 per cent.

[584] The planned development case regional NO, emissions total is 789.6 t/d, where 602.1 t/d is from
stack emissions, 166.4 t/d is from mine fleet emissions, and 21.2 t/d is from non-industrial emissions.

[585] To provide an indication of existing air quality conditions in the region, Teck presented NO,
monitoring results from four industrial and five community monitoring stations. This showed that all
concentrations at the industry stations are less than the 1-hour Alberta ambient air quality objectives
(AAAQO). Maximum concentrations greater than the 1-hour AAAQO only occurred at the Athabasca
Valley station in Ft. McMurray in 2013. Teck noted that these higher values at this location were likely
due to high traffic volumes associated with highway traffic through Fort McMurray. All other community
stations reported maximum 1-hour concentrations of less than 50 per cent of the AAAQO.

[586] Teck stated that the project update modelling overpredicts the top 1-hour NO, measurements by
110 per cent at industry stations and 20 per cent at community stations. Teck stated that modelling has a
general bias to overpredict NO, concentrations, suggesting that results are conservative in nature.
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[587] Mikisew Cree First Nation stated that Teck’s air quality assessment may have potentially
underestimated particulate, NO,, and hydrocarbon emissions. Mikisew notes that Teck assumes that the
Frontier project’s mine fleet and all other existing mine fleets will meet Tier 1V emission standards,
which are the strictest NO, and particulate matter emission requirements for off-highway diesel engines,
by the time the Frontier project is operational. Mikisew notes that hydrocarbon emissions from the
Frontier project and other existing operations are underestimated, and a recent publication identified
scaling factors to use. Mikisew conducted its own air modelling assessment of NO, with the AERMOD
EPA Regulatory Model, which demonstrated an increase in predicted NO, concentrations in the mineable
oil sands region.

[588] Teck stated that Mikisew failed to validate the model, where Mikisew relied on it for distances of
50 km to beyond 200 km, which exceed the limitations of the model. Teck also noted that Mikisew agreed
that there is no regulatory authority in North America that recommends the use of the AERMOD EPA
Regulatory Model at distances beyond 50 km.

Stack Emissions

[589] Stack emissions will come from two cogeneration units with heat recovery steam generators,
seven auxiliary steam boilers, and thirteen small natural gas heaters for a total of 22 stacks. These units,
being fired with natural gas, would continuously release NO, emissions from the stacks. In the project
update, Teck stated that continuous stack NO, emissions would be 8.89 t/d plus 0.11 t/d for space heating,
totalling to 9.00 t/d.

[590] Teck stated within the 2015 project update that the NO, emission rates for boilers and heaters that
have a capacity equal to or greater than 10.5 Gigajoules per hour (GJ/hr) were required to meet the
Interim Emissions Guidelines for Oxides of Nitrogen (NOx) for new Boilers, Heaters and Turbines using
Gaseous Fuels for the Oil Sands Regions in the Regional Municipality of Wood Buffalo North of Fort
McMurray based on a Review of Best Available Technology Economically Achievable (BATEA) (ESRD,
2007). By using natural gas-fired heaters and boilers, the NO, compliance limit emission intensity of

26 grams per gigajoule (g/GJ) and the NO, performance target emission intensity of 7.9 g/GJ were used to
calculate the NO, emission limit for each of the project’s boilers and heaters.

[591] Teck stated that when heater and boiler technology will be selected for the Frontier project, the
equipment will meet the NO, emission requirements in the federal Multi-Sector Air Pollutants
Regulations (MSAPR). Teck acknowledged that the MSAPR emissions limits now stipulate maximum
allowable NO, emissions from the Frontier project’s heaters and boilers. The 2015 air quality assessment
in the project update used emission rates that are higher than the MSAPR requirements; Teck notes that
other stack parameters are not expected to change substantially due to meeting MSAPR. The MSAPR
requirements came into effect in June 2016 and required more stringent emission standards for boilers,
heaters, and stationary spark-ignition engines. Teck’s project update air assessment also assumed that all
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boilers, heaters, and the two cogeneration units are simultaneously operating at full capacity and using
less-stringent emission standards.

[592] Inthe project update, the NO, emission rates of the two cogeneration units were determined
using the National Emission Guidelines for Stationary Combustion Turbines (CCME, 1992) and Alberta
Air Emission Standards for Electricity Generation and Alberta Air Emission Guidelines for Electricity
Generation (CASA, 2003); where the former resulted in the more stringent NO, emission limit. Teck also
stated that the actual NO, emissions from the cogeneration plant will be less than the calculated emission
limits because of the Dry Low NO, 1+ technology being proposed.

[593] Teck stated that Dry Low NO, 1+ technology can meet the AEP performance targets. It stated
that it has reviewed selective catalytic reduction technology but is committed to using Dry Low NO, 1+
(DLN21+) gas turbine generators and low NO, duct burner technology for the Frontier project. It noted
that there are increased costs and environmental trade-offs associated with selective catalytic reduction
technology. It concluded that there is no net benefit associated with using selective catalytic reduction to
further reduce NO, emissions.

[594] Inits April 2017 response to the panel’s package 3 information request, Teck provided additional
details on project NO, emissions. It expanded on its discussion of emissions from the two proposed
electrical cogeneration turbine units. It proposes to use Dry Low NO, 1+ technology to reduce emissions
to 0.44 t/d of NOy per unit.

[595] At the panel’s request, Teck assessed the costs and benefits of the addition of selective catalytic
reduction to its cogeneration units. In terms of NO, emission from each cogeneration unit, Teck stated
that the proposed Dry Low NOy 1+ technology will emit 0.44 t/d, the Dry Low NOy (not 1+) combined
with selective catalytic reduction will emit 0.44 t/d, and the Dry Low NO, 1+ combined with selective
catalytic reduction will emit 0.11 t/d.

[596] Teck concluded that the addition of selective catalytic reduction to Dry Low NO 1+ would result
in a decrease in NOy, emissions of 0.67 t/d for the two cogeneration units. It was also stated that the
addition of selective catalytic reduction would result in a 1.7 per cent increase in greenhouse gas emission
intensity, an increase in PM, s emissions of 0.16 t/d, emissions of 0.21 t/d ammonia emission vs. no
ammonia emissions from Dry Low NO, 1+, increased risks to safety, and environmental risk associated
with on-site storage, use, and transportation of ammonia.

[597] In comparing selective catalytic reduction to Dry Low NO, 1+ with low NO, duct burners, Teck
estimates that net present cost of implementing selective catalytic reduction, using an 8 per cent discount
rate per year over the 41 year operating life of the project, would be an incremental $75 million in capital
and operating costs. The difference in the net present value of Dry Low NO, 1+ vs. selective catalytic
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reduction is primarily a result of increased capital and operating costs and reduced net power generation
potential associated with selective catalytic reduction.

Mine Fleet

[598] Teck stated that project mine fleet NO, emissions total is 11.94 t/d, which is determined based on
U.S. EPA Tier IV emission factors. The maximum diesel fuel consumption was determined to be during
maximum mine activity (year 31 to year 35); the maximum fuel consumption during this period is
predicted to be 1 013 000 litres per day (L/d). Tier IV emission standards represent the maximum
allowable NO, emissions for off-road vehicles under the Canadian Off-Road Compression-Ignition
Engine Emissions Regulations, which is enabled through the Canadian Environmental Protection Act.

[599] Teck stated that mine fleet emission mitigation measures will include

« purchasing haul trucks that are compliant with U.S. EPA Tier IV, when available;

« optimizing mine planning and engineering to reduce haul distances that will result in reduced
emissions and increased fuel efficiency (e.g., the average haul distance for the updated assessment is
0.5 km shorter than the integrated application); and

« developing and implementing an anti-idling program for the mine fleet.

[600] ECCC noted that Teck has only committed to Tier IV emission standards for its haul trucks.
ECCC stated that it continues to recommend that Teck commit to best-in-class technology, starting with
Tier IV engines for all mine fleet equipment, as opposed to just haul trucks. ECCC also stated that further
details of the maintenance program should also be provided as it is an important environmental
management tool to ensure that after-treatment emission control technologies are functioning properly.

[601] Health Canada recommends that Teck acknowledge that if Tier IV vehicles are not available
during the early stages of the Frontier project, the PM,s model predictions should be considered invalid,
thus a plan should be prepared in advance if vehicles other than Tier IV mine fleet vehicles will be
deployed at the beginning of project operations. Health Canada also recommends that Teck implement a
retrofit and replacement schedule demonstrating off-road equipment conversion to best-in-class
technology, starting with Tier IV engines as they become available.

[602] At the public hearing for the Frontier project on September 29, 2018, Teck committed to using
mine mobile equipment that meets Tier IV NO, emission requirements. Teck stated that it has no
objections to an approval condition that requires it to meet its commitment to use of Tier IV equipment
standards. It assumed that all existing oil sands mining mines would be also be using mine mobile
equipment that meet Tier IV emission standards.
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Analysis and Findings

[603] Teck presented the results from air quality monitoring stations that are within the air dispersion
modelling domain, which indicated that mean annual NO, concentrations from 2009 to 2013 are well
below AAAQO and the LARP level 3 trigger values.

[604] Teck’s modelling used a total NO, emission rate of 20.94 t/d. In a subsequent submission, Teck
indicated that the project NO, emission rate will be reduced to 17.24 t/d as the result of adopting Dry Low
NO, 1+ gas turbine generators and low NO, duct burner technology to reduce NO, emissions from its
cogeneration units (as discussed below). The panel acknowledges that Teck’s assumption that all
developments in the 290 km x 700 km model domain area will proceed and operate simultaneously at full
capacity is conservative. Teck has committed to meeting MSAPR requirements for boiler and heater
emissions, where higher estimates were used in the Frontier project air quality assessment. The reductions
in project NO, emissions rate and conservative assumptions result in a conservative, or overstated,
estimation of base and application case NO, emissions.

[605] The panel also notes Mikisew’s recommendation that governments reduce the existing provincial
NO, and SO, triggers and limits to be in line with the new Canadian ambient air quality standards
(CAAQS). It is uncertain how the CAAQS will impact mitigation measures in the region to reduce
ambient NO, levels, or impact Alberta management actions to address any LARP trigger threshold
exceedances.

[606] Teck estimated NO, emission rates for stationary combustion boilers, heaters, and cogeneration
units based on provincial and federal policies in 2015. However, the federal regulations for NO, emission
rates from boilers and heaters have become more stringent in 2016 due to the MSAPR. The MSAPR apply
to all boilers and heaters having a rated capacity of 10.5 GJ/hr or higher and that will use or are designed
to combust gaseous fossil fuel.

[607] Although the panel is satisfied with Teck’s procedure of comparing the varying policies and using
the most stringent one to determine NOy emission limits within their 2015 project update, the project will
need to use the updated MSAPR as these are the most stringent NO, emission limits. The most
conservative MSAPR NO, emission intensity value of 16 g/GJ was assumed for all of the project’s heaters
and would form the basis of the heater’s NO, emission limits. For boilers, the thermal efficiency of 86 per
cent was used to calculate the NO, emission intensity value of 17.2 g/GJ, which then enabled the
development of the boiler’s NO, emission limits within the EPEA approval. The panel will require that
project boiler and heater NO, emission limits be set based on the most stringent applicable requirement.

[608] Teck’s procedure for determining the cogeneration unit’s NO, emission limits were provided
within the 2015 project update. Since that time, ECCC published the Guidelines for the Reduction of
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Nitrogen Oxide Emissions from Natural Gas-fuelled Stationary Combustion Turbines (ECCC, 2017).
This document provides new NO, emission intensities for all power rating combustion turbines using
natural gas. For the turbine portion of Teck’s two cogeneration units, the panel therefore requires the NOy
emission intensity value of 85 g/GJ to be used.* This subsequently produces the most stringent NO,
emission limit for the cogeneration units when using the CCME methodology.

[609] In evaluating the use of Dry Low NO, 1+ technology for the Frontier project cogeneration units,
the panel notes that Dry Low NO, 1+ reduces NOy emissions from the 2.29 t/d (for each cogeneration
unit) used in the 2015 project update air quality modelling, to 0.44 t/d (for each cogeneration unit).

It reduces overall NO, project emissions from 20.94 t/d to 17.24 t/d, an approximate 22 per cent reduction
from the cogeneration units and an overall reduction of 5.10 per cent from those used in Teck’s project
update. The panel also notes that 0.44 t/d using only Dry Low NO, 1+ technology is nearly as low as the
0.39 t/d performance target derived from the Alberta Interim Emission Guidelines for Oxides of Nitrogen
(NOx) for New Boilers, Heaters and Turbines using Gaseous Fuels for the Oil Sands Region in the
Regional Municipality of Wood Buffalo North of Fort McMurray based on a Review of Best Available
Technology Economically Available (BATEA), or commonly referred to as Alberta Policy 2. The panel
believes that Alberta Policy 2 performance targets are what industrial operators should strive to achieve.
The panel will require the Frontier project cogeneration NO, emission limit be set to 0.44 t/d per unit.*

[610] Frontier project mine fleet NO, emissions of 11.94 t/d represents 57 per cent of the Frontier
project total NO, emissions (20.94 t/d). The mine fleet 11.94 t/d NO, emissions is already assuming the
use of the most stringent emissions requirements (i.e., Tier I\V). The panel recognizes that the Frontier
project mine fleet represents a substantial portion of the Frontier project emissions and the importance of
maintaining NO, emissions at or below 11.94 t/d.

[611] NO, emissions, primarily from the mine fleet and gaseous combustion sources, are the most
substantial (by mass) criteria air contaminant released by the Frontier project. The panel finds that the
Frontier project will increase NO, emissions 3.3 per cent relative to base case emissions.

[612] The panel accepts Teck’s evidence that modelling bias tends to overpredict emissions when
compared with actual ambient air quality monitoring results.

[613] Teck has committed to using Dry Low NO, 1+ gas turbine generators and low NO, duct burner
technology to reduce emissions from its cogeneration facilities. The panel has considered requiring the
addition of selective catalytic reduction to further reduce NO, emissions. The panel acknowledges that
Teck’s use of Dry Low NO, 1+, with an emission rate of 0.44 t/d for each unit will be below current
Canadian turbine NOy emission limits of 1.93 t/d for each cogeneration unit. It notes that this emission
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rate is nearly as low as the Alberta Policy 2 performance target of 0.39 t/d, which is based on “best
available technology economically available” performance that companies should strive for.

[614] The panel also acknowledges that the addition of selective catalytic reduction technology for the
Frontier project cogeneration units would result in additional PM, s, greenhouse gas, ammonia emissions,
and additional financial costs.

[615] The panel recognizes the need to mitigate NO, emissions from the Frontier project. However, the
panel is of the opinion that the selective catalytic reduction technology does not provide substantial net
environmental benefit when compared to the additional emissions and costs.

[616] The panel finds that the Frontier project mine mobile equipment makes up a substantial portion of
the Frontier project total NO, emissions and that mitigation of mine mobile equipment NO, emissions is
important. The panel recognizes that the 57 per cent of overall project NO, emissions will be due to mine
mobile equipment emissions (assuming Tier 1V standards are met). It is essential for Teck to use Tier IV
compliant mobile equipment fleet and ensure the mine mobile equipment is maintained to prevent an
increase in mine mobile equipment emissions. The panel has included a condition that Teck is required to
operate and maintain mine mobile equipment haul trucks compliant with Tier IV standards, or
equivalent.®* The panel recommends Teck to develop and implement a plan to provide employee training
on minimizing mine mobile equipment idling and the importance of avoiding tampering with emissions
control systems. The panel also recommends that the Minister include measures to reduce NO, emissions
in the decision statement under CEAA 2012 (see section 38).

[617] The panel finds that Teck’s updated predicted NO, assessment results will be conservative; this is
a result of stack emissions using conservative emission rates and the inclusion of all approved projects in
the region. Teck’s estimation of future NO, emission rates also includes an assumption that all existing
mine fleets meet Tier IV emission standards.

[618] Teck has committed to operating its entire fleet of mine mobile equipment to Tier IV emission
standards or equivalent. The panel recognizes that in order for Teck’s mobile equipment to continually
operate within Tier IV emission standards, ongoing and proactive vehicle maintenance is required. The
panel will prohibit the removal of emission control technologies from mine mobile equipment.®

[619] Inits analysis, the panel finds that elevated levels of NOy as Teck has modelled, are likely to
occur in the Frontier project development area, and any effects are expected to decrease with distance
from the boundary. Based on the predicted decreasing levels of NO,, the magnitude of effects of
emissions in the regional study area and local study area are expected to be limited.
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[620] The panel finds that, if Teck’s entire mine fleet meets Tier IV criteria, if MSAPR emission
standards are achieved by all applicable boilers and heaters, and if Dry Low NO, 1+ cogeneration
technology are all implemented, the NO, emission effects can be reasonably mitigated. The panel will
require Teck to develop and implement an air quality mitigation, monitoring, and adaptive management
plan that incorporates the management of all Frontier project NO, emissions.*®

Cumulative Effects

Evidence

[621] The planned development case NOy emissions total is 789.6 t/d, where 602.1 t/d is from stack
emissions, 166.4 t/d is from mine fleet emissions, and 21.2 t/d is from non-industrial emissions.

[622] Inthe 2015 project update, Teck evaluated the Frontier project NO, emission effects. The 1-hour
NO, AAAQO is 300 micrograms per cubic metre (ug/m?).

[623] For the existing conditions scenario, Teck stated that the maximum 1-hour NO; is predicted to be
78.7 ug/m? along the project disturbance area boundary and 504 pg/m? as a local study area maximum
(outside of development areas).

[624] For the base case scenario, Teck stated that the maximum 1-hour NO, is predicted to be
87.6 pg/m® along the project disturbance area boundary and 366 pg/m? as a local study area maximum
(outside of development areas).

[625] For the application case scenario, Teck stated that the maximum 1-hour NO, is predicted to be
158 pg/m® along the project disturbance area boundary and 367 ug/m® as a local study area maximum
(outside of development areas).

[626] For the planned development case scenario, Teck stated that the maximum 1-hour NO; is
predicted to be 158 pg/m® along the project disturbance area boundary and 369 pg/m® as a local study
area maximum (outside of development areas).

[627] Teck stated that the maximum 1-hour concentrations near the project are predicted to be less than
the 1-hour NO, AAAQO and that higher values are associated with existing, approved, and planned
developments south of the Frontier project. The predicted project contributions to the local study area
maximums are less than 0.1 per cent; in general, NO, maximums are predicted to occur within and near
all existing, approved, and planned mining developments.

[628] Inthe 2015 project update, Teck evaluated the Frontier project NO, emission effects. The annual
NO, AAAQO is 45 ug/m°.
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[629] For the existing conditions scenario, Teck stated that the maximum annual NO; is predicted to be
10.1 pg/m?® along the project disturbance area boundary and 67.5 pg/m® as a local study area maximum
(outside of development areas).

[630] For the base case scenario, Teck stated that the maximum annual NO, is predicted to be
13.8 pg/m?® along the project disturbance area boundary and 63.4 pg/m® as a local study area maximum
(outside of development areas).

[631] For the application case scenario, Teck stated that the maximum annual NO, is predicted to be
42.4 pg/m?® along the project disturbance area boundary and 63.5 pg/m?® as a local study area maximum
(outside of development areas).

[632] For the planned development case scenario, Teck stated that the maximum annual NO; is
predicted to be 42.7 pg/m?® along the project disturbance area boundary and 66.8 pg/m® as a local study
area maximum (outside of development areas).

[633] Teck stated that the maximum annual concentrations near the Frontier project are predicted to be
less than the annual NO, AAAQO and that higher values are associated with existing, approved, and
planned developments south of the Frontier project. The predicted project contributions to the local study
area maximums are less than 0.3 per cent; in general, NO, maxima are predicted to occur within and near
all existing, approved, and planned mining developments.

[634] Teck stated that no annual NO, concentrations from nine air quality monitoring stations in the
mineable oil sands area region (four industry stations and five community stations) show concentrations
exceeding AAAQO:s.

[635] The LARP Air Quality Management Framework (AQMF) uses a cumulative effects management
approach at a regional level to proactively manage ambient NO,. The AQMF has developed a set of
triggers and limits (ranging from levels 1 to 4) to which air quality is compared to, and when the triggers
and limits are exceeded, a management response will be implemented.

[636] Teck provided annual measurements from 2009 through 2013 to provide an indication of existing
conditions in the region:

« Ambient NO, concentrations greater than the AQMF trigger 2 and the Fort McKay target have
occurred at two of the industry stations. These stations are located near mine developments but not
near human habitation.
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« Ambient NO, concentrations greater than the AQMF trigger 2 and the Fort McKay target have
occurred at the Athabasca Valley community station. This is due to high traffic volumes associated
with the highway that runs through Fort McMurray.

e The concentrations measured in the communities of Fort Chipewyan, Fort McKay, and Anzac are less
than applicable AAAQOs.

[637] The CAAQS are national health-based air quality objectives developed by the CCME as part of
the national Air Quality Management System. The NO, CAAQS is the key driver of the national Air
Quality Management System for improvement of air quality in Canada, which becomes effective in 2020
and increases in stringency in 2025. Teck stated that guidance from the CCME and AEP indicates that
maximum measured or modelled concentrations within the immediate vicinity and influence of the major
industrial facilities such as an oil sands project are not intended to be compared against the CAAQS.
Consequently, Teck stated that the CAAQS are not appropriate to evaluate the acceptability of maximum
predicted pollutant concentrations along or near the development boundaries of an oil sands project. Teck
also stated that the CAAQS are intended for comparison to air concentrations at locations similar to
community monitoring stations (not over the entire study areas).

[638] ECCC maintained that the CAAQS may be used in conjunction with results from air quality
modelling to predict the effect of a project on downwind locations, including communities and other
sensitive receptors. ECCC also stated that modelling data may be used to compare predicted
concentrations to ambient standards, including national standards such as the CAAQS, in order to
estimate the contribution of the Frontier project to local air quality. ECCC stated that in order to assess
the effect of a Frontier project on ambient air quality levels, it is recommended that modelled predictions
be compared to the most stringent federal, provincial, or territorial air quality standards applicable to the
given area. They note that in many cases, the CAAQS will be the most stringent levels for key air
pollutants, especially for longer term projects with emissions after 2025.

[639] Teck maintains that the comparison of predicted concentrations over the entire study area is
inconsistent with the intent of the CAAQS but provided the comparison of NO, predictions against the
CAAQS. The 1-hour NO, CAAQS is calculated from the three-year average of the 98" percentile of the
daily maximum 1-hour average concentration, where the objective will be 113 pg/m® in 2020 and

79 pg/m® in 2025. The annual NO, value is calculated from the average over a single calendar year of all
1-hour average concentrations, where the objective will be 32 pg/m® in 2020 and 23 pg/m® in 2025.

