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Summary

Canada is a hydrocarbon superpower, with 10% of the world's proved crude oil reserves (3 largest),
and 1.2% of its natural gas reserves (15") at the end of 2016 (British Petroleum, 2017). Even as the
world transitions to less carbon-intensive energy sources, crude oil and natural gas will continue to
provide 50% of the globe's energy needs for decades (British Petroleum, 2018), including here in
Canada (National Energy Board, 2017). Improving the environmental performance of the upstream oll
and gas sector while maintaining a competitive business environment is a priority for the Canadian oil
and gas industry and government regulators.

Wellbore leakage has received considerable attention over the past number of years for a number of
reasons. The predominant leakage fluid is natural gas, which is largely composed of methane — a potent
greenhouse gas (GHG). Federal and provincial governments, along with industry, have pledged to
reduce methane emissions from the upstream oil and gas sector (e.g. Environment and Climate Change
Canada (ECCC), 2018a). According to ECCC, wellbore leakage emissions were estimated to be 7.1
megatonne CO. equivalent (MtCO.e) in 2016 which constituted ~4.4% of total upstream sector
emissions (ECCC, 2018hb). The potential for potable groundwater contamination and lack of knowledge
regarding it was raised in the Council of Canadian Academies’ 2014 report on the Environmental Impacts
of Shale Gas Extraction in Canada. Lastly, wellbore leakage is a significant cost to industry and provides
no economic return. The cost to remediate wells ranges from tens of thousands for simple jobs, to
millions for complex ones, with the average estimated to be ~$150k (Dusseault et al., 2014).

In Alberta, which contains the vast majority of Canada’s ~577,000-plus oil and gas wells (Canadian
Association of Petroleum Producers, 2017), around 5% of its ~440,000 wells drilled are reported to have
developed leaks (Boyer, 2016). Thus, while the majority don’t develop leaks, the cost to deal with leaky
wells is still enormous given their absolute number.

Industry and government regulators in Canada have worked together to successfully improve wellbore
integrity for decades. For example, the average daily emission rate of wellbore leakage for non-serious
wells in Alberta has declined by 40% from 2000 levels to ~13 m®/day in 2016 (Alberta Energy Regulator,
2016), and the median, or typical rate, is much less than this (Dusseault et al., 2014).

In order to continue to improve the environmental and economic performance of the upstream oil and
gas industry Natural Resources Canada (NRCan), in collaboration with Canada's Wellbore Integrity and
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Abandonment Society (WIAS) launched a process to develop a Technology Roadmap to Improve
Wellbore Integrity. The TRM brought together experts from industry, academia, and government to
examine wellbore integrity issues that may arise during the entire life cycle of a well. Considering that
many operators have low incidences of wellbore leakage it shows that existing technology and practices
are very effective for the most part. Thus, the TRM captures, at a high-level, best practices to address
wellbore integrity issues where possible. For remaining knowledge and technology gaps, it provides
recommendations on research and development (R&D) to address these. The TRM is not an exhaustive
document as the subject is too large and complex to capture in one report (and best practice documents
on some aspects already exist, e.g. Enerform’s 2017 Industry Recommended Practice #25 for Primary
Cementing). Rather, the intent of the TRM is provide a high-level document that: (i) is a reference
source; (ii) will help foment and facilitate discussions on how to address barriers to improved wellbore
integrity; and (iii) will help guide R&D so that it is focused on topics that will have the most cost-effective
environmental and economic impact.

The large and varied subject of wellbore leakage was broken into six topics: (i) Magnitude and Impacts of
Wellbore leakage; (ii) Drilling and Completions; (iii) Leak Source Identification; (iv) Remediation of Leaks;
(v) Abandonment; and, (vi) Improving Industry Knowledge, Best Practices, and Regulations to Reduce
Wellbore Leakage. Reports were commissioned for each and were produced by a cross-section from
academia and industry. Draft reports were presented at an open workshop in Calgary 2016 attended by
over 100 participants. The draft reports were revised based on attendees feedback and expert reviews.
The TRM is a high-level summary of these topic-specific reports. Both the topic reports and the TRM are
available on NRCan’s Technology Roadmap website.
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