[640] Along the project disturbance area boundary, the 98" percentile 1-hour NO, base case prediction
is 84.3 pg/m’, and the application case prediction is 153 pg/m?; the base case is predicted to be in
exceedance of the applicable 2025 CAAQS. Outside the project disturbance area, but still within the local
study area, the 98™ percentile 1-hour NO, base case prediction is 352 pg/m® and the application case
prediction is 353 pg/m°. Along the project disturbance area boundary, the annual NO, base case
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prediction is 13.8 ug/m? and the application case prediction is 42.4 pg/m?®; the application case predicts an
exceedance of the applicable 2020 and 2025 CAAQS. Outside the project disturbance area, but still
within the local study area, the annual NO, base case prediction is 63.4 ug/m® and the application case
prediction is 63.5 pug/m?®. Teck notes that the NO, increase along the project disturbance area is because of
the Frontier project NO, emission sources, but the Frontier project does not make any substantive
contributions to the high application case values in the local study area. Teck indicates that the maximum
predicted NO, concentrations in the local study area are predicted near the adjacent oil sands mining
developments.

[641] Teck provided NO, isopleth figures and a summary table of predicted concentrations at discrete
sensitive receptor locations for corresponding CAAQS averaging periods. The base case predicts NO,
CAAQS exceedances, where the application case illustrates the relative contribution of the Frontier
project emissions. The project case isopleths illustrate maximum predicted concentrations, where CAAQS
exceedances are only in close proximity of the Frontier project boundary. The summary table does
identify exceedances of the 1-hour 2025 CAAQS for some cabins and points of interest, where the highest
frequency of predicted exceedances at a single receptor is for 91-hours throughout the modelled temporal
span.

[642] ECCC stated that the CAAQS are not standards to be achieved at the Frontier project perimeter;
they may be used in conjunction with air quality modelling to predict the effects on communities and
other sensitive receptors. Modelling data may be used to compare predicted concentrations to ambient
standards, including national standards such as CAAQS, in order to estimate the contribution of the
Frontier project to local air quality. In order to assess the effect of a Frontier project on ambient air quality
levels, ECCC recommends that modelled predictions be compared to the most stringent federal,
provincial, or territorial air quality standards applicable to the given area. ECCC also stated that air zone
monitoring stations used to report on CAAQS achievement are usually located in population centres; air
zones are designed to cover all geographic areas within a jurisdiction and the resulting management levels
and actions may be applied across an air zone, even in remote areas. Since the CAAQS are also designed
to protect the environment, the lack of a nearby human population is not a reason to discount the use of
the CAAQS during an environmental assessment. ECCC noted that since most long-term projects will be
operating into the foreseeable future, modelling results can be compared to the most stringent CAAQS
limits currently available.

[643] ECCC noted that Teck’s modelled results show that the predictions for the Frontier project case
(project-only emissions without background concentrations) are above the 2025 1-hour NO, CAAQS in
the local study area for cabins and places of interest (traditional use areas); there are also predicted
exceedances of the annual NO, CAAQS at places of interest in the project case. The model predictions
show that there are predicted exceedances of the 2025 1-hour NO, CAAQS in the base case and the areal
extent of the exceedance is increased with the addition of the Frontier project in the application case.
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[644] Teck identified the predicted frequencies of concentrations being greater than the 2025 CAAQS
for the project case, where the following human health risk assessment receptor locations (as identified in
the project update) were identified to have CAAQS exceedances: R79 with 25 exceedances, R81 with

50 exceedances, R148 with 16 exceedances, R149 with 91 exceedances, R151 with 6 exceedances, R152
with 42 exceedances, R153 with 32 exceedances, R181 with 21 exceedances, R182 with 5 exceedances,
R184 with 7 exceedances, and R185 with 10 exceedances.

[645] Teck provided a map of the human health risk assessment receptor locations, where R149, R151,
R 152, R182, R184, and R185 are located within the project disturbance area itself. Whereas R79, R81,
R148, R153, and R181 are located adjacent to the project disturbance area boundary.

[646] Mikisew notes that the new CAAQS may require additional measures to reduce NOy levels in the
mineable oil sands area in order to meet these more stringent requirements. Teck stated that they are
confident that the strategy of designing the Frontier project to limit NO, emissions consistent with “best
available technology economically available”; implementing the Frontier project-specific air quality
mitigation, monitoring, and adaptive management plan; and through collaboration with regional
management initiatives including the AQMF and the Lower Athabasca Region air zone Canadian ambient
air quality standards response: Government of Alberta action plan, is an effective strategy to manage air
guality relative to the CAAQS.

[647] ECCC stated that it supports Teck’s plans to remain below the CAAQS by implementing best
available technology, designing and implementing a local air quality monitoring program, and
participating in local and regional air quality management initiatives. ECCC recommends, if the Frontier
project is approved, for Teck to take an iterative approach to air quality management and make any
necessary adaptations to project equipment or procedures to prevent project emissions from contributing
to deteriorating air quality in the local regional area.

[648] ECCC stated that Teck has not provided enough information to demonstrate that all engines at
other existing facilities in the region will also be using engines that meet Tier IV standards, as was
assumed in the calculation of peak emissions in 2030. In the project update base case scenario, Teck
conducted the air quality modelling assessment based on the assumption that all existing mine fleet will
meet Tier IV emission standards. The base case also included emissions from all approved industrial
developments in the region.

[649] Teck stated that if existing mine fleets do not meet the Tier IV NO, emission standards in the
future, the maximum NO, concentrations provided in the integrated application and in the revised air
guality assessment, which incorporates the alternate base case, represent an upper bound of expected NO,
concentrations. Teck compared the total mine fleet NO, emission rate of 137.35 t/d from the base case to
a scenario that better reflects current mine fleet emissions of 210.42 t/d.
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Analysis and Findings

[650] Based on Teck’s updated NO, assessment for the Frontier planned development case, the Frontier
project has NO, ambient air quality effects along the project disturbance area boundary. Project effects to
the local study area dissipate along with distance from the project disturbance area boundary. This implies
that the Frontier project, as assessed in the project update, has a relatively low contribution to the local
study area maximums. Based on the predicted NO, concentrations, the Frontier project is not expected to
cause an increase in NO, AAAQO exceedances in the mineable oil sands area.

[651] In comparing the project update predictions to the applicable CAAQS along the project
disturbance area boundary, the Frontier project effects are notable and exceedances of the NO, CAAQS
are predicted. The panel acknowledges however that CAAQS are not standards to be achieved at the
Frontier project perimeter.

[652] When considering NO, effects beyond the project disturbance area boundary (but still within the
local study area), the Frontier project effects are relatively small. In examining isopleths submitted by
Teck, the panel notes that the Frontier project effects are primarily localized near the project disturbance
area boundary, but small changes in ambient air quality predictions are effected throughout the domain.
The small changes to the air quality predictions due to the Frontier project may be smaller than the margin
of error associated with the model prediction confidence. The panel also recognizes that the base case
already predicts potential CAAQS exceedances at existing oil sands operations.

[653] The panel also notes Mikisew’s recommendation that governments reduce the existing NO, and
SO, triggers and limits to be in line with the new CAAQS. As noted above, it is uncertain how the
CAAQS will impact mitigation measures in the region to reduce ambient NO, levels, or impact
management actions to address any LARP trigger threshold exceedances.

[654] Teck conducted the air quality modelling assessment based on the assumption that all existing
mine fleets in the base case will meet Tier IV emission standards. There is uncertainty if existing mine
fleets in the mineable oil sands area will transition to Tier IV emission standards before the Frontier
project reaching peak emissions in 2030. This uncertainty also brings into question the conservativeness
of the project update conclusions. If Tier 1V standards were not adopted by existing mine fleets, future
emissions may be higher than those predicted by Teck.

[655] The panel accepts that there is uncertainty regarding whether all operators will use Tier IV mine
fleet equipment in the future. The panel relies on the AQMF to address regional NO, emissions in the
event that LARP NO, triggers are exceeded in the future.

[656] The panel also notes that future CAAQS and potential management actions under LARP may
require additional air quality measures by the Government of Alberta in the mineable oil sands area to
reduce overall NO, emissions.
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[657] The panel finds that the proposed project has the potential to exceed applicable NO, AAAQO and
CAAQS at the Frontier project boundary, but the effects are diminishing as distance from the Frontier
project increases. The Frontier project has a limited potential to increase NO, air quality effects on a
cumulative effects basis.

[658] The Frontier project has a relatively low potential to effect NO, CAAQS achievement in the
mineable oil sands area. Acknowledging that Teck’s project NO4 emissions predictions are conservative,
the panel finds that the Frontier project effects on CAAQS achievement beyond the project disturbance
area is small. The panel believes that NO, mitigation is the most appropriate approach in managing for
CAAQS.

[659] ECCC has indicated that Teck’s project-only modelling scenario predicts numerous exceedances
of the 2025 1-hour NO, CAAQS at cabins and places of interest within the local study area. The panel
notes that the locations of these cabins and places of interest are either within the project disturbance area
boundary itself or directly adjacent to the boundary. The panel finds that it is reasonable to expect
receptor locations within or adjacent to the project disturbance area boundary to experience increased
effects to air quality.

[660] The panel accepts that Teck’s air quality assessment includes assumptions that result in
conservative predictions for cumulative effects of the Frontier project. The panel acknowledges that
predicted NO, exceedances for the planned development case may be the result of conservative modelling
assumptions and that such exceedances may not occur in the future as anticipated by modelling efforts.
The panel also recognizes that Teck’s modelling predictions for NO, are based on the assumption that all
of the mineable oil sands area mine fleets will be Tier IV compliant by 2025. This assumption raises some
uncertainties regarding Teck’s predictions as the use of Tier IV mine fleets by other operators is outside
of Teck’s control. The panel will make a recommendation to the Government of Alberta that it develop
and implement a plan to facilitate the transition of the mine fleet in the mineable oil sands area to meet
Tier IV standards.

[661] In the absence of broad adoption of Tier IV emission controls, the panel recognizes that NO,
emissions in the region have the potential to adversely affect critical AAAQO, CAAQS, and LARP
thresholds for NO,, The panel finds that the current monitoring system should provide sufficient warning
of potential NOy air quality issues in the region such that timely mitigation measures and adaptive
management plans can be implemented. The panel is of the opinion that regional approaches to NO,
mitigation is the most appropriate approach in managing this potential scenario should it arise. The panel
makes a recommendation to Alberta that that it develop and implement a plan to facilitate the transition of
the mine fleet in the mineable oil sands area to meet Tier IV standards.

[662] The panel finds that if all of the facilities included in the planned development case proceed,
predicted air quality effects associated with NO, suggest that additional management actions to mitigate
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effects may be required under the AQMF and CAAQS management mechanisms. The panel accepts that
the LARP framework and CAAQS management are the logical approach to address this as a regional air
quality issue.

Sulphur Dioxide (SO5)

[663] Regional sulphur dioxide emissions have been a significant focus of monitoring and management
in the mineable oil sands area. These emissions have the potential to affect a number of important
environmental factors in the region, including contributions to acidifying emissions. SO, emissions are
primarily attributed to upgrading facilities in the mineable oil sands area, where standalone oil sands
mines are relatively small contributors.

Project Effects

Evidence

[664] Teck stated that SO, emissions for natural gas-fired stacks were calculated based on a natural gas
sulphur content of 90 ppm, which is based on the maximum sulphur content of natural gas in Alberta’s
pipeline system. This is considered a conservative assumption as the actual sulphur content of natural gas
is expected to be much lower. The mine fleet SO, emissions were based on the assumption that diesel
sulphur content is 15 milligrams per kilogram (mg/kg).

[665] Teck stated that existing conditions SO, emissions are calculated to be 312.9 t/d and base case
emissions are calculated to be 307.6 t/d. This represents a 1.7 per cent decrease from existing conditions.
The reduction in base case emissions is the result of a SO, emission reduction program associated with
one of the existing upgraders.

[666] The Frontier project SO, emissions total 1.54 t/d consists of 1.51 t/d from stack emissions and
0.03 t/d from mine fleet emissions. The base case SO, emissions total 307.6 t/d, which consists of

303.5 t/d from stack emissions, 3.4 t/d from mine fleet emissions, and 0.7 t/d from non-industrial
emissions. The Frontier project represents a 0.50 per cent relative increase from the base case emissions.

[667] As a mitigation measure, Teck stated that mine fleet will use ultra-low-sulphur diesel fuel.

[668] ECCC submitted that sulphur emissions associated with upgrading should be included in Teck’s
analysis. The bitumen product from the Frontier project will need upgrading, where the upgrading process
is a notable emitter of SO, emissions. If the upgrading is to take place near the Frontier project, ECCC
believes that the SO, emissions are attributable to the Frontier project. ECCC acknowledges that there is
uncertainty in whether or not bitumen from the Frontier project would be replacing depleting feedstock to
the upgraders or if this would be additional feedstock.
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Analysis and Findings

[669] SO, has historically been an important ambient air quality management issue in the mineable oil
sands area, where oil sands upgraders are large SO, emitters. Teck’s project emissions will be less than
0.5 per cent of application case SO, emissions. The project SO, emissions are minor, assuming low-
sulphur fuel is used, when compared to neighbouring oil sands mines with integrated upgraders.

The panel will require that Teck use low-sulphur natural gas and diesel fuels for all project operations and
recommends that the Minister include the same mitigation measures in the decision statement under
CEAA 2012.%

[670] The panel accepts Teck’s evidence that the projects 0.50 per cent relative increase from base case
SO, emissions are negligible.

[671] SO, ambient standards are likely to become more stringent in the near future. The panel finds,
even in this context, that the Frontier projects emissions are low and are not expected to result in
exceedances of more stringent SO, emissions standards.

[672] Teck did not consider potential SO, emissions from upgrading or refining bitumen produced by
the project as part of its assessment. These emissions would be most appropriately addressed at the
location where future bitumen upgrading activities are located. At this point in time, it is unclear where
the upgrading would occur.

[673] If upgrading were to occur at existing facilities within the mineable oil sands area or elsewhere,
these facilities would have their own mitigation approaches and emission limits that would need to be
met. The panel finds that SO, emissions associated with upgrading bitumen from the Frontier project are
beyond the scope of this review.

Cumulative Effects

Evidence

[674] Inthe 2015 project update, Teck assessed the potential effects of SO, emissions. Teck stated that
base case maximum 1-hour SO, concentrations within and along the project disturbance area boundary
were predicted to be 40.9 pg/m® and 40.7 pg/m?, respectively. The base case maximum 1-hour SO, in the
local study area was predicted to be 177 pg/m?®; this represents a decrease from the existing conditions
case as it reflects the SO, emission reduction efforts associated with existing upgraders. The 1-hour SO,
AAAQO is 450 pg/m®.

[675] The application case maximum 1-hour SO, concentrations within and along the project
disturbance area boundary remain unchanged from the base case at 40.9 pg/m® and 40.7 pg/m?®,
respectively. The application case maximum 1-hour SO in the local study area was unchanged from the
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base case at 177 pg/m®. Teck claims that the Frontier project does not make any substantive contributions
to the application case local study area or regional study area maximum predictions, where the change
from base case to application case is 0.005 per cent or less.

[676] The planned development case maximum 1-hour SO, concentrations within and along the project
disturbance area boundary were predicted to be 45.8 pg/m® and 46.6 pug/m?, respectively. Teck attributes
this increase to emissions from adjacent mine developments.

[677] Inthe 2015 project update, Teck assessed the potential effects of SO, emissions. Teck stated that
base case maximum 24-hour SO, concentrations within and along the project disturbance area boundary
were both predicted to be 23.2 ug/m®. The base case maximum 24-hour SO, in the local study area was
predicted to be 69.5 pug/m®; this represents a decrease from the existing case due to SO, emission
reduction efforts associated with existing upgraders. The 24-hour SO, AAAQO is 125 ug/m°.

[678] The application case maximum 24-hour SO, concentrations within and along the project
disturbance area boundary remain unchanged from the base case at 23.2 pug/m®. The application case
maximum 1-hour SO in the local study area was unchanged from the base case at 69.5 pg/m>. Teck
claims that the Frontier project does not make any substantive contributions to the application case local
study area or regional study area maximum predictions, where the change from base case to application
case is 0.0004 per cent or less.

[679] The planned development case maximum 24-hour SO, concentrations within and along the
project disturbance area boundary were both predicted to be 27.1 pg/m®. Teck attributes this increase to
emissions from adjacent mine developments.

[680] Inthe 2015 project update, Teck assessed the potential effects of SO, emissions. Teck stated that
base case maximum annual SO, concentrations within and along the project disturbance area boundary
were predicted to be 2.02 pg/m® and 2.03 pg/m?, respectively. The base case maximum annual SO, in the
local study area was predicted to be 10.9 ug/m®. The annual SO, AAAQO is 20 pg/m”.

[681] In the application case, annual SO, predictions within and along the project disturbance area
boundary slightly increase due to Frontier project SO, emission sources. The application case maximum
annual SO, concentrations within and along the project disturbance area boundary remain unchanged
from the base case at 3.81 pg/m® and 2.41 pg/m®, respectively. The application case maximum annual
SO; in the local study area was slightly increased from the base case at 11.0 pg/m>. To describe the
spatial extent of the SO, increase, Teck stated that the area in the local study area where concentrations
are predicted to be greater than 20 pg/m?® is 15 km?, which is a 0.7 per cent increase compared to the base
case.
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[682] The planned development case maximum 24-hour SO, concentrations within and along the
project disturbance area boundary were predicted to be 4.06 pg/m® and 2.71 pg/m?, respectively. Teck
attributes this increase to emissions from adjacent mine developments.

[683] The AQMF uses a cumulative effects management approach at a regional level to proactively
manage ambient SO,. It contains a set of triggers and limits (ranging from levels 1 to 4) to which air
quality is compared to, and when the triggers and limits are exceeded, a management response will be
implemented. Teck stated that between 2009 and 2013, 1-hour measurements of existing condition in the
region were as follows:

« Ambient SO, concentrations greater than the AAAQO only occurred at the Mannix industry station in
2010.

« Ambient SO, concentrations greater than the Lower Athabasca Regional Framework trigger 2
occurred at several of the industry stations, and only at the Fort McKay community station in 2013.

« The maximum concentrations are the lowest at the Fort Chipewyan station.

[684] Teck stated that between 2009 and 2013, annual measurements of existing condition in the region
were as follows:

« All concentrations were less than the AAAQO, National Ambient Air Quality Objectives, or AQMF
triggers at the monitoring stations.

« Ambient concentrations greater than the Fort McKay target occurred at the Mannix station in 2010.

[685] Teck provided a comparison of SO, predictions against the applicable CAAQS. The 1-hour SO,
CAAQS is calculated from the three-year average of the 98" percentile of the daily maximum 1-hour
average concentration, where the objective will be 183 ug/m?® in 2020 and 170 ug/m? in 2025. The annual
SO, value is calculated from the average over a single calendar year of all 1-hour average concentrations,
where the objective will be 13 pg/m® in 2020 and 10 pg/m? in 2025.

[686] Along the project disturbance area boundary, the 98™ percentile 1-hour SO, base case prediction
is 43.5 pg/m® and the application case prediction is 43.6 pg/m®. Outside the project disturbance area, but
still within the local study area, the 98™ percentile 1-hour SO, base case prediction is 213 pg/m® and the
application case prediction remains the same at 213 pg/m°.

[687] Along the project disturbance area boundary, the annual SO, base case prediction is 2.03 pg/m®
and the application case prediction is 2.41 pug/m?®. Outside the project disturbance area, but still within the
local study area, the annual SO, base case prediction is 10.9 pg/m® and the application case prediction is
11.0 pg/m®,

[688] Teck notes that the Frontier project does not make any substantive contributions to the application
case maximum values in the local study area and regional study area.
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[689] Teck stated that the Frontier project does not make any substantive SO, contributions to the
application case predictions in the local study area or the in the regional study area with respect to the
CAAQS.

Analysis and Findings

[690] SO, emissions are an important cumulative effects issue in the mineable oil sands area and
throughout the Lower Athabasca region. The panel recognizes that current SO, emissions are decreasing
as the result of continuous improvement of oil sands upgrading in the region.

[691] The panel also notes that project SO, emissions are relatively small when compared to the
application case and planned development case emission scenarios.

[692] The panel accepts Teck’s modelling evidence that exceedances of regional air quality standards,
due to project emissions, are not expected in the local study area or regional study area.

[693] Teck’s analysis concludes that the model results are conservative as they tend to overpredict SO,
concentrations.

[694] The panel finds that the Frontier projects contribution to cumulative effects of SO, in the local
study area and regional study area are low or minimal.

Acid Deposition

[695] NO, and SO, are the main contributors to forming acidifying pollutants in the atmosphere, which
are subsequently deposited onto the terrestrial surface. Emitters of acidifying emissions in the mineable
oil sands area can include emissions from upgraders, mine fleets, combustion equipment, and on-road
transportation. The effects of acidifying emissions are cumulative in nature; the combined emissions from
the region contribute to the acid deposition effects. If enough acid deposition occurs, the buffering
capacity of soil and surface water ecosystems is overwhelmed and damage to the ecosystem can occur.
Naturally occurring or anthropogenically deposited (such as dust from mining activity) base cations can
neutralize acid deposition.

[696] The panel finds that given the cumulative nature of acidifying emissions, their effects are most
appropriately addressed through a cumulative analysis rather than through a project-specific one.

Cumulative Effects

Evidence

[697] Teck stated in the project update that the CALPUFF model was used to predict potential acid
input deposition from precursor emissions for the existing conditions, base case, application case, and
planned development case. The acid-forming precursor emissions assessed were NO, and SO,, the
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Frontier project increases the base case NO, emission by 3.3 per cent and the base case SO, emissions by
0.5 per cent. The project update adopts recent base cation deposition measurements, which replaced the
provincial-scale estimates used in the original integrated application. Base cation emissions from the base
case, application case, and planned development case will likely be greater than those associated with
existing conditions; therefore, adopting the existing conditions base cation values for the assessment cases
is a conservative assumption.

[698] Teck stated in the project update that for the base case potential acid input predictions, positive
potential acid input (implying acidification) depositions are predicted for the four northern grid cells, and
negative potential acid input depositions are predicted for the eight southern grid cells. The average
potential acid input deposition for the grid cell where the Frontier project is located is

—0.4028 kiloequivalents of hydrogen ion deposition per hectare per year (keq H" ha™ a*), where the
potential acid input deposition for all regional study area grid cells are less than the most stringent
deposition loading criteria (0.17 keq H" ha™* a* monitoring load). There are areas totalling 150 km? within
and near existing and approved operations where potential acid input is predicted to be greater than the
0.17 keq H* ha™ a™* deposition load.

[699] For the application case, positive potential acid input depositions are predicted for the four
northern grid cells, and negative potential acid input depositions are predicted for the eight southern grid
cells. The average potential acid input deposition for the grid cell where the Frontier project is located is
—0.3940 keq H* ha™ a™*, where the average potential acid input for this grid cell has increased by 2.1 per
cent due to additional precursor NO, emissions. Potential acid input deposition for all regional study area
grid cells are less than the most stringent deposition loading criteria (0.17 keq H" ha™* a™* monitoring load).
There are isolated locations (150 km?) within and near existing and approved operations predicts potential
acid input is greater than the 0.17 keq H" ha™ a™ deposition load, which represents a 14 per cent increase
in spatial extent relative to the base case.

[700] Teck stated that the project update assessment predictions indicate that the risk of acidification
appears to be mitigated by base cation deposition. The risk of acidification would increase if additional
dust control at the mines reduces regional-scale base cation emissions without associated decreases in
NO, and SO, emissions.

[701] Teck stated that the updated predictions in the project update indicate that risk of acidification
appears to be mitigated by base cation deposition. Teck also stated that the risk of acidification would
increase if additional dust control at mines reduces regional-scale base cation emissions without
associated decreases in SO, and NO, emissions. Teck evaluated acidifying deposition predictions in a
scenario with reduced base cation values, which resulted in peak potential acid input deposition values
increasing in magnitude.
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[702] Teck stated that potential acid input represents the sum of the sulphur substances (e.g., SO, and
sulphate ion [SO,%]) and the nitrogen substances (e.g., nitrogen monoxide [NO], NO,, nitric acid [HNO;]
and nitrite ion [NO®1) contributions minus the neutralizing effects of the base cation (e.g., calcium base
cation [Ca*"] and magnesium base cation [Mg”]) contribution. Teck stated that recent measurements
indicate much greater base cation deposition in the oil sands region than previously assumed. Based on
this recent information, subsequent studies have indicated that the risk of soil acidification is minimal due
to these high levels of base cation deposition. Teck used base cation measurements to estimate a regional
base cation deposition, where the total base cation deposition (throughfall) values ranged from an average
of 0.68 keq H" ha™ a™ for the distant sites (70 km to 129 km) to an average of 2.45 keq H* ha™ a™* for the
near sites (3 km to 29 km). The largest wet deposition of 6.11 keq H" ha™ a™ occurred at a distance of

12 km.

[703] ECCC identified limitations in the modelling approach used by Teck to predict acid deposition,
which point to uncertainty and underestimation of Teck’s prediction of project effects. In ECCC’s
regional acid deposition assessment, its conclusions on acid deposition used the best available data, which
was collected through recent research on acid depositions supported by the Qil Sands Monitoring
Program. ECCC concluded that acid deposition resulting from 2013 emission levels of sulphur and
nitrogen exceeds the ability of aquatic ecosystems in northern Alberta and Saskatchewan to sustainably
buffer. ECCC further stated that the result is that ecosystem damage will occur at 2013 emission levels,
and any additional acidifying emissions and transport into the ecosystem will increase exceedance to the
critical load and result in ecosystem damage within a short timeframe, where the region at risk is
approximately half the size of the province of Alberta.

[704] Teck stated that the potential acid input assessment accounts for NOx and SO, emission sources
both in and outside the Lower Athabasca region and for base cations. The updated assessment uses more
recent and local ammonium and base cation deposition measurements by the Wood Buffalo
Environmental Association. Teck stated that, as a consequence, high potential acid input deposition
values are essentially confined to the development areas. The potential acid input values off site tend to be
negative, indicating no acidification potential.

[705] ECCC stated that the Makar et al. (2018) study does not support Teck’s overall acid deposition
assessment in the project update (volume 3, section 4). The difference and resulting conclusion between
Teck and ECCC’s assessments is likely due to the difference in air quality model chosen, and the
methodology used to assess ecosystem effects, the limitations of the Teck model to within 200 kilometres
(km) of the surface facilities, and the lack of observation-based corrections in the Teck model predictions.

[706] Based on best available data (Makar et al., 2018), ECCC concludes that any additional acidifying
emissions and transport into the ecosystems will increase critical load exceedances, and cause ecosystem
damage to occur in a shorter timeframe.
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[707] ECCC noted that the Teck assessment identifies that bitumen upgrading will not occur within the
Frontier project area local study area. If this upgrading occurs at locations within atmospheric transport
distances of the sensitive ecosystem of northern Alberta and Saskatchewan, emissions from the upgrading
will also result in ecosystem damage. The net effect of the Frontier project on acidifying deposition may
thus be greater than the local study area emissions noted in the Teck assessment. ECCC also notes that
any new emission sources, such as the Frontier project, and including any associated upgrading within
transport distance of sensitive ecosystem, will accelerate the rate at which ecosystem damage will occur.

[708] Teck maintained that measured pH data of acid-sensitive lakes collected by the Regional
Aguatics Monitoring Program (RAMP), where 28 of the lakes exhibited a statistically significant increase
in pH, is contrary to ECCC’s assertion that lakes are acidifying.

[709] Teck stated that Makar et al. (2018) notes the base cation neutralization but stresses that it is
limited to within 140 km of the centre of oil sands mines. The RAMP (2016) dataset clearly shows this
limitation is not the case, with pH increasing in nearly all lakes from nearby the mines to up to 340 km
away between 1999 and 2015.

[710] ECCC maintains that while the trend of the average and median for the entire period of data
across all lakes is towards increased alkalinity, some lakes have nevertheless become more acidic.

The number of lakes undergoing acidification, and the rate of acidification, has increased when the final
six years of data are compared to the entire period of the RAMP (2016) dataset. The locations of the
acidifying lakes are all within the regions predicted to be in exceedance of critical loads for sulphur
deposition in Makar et al. (2018). The level of significance for the acidification of lakes has increased,
comparing the entire period to the last six years of data.

[711] Teck stated that nitrogen deposition is directly related to the number of NOy emission sources
and the associated emission rates, where the Frontier project emissions increases base case NOy
emissions by 3.3 per cent. Teck stated that nitrogen deposition results from NOy emission sources in the
Lower Athabasca region and from emission sources located outside the region. And when near major
emission sources, the predicted nitrogen deposition is strongly influenced by the Lower Athabasca region
emissions and less by outside sources. Teck also stated that the more distance from the major sources, the
influence of background due to sources located outside the region becomes more important.

Analysis and Findings

[712] Based on Teck’s project update assessment on potential acid input, the panel acknowledges that
the Frontier project is predicted to have a localized acid deposition effect near the project disturbance area
but recognizes that much of the deposition would be neutralized by the base cations.

[713] Teck assumes base cation (from mining activity fugitive dust) neutralizes much of the acid
deposition from the Frontier project. ECCC has expressed concerns relating to Teck’s assertion, and if
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regional fugitive dust is substantially mitigated in the future, there is uncertainty in whether or not the
neutralization due to base cations will remain.

[714] ECCC submitted evidence that the location of lakes with measureable acidification are within
regions predicted to be in exceedance of critical loads for sulphur deposition. The panel interprets this
assertion of sulphur deposition as one of the key drivers for critical load exceedances, as predicted by
ECCC. The panel also recognizes that the Frontier project is not a major sulphur emitter, but ECCC
asserts that the Frontier projects effect due to upgrading of the product is not accounted for.

[715] ECCC submits that critical load exceedances are occurring or will eventually occur, but Teck
maintains that acid-sensitive lakes are actually increasing in pH. The panel recognizes that the risks of
critical load exceedances in the ecosystem are present, but there is limited evidence that acid-sensitive
lakes are actually acidifying.

[716] The panel recognizes that there is uncertainty in the overall modelling methodology used by Teck
and ECCC. Teck evaluates potential acid input as prescribed in the current Alberta Acid Deposition
Management Framework, but ECCC submits data based on an internationally accepted approach of
critical loads that differs from the framework.

[717] The panel finds that the base cation input from mining activity is mitigating acidification, but this
mitigation may be negated with additional dust control in the region. The panel recognizes that there are
varying opinions relating to the extent of base cation deposition in the region. The panel is of the opinion
that, regardless of the extent of base cation deposition, reducing acidifying emission precursors (i.e., NO,
emissions) is essential to mitigate Frontier project acid deposition effects. The panel will require that Teck
develop and implement an air quality mitigation, monitoring, and adaptive management plan that
incorporates the management of acidifying emissions from the Frontier project.®

[718] ECCC and Teck have differing model results and opinions on the Frontier project’s effect to acid
deposition. The panel finds that Teck’s evidence, where the RAMP (2016) dataset of lakes up to 340 km
away from the Frontier project (between 1999 and 2015), demonstrates that almost none of the lakes
show signs of acidification.

[719] Based on evidence provided by ECCC, the panel recognizes that critical load exceedances in the
mineable oil sands area is a potential risk. The panel finds that while the Frontier project has the potential
to contribute to critical load exceedances, the magnitude of contribution is likely small.

[720] Soil and surface water acidification is currently being monitored through the Alberta Oil Sands
Monitoring Program. Efforts should continue to analyze RAMP data for changing trends. The ongoing
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results of this monitoring and analysis should provide the basis for timely additional mitigation of
acidifying emissions in the mineable oil sands area as necessary.

[721] The panel finds that the Frontier project’s contribution to the cumulative effects of acid
deposition will be limited in the local study area and regional study area.

Fine Particulate Matter and Secondary Organic Aerosols

[722] Fine particulate matter (PM, ) are particles of less than 2.5 um in diameter. In the mineable oil
sands area, PM, s can be emitted from diesel exhaust, stack emissions, construction activity, fugitive dust
from mining activity and roads, and secondary PM, 5 can be formed in the atmosphere through chemical
processes. PM, s can have respiratory human health effects due to its fine size. As secondary PM, s is
formed downwind in the atmosphere from precursor emissions of various sources, the effects can be
considered cumulative.

[723] Volatile organic compounds (VOCs), semivolatile organic compounds, and intermediate volatile
organic compounds are precursors that undergo atmospheric processes to form small particles, referred to
as secondary organic aerosols. Secondary organic aerosols can make up a component of PM, s and its
effects be considered cumulative, as the formation occurs downwind of emissions sources. In the
mineable oil sands area, secondary organic aerosols precursors are emitted from mining and upgrading
operations, which subsequently oxidize in the atmosphere and form a component of PM,s.

Project Effects

Evidence

[724] Teck stated that PM, 5 due to construction activity is predicted to be 0.017 t/d during the peak
construction year. Teck stated that construction dust will be mitigated by using measures that include
selection of road materials, limiting vehicle speeds, and surface watering (or equivalent).

[725] Teck stated the Frontier project PM, s emissions consist of 0.06 t/d from stacks, 0.17 t/d from
mine fleet, and 0.33 t/d from fugitive dust. The total Frontier project emission rate of 0.56 t/d represents a
3.7 per cent increase from the base case PM, s emissions. Mine fleet exhausts and fugitive dust from the
mine fleet are the main sources of PM, s emissions (30 per cent and 59 per cent, respectively).

[726] Teck stated that the Frontier project will be a source of direct PM, s emissions in the form of
primary PM, s from combustion and fugitive dust sources. Secondary PM, s can be formed by reactions in
the atmosphere that produce sulphate and nitrate; in the project update, Teck assumes that secondary
PM, 5 contribution is in the form of ammonium sulphate and ammonium nitrate.

[727] Teck stated that the following fugitive dust mitigation measures would be used:

« appropriate road building materials
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« enforced vehicle speed limits

« application of water or other dust suppression material

e progressive reclamation

« temporary vegetation of disturbed land

« retained natural or planted vegetation to provide windbreaks

[728] Teck stated that it plans to implement dust control measures as part of the Frontier project’s dust
management plan to manage fugitive dust emissions; however, a portion of the fugitive emissions will be
transported and deposited outside the project disturbance area. Teck also stated that although these dust
emissions can neutralize acidic emission contributions, the management of fugitive dust emissions remain
a priority in terms of regional air quality.

Analysis and Findings

[729] The Frontier project PM,; is from stack and mine fleet exhaust emissions and, to a large extent,
from fugitive dust. The panel notes that the Frontier project PM, s emissions would result in a relatively
small increase of 3.7 per cent over base case emissions.

[730] Inits project update, Teck evaluated secondary PM, s contributions using the prescribed
regulatory air model. There are technical limitations to the ability of the chosen regulatory model to
accurately predict secondary particulate formation. The source of secondary particulates is driven by the
atmospheric transformation of NO,, SO,, and VOCs to form particulates downwind of the sources.

The panel recognizes that secondary particulates can be managed by mitigating NO,, SO,, and
hydrocarbon emissions.

[731] With the consideration of organic aerosol contribution to PM,s, the CAAQS is only predicted to
be exceeded in Fort McMurray, where the Frontier project effects are not expected to have a material
effect relating to PM,s.

[732] The panel finds that stack and mine fleet vehicle exhaust particulate emissions are relatively well
understood and can be measured or estimated with reasonable effort. Fugitive dust PM, s emission
estimates have greater uncertainties in how accurate and precise the fugitive dust emissions are predicted.
The panel finds that mitigation of fugitive dust emissions is a viable approach to mitigating PM, 5 effects.
It will require Teck to develop and implement a dust management and mitigation plan that clearly
identifies the potential sources of PM, s and approaches to mitigation. The plan must include adaptive
management measures in the event that soil and water chemicals of potential concern exceed predicted
levels.®
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[733] While the panel finds that the effects of PM, s emissions from the Frontier project are low, it will
require Teck to develop and implement an air quality mitigation, monitoring, and adaptive management
plan that incorporates the management of PM, s and secondary organic aerosols precursors (including
analytically unresolved hydrocarbons).®’

[734] The panel will also recommend to Alberta that a mitigation and management plan be developed
under the AQMF to prevent the proliferation of secondary organic aerosols in the mineable oil sands area.

Cumulative Effects

Evidence

[735] Teck stated that the maximum 1-hour PM, s values near the Frontier project are predicted to be
less than the 1-hour Alberta ambient air quality guideline (AAAQG) and maximum values elsewhere in
the local study area are predicted to be greater than the 1-hour AAAQG (80 pg/m®); the Frontier project
contribution to the local study area maximum is less than 0.02 per cent. The 1-hour PM, s along the
project disturbance area boundary is predicted to be 21.9 pg/m® for the base case, 56.0 pug/m? for the
application case, and 56.5 pg/m? for the planned development case. The 1-hour PM, 5 local study area
maximum is predicted to be 252 pg/m® for the base case, application case, and planned development case.

[736] Teck stated that the maximum 24-hour PM, s values near the Frontier project and within the local
study area are predicted to be greater than the 24-hour AAAQO (30 pg/m?). The predictions exceeding
the AAAQO are limited to a small 5 km? region northeast of the project disturbance area boundary. Teck
noted that the predicted exceedance is primarily due to the assumed fugitive dust emissions and the
associated uncertainties in estimation. The predicted maximum at the project disturbance area boundary
for the application case is consistent with predictions along other oil sands mine boundaries. The Frontier
project contribution to the local study area maximum is less than 0.01 per cent. The 24-hour PM, s along
the project disturbance area boundary is predicted to be 17.5 pg/m? for the base case, 40.0 ug/m? for the
application case, and 40.5 pg/m? for the planned development case. The 24-hour PM, 5 local study area
maximum is predicted to be 122 pg/m? for the base case, application case, and planned development case.

[737] Teck stated that the 98" percentile 24-hour PM, 5 values near the Frontier project, only for the
planned development case, are predicted to be slightly greater than the 24-hour CAAQS (28 pg/m?).
Teck notes that the planned development case conservatively includes two mine developments whose
application have been withdrawn. The predicted maximum 98" percentile 24-hour PM, 5 values in the
local study area are predicted to be greater than the 24-hour CAAQS; the Frontier project contribution to
the local study area maximum is less than 0.04 per cent. The 98" percentile 24-hour PM, 5 along the
project disturbance area boundary is predicted to be 14.5 pg/m® for the base case, 27.7 pg/m? for the
application case, and 28.3 ug/m? for the planned development case. The 98" percentile 24-hour PM, 5

® Draft EPEA Approval — Condition 4.1.51

Joint Review Panel 2019 ABAER 008 (July 25, 2019) 153



Teck Resources Limited, Frontier Oil Sands Mine Project Section 13: Air Quality

local study area maximum is predicted to be 62.2 pg/m?® for the base case, 62.3 pg/m® for the application
case, and 62.8 pug/m? for the planned development case.

[738] Teck stated that the annual PM, 5 values near the Frontier project are predicted to be less than the
annual PM, s CAAQS (10 ug/m3). The predicted maximum annual PM, 5 values in the local study area are
predicted to be greater than the annual PM,s CAAQS; the Frontier project contribution to the local study
area maximum is less than 0.3 per cent. The annual PM, 5 along the project disturbance area boundary is
predicted to be 5.2 pg/m? for the base case, 7.8 ug/m? for the application case, and 8.0 ug/m? for the
planned development case. The annual PM, local study area maximum is predicted to be 16.6 ug/m? for
the base case, 16.6 ug/m? for the application case, and 16.9 pug/m? for the planned development case.

[739] ECCC stated that secondary organic aerosols precursors are specific VOCs called analytically
unresolved hydrocarbons. These are a specific group of VOCs that have a low volatility and are efficient
at producing secondary organic aerosols. ECCC stated that it is concerned that the specific group of
analytically unresolved hydrocarbons will not be specifically mitigated by Teck.

[740] ECCC stated that secondary organic aerosols can make up a significant proportion of PM5s,
which is known to have negative effects on air quality, human health, and climate. ECCC also stated that
emissions of organic compounds contribute significantly to the formation of secondary organic aerosols
downwind, which results in increased concentrations of organic aerosols and PM, s far from the Frontier
project site.

[741] Teck stated that using the estimated hydrocarbon emissions presented in the project update as a
surrogate, the Frontier project could potentially increase the regional secondary organic aerosols
precursor emissions by approximately 9 per cent, which is a first-order estimate based on available
information. Teck also stated that secondary organic aerosols are an emerging issue that will benefit from
additional research to improve scientific understanding of secondary organic aerosols precursor emission
sources, secondary organic aerosols formation processes, and the significance of secondary organic
aerosols formation downwind of the oil sands region. Teck maintains that the proposed mitigation
measures to reduce Frontier project fugitive VOC emissions would also reduce secondary organic
aerosols precursor emissions.

[742] ECCC stated that it disagrees with Teck’s assessment that the contribution of secondary organic
aerosols from the Frontier project is minor relative to regional PM, 5 concentrations. The contribution of
secondary organic aerosols can make up nearly 50 per cent of total PM, s concentrations at locations close
to precursor sources, and this contribution is expected to increase further away. ECCC also stated that the
secondary organic aerosols will add cumulatively to direct emissions to particulate matter at nearby
receptors, and as a result, Teck’s modelled concentrations of PM, s may be underestimated.
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[743] ECCC stated that it considers secondary organic aerosols to be a large unaccounted source of
PM, s in Teck’s assessment. This unaccounted-for source is exacerbated by the fact that Teck’s model
predictions show that nearby communities, such as Fort McMurray, are predicted to have PM; s
concentrations that approach or exceed CAAQS as a result of effects from both existing developments
and the proposed project. ECCC also stated that it is not clear whether the proposed mitigation measures
aimed at reducing VOC emissions will be effective at reducing secondary organic aerosols precursor
emissions from the Frontier project. They maintain that mitigation of analytically unresolved
hydrocarbons is necessary since they are the primary precursors for secondary organic aerosols formation.

Analysis and Findings

[744] Teck’s project update assessment on PM, s indicates that PM, 5 effects are localized at or near the
project disturbance area boundary. PM, s emissions from the Frontier project appear to have relatively
small effects throughout the local study area.

[745] The Frontier project is a potential source for secondary organic aerosols precursors, but the
predicted secondary organic aerosols contribution to PM, s was not clearly determined. Further research
would be beneficial to understanding the sources and formation processes of secondary organic aerosols.
The panel is of the opinion that mitigation of fugitive VOC emissions may help mitigate the formation of
secondary organic aerosols from the Frontier project.

[746] The panel finds that the Frontier project PM, s emissions have a relatively localized effect on
ambient air quality.

[747] The panel recognizes that the Frontier project is a potential source of secondary organic aerosols
precursors and that the resulting secondary organic aerosols can add to regional PM, s concentrations.
The panel also notes that ECCC stated that the secondary organic aerosols will add cumulatively to
Teck’s modelled concentrations of PM, 5.

[748] The panel finds that a mitigation and management plan is needed to prevent the proliferation of
secondary organic aerosols in the mineable oil sands area. Secondary organic aerosols are not solely
attributed to the project and the panel is of the opinion that it should be managed on a regional basis by
Alberta.

Recommendation to Government

[749] The panel recommends to Alberta that a mitigation and management plan be developed under the
LARP AQMF to prevent the proliferation of secondary organic aerosols in the mineable oil sands area.
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Total Suspended Particulates, Polycyclic Aromatic Compounds, and Metals

[750] Total suspended particulates consist of coarse particles that are often attributed to disturbance of
crustal materials and fugitive dust from mining activity. Total suspended particulates can also be one of
the primary contributors to metals and polycyclic aromatic compound deposition as a result of oil sands
mining activity. Along with the ecosystem and health effects from polycyclic aromatic compounds and
metals deposition, total suspended particulates can be a human respiratory concern and have effects on
local visibility.

[751] Polycyclic aromatic compounds (PACs) are substances that can have harmful effects to
biodiversity, the ecosystem, and human health. In the mineable oil sands area, mining fugitive emissions
and stack emissions are the primary sources of industrial polycyclic aromatic compounds. Non-industrial
sources of polycyclic aromatic compounds can include residential wood burning for heating and forest
fires.

Project Effects

Evidence

[752] Teck stated that total suspended particulates emissions result from combustion sources and
fugitive dust (including mine haul roads, quarries, and coke handling activities). It was assumed that total
suspended particulates did not occur from other activities such as highway and community traffic.
Fugitive total suspended particulates emissions from mine haul roads, quarries, and coke handling
activities are also the main source of metal emissions. About 21 per cent of existing stack polycyclic
aromatic compounds emissions are associated with mine upgrader stacks fuelled by coke.

[753] Teck stated that the base case total suspended particulates emissions total 72.8 t/d and consist of
9.9 t/d from stacks, 1.6 t/d from mine fleet, 59.4 t/d from fugitive dust, and 1.9 t/d from non-industrial
sources. The Frontier project total suspended particulates emissions consist of 0.06 t/d from stacks,

0.17 t/d from mine fleet, and 10.83 t/d from fugitive dust. The total Frontier project emission rate of
11.06 t/d represents a 15 per cent increase from the base case total suspended particulate emissions.

[754] Teck stated that the base case polycyclic aromatic compounds emissions total 509.2 kg/d and
consist of 153.2 kg/d from stacks, 6.1 kg/d from plant fugitives, 29.6 kg/d from mine fleet, 279.2 kg/d
from mine face, 16.2 kg/d from fugitive total suspended particulates, and 24.9 kg/d from non-industrial
sources. The Frontier project polycyclic aromatic compounds emissions consist of 3.45 kg/d from stacks,
0.48 kg/d from plant fugitives, 3.67 kg/d from mine fleet, 35.28 kg/d from mine face, and 3.06 kg/d from
fugitive total suspended particulates. The total project emission rate of 45.94 kg/d represents a 9.0 per
cent increase from the base case polycyclic aromatic compounds emissions. Teck predicts that most of the
Frontier project polycyclic aromatic compounds emissions will be from mine face emissions.
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[755] Teck stated that naphthalene is the only volatile polycyclic aromatic compounds assessed, and
when naphthalene is excluded, the main sources of polycyclic aromatic compounds emissions are the
mine fleet exhausts and stack emissions. Teck identified that naphthalene was the only polycyclic
aromatic compounds emitted from the mine face. The total project polycyclic aromatic compounds
emissions with naphthalene is 45.94 kg/d and without naphthalene is 6.84 kg/d.

[756] Teck included the following polycyclic aromatic compounds in its assessment: naphthalene,
acenaphthene, fluorene, anthracene, phenanthrene, pyrene, fluoranthene, benzo(ghi)fluoranthene,
methylfluoranthene, cyclopenta[cd]pyrene, benzo[a]anthracene, benzo(c)phenanthrene, chrysene,
methylchrysene, benzo[a]fluoranthene, benzo[a]pyrene, benzo[b]fluoranthene, benzo[j+k]fluoranthene,
indeno[1,2,3-cd]pyrene, benzo[ghi]perylene, benzo(b)chrysene, dibenzo[a,h]anthracene,
dibenzo[a,e]pyrene, aromatic C9-C16, and aromatic C17-C34.

[757] Teck stated that the base case metal emissions total 2633 kg/d and consist of 196.6 kg/d from
stacks, 8.4 kg/d from mine fleet, 2390 kg/d from fugitive total suspended particulates, and 38.7 kg/d from
non-industrial sources. The Frontier project metal emissions consist of 3.64 kg/d from stacks, 0.85 kg/d
from mine fleet, and 446.82 kg/d from fugitive total suspended particulates. The total project emission
rate of 451.31 kg/d represents a 17 per cent increase from the base case metal emissions. Teck predicts
that most of the Frontier project metal emissions will be from fugitive total suspended particulates
emissions.

[758] Teck stated that the highest metal emissions are associated with aluminum, zinc, manganese, and
barium. The total Frontier project metal emissions with aluminum are 451.31 kg/d and without aluminum
are 24.70 kg/d, where 426 kg/d of the aluminum emissions are associated with fugitive total suspended
particulates dust.

[759] Teck included the follow metals in its assessment: aluminum (Al), antimony (Sh), arsenic (As),
barium (Ba), beryllium (Be), cadmium(Cd), chromium (Cr), cobalt (Co), copper (Cu), lead (Pb),
manganese (Mn), mercury (Hg), molybdenum (Mo), nickel (Ni), selenium (Se), silver (Ag), strontium
(Sr), tin (Sn), thallium (TI), vanadium (V), and zinc (Zn).

[760] Teck stated that the following fugitive dust mitigation measures would be used:

« appropriate road building materials

« enforced vehicle speed limits

« application of water or other dust suppression material
e progressive reclamation

« temporary vegetation of disturbed land

« retained natural or planted vegetation to provide windbreaks
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[761] Teck stated that it plans to implement dust control measures as part of the Frontier project’s dust
management plan to manage fugitive dust emissions; however, a portion of the fugitive emissions will be
transported and deposited outside the project disturbance area. Teck also stated that although these dust
emissions can neutralize acidic emission contributions, the management of fugitive dust emissions
remains a priority in terms of regional air quality.

[762] ECCC recommended that Teck implement a follow-up program to validate PACs and metal
predictions to assess the accuracy of the application predictions, which would include monitoring a broad
range of emissions, their deposition onto land and water, and the concentration of polycyclic aromatic
compounds and metals in the receiving environment. ECCC also recommended that Teck develop follow-
up programs and mitigation measures as part of an adaptive management strategy in the event that soil
and water chemicals of potential concern levels exceed predictions.

Analysis and Findings

[763] The Frontier project is predicted to have notable emissions increase over the base case, where
total suspended particulates emissions increase by 15 per cent, polycyclic aromatic compounds emissions
increase by 9 per cent, and metals emissions increase by 17 per cent. The panel will also require that Teck
develop and implement an air quality mitigation, monitoring, and adaptive management plan that
incorporates the management of total suspended particulates, polycyclic aromatic compounds, and
metals.®

[764] The panel will require that Teck develop and implement an air quality mitigation, monitoring, and
adaptive management plan that incorporates the management of total suspended particulates, polycyclic
aromatic compounds, and metals.®

[765] The panel notes Teck’s dust control measures as part of the Frontier project’s dust management
plan to manage fugitive dust emissions. The panel also will require Teck to develop and implement a dust
management and mitigation plan that clearly identifies the potential sources of total suspended
particulates and approaches to mitigation.” The panel acknowledges that Teck has entered into
participation agreements with Mikisew and Athabasca Chipewyan, which require working with
indigenous groups on all plans required for the project, which the panel interprets to include the dust
management and mitigation plan. While the panel is of the view that it is the AER’s responsibility to
determine the adequacy of, authorize, and enforce implementation of such plans, it supports the intent of
the proposed conditions and commitments related to engagement and collaboration. The panel expects
Teck to seek input from Mikisew, Athabasca Chipewyan, and, where appropriate, other indigenous

% Draft EPEA Approval — Condition 4.1.51
% Draft EPEA Approval — Condition 4.1.51
" Draft EPEA Approval — Condition 4.1.16
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groups and make best efforts to incorporate their input into Teck’s dust management and mitigation plan
before submitting them to the AER for review or approval. As a condition of approval, the panel will
require that Teck provide a summary of the outcomes of the engagement it has conducted related to the
dust management and mitigation plan. The summary will identify the input it received, how it has been
incorporated into the plan and any significant areas of non-agreement.”

Cumulative Effects

Evidence

[766] Teck stated that the AAAQG for total suspended particulates in industrial areas is 1922 kilograms
per hectare per annum (kg/ha/a) and 645 kg/ha/a for residential areas. These values are converted from
the AAAQG 30-day dustfall guidelines of 53 milligrams per 100 square centimetres (mg 100 cm™) for
residential and recreation areas and 158 mg 100 cm™ for commercial and industrial areas.

[767] For the base case, a maximum total suspended particulates deposition is predicted to be

890 kg/ha/a in the CNRL Horizon mine development area. About 4 km?of mine development area is
associated with total suspended particulates deposition greater than 645 kg/ha/a, where no greater
deposition occurs outside of the mine development areas.

[768] For the application case, a maximum total suspended particulates deposition of 2139 kg/ha/a is
predicted to be in the project disturbance area, where the Frontier project contributes to a 140 per cent
increase relative to the base case. About 8 km? of the mine development area is associated with total
suspended particulates deposition greater than 645 kg/ha/a, where no greater deposition occurs outside of
the mine development areas. This represents a 100 per cent increase relative to the base case.

[769] For the planned development case, a maximum total suspended particulates deposition of

2140 kg/ha/a is predicted to be in the project disturbance area, which represents a 140 per cent increase
relative to the base case. About 14 km?® of the mine development area is associated with total suspended
particulates greater than 645 kg/ha/a, where no greater deposition occurs outside of the mine development
areas.

[770] Teck stated that for the base case, a maximum polycyclic aromatic compounds deposition
(without naphthalene) of 90.9 g/ha/a is predicted. An area of 1341 km? is predicted to have polycyclic
aromatic compounds deposition greater than 5 g/ha/a.

[771] For the application case, a maximum polycyclic aromatic compounds deposition (without
naphthalene) of 91.1 g/ha/a is predicted, which represents a 0.2 per cent increase relative to the base case.

™ Draft EPEA Approval — Condition 4.1.16
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An area of 1520 km? is predicted to have polycyclic aromatic compounds deposition greater than 5 g/ha/a,
where the project contributes a 13 per cent increase relative to the base case.

[772] For the planned development case, a maximum polycyclic aromatic compounds deposition
(without naphthalene) of 93.4 g/ha/a is predicted, which represents a 2.8 per cent increase relative to the
base case. An area of 1716 km? is predicted to have polycyclic aromatic compounds deposition greater
than 5 g/ha/a, which represents a 28 per cent increase relative to the base case.

[773] Teck stated that for the base case, a maximum metal deposition of 38.3 g/ha/a is predicted. An
area of 1086 km? is predicted to have metal deposition greater than 15 g/ha/a.

[774] For the application case, a maximum metal deposition of 38.3 g/ha/a is predicted, which does not
change relative to the base case. An area of 1108 km? is predicted to have metal deposition greater than
15 g/ha/a, where the project contributes a 2 per cent increase relative to the base case.

[775] For the planned development case, a maximum metal deposition of 38.7 g/ha/a is predicted,
which represents a 0.8 per cent increase relative to the base case. An area of 1264 km? is predicted to have
metal deposition greater than 15 g/ha/a, which represents a 16 per cent increase relative to the base case.

[776] Teck stated that predicted polycyclic aromatic compounds deposition was of similar magnitude
when compared to snowpack measurements, whereas predicted metal deposition may be understated.
Both the modelled predictions and the snowpack measurements indicate a strong decrease of deposition
rates with distance from the oil sands developments, which indicates that oil sands sources are a potential
source of polycyclic aromatic compounds and metal deposition.

[777] Teck stated that the maximum total suspended particulates, polycyclic aromatic compounds, and
metal depositions tend to occur on the respective development areas and decrease with increasing distance
from these areas; given the location of the development areas, the higher deposition values have a north-
south bias. Teck also stated that the addition of the Frontier project is predicted to result in high
deposition values within the project disturbance area boundary and to extend the north-south bias further
to the north.

Analysis and Findings

[778] Teck’s project update assessment on total suspended particulates, polycyclic aromatic
compounds, and metals indicates that effects are localized at or near the project disturbance area
boundary. Total suspended particulates, polycyclic aromatic compounds, and metals emissions from the
Frontier project appear to have relatively small effects throughout the local study area. The panel
recognizes that the predicted project total suspended particulates do not exceed applicable dustfall
standards.
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[779] The panel finds that the Frontier project total suspended particulates, polycyclic aromatic
compounds, and metals emissions have a relatively localized effect on ambient air quality. The panel also
agrees with Teck that fugitive dust from the Frontier project needs to be effectively mitigated and
managed.

Hydrocarbons and Reduced Sulphur Compounds

[780] Hydrocarbons include VOCs and polycyclic aromatic compounds. Hydrocarbons in the mineable
oil sands area can be emitted by sources such as biogenic natural occurrence, industrial stacks, mine and
plant fugitive emissions, and off-road and on-road vehicles. Hydrocarbons can be associated with
perceived odour and human health effects and act as a precursor for atmospheric formation of other
substances.

[781] Reduced sulphur compounds are substances that contain sulphur in a reduced state. Reduced

sulphur compounds in the mineable oil sands area can be emitted by sources such as biogenic natural
occurrence, industrial stacks, and mine and plant fugitive emissions. Reduced sulphur compounds are
generally associated with strong odours that can be perceived at relatively low concentrations.

Project Effects

Evidence

[782] Teck stated that fugitive mine face and tailings areas are the main sources of hydrocarbon
emissions (41 per cent and 37 per cent, respectively). The total Frontier project hydrocarbon emissions
are 18.70 t/d, which consist of 0.57 t/d from stacks, 2.22 t/d from tank fugitives, 0.57 t/d process area
fugitives, 0.72 t/d from mine fleet, 7.62 t/d from mine face fugitives, and 7.01 t/d from tailings
management.

[783] Teck stated that the hydrocarbons considered in the air quality assessment included acetaldehyde,
acrolein, benzene, benzo(a)pyrene, ethylbenzene, formaldehyde, n-hexane, styrene, toluene, and xylenes;
these hydrocarbons have applicable AAAQOs. Other hydrocarbons were included in the human and
wildlife health assessments.

[784] Teck stated that the Frontier project hydrocarbon emission totals are 0.0099 t/d for acetaldehyde,
0.0018 t/d for acrolein, 0.387 t/d for benzene, 0.049 kg/d for benzo(a)pyrene, 0.0032 t/d for ethylbenzene,
0.059 t/d for formaldehyde, 0.334 t/d for n-hexane, 0.023 t/d for styrene, 0.057 t/d for toluene, and

0.208 t/d for xylenes.
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[785] Teck stated that the Frontier project fugitive hydrocarbon mitigation measures will include the
following:

« Design the tailing solvent recovery unit to extract solvent from tailings in the froth treatment plant to
maintain solvent losses to less than 4 volumes per 1000 volumes of bitumen produced.

o Use floating roof tanks where appropriate and a vapour recovery system to condense and recover
vapours from tanks and process areas.

e Use dual solvent vapour recovery units to provide full redundancy in vapour recovery.

[786] Mikisew stated that Teck’s air quality assessment may have potentially underestimated
hydrocarbon emissions. Mikisew notes that hydrocarbon emissions from the Frontier project and other
existing operations are underestimated, and a recent publication identified scaling factors to use.

[787] Teck stated that the reduced sulphur compounds considered in the air quality assessment included
carbon disulphide (CS,) and hydrogen sulphide (H,S); these reduced sulphur compounds have applicable
AAAQOQ s. Other reduced sulphur compounds were considered in the odour assessments.

[788] Teck stated that the Frontier project reduced sulphur compound emission totals are 8.32 kg/d for
CS; and 2.02 kg/d for H,S.

[789] Teck stated that fugitive mine face and tailings areas are the main sources of reduced sulphur
compound emissions (75 per cent and 21 per cent, respectively). The total Frontier project reduced
sulphur compound emissions are 47.24 kg/d, which consist of 0.01 kg/d from stacks, 1.86 kg/d from tank
fugitives, 0.21 kg/d process area fugitives, 35.35 kg/d from mine face fugitives, and 9.81 kg/d from
tailings management. The base case total reduced sulphur compound was estimated to be 3608 kg/d,
where the Frontier project emissions would account for 1.3 per cent increase from base case reduced
sulphur compound emissions.

[790] Teck stated that an updated odour assessment was conducted, which focused on predicting
ambient concentrations of odour-causing substances at the communities of Fort Chipewyan, Fort McKay
and Fort McMurray. 1-hour averages of individual odorants were predicted for these communities and
combined into a dimensionless odour unit value to determine odour potential.

[791] Teck evaluated three odorant groups: The first contained NO, and SO,. The second contained the
hydrocarbons acetaldehyde, acrolein, benzaldehyde, and naphthalene. The third group contained

11 reduced sulphur compounds: carbon disulphide, hydrogen sulphide, pentyl mercaptan, isobutyl
mercaptan, methyl ethyl disulphide, methyl mercaptan, carbonyl sulphide, allyl sulphide, dimethyl
disulphide, dimethyl sulphide, and a thiophene group.
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[792] Teck stated that emission rates do not include intermittent, short-term events associated with large
odorant emission rates. These events can be associated with upgrading facilities, diverter stacks, large
flow rate upset/emergency flaring, and tailings activities.

[793] Teck stated that project odorant emission rates consisted of 20.94 t/d NO,, 1.54 t/d SO,, 0.052 t/d
hydrocarbon compounds, and 32.7 kg/d reduced sulphur compound. The base case emission rates
consisted of 631.9 t/d NO,, 307.6 t/d SO,, 1.347 t/d hydrocarbon compounds, and 3120 kg/d reduced
sulphur compound. Compared to base case emissions, the Frontier project is predicted to increase NO,
and SO, emissions by 3.3 per cent and 0.50 per cent, respectively. Hydrocarbon compound odorant
emissions increase by 3.9 per cent; and reduced sulphur compound odorant emissions increase by

1.1 per cent.

Analysis and Findings

[794] The mine face accounts for 41 per cent of Frontier project hydrocarbon emissions and 75 per cent
of Frontier project reduced sulphur compound emissions. The panel understands that mine face emissions
are a result of hydrocarbon and reduced sulphur compound vapours being directly emitted by the exposed
bitumen mine face.

[795] The tailings management facilities account for 37 per cent of the hydrocarbon emissions and
21 per cent of the reduced sulphur compound emissions. The panel understands that a portion of tailings
management facility emissions are a result of unrecovered solvent being released to tailing ponds.

[796] The Frontier project has the potential to increase the emission of odorous substances to the air. In
comparison to the base case emissions, the Frontier project hydrocarbon compound and reduced sulphur
compound odorant emissions will increase by 3.9 per cent and 1.1 per cent, respectively.

[797] The Frontier project mine face is predicted to be the most substantial source group for
hydrocarbon and reduced sulphur compound emissions. The panel recognizes that there may be feasibility
and logistical challenges in managing mine face fugitive emissions. The panel finds that through the
Frontier project mine development planning process, Teck should strive to minimize the exposed bitumen
mine face.

[798] The Frontier project tailings management facilities are also a notable source group for
hydrocarbon and reduced sulphur compound emissions. The panel has required a more stringent solvent
recovery factor than that which Teck applied for. It has required Teck to achieve a tailings solvent
recovery unit target of 3 volumes per 1000 volumes of bitumen.’® This requirement is expected to help
mitigate project emissions of hydrocarbons and reduced sulphur compounds.

"2 Draft OSCA Approval — Conditions 28 and 29; Draft EPEA Approval — Conditions 4.1.7 and 4.1.34
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[799] The panel recognizes that uncertainties exist regarding the estimation and quantification of the
mine face and tailings management facility area fugitive emissions. It will require Teck to minimize the
exposed bitumen mine face when creating the Frontier project mine development plan.”

[800] The panel finds that improved quantification of these area fugitive sources is needed. The panel
will require that Teck develop and implement a hydrocarbon and reduced sulphur compound annual
monitoring program that identifies and measures all sources.”

[801] The panel notes that the Frontier project hydrocarbon and reduced sulphur compound emissions
may increase the potential for odour effects. It will require that Teck develop and implement an air quality
mitigation, monitoring, and adaptive management plan that incorporates the management of
hydrocarbons, reduced sulphur compounds, and odours.” The panel finds that the mitigation of
hydrocarbons and reduced sulphur compounds should also mitigate the odour potential.

Cumulative Effects

Evidence

[802] Teck stated that the maximum 1-hour application case acetaldehyde concentrations predicted in
Fort Chipewyan, Fort McKay, and Fort McMurray are 2.9 pg/m®, 2.3 pg/m® and 6.9 pg/m?, respectively,
which are less than the 1-hour AAAQO of 90 pg/m®. The predictions indicate that the Frontier project
contribution to the maximum 1-hour values in Fort Chipewyan, Fort McKay, and Fort McMurray are very
low.

[803] Teck stated that the maximum 1-hour application case acrolein concentrations predicted in Fort
Chipewyan, Fort McKay, and Fort McMurray are 0.76 pg/m®, 0.72 pg/m® and 1.1 pg/m?®, respectively,
which are less than the 1-hour AAAQO of 4.5 pug/m?. The predictions indicate that the Frontier project
contribution to the maximum 1-hour values in Fort Chipewyan, Fort McKay, and Fort McMurray are very
low relative to the base case.

[804] Teck stated that the maximum 24-hour application case acrolein concentrations predicted in Fort
Chipewyan, Fort McKay, and Fort McMurray are 0.22 pug/m®, 0.21 pg/m® and 0.35 pg/m®, respectively,
which are less than the 24-hour AAAQO of 0.40 ug/m®. The Frontier project contribution can be
considered very low, as the application case predictions are essentially the same as the base case
predictions.

" Draft EPEA Approval — Condition 4.1.21
" Draft EPEA Approval — Condition 4.1.10
" Draft EPEA Approval — Condition 4.1.51
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[805] Teck stated that the maximum 1-hour application case benzene concentrations predicted in Fort
Chipewyan, Fort McKay, and Fort McMurray are 0.6 pg/m?, 6.8 pg/m® and 2.4 pg/m?, respectively,
which are less than the 1-hour AAAQO of 30 pg/m®. The predictions indicate that the Frontier project
contribution to the maximum 1-hour values in Fort Chipewyan, Fort McKay, and Fort McMurray are low
relative to the base case.

[806] Teck stated that the maximum annual application case benzene concentrations predicted in Fort
Chipewyan, Fort McKay, and Fort McMurray are 0.35 pg/m®, 0.7 pg/m® and 0.5 pg/m?®, respectively,
which are less than the 24-hour AAAQO of 3 pg/m®. The Frontier project contribution can be considered
low.

[807] Teck stated that the maximum annual application case benzo(a)pyrene concentrations predicted in
Fort Chipewyan, Fort McKay, and Fort McMurray are 0.025 ng/m®, 0.18 ng/m® and 0.05 ng/m”,
respectively, which are less than the 24-hour AAAQO of 0.126 ng/m>. The Frontier project contribution
can be considered lows.

[808] Teck stated that the maximum 1-hour application case ethylbenzene concentrations predicted in
Fort Chipewyan, Fort McKay, and Fort McMurray are 0.08 pg/m?, 1.3 pg/m® and 0.8 pg/m?, respectively,
which are less than the 1-hour AAAQO of 2000 pg/m®. The predictions indicate that the Frontier project
contribution to the maximum 1-hour values in Fort Chipewyan, Fort McKay, and Fort McMurray are very
low relative to the base case.

[809] Teck stated that the maximum 1-hour application case formaldehyde concentrations predicted in
Fort Chipewyan, Fort McKay, and Fort McMurray are 2.5 pg/m?, 2.3 pg/m® and 5.6 pg/m®, respectively,
which are less than the 1-hour AAAQO of 65 pg/m®. The predictions indicate that the Frontier project
contribution to the maximum 1-hour values in Fort Chipewyan, Fort McKay, and Fort McMurray are very
low relative to the base case.

[810] Teck stated that the maximum 1-hour application case hexane concentrations predicted in Fort
Chipewyan, Fort McKay, and Fort McMurray are 0.3 pg/m?®, 4.7 ug/m® and 6.1 ug/m?, respectively,
which are less than the 1-hour AAAQO of 21 000 pg/m°. The predictions indicate that the Frontier
project contribution to the maximum 1-hour values in Fort Chipewyan, Fort McKay, and Fort McMurray
are 9.3 per cent, 0.3 per cent and 0.06 per cent, respectively.

[811] Teck stated that the maximum 24-hour application case hexane concentrations predicted in Fort
Chipewyan, Fort McKay, and Fort McMurray are 0.3 pg/m?, 2.1 ug/m® and 3.7 pg/m?, respectively,
which are less than the 24-hour AAAQO of 7000 pg/m®. The predictions indicate that the Frontier project
contribution to the maximum 24-hour values in Fort Chipewyan, Fort McKay, and Fort McMurray are
6.4 per cent, 0.3 per cent and 0.09 per cent, respectively.
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[812] Teck stated that the maximum 1-hour application case styrene concentrations predicted in Fort
Chipewyan, Fort McKay, and Fort McMurray are 0.02 pg/m?, 0.2 pg/m® and 0.2 pg/m?, respectively,
which are less than the 1-hour AAAQO of 215 pg/m®. The predictions indicate that the Frontier project
contribution to the maximum 1-hour values in Fort Chipewyan, Fort McKay, and Fort McMurray are low
relative to the base case.

[813] Teck stated that the maximum 1-hour application case toluene concentrations predicted in Fort
Chipewyan, Fort McKay, and Fort McMurray are 0.9 pg/m?®, 3.7 ug/m® and 5.4 ug/m?, respectively;
which are less than the 1-hour AAAQO of 1880 pg/m®. The predictions indicate that the Frontier project
contribution to the maximum 1-hour values in Fort Chipewyan, Fort McKay, and Fort McMurray are low
relative to the base case.

[814] Teck stated that the maximum 24-hour application case toluene concentrations predicted in Fort
Chipewyan, Fort McKay, and Fort McMurray are 0.5 pg/m?, 2.2 ug/m® and 2.3 pg/m?, respectively,
which are less than the 24-hour AAAQO of 400 pg/m°. The Frontier project contribution can be
considered low.

[815] Teck stated that the maximum 1-hour application case xylene concentrations predicted in Fort
Chipewyan, Fort McKay, and Fort McMurray are 0.5 pg/m?, 6.6 pg/m® and 3.4 pg/m?, respectively,
which are less than the 1-hour AAAQO of 400 pg/m®. The predictions indicate that the Frontier project
contribution to the maximum 1-hour values in Fort Chipewyan, Fort McKay, and Fort McMurray are low
relative to the base case.

[816] Teck stated that the maximum 1-hour application case CS, concentrations predicted in Fort
Chipewyan, Fort McKay, and Fort McMurray are 2.5 pg/m?®, 2.7 ug/m® and 2.6 ug/m®, respectively,
which are less than the 1-hour AAAQO of 30 pg/m®. The predicted values are dominated by the assumed
background concentration of 2.46 pug/m®. The predictions indicate that the Frontier project contribution to
the maximum 1-hour values in Fort Chipewyan, Fort McKay, and Fort McMurray are low relative to the
base case.

[817] Teck stated that the maximum 1-hour application case H,S concentrations predicted in Fort
Chipewyan, Fort McKay, and Fort McMurray are 0.007 pg/m?, 0.09 pug/m?® and 0.04 pg/m®, respectively,
which are less than the 1-hour AAAQO of 14 pg/m®. The predictions indicate that the Frontier project
contribution to the maximum 1-hour values in Fort Chipewyan, Fort McKay, and Fort McMurray are low
relative to the base case.

[818] Teck stated that the maximum 24-hour application case H,S concentrations predicted in Fort
Chipewyan, Fort McKay, and Fort McMurray are 0.003 pg/m?, 0.04 ug/m?® and 0.02 pg/m®, respectively,
which are less than the 24-hour AAAQO of 4 pg/m®. The Frontier project contribution can be considered
low.
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[819] For the community of Fort Chipewyan, Teck identified that peak acetaldehyde is predicted to
have an odorant base case concentration of 4.21 pg/m®, which exceeds the detection threshold of

2.7 pg/m® and recognition threshold of 15 pg/m®. The application case and planned development case
values are the same as the base case, indicating that the Frontier project is not predicted to increase the
frequency of odour detection.

[820] For the community of Fort McKay, Teck identified that peak NO, is predicted to have odorant
base case and application case concentrations of 275 pug/m?, which exceeds the detection threshold of
226 pg/m®. The peak thiophene group is predicted to have odorant base case and application case
concentrations of 8.41 pg/m®, which exceeds the detection threshold of 6.0 pg/m?®. The application case is
the same as the base case for both NO, and the thiophene group, indicating that the Frontier project is not
predicted to increase the frequency of odour detection.

[821] For Fort McMurray, Teck identified that peak NO, is predicted to have odorant base case and
application case concentrations of 322 pg/m?, which exceeds the detection threshold of 226 pg/m®. Peak
acetaldehyde is predicted to have odorant base case and application case concentrations of 24.7 pg/m®,
which exceeds the detection threshold of 2.7 pug/m® and recognition threshold of 15 pug/m®. The
application case is the same as the base case for both NO, and the thiophene group, indicating that the
Frontier project is not predicted to increase the frequency of odour detection.

[822] Teck stated that all odorants were considered collectively as an odour unit, where an odour unit
concentration was calculated for each odorant and combined to determine a total odour unit
concentration. In assessing the regional odour unit, Teck found that the area to the south of the Frontier
project, where odours are predicted to occur in the base case, is essentially unchanged due to the project.
The influence of the Frontier project on odours is limited to within and near the project disturbance area
boundary. The recognition threshold due to the Frontier project emissions is confined to the project
disturbance area. The detection threshold due to Frontier project emissions extends slightly beyond the
project disturbance area to the south and to the north. Teck concludes that in the area assessed, the most
sensitive population members might be able to detect an odour.

[823] Teck stated that its odour assessment indicated the three odorants of potential concern are NO,,
acetaldehyde, and the thiophene group. Acetaldehyde is likely attributed to community emission sources,
where the thiophene group is from upgrading facilities, and NO, emissions are influenced by both
community and industrial emissions. The odour contribution of the Frontier project appears to be
confined within the project disturbance area boundary for the recognition threshold and slightly beyond
the project disturbance area boundary for the detection threshold.

[824] Teck stated that it will apply prudent operating practices to manage odorous emissions. Teck also
identified that an ongoing communication protocol between operators and community members needs to
be established to work within or improve any existing odour management plans.
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Analysis and Findings

[825] Of the hydrocarbons assessed by Teck, the panel notes that all hydrocarbons except for hexane
had little to no effect on Fort Chipewyan, Fort McKay, and Fort McMurray. Hexane was predicted to
have a relative change from the base case, but the predicted concentrations are well below the applicable
AAAQO.

[826] Off-site effects of reduced sulphur compounds are not predicted to be substantial. The thiophene
group is predicted to be an odorant of potential concern in the region, but the Frontier project is unlikely a
large contributor to the thiophene group far beyond the project disturbance area. Modelling predicts
application case thiophene group concentration to be 8.41 pg/m®, which is unchanged from the base case
concentration of 8.41 pg/m”.

[827] The panel finds that the Frontier project hydrocarbon, reduced sulphur compounds, and odorant
emissions have a relatively localized effect on ambient air quality. The panel is of the opinion that the
cumulative effects of hydrocarbons, reduced sulphur compounds, and odorants can be managed through
an air quality mitigation, monitoring, and adaptive management plan.

[828] The panel finds that, based on the odorants evaluated, the Frontier project odour effects are
localized near the project disturbance area boundary and unlikely to substantially increase the odour
potential risk for the mineable oil sands region.

Wood Buffalo National Park and Peace-Athabasca Delta

[829] The Frontier project is about 30 km south of the Wood Buffalo National Park border. Through
aerial deposition of particles containing contaminants such as polycyclic aromatic hydrocarbons (PAHS),
nitrogen oxides, and sulphates, the Frontier project has the potential to affect the Wood Buffalo National
Park and the Peace-Athabasca Delta ecosystem. As Wood Buffalo National Park and Peace-Athabasca
Delta are relatively distant from the Frontier project, the effects of the Frontier project are intermingled
with other emission sources and can be considered cumulative.

Cumulative Effects

Evidence

[830] Parks Canada submitted a mission report for the reactive monitoring mission to Wood Buffalo
National Park, conducted by the UNESCO World Heritage Centre. The mission report stated that the
Frontier project would move development closer to the southern boundary of Wood Buffalo National
Park than any other project, thereby also closer to the Peace-Athabasca Delta. Atmospheric deposition of
particles containing contaminants such as PAHSs, nitrogen oxides, and sulphates can have potential effects.

[831] Parks Canada submitted a strategic environmental assessment of Wood Buffalo National Park
World Heritage Site. The assessment identified that a number of peer-reviewed studies demonstrate that
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numerous toxic metals and polycyclic aromatic compounds are currently deposited within 50-75 km of
major oil sands developments. These contaminants originate from bitumen upgrading and fugitive dust
(from open pit mines, tailings pods, and haul roads). The authors of these studies suggest that metals and
polycyclic aromatic compounds deposition in the Peace-Athabasca Delta are near background levels.
These studies also imply that new oil sands developments will generate metals and polycyclic aromatic
compounds emissions that will also be deposited on the landscape within 50-75 km of these new
developments.

[832] The assessment further stated that air quality studies indicate oil sands developments have the
potential to cause critical load exceedances. ECCC used a model to predict ecosystem effects in northern
Alberta and Saskatchewan, which included parts of Wood Buffalo National Park. The model predictions
demonstrated that sulphur and nitrogen compounds can be carried far downwind from the sources,
chemically transformed, deposited, and potentially cause ecosystem damage. The model predictions also
showed critical load exceedances within Wood Buffalo National Park for terrestrial ecosystems along the
southwestern border, aquatic ecosystems from sulphur deposition in the south and southwestern portions
of Wood Buffalo National Park, and aquatic ecosystems throughout Wood Buffalo National Park.

[833] The assessment also noted that other studies have reported that no evidence that oil sands
emissions have resulted in trace element deposition beyond 50 km and that mercury deposition appears to
reflect global atmospheric mercury emissions. Other authors point out that there is no measurable
evidence of related far-field airborne metal contamination in the Peace-Athabasca Delta, which is located
approximately 200 km north of industry.

[834] The assessment stated that a recent report indicated that aerial deposition of fugitive dust particles
and aerosols from oil sands mines, coke piles, and stacks can result in snowmelt that is toxic to larval fish,
but the dilution of contaminants in snow as it melts in the spring and mixes with river water is currently
sufficient to confer a protective effect for larval fish in local rivers.

[835] The assessment further stated that the Frontier project is located within 30 km of the Wood
Buffalo National Park border and has the potential to increase risk to air quality of Wood Buffalo
National Park. The authors believed the current downward air quality trend (i.e., reduced quality) is
relatively weak. They note that the Frontier project is currently being reviewed, and mitigation measures
are not known for the Frontier project. The effect the air quality trend will have on the outstanding
universal value of Wood Buffalo National Park is unknown.

[836] Teck stated that the air quality regional study area in the project update includes the Peace-
Athabasca Delta and a large portion of Wood Buffalo National Park. Teck maintains that the air quality
assessment for the Peace-Athabasca Delta as submitted in the original application remains unchanged.
The original application stated that air quality in the Peace-Athabasca Delta can be viewed as being
representative of a rural remote location, also referred to as a regional background location. Slight
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changes in air quality will be expected in the Peace-Athabasca Delta because of future oil sands
developments and the air quality in the Peace-Athabasca Delta is expected to be still regarded as
background.

[837] Teck stated that potential acid input predictions for the Peace-Athabasca Delta and Wood Buffalo
National Park are less than the most stringent monitoring load for sensitive receptors (less than

0.17 keq H* ha™ a™*). Potential acid input in the Peace-Athabasca Delta was predicted to be 0.004 to

0.020 keq H* ha™* a™for the base case, 0.004 to 0.021 keq H* ha™ a™*for the application case, and 0.007 to
0.026 keq H* ha™ a™ for the planned development case.

[838] Teck stated that nitrogen deposition values are predicted to be less than the lower (5 kg N/ha/a)
and upper (10 kg N/ha/a) critical load limits for boreal forests. Nitrogen deposition in the Peace-
Athabasca Delta was predicted to be 1.2 to 2.4 kg N/ha/a for the base case, 1.3 to 2.4 kg N/ha/a for the
application case, and 1.4 to 2.4 kg N/ha/a for the planned development case.

[839] Teck stated that although cumulative ambient air quality changes from oil sands emissions might
be measureable in the Peace-Athabasca Delta and Wood Buffalo National Park area for some air quality
parameters, the levels are much lower than ambient air quality criteria; therefore, adverse effects due to
the Frontier project are not anticipated.

[840] Teck stated that polycyclic aromatic compounds and metal deposition decreases with increasing
distance from oil sands developments, where air quality modelling indicates deposition in the Peace-
Athabasca Delta is equivalent to background levels. Teck referenced a study that indicates no measurable
evidence of related far-field airborne metal contamination in the Peace-Athabasca Delta located
approximately 200 km to the north, where measureable deposition was influenced by early North
American industrial activity. Another study was referenced which concludes that the Peace-Athabasca
Delta can be considered representative of background PACs deposition for the oil sands region, based on
the collection and analysis of snow samples. Teck stated that these studies support the conclusion that no
adverse effects due to the oil sands air emissions are currently occurring or anticipated in Wood Buffalo
National Park and Peace-Athabasca Delta.

Analysis and Findings

[841] Evidence exists that indicates there are aerial deposition effects to the Peace-Athabasca Delta and
Wood Buffalo National Park from existing oil sands operations and some evidence which fails to find
effects. However, the panel believes there is uncertainty as to when this deposition occurred and the
origin of the deposited substances (i.e., did deposition occur in early industrial eras where air pollution
abatement technology was non-existent).

170 2019 ABAER 008 (July 25, 2019) Joint Review Panel



Section 13: Climate Change Considerations Teck Resources Limited, Frontier Oil Sands Mine Project

[842] Teck evaluated the potential effects of the Frontier project on the Peace-Athabasca Delta and
Wood Buffalo National Park. Its assessment predicts relatively small aerial deposition of Frontier project
emissions.

[843] Given the proximity of the Frontier project to Wood Buffalo National Park and the Peace-
Athabasca Delta, the panel finds that there is a potential for the Frontier project to increase some air
quality parameters in the Peace-Athabasca Delta and Wood Buffalo National Park. The panel is of the
opinion that ongoing efforts towards mitigating emission sources that have the potential to affect the
Peace-Athabasca Delta and Wood Buffalo National Park through aerial deposition will help minimize any
potential impacts to the Peace-Athabasca Delta and Wood Buffalo National Park.

Significance Determination for Project Effects

[844] Air quality has been a significant focus of regulatory development and monitoring in the
mineable oil sands area of the Lower Athabasca region. An air quality management framework has been
established under LARP. Continuous monitoring is conducted at a number of locations in the region to
determine the status of air quality regarding limits and triggers established under the framework and
compliance with AAAQO regulatory objectives. Mitigation measures are initiated by operators to address
regional air quality concerns—for example, modifying a bitumen upgrader to reduce overall regional
sulphur dioxide emissions.

Project Effects

[845] Adverse effects of the Frontier project on air quality are likely. The Frontier project will result in
a low or medium increase in emissions of importance in the region.

[846] The magnitude of cumulative effects will be low to medium for emissions. While some
exceedances of AAAQO have been recorded in the last five years, emissions from the Frontier project are
not expected to result in incremental AAAQO exceedances or AQMF level 4 triggers in the local study
area or regional study area or Wood Buffalo National Park.

« For nitrogen oxides and sulphur oxides, the emissions are not expected to exceed air quality
objectives in most instances, and the magnitude of effects are predicted to be medium for NO, and
low for SO..

« Acid deposition levels are predicted to be relatively small and the magnitude is determined to be low.

« Fine particulate matter and secondary organic aerosols (PM, ;) levels are expected to be relatively
localized and of medium magnitude.

« Emissions of total suspended particulates, polycyclic aromatic compounds, and metals are expected to
affect areas within or at the project disturbance area boundary. The Frontier project contribution to

Joint Review Panel 2019 ABAER 008 (July 25, 2019) 171



Teck Resources Limited, Frontier Oil Sands Mine Project Section 13: Air Quality

emissions in the local study area is expected to be small. The magnitude of effects of emissions are
determined to be medium.

e Hydrocarbons and reduced sulphur compounds and odorous emissions are expected to have a
relatively localized impact near the Frontier project boundary and are unlikely to substantially
increase the potential odour risk for the mineable oil sands region. The magnitude of effects on air
quality is determined to be medium.

« Wood Buffalo National Park air quality levels are predicted to be much lower than ambient air quality
criteria. The magnitude of effects on air quality is determined to be low.

[847] The geographic extent is local or regional. Effects of emissions are predicted to occur in the local
or regional study areas depending on the emission being considered.

[848] The duration is medium. Effects of emissions on air quality will occur only during operations.

[849] The frequency will be continuous. Effects are expected to occur throughout the 40 year
operational life of the project.

[850] The effects are reversible in the future. Measurable effects are expected to return to levels similar
to pre-project levels following cessation of operations.

Cumulative Effects

[851] The addition of the Frontier project emissions to the regional airshed is predicted to result in
small changes to air quality prediction throughout the air modelling domain.

[852] For NO, impacts beyond the project disturbance area boundary, the impacts are expected to be
relatively small. The panel finds that the Frontier project has limited potential to increase NO, air quality
impacts on a cumulative effects basis. Beyond the project disturbance area boundary, modelling results
indicate that the Frontier project will not make a substantive contribution to maxima levels predicted in
the domain. The cumulative effects of NO, on air quality is medium.

[853] SO, emissions from the Frontier project are low in contrast to application and planned
development cases. The incremental effects on air quality are expected to be negligible. The cumulative
effects of SO, on air quality is low.

[854] Teck maintained that the effects of acid deposition are being mitigated by base cation deposition
as most lakes being monitored show increasing pH levels. The panel finds that the magnitude of
cumulative effects of acidification from the Frontier project is low.

[855] Fine particulate and secondary organic aerosol emissions are a potential source of secondary
organic aerosols precursors that can add to regional PM, s concentrations. Teck maintains that the effects
of PM, 5 will be local. ECCC maintains that these emissions include secondary organic aerosols
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precursors which can have regional effects. The magnitude of cumulative effects of fine particulate and
secondary organic aerosol emissions is determined to be low.

[856] Teck stated that effects of polycyclic aromatic compounds, metals, and total suspended
particulates are localized and emissions outsides the project disturbance area are limited. The magnitude
of cumulative effects from the Frontier project is determined to be low.

[857] The project will increase the potential for odours from hydrocarbons and reduced sulphur
compounds, but the effects are expected to be localized. The Frontier project is unlikely to substantially
increase the potential odour risk for the mineable oil sand region. The magnitude of cumulative effects
from these emissions is determined to be medium.

[858] Teck maintained that the emissions from the Frontier project may be detectable at Wood Buffalo
National Park and the Peace-Athabasca Delta, but levels will be significantly below air quality criteria,
and no adverse effects are anticipated. The magnitude of cumulative effects from the Frontier project is
determined to be medium.

Analysis and Findings

[859] In making its determination the panel has relied on Teck’s analysis of cumulative effects to air
quality. It finds that the project is not likely to contribute to significant cumulative air quality effects in
the mineable oil sands area or air quality modelling domain. While the Frontier project will result in some
increases in emissions in the area, the magnitude of effects will be low or medium. The predicted effects
are based on a number of conservative modelling inputs, which provides an additional level of confidence
that the results reflect a conservative or worst-case scenario.

[860] To ensure the magnitude of project effects remain low or medium, the panel requires the
installation and operation of an ambient air quality monitoring station to measure project effects.’

The panel acknowledges that Teck has entered into participation agreements with Mikisew and Athabasca
Chipewyan, which require working with indigenous groups on the placement of the aforementioned
ambient air quality monitoring station. While the panel is of the view that it is the AER’s responsibility to
determine the adequacy of, authorize, and enforce the installation and operation of the ambient air quality
monitoring station, it supports the intent of the proposed conditions and commitments related to
engagement and collaboration. The panel expects Teck to seek input from Mikisew, Athabasca
Chipewyan, and, where appropriate, other indigenous groups and make best efforts to incorporate their
input surrounding placement of Teck’s ambient air quality monitoring station. The summary will identify
the input it received, how it has been incorporated and any significant areas of non-agreement.

"® Draft EPEA Approval — Conditions 3.2.8(d) and 4.1.42
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[861] As part of the panel’s assessment, it has identified a number of conditions and recommendations
for Teck, Alberta, and Canada that will assist in further mitigating the potential adverse effects of the
Frontier project on air quality.

Table 11. Summary of significance determination for project effects

Valued environmental Geographic

component Magnitude extent Duration Frequency Reversibility Significance
Nitrogen oxides medium regional medium continuous reversible not significant
Sulphur oxides low regional medium continuous reversible not significant
Acid deposition low regional medium continuous reversible not significant
Fine particulate and low regional medium continuous reversible not significant

secondary organic aerosols

Total suspended medium local medium continuous reversible not significant
particulates, polycyclic

aromatic compounds, and

metals

Hydrocarbons and reduced  medium regional medium continuous reversible not significant
sulphur compounds

Wood Buffalo National Park  low regional medium continuous reversible not significant

Panel Recommendations

To Teck

[862] The panel recommends Teck to develop and implement a plan to provide employee training on
minimizing mine mobile equipment idling and the importance of avoiding tampering with emissions
control systems.

To Government of Alberta

[863] The panel finds that there is uncertainty in Teck’s assumption that all existing mine fleets in the
mineable oil sands area will transition to Tier IV emission standards before the Frontier project reaching
peak emissions in 2030. The panel also recognizes that the mine fleet transition of existing mines is out of
the control of Teck. In order to address the uncertainties, the panel recommends to the Government of
Alberta that it develop and implement a plan to facilitate the transition of the mine fleet in the mineable
oil sands area to meet Tier IV standards.

[864] The panel recommends that a mitigation and management plan be developed under the AQMF to
prevent the proliferation of secondary organic aerosols in the mineable oil sands area.
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14 Climate Change Considerations and the Effects of the Environment on the Project

[865] Teck considered climate change in the methodology and modelling used for the environmental
assessment for the Frontier project and in the design of proposed mitigation measures. Teck outlined
findings from recent climate change research that will likely be applicable to the project development area
and identified a range of potential climate change effects and trends:

« Air temperatures will be warmer on average and peak temperatures may be higher than historic
averages.

« Warmer temperatures may lead to increased evaporation, decreased soil moisture, and a lower water
table.

o Degree days are projected to increase, which may lead to a longer growing season and an increase in
available heat for plant growth during the growing season.

« Precipitation is expected to increase annually but decrease during the summer months.
« Warmer temperatures are projected to be greatest over land and occur at high northern latitudes.

o Itis expected that the total area of snow cover will decrease, and the thaw depth over most permafrost
regions will increase.

« There is a potential for a poleward shift of extra-tropical storm tracks with consequent increases in
wind, precipitation, and warmer temperatures.

Climate Modelling

[866] To evaluate the potential effects of climate change on the Frontier project, Teck needed to
understand how climate variables have been changing and how they may change in the future. Within its
assessment, Teck used General Circulation Models 2007 (Intergovernmental Panel on Climate Change
Fourth Assessment Report [IPCC4]) to forecast future climate change scenarios in the Athabasca River
Basin. The modelling approach involved the selection of five climate change scenarios. Teck selected one
scenario that would represent a future “average range” and four other climate change scenarios that would
account for future extreme conditions (drier/wetter and cooler/warmer) for precipitation and temperature
values.

[867] Teck acknowledged that assessing climate change depends on having both future climate
conditions and the baseline climate data for comparison purposes. Teck used the 1961 to 1990 timeframe
as the climate baseline period. Teck noted that this timeframe for climate data was based on the
recommendation of the Intergovernmental Panel on Climate Change (IPCC 2013). Teck also selected the
2051 to 2080 time period to quantify the potential hydrological effects of future climate change scenarios,
as this timeframe represents when reclamation activities will be completed.
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Prediction and Assessment Confidence

[868] Teck considered the effects of climate change in its prediction confidence because of the
uncertainty associated with which specific changes in climate may occur in the future and how they may
affect the project. Consideration of the effects of climate change was limited to those project activities
that had the potential to be affected by it.

[869] Teck stated that assessment confidence was derived by considering the quality and quantity of
baseline data used in the environmental assessment. It was also based on Teck’s confidence in the
measurement and analytical techniques used within the assessment, as well as its confidence in the
success of project-specific mitigation measures. Teck indicated that assessment confidence took into
account potential changes in future environmental conditions, such as climate change effects on
groundwater recharge, sediment transport, hydrological and hydrogeological resources, terrain and soils,
aquatic and terrestrial resources, and reclamation and closure processes. Teck acknowledged that climate
change scenarios have some uncertainty, especially in the aquatics and terrestrial assessments. It
considered 37 different climate change scenarios that had changes in temperature and precipitation in
their assessment and concluded that the meteorological data used in the modelling is representative when
climate change is added.

Analysis and Findings

[870] The panel understands that predicting the future effects of climate change involves significant
uncertainty. The panel finds that Teck’s use of a number of accepted models and climate change scenarios
is a reasonable approach to assessing the project in the context of future changes to the climate.

[871] Teck has considered the effects of future climate change in the assessment of the environmental
effects of the project. This is evidenced by Teck’s particular focus on the effects that changing climate
regimes may have on Teck’s ability to withdraw water from the Athabasca River and on Teck’s
reclamation planning. These effects are discussed in the following sections: Groundwater, Surface Water

Quantity, and Conservation, Reclamation, and Closure.

[872] The panel finds that Teck has incorporated climate change considerations as part of its prediction
of the environmental effects of the project and the cumulative effects of the Frontier project in
conjunction with past, present, and reasonably foreseeable future oil sands operations in the mineable oil
sands area.

[873] The panel notes that Teck has developed specific design measures to respond to the effects of
climate change on the project such as its surface water management system. Teck has also identified
adaptive management as a strategy to address the uncertainties of future climate change for activities such
as the selection of species used in its conservation, reclamation, and closure plan to address future climate
conditions. Details of these mitigation measures are discussed in other sections of this report. Having
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considered these specific measures, the panel finds that Teck’s project design has addressed future
climate change effects on the project where these can be reasonably anticipated. The panel also accepts
that adaptive management plans are an appropriate way to deal with uncertainties regarding changes to
the climate that may affect the project in the future.

Effects of the Environment on the Project

Evidence

[874] Inits environmental assessment, Teck evaluated environmental events including extreme weather
events, forest fires, seismic activity, and insect infestations that could affect the Frontier project.

[875] Teck indicated that potential effects of the environment on the project were taken into
consideration during the project design and development of mitigation measures. Teck stated that the
project was designed to limit the effects of flooding, drought, wind and wave erosion, seismic events,
forest fires, and insect infestations.

[876] Teck’s drainage system design includes drainage channels with floodplains to manage peak flood
discharges, and wetlands and small lakes to capture surface runoff and seepage from the reclaimed
landscape.

[877] Teck’s project design includes on-site ponds to accommodate water storage. Teck stated that
these ponds provide the flexibility to comply with the phase 1 Athabasca River Water Management
Framework during low-flow conditions or manage extreme flooding events.

[878] Teck stated the pit lakes have been engineered to prevent wind- and wave-induced erosion along
their shorelines with the use of littoral zones and submerged overburden berms. Erosion could affect long-
term stability of shoreward features of tailings areas and drainage channels if no littoral zone is available.
Teck indicated that the shorelines will be protected against progressive wave erosion with a layer of large
granular material for breakwater protection.

[879] Teck stated that it used design criteria that accounted for the possibility of seismic events in the
project area. Teck indicated that there is a low probability that seismic activity would occur over the life
cycle of the Frontier project. However, it developed engineered structures, such as mine wall, pit walls,

dikes, berms, etc., to withstand seismic events.

[880] Teck outlined mitigation measures for forest fires, including the project’s emergency response
plan, the development of fire prevention worker training, and identifying the responsibilities of the
Municipality of Wood Buffalo in responding to forest fires in the area.

[881] Keepers of the Athabasca raised concerns regarding the risks associated with extreme weather
events, such as wind, lightning, and flooding, and their potential effects on the project’s facilities. They
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indicated that these weather events were not adequately addressed in the environmental assessment.
Keepers of the Athabasca stated that wind speeds are increasing and the predictability of weather patterns
is decreasing. They stated that the recent forest fires of Slave Lake (2011) and Fort McMurray (2016)
provide examples of how wind speeds and lightning contributed to the uncontrolled nature of those fires.

[882] Keepers of the Athabasca noted that the Frontier project will produce several tonnes of
hydrocarbon-related particulate matter emissions. These particulate emissions will be deposited over the
northern Alberta boreal forest throughout the life cycle of the project. Keepers of the Athabasca indicated
that increased “forest flammability” due to deposition of hydrocarbon particulate matter may be a new
scientific concept but should be researched and treated seriously given the amount of the predicted aerial
emissions from the Frontier project and the timeframe over which the emissions will occur.

[883] Teck noted an extensive tent caterpillar infestation in the terrestrial local study area and an influx
of mountain pine beetle into Alberta. Infestations of this nature could not only impair the progress of
vegetation development but could alter species competition in reclaimed communities or lead to an
increase in forest floor fuel that could contribute to future wildfires. Teck stated that planting
prescriptions may need to be reviewed at the time of reclamation and, if necessary, be replaced with a
more resistant stock that is more compatible with the long-term land-use objectives.

[884] As noted above, Teck stated that the results of climate change (e.g., increased occurrence of
flooding, drought, forest fires, and infestations) are expected to occur gradually, allowing for the
establishment and implementation of adaptive management plans and mitigation measures if observed
changes are different from those which were originally anticipated. Teck also indicated that the project
has been designed to withstand seismic events and is robust to respond to any unanticipated
environmental effects that may affect it.

Analysis and Findings

[885] The panel finds that Teck’s assessment of the effects of floods, forest fires, and climate change on
the project is satisfactory and that the design and mitigation measures proposed are appropriate to
minimize potential effects. The recommendations and conditions made elsewhere in this report, ongoing
regulatory oversight, and Teck’s proposed mitigation measures and adaptive management approach
should be sufficient to respond to any unanticipated environmental effects that may affect the project.
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15 Greenhouse Gas Emissions

[886] Teck acknowledged the association between greenhouse gas emissions and climate change, and
the current regulatory focus on monitoring and reducing these emissions. They state that reducing these
emissions is critical to ensure that the production of Canadian oil sands remains globally sustainable.

Project Effects

Evidence

[887] Teck stated that the project’s main direct greenhouse gas emission sources are stacks and
combustion sources (63%), mine fleet exhausts (28%) and fugitive sources (9%). Teck also stated that
emissions associated with construction activities are relatively minor compared to emissions during the
project operation.

[888] Teck stated that direct greenhouse gas emissions from construction activities will average
54.2 t/d, or 19.8 kt/a CO.e. Greenhouse gas emissions from equipment fleet activities associated with
mine site preparation activities (i.e., overburden removal) are expected to average 238 t/d or 86.9 kt/a
CO.e.

[889] At full production, total direct and indirect greenhouse gas emissions, which include imported
electricity required for project operations, are 11 183 t/d or 4082 kt/a CO.e.

[890] OSEC notes that the Teck’s 4.1 Mt CO.e per year represents 5.4% of total oil sand emissions
based on 2016 data.

[891] Teck stated that the greenhouse gas intensity for the project is calculated based on the annual
direct and indirect greenhouse gas emissions divided by the annual numbers of barrels of bitumen
produced (277 000 bbl/cd); the increased production due to debottlenecking was accounted for. The direct
emission intensity for the project during operations is estimated at 38.4 kg CO,e/bbl. Direct plus indirect
emissions intensity (which accounts for the net emissions from the export and import of electricity)
during operations is estimated to be 40.4 kg CO,e/bbl.

[892] The project will use a paraffinic froth treatment process which lowers the intensity of greenhouse
gas compared with traditional oil sands extraction. Teck submitted that bitumen products produced by the
paraffinic froth treatment process have among the lowest greenhouse gas intensity compared to all other
oil sands production. It stated that it will have a lower emissions intensity than about half of all oil refined
in the United States. Teck also stated that the project is consistent with Alberta’s and Canada’s climate
action goals because it offers a lower-intensity greenhouse gas production compared to other sources of
oil production from the oil sands.
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[893] Teck stated greenhouse gas emissions performance for newer facilities is typically higher than for
older facilities, as new facilities are built to higher design standards and because improvements and
efficiencies occur as technology evolves over time. Teck provided examples of improvements that are
applicable to the project as follows:

« Include cogeneration of heat and power.

e Use a paraffinic froth treatment process that is less energy-intensive than naphthenic froth treatment
and approximately equivalent to the average barrel refined in the United States.

« Froth treatment plant equipment has been designed and configured to maximize the recovery of
thermal energy using heat exchanges instead of a cooling tower.

« Variable frequency drives are planned for use on the project’s boiler feed pumps and ford draft fans,
which will reduce electrical energy associated with steam production.

e Use closed-loop cooling water for bitumen product to preheat recycle water.

« Enhanced haul truck fleet maintenance and dispatch systems are planned for the project to optimize
efficiency. Teck noted that it has successfully implemented similar approaches at its other mining
operations.

« Implement an anti-idling program for the mine fleet similar to what has been done successfully at its
other mine operations in cold climates.

[894] Teck stated that the project’s greenhouse gas efficiency has been optimized as the project has
advanced through the regulatory process. Examples of large and small changes are as follows:

« Mine plan for the project became more efficient because the south development area and associated
plant site and utility corridor were removed.

e Project’s average haul distance was reduced by 0.5 km (8%).
e Number of ore crushers was increased (from two to three) and more conveyor belts were added.

« Size of the plant site was reduced, resulting in an approximate 25% reduction in piping, which
reduces heat losses and fugitive emissions.

« By reducing the size of the plant site, it was possible to move the lodge adjacent to the plant, reducing
the amount of bus traffic needed.

« Electric-powered tower cranes are planned for construction instead of diesel-powered mobile cranes.
« Plant site was changed to a location that requires less excavation, filling and pilings.

« Including headwater lakes and submerged overburden berms in pit lakes at closure reduces the need
for off-site mining and trucking of erosion protection gravel.
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[895] Teck stated that combined mine and extraction operations have a lower greenhouse gas emission
intensity than in situ extraction operations. The estimated project greenhouse gas emission intensity falls
within the lower end of the range of those calculated and measured for similar mining operations. Teck
states that the project will have one of the lowest greenhouse gas intensities of any of the Canadian oil
sands projects and be a top quartile best-in-class performer. They note the use of cogeneration facilities to
generate power and heat, paraffinic froth treatment, variable frequency drive on boiler feed pumps, and
forced draft fans to reduce the electrical energy associated with steam production as some of the key
project features resulting in lower greenhouse gas intensity.

[896] ECCC stated that it had determined Teck’s greenhouse gas intensity at normal operation of

260 000 bbl/d production to be 43 kg/bbl, where a potential debottlenecking to 277 000 bbl/d production
would result in a greenhouse gas intensity of 40.4 kg/bbl. ECCC further stated the greenhouse gas
intensity of 40.4 kg/bbl would not be “best in class” when compared to other facilities that operate at a
lower emissions intensity. ECCC analysis of greenhouse gas intensities indicate that the project would
have a higher intensity than all currently operation standalone oil sands mines (other than mines in a
commissioning stage). In ECCC’s own calculations, the Shell Muskeg River 2014 intensity was
determined to be 32.5 kg/bbl and the Imperial Kearl 2015 intensity was determined to be 38.14 kg/bbl.

[897] ECCC stated that information that Teck has provided to date regarding greenhouse gas emissions
or mitigation measures does not demonstrate that the project will be “best in class.” Nor has Teck
demonstrated how best-in-class performance would be achieved and maintained through the
implementation of particular programs or technologies targeting greenhouse gas emission reductions and
energy performance. ECCC stated that an ongoing greenhouse gas management plan is required in order
for Teck to manage its emissions and demonstrate it is among the lowest emitters.

[898] OSEC stated that Teck has underestimated its greenhouse gas emissions from the project. It noted
that Teck did not include emissions from the production of natural gas and diesel fuels used on site,
emissions due to land use, and downstream emissions from refining and end use combustion.

[899] Using recent data and benchmarks set by Alberta’s Carbon Competitiveness Incentive
Regulation, OSEC presented a comparison with other oil sands mining projects that use similar paraffinic
froth treatment technology. They stated that the project will have the poorest greenhouse gas emissions
intensity of oil sands projects in this group which included Kearl, Fort Hills and the Muskeg River Mine
complex. OSEC stated that Teck’s greenhouse gas emissions intensity is average in the context of
Alberta’s Carbon Competitiveness Incentive Regulation and among the lowest performer when compared
to other mines using paraffinic froth treatment technology.

[900] Teck disagreed with OSEC’s analysis that the project would not see any emissions improvement
or reductions over its 41-year operating life. Teck maintained that its design greenhouse gas emissions
estimate for the project was calculated on a conservative basis, which is appropriate for the environmental
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impact assessment phase of the project. Teck acknowledged that baseline validation of its greenhouse gas
emissions will be required using actual data once the project is operating.

[901] Teck noted that greenhouse gas emissions intensity of oil sands mines has decreased by more
than 25 per cent from 2009 to 2017, during a period of time when less aggressive carbon regulation
existed. It expects this trend to continue. Teck referenced an IHS Markit analysis which predicts that an
additional 15 to 24 per cent emissions intensity reduction is possible for paraffinic froth treatment mine
operations by 2030.

[902] Teck stated that it supports the vision that the governments of Canada and Alberta have for
carbon pricing to increase over time in concert with coordinated global action. Teck agreed that these
measures are needed to make the change to a low-carbon economy.

[903] OSEC stated that it does not believe the project should be approved due to the significant
greenhouse gas emissions associated with the project, but if the project is allowed to proceed, OSEC
recommended that the panel include the following conditions:

« Submission of a detailed greenhouse gas management plan that outlines the mitigation measures Teck
will take to ensure that it is in the top quartile of the Carbon Competitiveness Incentive Regulation in
the oil sands mining sector. The plan must also demonstrate how the greenhouse gas emissions will
be reduced by a further 50% by 2050 to be consistent with Canada’s mid-century climate targets.

« Construction of the project shall not commence (a) until the Oil Sands Emissions Limit Act
regulations have been enacted, and (b) if the Government of Alberta’s 10-year forecast indicates
cumulative oil sands greenhouse gas emissions will exceed the 100 Mt carbon dioxide per year limit
at any time in the first five years of that forecast.

[904] Teck stated that it participates in and leads research and joint industry initiatives in COSIA to
identify and evaluate technologies and practices to reduce greenhouse gas emissions. Teck states that it is
committed to continual improvement in efficiency of energy use and emission reduction technologies as
part of its plans to reduce project greenhouse gas emission. It anticipates that further improvements in
greenhouse gas emissions reductions can be achieved during future stages of project engineering. Teck
states that this approach is consistent with Alberta’s Climate Leadership Plan and Canada’s Mid-Century
Long-Term Low-Greenhouse Gas Development Strategy to accelerate reductions in greenhouse gas
emissions through continual improvement and implementation of emerging technology.

[905] Teck submitted a high-level draft greenhouse gas management plan. Teck indicated that it will
develop a comprehensive greenhouse gas management plan for the project during the feasibility and
detailed engineering stages. It will also be informed by guidance from provincial and federal governments
and the outcomes of the joint review panel’s review.
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Analysis and Findings

[906] The panel notes that Teck has proposed a number of technology and operational improvements to
support its statement that the project will be “best in class” with respect to greenhouse gas emissions.

[907] The panel recognizes that the intent of the Carbon Competitiveness Incentive Regulation is to
encourage operators to strive for continual improvement in greenhouse gas emissions performance. Teck
will be required to comply with Alberta’s legislative scheme in relation to greenhouse gas emissions
including Carbon Competitiveness Incentive Regulation (CCIR) which is a cornerstone of Alberta’s
policy to reduce emissions from the oil sands sector. The panel notes Teck’s evidence that significant
emission reductions have been achieved by oil sands operations and that additional improvements can be
expected. The panel expects that the CCIR, as amended, will continue to drive innovation in the sector
and that emission improvements are likely.

[908] Teck provided a draft greenhouse gas management plan and committed to finalize it. The panel
agrees that a detailed greenhouse gas management plan that outlines the measures Teck will take to
ensure that it is in the top quartile of the CCIR in the oil sands mining sector is appropriate given Teck’s
commitments in this regard. This plan may include specific programs and technologies that Teck will
implement that target greenhouse gas emission reductions and specific measurable greenhouse gas
emission intensity targets that support its commitment to operate “best in class” in comparison with other
similar oil sands operations. The panel makes this a recommendation of this decision in light of the fact
that AEP is the entity that regulates industrial greenhouse gas emissions.

[909] The panel finds that the project greenhouse gas emissions will be regulated under Alberta’s
legislative scheme in relation to greenhouse gas emissions and that the project will be required to
demonstrate continual improvement in greenhouse gas emissions performance. The panel also finds that
the project will be a large source of greenhouse gas emissions at 4.1 Mt,e per year which represents
approximately 5.4% of total oil sand emissions in 2016.

Recommendations to Teck

o Develop a final detailed greenhouse gas management plan and an Energy Management System for the
Frontier project. The plan would include measures to demonstrate and measure how Teck will
achieve emissions intensity “best-in-class” status.

« Provide a public annual report to the AER on efforts and performance in managing greenhouse gas
emissions on both an intensity and total emissions basis.

« Demonstrate a commitment to best-in-class greenhouse gas emissions performance through the
implementation of relevant technologies and practices over the life of the project.
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o Demonstrate a commitment to continually improve the efficiency of energy use and related
greenhouse gas emissions in an effort to outperform regulations that are in effect.

« Connect to the electricity grid by the start of phase 1 operations in order to sell its excess low
intensity electricity, as available.

Alberta and Canada Climate Plans

Evidence

[910] Based on Environment Canada’s 2014 National Inventory Report, Teck states that project
emissions represent 0.58% of the total national greenhouse gas emissions and 1.64% of the provincial
total.

[911] The Wilderness Committee stated the that Teck Frontier project does not align with the goal of
limiting global warming to 1.5 degrees Celsius as set out in the Paris Agreement.

Analysis and Findings

[912] The panel accepts that Teck has committed to be a top quartile performer in oil sands production
emissions intensity and that the project includes features that will contribute to lower greenhouse gas
emissions. Through the development and implementation of measures in a detailed greenhouse gas plan
as recommended by the panel, and a continuous improvement approach, Teck should be able to realize its
aspiration.

[913] The panel notes that Alberta’s Climate Leadership Plan establishes, under the Alberta Oil Sands
Emissions Limit Act, a 100 megatonne (Mt) greenhouse gas emissions limit for all oil sands. At the time
that this report was created, the Government of Alberta had yet to determine the policy implementation of
the 100 Mt greenhouse gas limit. The panel is of the opinion that Alberta’s CCIR is the primary
regulatory tool to manage greenhouse gas emissions intensity and that the 100 Mt limit will act as a
regulatory backstop to the cap.

[914] The panel understands that there is uncertainty regarding the policy implementation of the 100 Mt
greenhouse gas limit in Alberta’s Oil Sands Emissions Act, and when or if the limit will be reached. It
accepts Teck’s evidence that the pace of Alberta’s oil sands development has slowed so that the
possibility of exceeding the cap in the near term is less likely.

[915] The panel finds that the project satisfies existing Alberta requirements with respect to greenhouse
gas emissions and is consistent with Alberta’s Climate Leadership Plan. The panel accepts that current oil
sands greenhouse gas emissions are well below the 100 Mt limit and would remain below the limit with
the approval and development of the project. The panel finds there would be room for the project within
the Government of Alberta’s Climate Leadership Plan to limit oil sands emissions to 100 Mt. The panel
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understands that Alberta’s Climate Leadership Plan is a component of Alberta’s action in the Pan-
Canadian Framework.

[916] In 2016, Canada’s greenhouse gas emissions were 704 Mt which included 72 Mt from oil sands
mining, in situ, and upgrading. The panel notes that if the project is approved and constructed, it may
make it more difficult to achieve Canada’s targets of a 30% reduction of 2005 levels by 2030 and a 2050
mid-century target for total Canada greenhouse gas emissions of 150 Mt/year. However, the panel
understands that establishing policies and programs to meet Canada’s international commitments to
reducing greenhouse gas emissions or the implementation of Alberta’s Climate Leadership Plan
regulations are beyond the scope of this proceeding or the authority of this panel.

Recommendations to Teck

e That Teck develop a final detailed greenhouse gas management plan and an Energy Management
System for the Frontier project. The plan would include measures to demonstrate and measure how
Teck will achieve emissions intensity “best-in-class” status.

« Provide a public annual report to the AER on efforts and performance in managing greenhouse gas
emissions on both an intensity and total emissions basis.

« Demonstrate a commitment to best-in-class greenhouse gas emissions performance through the
implementation of relevant technologies and practices over the life of the project.

« Demonstrate a commitment to continually improve the efficiency of energy use and related
greenhouse gas emissions in an effort to outperform regulations that are in effect.

« Connect to the electricity grid by the start of phase 1 operations in order to sell its excess low
intensity electricity, as available.
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16 Noise

[917] A number of parties expressed concerns about noise from the project and its potential effects on
the experience of remoteness and solitude.

Evidence

[918] Teck presented an acoustics assessment that concluded that the project’s oil sands mining
operation would meet the requirements of AER Directive 038: Noise Control. Teck included a processing
plant, mobile mining equipment, haul trucks, conveyors, a centrifuge plant, pump stations, and a bird
deterrent system as the major noise sources in the noise impact assessment. Teck incorporated trapper
cabins, traditional trails, the boundary of an acoustical local study area, and indigenous communities
outside the acoustics regional noise study areas as receptors for assessment. As a conservative approach,
Teck assumed that meteorological conditions enhancing noise propagation existed at all times and that all
equipment operated at rated capacity during the nighttime period. It calculated the noise impact at the
receptors based on the peak year noise emission. The project’s calculated noise levels are below those set
out in Directive 038 at all the identified receptors.

[919] Teck included the approved Suncor Fort Hills project in its assessment of the cumulative noise
impact. Fort Hills is the only existing or approved energy-related development in the acoustics regional
study area of the project. Teck concluded that the cumulative noise levels from the Suncor Fort Hills
project and the project are expected to be below Directive 038 levels at all the receptors.

[920] Teck presented an acoustics assessment of the project’s aerodrome operation, although the noise
effects from air traffic are not specifically addressed by Directive 038. The key noise sources associated
with the aerodrome operations are aircraft during taking-off and approach. Teck adopted the noise
exposure forecast used by Transport Canada’s Aviation Land Use in the Vicinity of Aerodromes. The
predicted values at all the receptor locations are much lower than the annoyance threshold of noise
exposure forecast 25 recommended by Transport Canada. Teck did not expect that outdoor noise levels
from the three aircraft flights per day that it assessed would cause sleep disturbance at the trapper cabins
in the acoustical local study area, Chipewyan Indian Reserve 201 G, Fort McKay, or Fort McKay Indian
Reserve 174C.

[921] Indigenous communities and area trappers expressed concerns about the potential effect of the
project’s noise on traditional land use, including the sensory disturbances or impact on the feeling of
remoteness. Teck provided the predicted noise levels at the identified trapper cabins, traditional trails, and
indigenous communities around the project. During the nighttime period, the predicted change in ambient
sound levels for all trapper cabin receptors and Chipewyan Indian Reserve 201 G is less than 1 dB. There
is no change predicted for the Fort McKay Indian Reserve, the community of Fort McKay, or the Namur
River Indian Reserve.
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[922] The project’s noise can be perceptible at some receptor locations. Regarding the feeling of
remoteness, Teck noted that there was very little literature available to quantify a feeling of remoteness. It
used the daytime and nighttime ambient sound levels identified in Directive 038 as a reference level to
quantify the perceptibility of the project’s noise effect.

[923] Teck’s acoustics assessment indicates that the cumulative change in sound level during the
daytime period is less than 1 dB at all receptor locations. During the nighttime period, the change in
ambient sound level is less than 1 dB at all trapper cabin receptors. The cumulative change in sound level
is expected to be perceptible at some receptor locations. However, sound levels fall below the limits set
by Directive 038 at all receptor locations including Fort McKay, Athabasca Chipewyan Reserve 201 G,
Fort McKay Indian Reserve 174C, and Namur River Indian Reserve 174 A.

[924] Teck will continue to engage aboriginal communities to better understand concerns regarding the
experience of remoteness and solitude. Teck will work with aboriginal communities to understand
baseline ambient sound levels in key locations and how increases in ambient sound levels might lead to
concerns about the integrity of feeling remoteness and solitude. In addition, Teck will consider any
additional mitigation measures proposed by potentially affected aboriginal communities to address these
concerns.

[925] Teck committed to conduct a comprehensive sound level monitoring survey following
commissioning of the project to verify it meets Directive 038 limits. During the hearing, Teck also stated
they would implement a site-wide monitoring program early in the operation and annually thereafter to
measure the noise emissions from the project to verify they do not exceed Directive 038 levels. The panel
requires Teck to conduct these surveys and submit them to the AER.”’

Analysis and Finding

[926] The panel finds that the acoustics assessment provided by Teck is technically complete and the
project is expected to be below Directive 038 levels at all the identified receptors.

[927] The panel recognizes that there is no defined technical approach on how to quantify feeling of
remoteness and accepts that it is practical for Teck to use the defined ambient sound levels in Directive
038 to evaluate perceptibility of the project’s noise effect. The project’s noise can be perceivable at some
traditional land-use locations near the local study area boundary; however, the panel believes the noise
effect will not be significant. At traditional land-use locations further outside the regional study area of
the project, such as Poplar Point Historic Cabins and Ronald Lake Historic Cabin, the project’s noise
impact is expected to be minor to minimal.

" Draft OSCA Approval — Condition 20; Draft OSCA Approval — Condition 21
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Project Effects

[928] In considering the effects of the project in the local study area and regional study area the panel
finds that

« noise levels from the project will be below Directive 038 limits,
« the magnitude of effects at the boundary of the local study area is expected to moderate to low,

« the magnitude of noise levels at the boundary of the regional study area is expected to be low to
negligible,

« the geographic extent of noise effects of the project is local,
« the frequency/duration of noise effects of the project is continuous, and

« the noise effects of the project will be reversible following completion of project activities.

Cumulative Effects
[929] In considering the cumulative noise levels, the panel finds that
« the predicted cumulative noise levels will be below levels specified in Directive 038,

« the magnitude of effects due to cumulative sound level change is moderate to low along the local
study area boundary and is low to negligible along the regional study area boundary,

« the geographic extent of cumulative noise effects are regional,
« the frequency/duration of cumulative noise effects is continuous, and
« the noise effects are reversible following completion of activities.

[930] The panel finds that the project meets Directive 038 limits for noise, and the project is not likely
to result in significant adverse cumulative effects to ambient sound levels beyond the project disturbance
area

[931] While the panel acknowledges that the project will result in an increase in noise in the area, the
panel believes that the project will not likely result in significant adverse noise effects or cumulative
effects except for people and wildlife in close proximity to the project.

Recommendations

[932] Provide information on the Frontier project noise complaint investigation process to potentially
impacted residents and communities.
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17 Groundwater

[933] The project could affect groundwater quantity and quality through spills, seepage of process-
affected waters, and dewatering and depressurization of surficial deposits and overburden.

[934] Teck assessed the effects dewatering, seepage interception, and basal McMurray aquifer
depressurization and injection would have over time on groundwater levels and flow patterns in
Quaternary and basal McMurray aquifers.

[935] Seepage from tailings areas is the primary risk to the quality of groundwater and receiving
surface waters. Teck assessed seepage quantities, pathways, and attenuation. Teck provided seepage
mitigation plans for operation and post-closure phases of the project. Teck also assessed the long-term
residual effects of seepage on groundwater and surface water quality.

Dewatering of Surficial Deposits and Depressurization of Basal Water Sands

Evidence

[936] The mine pits will intercept groundwater-bearing strata, resulting in dewatering of the overburden
as gravity drainage of the shallow groundwater into the pit occurs. This cannot be avoided during the
mining process. The water released from overburden will be sent to the closed water circuit. Drainage
water collected outside of the closed-circuit system, such as muskeg and overburden drainage water
collected in ditches, sumps, and shallow groundwater wells outside the mine pit, will be discharged to
receiving waters.

[937] Teck identified two groundwater units that meet the definition of a “domestic use aquifer” as
outlined in appendix E of Alberta Tier 2 Soil and Groundwater Remediation Guidelines. They are sandy
Quaternary sediments, which are present east of the project development area, and Lower McMurray
basal water sands, where present beneath the project development area. The basal water sands aquifer has
a discontinuous pod-like distribution and was shown to be saline (total dissolved solids >4000 mg/L) at
some locations within the project development area, while fresh at others. Zones containing naturally
saline groundwater are not considered to be a “domestic use aquifer.”

[938] A Quaternary channel, which extends north-south along the western edge of the proposed mine
pit, is incised into the McMurray or even the Devonian and was found to be filled predominantly with
fine-grain deposits and therefore is not classified as an aquifer.

[939] Teck predicts that the extent of drawdown in the Quaternary sediments will be limited. Within the
mine footprint, where the Quaternary sediments are not fully mined out, the drawdown within the
Quaternary sediments is predicted to be in the order of 10 to 20 m. The maximum extent of drawdown
from the boundary of the mined-out area and the external tailings area would occur on the eastern
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boundary of the project (due to the seepage control measures around the external tailings area). There, at
maximum project buildout, the modelling predicts drawdown of greater than 1 metre in Quaternary
sediments extending to a distance of five to ten kilometres. For other areas, the groundwater model
predicts that the extent of the water table depression will be up to 4 km from the edge of the mine pits.
Teck expects the water table to rebound quickly after mining ends in response to recharge from rainfall
and snowmelt.

[940] Depressurization of the basal water sands aquifer also cannot be avoided during the mining
process. Depressurization is required to minimize water inflow into the mine pit and ensure safe mining
operations. The required volumes may reach 3.4 Mm?®/year. Teck submitted that the basal water sands
aquifer in the project area is a channel aquifer of variable thickness and is not hydraulically connected
with the overlying Quaternary aquifer. Parts of the basal water sands are nonsaline, notably in the western
portion of the lease.

[941] The maximum predicted drawdown in the basal water sands aquifer outside of the pit footprint is
predicted to be over 10 m at a distance of 10 km west of the pit. The channel/pod shape of the basal water
sands aquifer constrains the maximum lateral extent of the drawdown. Since the basal water sands are not
hydraulically connected to the Quaternary aquifer, the depressurization of the basal water sands is not
expected to have a significant impact on water levels in the Quaternary aquifer. The model predicts
groundwater level recovery in the basal water sands within a century after the depressurization ceases.

[942] Teck proposes to install monitoring wells in the basal water sands to monitor groundwater levels
and groundwater quality to detect the incursion of the deep Devonian groundwater into the basal water
sands or mixing between the saline and nonsaline groundwater within the basal water sands aquifer itself.
Teck indicated that changing the depressurization wells’ locations, pumping rates, as well as adjusting the
mining plan and engineered local reductions to hydraulic conductivity can mitigate unwanted changes to
the groundwater flow system in the basal water sands.

[943] Teck proposes to reinject up to 0.94 Mm? of predominately nonsaline basal water sands
groundwater back into the basal water sands aquifer in the western portion of the site for a period of up to
three years, subject to obtaining separate AER approvals under Directive 051: Injection and Disposal
Wells — Well Classifications, Completions, Logging, and Testing Requirements and Directive 065:
Resources Applications for Oil and Gas Reservoirs.

[944] Mr. Hoffman and the trappers described shallow groundwater use in the vicinity of the project.
They stated that they rely on groundwater springs and seeps on the west bank of the Athabasca River. In
particular, they have used a groundwater source located approximately 9 km to the north-northeast of the
mine boundary, within 600 m of the Athabasca River bank. The trappers stated that depletion of the water
source would have an adverse effect on their livelihood.
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[945] NRCan and Parks Canada expressed concern that the loss of the groundwater contribution to the
watershed resulting from dewatering activities may have an adverse effect on surface water levels in the
Lake Claire watershed and in Wood Buffalo National Park. They recommended that Teck be required to
monitor for possible groundwater drawdown in these areas by installing monitoring wells near Ronald
Lake and at the boundary of Wood Buffalo National Park.

[946] Teck disagreed with NRCan’s recommendation to install groundwater monitoring wells near
Ronald Lake and the boundary of Wood Buffalo National Park for the purpose of monitoring for possible
groundwater drawdown in the Lake Claire watershed and Wood Buffalo National Park. Teck stated that
these well locations were remote, at 13 km and 52 km respectively. Teck instead proposed to install
monitoring wells in the Quaternary, Cretaceous, and Devonian aquifers proximal to the planned mine
footprint between the project development area and Ronald Lake before beginning of construction, with
the need for additional monitoring, if any, established through the adaptive management plan that will be
part of the finalized groundwater monitoring plan. At the hearing, Canada agreed with Teck’s alternative
proposal.

[947] Teck confirmed that the Ronald Lake watershed is located within the northernmost extent of the
groundwater local study area and that the area of the groundwater model covered the Ronald Lake
watershed. Teck confirmed that during operations on the northern boundary of the project and in the
direction of the sensitive watersheds of Ronald Lake and Lake Claire, the predicted extent of the
drawdown within the surficial aquifers would not be more than 4 to 5 km from the project development
area.

[948] NRCan acknowledged that the distances between edge of the mine pits and the sensitive
environmental receptors of concern are approximately 15 km for Ronald Lake, 25 km for the closest
boundary of Wood Buffalo National Park, and over 45 km for Lake Claire and that the potential effects of
mine dewatering were likely to be moderate and could be minimized by the mitigation measures proposed
by Teck.

[949] NRCan recommended that monitoring wells be installed to collect water level data from the area
to the north of the project development area because currently there is no data in this area. NRCan also
asked the panel to recommend that Teck update the groundwater flow and transport models regularly
during the life of the project to increase the confidence in its predictions and to devise a groundwater
monitoring strategy to aid in assessing the groundwater inputs into the Lake Claire watershed, including
the Buckton Creek watershed and Ronald Lake.

[950] Teck proposed an adaptive approach to groundwater monitoring networks in its response to the
NRCan and Parks Canada submissions, committing to installing monitoring wells in the Quaternary,
Cretaceous, and Devonian aquifers proximal to the mine footprint and between the project area and the
Peace-Athabasca Delta and Ronald Lake before beginning construction. Teck proposed to determine the
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need for additional monitoring, if any, through its adaptive management plan. Teck agreed to update the
groundwater flow and transport models for the project to increase confidence in the model’s predictions,
such as the extent of the drawdown in the Quaternary aquifer.

Analysis and Findings

[951] The panel accepts that dewatering of surficial Quaternary deposits and depressurization of the
basal water sands is necessary to ensure safe mining operations. The panel also accepts Teck’s predictions
that the effects of overburden dewatering on Quaternary aquifers will be localized and reversible.

[952] The panel notes that the shallow artesian water source identified by Mr. Hoffman and the trappers
is located to the north of the area of predicted maximum drawdown, but that the actual drawdown
extending from the external tailings area will be determined by the operation parameters of the seepage
interception system. The panel understands that Teck intends to install dedicated monitoring wells to
monitor the impacts on groundwater related to the seepage interception system operation. The
observations of the groundwater levels in these monitoring wells will confirm that drawdown caused by
the project does not reach the shallow artesian water sources used by Mr. Hoffman and the trappers.

[953] Due to the localized extent of the drawdown effects, the panel finds that drawdown of the water
table in the surficial deposits in the vicinity of the project is not likely to have a significant effect on
groundwater or surface water levels in Lake Claire, Ronald Lake, or the Buckton Creek watershed.
However the panel agrees with the recommendation that the extent of drawdown in Quaternary sediments
should be verified during the life of the project through monitoring and regular analysis of the collected
monitoring data. The panel therefore requires that, as part of the groundwater monitoring plan required
under the project’s Water Act licence and EPEA approval, Teck include water level monitoring in
groundwater wells installed at locations that increase confidence in the predictions that the Lake Claire
watershed, including the Buckton Creek watershed and Ronald Lake areas, and the area of groundwater
use on the west bank of the Athabasca River are located outside of the maximum extent of the project’s
impact on the groundwater levels in the Quaternary aquifer.” The panel recommends that the Minister
include the requirement for a follow-up program in the decision statement under CEAA 2012 (see
section 38).

[954] As aresult of the discontinuous pod-like nature of the basal water sands aquifer and its being at
least partially hydraulically isolated from the overlaying shallower Quaternary aquifers, the panel finds

that the proposed depressurization of the basal water sands aquifer and the corresponding drawdown is

not likely to have a significant impact on the surface environment despite the more prolonged predicted
recovery period from the depressurization.

"8 Draft Water Act Licence — Conditions 3.21, 3.22, and 3.23; Draft EPEA Approval — Conditions 4.5.1(i) and
4.5.1(j)
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[955] The panel recognizes Teck’s commitment to continuing the investigation of the basal water sands
aquifer. The mitigation measures proposed by Teck to avoid significant disruptions to the nonsaline
portions of the basal water sands and the incursion of saline water from the Devonian aquifer through
monitoring and adjusting the operating parameters of the depressurization network are appropriate. The
annual reporting of groundwater levels, quality and pumping rates and volumes in the basal water sands
aquifer will be required as a part of the groundwater monitoring plan required under the EPEA approval.”

Potential Effects to Groundwater Quality from Process-Affected Water

Evidence

[956] Teck proposes to construct two external tailings areas (external tailings area 1 and external
tailings area 2) and three in-pit tailings areas (internal tailings area 1, internal tailings area 2 and internal
tailings area 3) to store fluid tailings, recycle water, centrifuge cake tailings, and coarse combined
tailings. Teck confirmed that no tailings will be placed in the watershed that flows north to Ronald Lake.

[957] Teck conducted groundwater modelling to understand flow rate, direction of flow, and transport
of dissolved substances from areas affected by process waters. Teck stated that seepage pathways from
both external tailings areas and internal tailings areas were included in the groundwater quality modelling
assessment and incorporated into the surface water quality modelling.

Seepage from External Tailings Areas

[958] The external tailings areas will be sited east of the main mine pit over surficial Quaternary
deposits, which overlie McMurray Formation bitumen, which overlies Devonian limestone and shale
bedrock. In the southern portion of external tailings area 1, the Quaternary deposits directly overlie the
Devonian bedrock. The Quaternary deposits are a mixture of sand, silt, and clay and were found to be
predominantly sandy and permeable in the area of the external tailings areas. Where present, the
McMurray Formation bitumen is expected to act as an effective barrier to downward infiltration from the
external tailings areas. Teck characterized the underlying Upper Devonian bedrock as a low-permeability
aquitard unit; however, Teck recognized a potential for karst features of higher permeability within the
Devonian bedrock.

[959] Teck does not propose to install low-permeability liners at the base of the external tailings areas
to minimize leakage. This is consistent with the design of other tailings ponds in the oil sands region.
Teck stated that that seepage from external tailings areas will infiltrate into the underlying formations and
migrate with groundwater primarily within Quaternary sediments. Teck proposes to control seepage from
the external tailings areas by means of hydraulic barriers.

" Draft EPEA Approval — Conditions 4.5.1(p) and 4.5.10(y)
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[960] Teck proposes a staged approach for the construction of the hydraulic barriers. Teck indicated
that, during the operations phase, external tailings area seepage will be controlled by a hydraulic barrier
on the north, east, and south of external tailings areas created by seepage collection ditches and
approximately 94 interception wells. The wells will fully penetrate sandy Quaternary sediments, will be
30-60 m deep, spaced 250 m apart, and will be pumped at a rate of 200-500 m*/d, sufficient to capture
100% of seepage from both shallow and deep groundwater flow systems. The intercepted seepage will be
pumped back to the external tailings areas. The interception wells will be installed before tailings are
placed in external tailings areas. Teck stated that the proposed system of pumping wells is robust,
flexible, and a proven industry technology to address seepage.

[961] Teck stated that post-closure, seepage control for the external tailings area will consist of an
engineered passive low-permeability barrier, perimeter ditches, and reclamation lakes. At the end of mine
life, Teck will install a physical cutoff wall, or an equivalent barrier, that will be 24 km long,
approximately 50 m deep, and 1 m wide, with a design permeability of 10"° m/s or less. Teck provided
examples showing that technology is available to construct a wall to the proposed depth and achieving the
design permeability. Teck estimated that it will take 11-13 years to construct the barrier wall and that it
will be able to complete construction of the wall within the closure time period from 2066 to 2081.

[962] Teck estimated the cost of the barrier construction at $200-$500 million. Teck stated that the
higher cost estimate of $500 million was included in the financial model for the project. During the
hearing, Teck stated that the $500 million post-closure budget includes the cost of the barrier itself
(estimated at $350 million), the cost of barrier failure mitigation, and the cost of ongoing performance
monitoring.

[963] OSEC raised concerns that the budget allocated to monitoring and mitigating seepage from
external tailings areas after the project ended was insufficient to support those activities long term. OSEC
questioned whether Teck’s $500 million budget for seepage mitigation, including construction of a
passive barrier, was the same budget as the $500 million for post-closure. Teck stated that $500 million
was allocated for post-2081 activities. Teck implied that the barrier cost will be covered from a pre-2081
portion of the total closure and reclamation budget of $2.9 billion. OSEC concluded that only

$150 million was allocated for up to 65 years of post-closure monitoring, maintenance, and mitigation,
and that that amount was insufficient.

[964] Teck proposed implementing a plan to monitor the performance of the seepage control system.
Teck provided evaluation criteria and a conceptual monitoring plan for groundwater levels and quality.
Teck stated that additional hydraulic testing, tracer testing, and geotechnical coring and testing may be
performed to evaluate performance and integrity of the post-closure physical cutoff wall. Teck stated that
the length of post-closure monitoring period will be contingent on the seepage quality meeting regulatory
requirements but that it is expected to last 20-40 years.
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[965] Teck indicated that a detailed seepage control system performance monitoring plan would be
submitted in accordance with the requirements of the EPEA approval for review and authorization by the
AER.

[966] Teck identified the following potential mitigation measures, should seepage control prove
inadequate:

« additional evaluation through monitoring and modelling

« increasing the capacity of the interception wells

« installing additional interception wells

« deepening seepage collection ditches

« repairing and upgrading the hydraulic barrier (e.g., injecting grout at strategic locations)
« extending the operation of the pumping well system into post-closure

« extending the period of post-closure testing and monitoring

[967] Teck acknowledged the uncertainty associated with the current level of characterization of the
Quaternary and Devonian units in the vicinity of the external tailings areas and committed to further
investigation of the Devonian bedrock during the project development stage and hydraulic pressure
monitoring in the Devonian and basal water sands aquifers.

[968] Teck estimated the post-closure seepage from external tailings areas at 63.4 L/s. Teck stated that
the majority of post-closure seepage from external tailings areas will be directed to a perimeter surface
water drainage system along the toe of the external tailings areas; this seepage will enter one of the two
proposed reclamation lakes before discharging to the fish habitat compensation lake. A portion of the
shallow seepage from external tailings areas will also flow westward and discharge into the central pit
lake. Combined external tailings area seepage discharging into the local drainage system of the
reclamation landscape is predicted to be 52.1 L/s.

[969] Teck predicted that a small portion of the seepage from external tailings areas will infiltrate to
deeper groundwater units (basal water sands and the Devonian) and ultimately discharge into the fish
habitat compensation lake (0.6 L/s), Big Creek (4.6 L/s), and the Athabasca River (6.1 L/s). Teck
confirmed that seepage along the deep flow pathways from both external tailings areas and internal
tailings areas were included in the groundwater quality modelling assessment and incorporated into the
surface water quality modelling.

[970] Teck concluded that the incremental effects on downstream water quality from the deeper flow
pathways are negligible given the existing saline water quality of the deeper groundwater and natural
attenuation processes over the long time periods for the small amounts of seepage estimated to follow
these pathways.
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[971] Further discussion of the effects of seepage of process-affected water is provided in the
subsections “Residual and Far-future Effects on Groundwater” and “Surface Water Quality.”

Seepage From In-Pit Deposits

[972] Teck did not propose engineered seepage control systems for the internal tailings areas. Teck
indicated that during operations, surficial dewatering and depressurization activities act as regional
groundwater sinks that cause groundwater flow towards the depressurization areas associated with the pits
and therefore mitigate outward migration of seepage from materials placed in-pit. Teck stated that post-
closure seepage from in-pit deposits will primarily discharge to the local drainage system of the
reclamation landscape and be directed to the central and south pit lakes.

[973] Drainage flow rates from internal tailings areas were estimated to be much lower that the rates
from the external tailings areas (internal tailings areas combined 10.9 L/s, external tailings areas
combined 63.4 L/s).

[974] Teck predicted that, post-closure, a portion of seepage from the internal tailings areas will
infiltrate to deeper groundwater units (basal water sands and the Devonian) and ultimately discharge into
Big Creek (1.2 L/s) and the Athabasca River (3.1 L/s).

Risk of Enhanced Migration of Seepage from Internal Tailings Areas Through Karst Pathways into
Surface Water Receptors

[975] Teck stated that before placing tailings in the internal tailings areas, scheduled to start 2035-
2040, it will have evaluated the potential for karstic conditions in the area of internal tailings areas
through application of the karst management plan during the engineering design and operational phases of
the project. If a karstic (high-permeability) groundwater pathway is encountered in the shallow Devonian,
Teck committed to completing an assessment of its influence on downstream aquatic receptors.

[976] Should the assessment indicate the potential for detrimental effects, Teck is prepared to
implement the following mitigation measures:

o Place low-permeability waste material at the base of the pit in the vicinity of the higher-permeability
feature.

« Leave a layer of bitumen in place to act as a hydraulic barrier to limit seepage from the internal
tailings areas into the karstic pathway.

« Reduce permeability of the bedrock zone through a grouting program.

« Install seepage recovery wells.
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Risk of Enhanced Migration of Seepage from Internal Tailings Area 3 Through Quaternary Channel into
Downgradient Groundwater and Surface Water

[977] Teck identified a Quaternary channel along the western edge of the main mine pit and the
proposed internal tailings area 3. Teck evaluated the risk that the Quaternary channel might constitute a
potential migration pathway for seepage from internal tailings area 3. Teck stated that, based on the
completed investigations, the Quaternary channel is infilled by low-permeability, clay-rich deposits, and
the likelihood of extensive or continuous high-permeability deposits within the channel is considered low.
In addition, the elevations in the proposed internal tailings area 3 closure landscape are lower than those
of the groundwater in the channel, and therefore the groundwater flow direction in the closure landscape
is expected to be from the channel towards internal tailings area 3 and the central pit lake rather than in
the opposite direction.

[978] Teck committed to further investigations of the channel to verify the nature and permeability of
the channel fill sediments. If investigations indicate that the Quaternary channel could provide a pathway
for groundwater seepage from internal tailings area 3, Teck identified the following mitigation options:

o Leave a pillar of low-permeability bitumen along the western edge of the pit to isolate the Quaternary
channel.

« Use pumping wells to capture the seepage and redirect it to the closed-circuit system.

[979] NRCan acknowledged that the likelihood of significant environmental effects due to seepage
migration through the buried channel is low. NRCan supported Teck’s plans for further investigation and
monitoring of the Quaternary channel.

Monitoring of Seepage from External Tailings Areas and Internal Tailings Areas

[980] Teck’s conceptual monitoring plan for the project includes monitoring wells installed at locations
and formations where seepage from external tailings areas and internal tailings areas could occur. Teck
stated that monitoring will continue into the post-closure period for 20 to 40 years. Teck indicated that
monitoring results will be analyzed for trends and compared against values predicted by the groundwater
model. The model will be periodically updated as new information is gathered and used to guide the
evolution of the monitoring system.

Residual and Far-future Effects on Groundwater and Surface Water Quality

[981] Teck predicted that in the post-closure period, a portion of the seepage from the external and
internal tailings areas will bypass the passive (barrier) seepage control system and move with
groundwater flow towards receiving surface water bodies.

[982] Teck estimated groundwater discharge rates from each internal and external tailings area to the
receiving water bodies, including south reclamation lake, east reclamation lake, central pit lake, Frontier
fish habitat compensation lake (the current Redclay Creek), Big Creek, and the Athabasca River.
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[983] Far-future seepage rates from external tailings areas and internal tailings areas discharging to the
Athabasca River were estimated at 6.1 and 3.2 L/s, respectively, or 9.3 L/s combined. The combined
discharge rate to Big Creek was estimated at 5.8 L/s, and to the fish habitat compensation lake at 0.6 L/s.
Teck predicted travel time along the deep groundwater flow pathways to surface water receptors to be on
the order of hundreds to thousands of years.

[984] Teck’s primary assessment focus for groundwater quality was on the groundwater to surface
water pathway. Teck predicted that, with the barrier in place, the effects to aquatic life of tailings-derived
contamination discharging to surface water bodies via groundwater will be negligible.

[985] Teck conducted solute transport modelling (using GoldSim batch flush model) to assess the
effects of tailings-derived contamination to groundwater and surface water quality. Teck simulated
groundwater concentrations for 42 parameters, including metals, nutrients, PAHs, major ions, naphthenic
acids, and toxicity at points of discharge to surface water bodies. The model accounted for natural
attenuation due to dilution, dispersion, adsorption, and decay. The initial solute concentrations entered
into the model were derived from process-water models, a tailings pilot test study, and from existing oil
sands operations. The model did not consider background concentrations; therefore, the results represent
an incremental increase in concentrations.

[986] Teck presented time-plots for groundwater concentrations of chloride and naphthenic acids at
discharge nodes to south reclamation lake, east reclamation lake, central pit lake, south pit lake, fish
habitat compensation lake, Big Creek, and the Athabasca River for a period of 2000 years.

[987] Teck provided far-future groundwater quality results/graphs for four scenarios:

e no barrier

« base case with barrier performance as per design

« increased Devonian permeability (from 2 x 10”° m/s to 3.5 x 10° m/s)
o partial barrier failure

[988] The modelling predicted that, in the base case with barrier performance as per design,
groundwater concentration of chloride at the discharge points to all water bodies except the Athabasca
River is predicted to exceed the guideline concentration of 120 mg/L at some point in the future. Without
the barrier, significantly less seepage discharges to the east and south reclamation lakes and instead
travels further downgradient to the fish habitat compensation lake and Big Creek and the Athabasca
River. Teck stated that the barrier will need to maintain its effectiveness for 230 years post-closure to
prevent chronic toxicity effects in the fish habitat compensation lake and Big Creek, but indicated that the
estimate of 230 years is the worst-case scenario because it disregards the effects of mixing and dilution.
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[989] Teck did not predict chronic toxicity effects in the Athabasca River in any scenario, including no
barrier.

[990] Partial barrier failure resulted in marginally increased peak concentrations of conservative
contaminants (e.g., chloride) and had no effect on concentrations of reactive contaminants (e.g.,
naphthenic acids). Chloride concentration increased from ~150 mg/L to ~170 mg/L at groundwater point
of discharge to Big Creek and had no perceptible increase above the base case of 30 mg/L at the
Athabasca River. In terms of mass flux, partial barrier failure resulted in an increase of peak chloride
loading from 30 to 50 metric tons per year at Big Creek and a minimal increase above the base case
scenario of 42 metric tons per year at the Athabasca River.

[991] Increased Devonian permeability resulted in marginally increased peak concentration of
conservative contaminants and had no effect on concentrations of reactive contaminants. Chloride
increased from ~150 mg/L to ~160 mg/L at the Big Creek groundwater discharge point and from

~20 mg/L to ~30 mg/L at the Athabasca River. For mass flux, increased Devonian permeability resulted
in increase of peak chloride loading from 30 to 40 metric tons per year at Big Creek, and from 40 to

60 metric tons per year at the Athabasca River.

[992] Teck predicted the peak concentration of a solute at breakthrough to the surface water receptor to
be a fraction of its initial concentration at source. In the base case scenario,, Teck calculated the
attenuation factor for chloride to be 0.47 at the discharge to the fish habitat compensation lake, 0.41 at the
discharge to Big Creek, and 0.06 at the discharge to the Athabasca River.

[993] Teck confirmed that regardless of when the peak concentration of individual contaminants occur,
whether 500 or 1000 years into the future, that concentration was used in the surface water quality model
for all times. Teck predicted that in 2181 concentrations in groundwater discharge nodes to surface water
will exceed surface water guidelines or chronic-effects benchmarks or reference criteria for several
substances, including aluminum, iron, naphthenic acids, and phosphorus. Although concentrations of
certain individual contaminants at the groundwater discharge points to surface water are predicted to
exceed the Alberta surface water guidelines, Teck assessed the effects on aquatic life as negligible
considering whole-sample toxicity and chronic-effects benchmarks and surface water dilution effects.
Teck’s conclusions of negligible effects to aquatic life downgradient of external tailings areas are based
on evaluation of substance concentrations in the receiving environment rather than in the groundwater
matrix. Potential effects to surface water quality and the aquatic environment are discussed further in the
section “Surface Water Quality.”

[994] Keepers of the Athabasca expressed concern about seepage of water from tailings ponds into
groundwater. They stated that tailings should be fully contained in tanks or that tailings ponds should be
lined with double liners and include leachate detection systems similar to municipal landfills.
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[995] Keepers of the Athabasca asserted that the groundwater flow through the Quaternary and the
underlying Devonian unit between the external tailings area and the Athabasca River is poorly
characterized on the local scale, and additional work is needed to make accurate prediction of the
groundwater flow and transport of the contaminants towards the Athabasca River. Keepers of the
Athabasca stated that the vertical barriers to flow below the external tailings area are either not included
in the design (in the case of an engineered liner) or inadequately characterized in the environmental
assessment (with respect to the Devonian bedrock surface). Keepers of the Athabasca also expressed
concern that the hydraulic barrier wells would capture groundwater that is not impacted by the process.
Keepers of the Athabasca noted that Teck relied on old reports and used regional rather that site-specific
data for the properties of the hydrostratigraphic units in its models. Overall, Keepers of the Athabasca
believed that Teck’s groundwater model was unreliable.

[996] Teck acknowledged that there is some uncertainty associated with the parameters used in the
groundwater model, particularly for the Devonian and basal water sands. To address this uncertainty,
Teck performed model runs increasing the Devonian permeability by 3 orders of magnitude, and this
resulted in only marginally higher contaminant concentrations at discharge nodes to surface water.
Sensitivity analyses were also run for hydraulic conductivities, recharge, and connectivity between the
basal water sands and the Athabasca River.

[997] Teck committed to additional characterization of the Devonian in the southern portion of the
external tailings areas area, where the Devonian is in direct contact with sand-dominated Quaternary
sediments. If higher-permeability zones are encountered beneath the external tailings areas, Teck
identified the following options to mitigate potential effects on downgradient receptors:

« Maodify the seepage interception well system to capture groundwater seepage within the shallow
Devonian by

— installing additional deeper interception wells into the Devonian,

— extending the screens of the proposed Quaternary wells into the Devonian, or

— increasing pumping rates to effect upward hydraulic gradients from the Devonian.
o Grout the local zones of karstic permeability.
« Re-evaluate effects by updating the flow and transport model.

[998] NRCan accepted that the likelihood of contaminants travelling through the basal water sands and
reaching the Athabasca River and causing significant adverse effects to the river is low. NRCan supported
Teck’s plan to establish a basal water sands monitoring network, including between the pit and the
Athabasca River, and monitor pressures and water quality.
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[999] NRCan considered the likelihood of adverse environmental effects as a result of seepage from the
external tailings areas to be moderate, but was of the opinion that the mitigation, monitoring, and follow-
up plans proposed by Teck will minimize these effects. NRCan noted that indigenous groups want to be
involved in reviews of seepage performance plans and reports but offered no opinion about whether they
should be accommodated. NRCan did not indicate a concern with criteria to terminate post-closure
monitoring or with Teck’s ability to control the use of potentially contaminated domestic use aquifers.
NRCan was supportive of mitigation, monitoring, and follow-up plans proposed by Teck.

[1000] Teck recognized that seepage-derived contamination will impact downgradient domestic use
aquifers as defined in Alberta Tier 1 Soil and Groundwater Remediation Guidelines (2019). Specifically,
Teck indicated a potential for contamination of the Quaternary aquifer in a broad area between the project
development area and the Athabasca River and of the basal water sands anywhere the aquifer has been
mapped between the mine pit and the Athabasca River.

[1001] At the hearing, Teck clarified that their assessment of impacts to domestic use aquifers
considered not only the groundwater ingestion criteria but also the more stringent criteria for the aquatic
life exposure pathway. After limiting the assessment to just the drinking water criteria, Teck submitted
that, based on predicted process-water concentrations in external tailings areas, the impacts to domestic
use aquifers would not exceed Tier 1 health-based guidelines for potable groundwater. Only aesthetic-
based guidelines for selected parameters, such as manganese and total dissolved solids, might be
exceeded. Teck noted that natural background concentrations of several parameters already exceed the
drinking water guidelines.

[1002] Teck stated that it does not intend to remediate the domestic use aquifers to meet the drinking
water guidelines. As an exclusive holder of the mineral surface lease with consolidated surface rights,
Teck will have the ability to restrict groundwater consumption from the potentially affected aquifers.
Teck will confirm that the areas of domestic use aquifers that might be affected by the project are
contained within the mineral surface lease. Should restrictions on the consumption of groundwater be
required after the lease is relinquished, Teck stated that they will work with AEP to determine the form of
such restriction.

[1003] Teck stated that there are no current users of the domestic use aquifers in the area. However, Mr.
Hoffmann, a trapper, described an artesian well (spring) used as a drinking water source by the trappers
and indigenous people in the area. The well is located approximately 600 m west of the Athabasca River
on registered fur management area (RFMA) 2346, about 9 km northeast of project development area.

[1004] Mikisew and Teck jointly developed a number of proposed conditions related to construction and
operation of the project and requested that they be incorporated as approval conditions, should the project
be found to be in the public interest and approved. The Mikisew-Teck jointly proposed conditions
included a condition that all plans required for the project be subject to consultation with indigenous
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groups. At the hearing, Mikisew expressed an expectation that the AER would have a role in enforcing
the consultation conditions. However Teck indicated that did not expect the AER to be involved in
assessing the adequacy of consultation with Mikisew on operational plans; rather, Teck intended to work
with Mikisew under the joint environmental working group that Teck and Mikisew have established to
resolve any disagreements on the plans. If disagreements on specific content of the plans occurred and
could not be resolved between the parties, they would be jointly reported to the AER.

[1005] Mikisew and Teck also jointly recommended that the governments of Alberta and Canada
implement an effective tracing system (e.g., isotopic tracing) for all tailings ponds near the Athabasca
River. At the hearing, Mikisew further recommended that the governments revise the Lower Athabasca
Region Groundwater Management Framework by adding pH and temperature as indicators and reducing
existing water quality thresholds to 75% of the Canadian drinking water guidelines and that the revision
occur before the project receives regulatory approval.

[1006] Athabasca Chipewyan and Teck jointly developed commitments related to the project and
requested that the panel include these as approval conditions, should the project be approved. The
Athabasca Chipewyan and Teck jointly developed commitments included a commitment from Teck to
work collaboratively with Athabasca Chipewyan in development and implementation of mitigation
monitoring and adaptive management plans, including groundwater monitoring plan and seepage
management plan.

Analysis and Findings

[1007] Alberta’s Environmental Protection and Enhancement Act prohibits contaminant release in
excess of what is expressly prescribed by an approval (section 108) and sets out requirements for
contaminant release management (section 112). EPEA approvals do not have limits for releases to
groundwater. Releases that result in exceedance of Alberta Tier 1 and Tier 2 Soil and Groundwater
Remediation Guidelines (2014) must be remediated or managed according with the guidelines and EPEA.
Alberta’s policy on the management of contaminated sites (Contaminated Sites Policy Framework, 2014)
allows a management option of “exposure control,” which may be accomplished through administrative
restrictions (e.g., municipal bylaws or land title restrictions prohibiting groundwater use). However,
regulatory closure (e.g., reclamation certificate) is not currently available for sites where contamination is
S0 managed.

[1008] Section 2.5 of the Alberta Tier 1 and Tier 2 Soil and Groundwater Remediation Guidelines
(2014) defines domestic use aquifers in terms of hydraulic conductivity and yield. It also articulates the
policy for protection of the quality of domestic use aquifers stating that “a [domestic use aquifer] is an
important current and future groundwater resource and must be protected to the maximum extent
possible.” The human health groundwater ingestion pathway criteria must be met everywhere within a
domestic use aquifer. The groundwater ingestion guidelines cannot be modified based on site-specific
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conditions. Where natural concentrations of substances in groundwater exceed applicable remediation
guidelines, remediation to below the background levels is not required.

[1009] LARP includes the Lower Athabasca Region Groundwater Management Framework (2012). The
Supporting Document for the North Athabasca Oil Sands Area (2013) provides further direction for
protection of groundwater quality in the North Athabasca Qil Sands Area by defining priority aquifer
management units that require protection and defining regional groundwater quality management triggers
and targets. The framework is applicable in general to nonsaline groundwater in near-surface sand and
gravel deposits as well as to nonsaline intervals of the basal McMurray aquifer. The framework has not
identified any priority aquifer management units in the Teck Frontier area. Currently only interim
groundwater quality triggers have been identified and no targets; the implementation of interim triggers is
not mandatory. In its current form, the framework does not provide any further restrictions or guidance
for groundwater protection in the project area.

[1010] The panel considers the seepage of process-affected water from the external tailings areas to be
the primary risk to groundwater quality during operations and post-closure. Seepage of process-affected
water from the in-pit tailings disposal areas also has the potential to adversely affect groundwater quality
post-closure.

[1011] Other potential sources of contaminants, such as the overburden dumps, basal water sands
groundwater storage pond, bitumen processing and storage facilities, containment ponds for process
liquids, landfills, hazardous waste storage facilities, and facilities for surface runoff control, are not
expected to result in significant effects to groundwater quality given the nature, design, and regulatory
controls associated with these features.

[1012] Teck will have to comply with the following standards and guidelines for project activities that
carry a risk of groundwater contamination:

o Hazardous Waste Storage Guidelines (1988) — siting of hazardous waste storage areas to minimize
risk of groundwater contamination®

% Draft EPEA Approval — Condition 4.3.3
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« Directive 073: Requirements for Inspection and Compliance of Oil Sands Mining and Processing
Plant Operations in the Oil Sands Mining Area, which includes design and construction of
containment structures.® When Teck applies in the future to develop the landfill® and the brine

storage pond,® the following standards and guidelines will be applicable:

— Standards for Landfills in Alberta (2010) — hydrogeological assessment for landfill siting, landfill
design and operation

— Guidelines for Alberta Brine Storage Reservoirs (1978, amended 1991) — storage pond design for
basal water sands groundwater

— Action Leakage Guideline (1996) — storage pond design for basal water sands groundwater

[1013] The primary focus of Teck’s assessment of effects to groundwater quality was protection of
downgradient aquatic receptors. This is consistent with previous environmental impact assessments in the
mineable oil sands area.

[1014] The panel recognizes that the groundwater model for the Frontier project has been significantly
refined and improved since the application was originally filed in 2011. Remaining uncertainties result
from limitations associated with the characterization of site hydrostratigraphy, including site-specific
information on the hydraulic permeability and hydraulic heads of the Upper and Middle Devonian units,
the spatial extent of the basal water sands, and the hydraulic permeability of the Quaternary channel along
the western mine pit boundary. The panel accepts that Teck has made appropriate use of existing data
sources and that the level of site characterization is appropriate given the stage of the project. The panel
also accepts Teck’s commitment to collect additional data as project implementation proceeds and using
this data to update and refine the groundwater models. The panel finds this to be an acceptable approach
to address uncertainties and mitigate risks. The panel requires that Teck develop and implement a plan for
periodic updates to groundwater flow and transport model as new information becomes available from
supplementary investigations, groundwater monitoring, and testing.*

[1015] The panel understands that should karst zones of higher permeability exist or be activated by
mining activity, these features could result in an upwards flow of saline groundwater from the Devonian
into basal water sands or the mine pit or, conversely, a downward flow of process-affected seepage,
depending on pressure differentials in a particular area. The possibility of high-permeability zones in the
Devonian is of particular concern in the southern portion of external tailings area 1, where sandy

8 Draft EPEA Approval — Condition 3.1.3

8 Draft EPEA Approval — Conditions 3.4.8

8 Draft EPEA Approval — Conditions 3.4.10

8 Draft EPEA Approval — Conditions 4.5.1(0)(iii), 4.5.1(p)(iii), 4.5.10(aa)
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Quaternary deposits directly overlie the Devonian. If present, this would provide an enhanced migration
pathway through deeper Devonian strata to the Athabasca River.

[1016] The panel finds that Teck has appropriately considered the potential impact of encountering
increased Devonian permeability in the groundwater modelling completed to date and the mitigation
measures proposed for the project. The panel notes that increasing the Devonian permeability by three
orders of magnitude during modelling only resulted in marginally higher contaminant concentrations at
discharge nodes to surface water. Further, Teck has committed to implementing a karst management plan
to identify potential zones of higher permeability in the Devonian. Teck specifically committed to
additional characterization of the Devonian in the southern portion of the external tailings areas area,
where the Devonian is in direct contact with sand-dominated Quaternary sediments. Teck also identified a
number of mitigation measures that could be implemented if higher-permeability zones are encountered
beneath the external tailings areas. The panel finds that the additional characterization and proposed
mitigation measures are necessary and appropriate.

[1017] Based on the evidence provided by Teck, the panel believes the risk of the Quaternary channel
having significant areas of high permeability and providing a preferential pathway for groundwater
seepage from the mined-out pit is low. The panel accepts Teck’s commitment to conduct further
investigations to verify that the Quaternary channel extending along the western boundary of the proposed
pit is filled with low-permeability sediments. The panel requires that Teck provide a detailed plan to
gather additional information and to report on the hydrogeology of the Quaternary channel along the
western mine pit boundary.® Should further investigations indicate the buried channel could provide a
preferential pathway for seepage of contaminants, the panel accepts that there are additional mitigation
measures that could be implemented to minimize seepage.

[1018] The panel acknowledges that the solute transport model used by Teck (the GoldSim Batch Flush
Model) relies on a number of assumptions that affect the model outputs. The model assumes that
background solute concentrations are zero. The input source concentrations are also uncertain as they
were derived from process-water models or regional data. This is potentially a significant uncertainty. The
panel notes that Teck changed the source water concentrations several times during the review process.
For instance, chloride was assumed to be 58 mg/L in the original application, 358 mg/L in the project
update, and 105 mg/L Teck’s response to Round 5 SIR #4(b)). The model considered solute contributions
from the two major source areas, the internal tailings areas and external tailings areas, but not from lesser
sources such a