Disclaimer

This Report, including the data and information contained in this Report, is provided to you on an “as
is” and “as available” basis at the sole discretion of the Government of Alberta and subject to the
terms and conditions of use below (the “Terms and Conditions”). The Government of Alberta has not
verified this Report for accuracy and does not warrant the accuracy of, or make any other warranties
or representations regarding, this Report. Furthermore, updates to this Report may not be made
available. Your use of any of this Report is at your sole and absolute risk.

This Report is provided to the Government of Alberta, and the Government of Alberta has obtained a
license or other authorization for use of the Reports, from:

Canadian Natural Upgrading Limited, Chevron Canada Limited and 1745844 Alberta Ltd., as owners,
and Shell Canada Energy as operator, for the Quest Project (collectively the “Project”).

Each member of the Project expressly disclaims any representation or warranty, express or implied,
as to the accuracy or completeness of the material and information contained herein, and none of
them shall have any liability, regardless of any negligence or fault, for any statements contained in,
or for any omissions from, this Report. Under no circumstances shall the Government of Alberta or
the Project be liable for any damages, claims, causes of action, losses, legal fees or expenses, or any
other cost whatsoever arising out of the use of this Report or any part thereof or the use of any other
data or information on this website.

Terms and Conditions of Use

Except as indicated in these Terms and Conditions, this Report and any part thereof shall not be
copied, reproduced, distributed, republished, downloaded, displayed, posted or transmitted in any
form or by any means, without the prior written consent of the Government of Alberta and the
Project.

The Government of Alberta’s intent in posting this Report is to make them available to the public for
personal and non-commercial (educational) use. You may not use this Report for any other purpose.
You may reproduce data and information in this Report subject to the following conditions:

e any disclaimers that appear in this Report shall be retained in their original form and applied
to the data and information reproduced from this Report

e the data and information shall not be modified from its original form

o the Project shall be identified as the original source of the data and information, while this
website shall be identified as the reference source, and

e the reproduction shall not be represented as an official version of the materials reproduced,
nor as having been made in affiliation with or with the endorsement of the Government of
Alberta or the Project

By accessing and using this Report, you agree to indemnify and hold the Government of Alberta and
the Project, and their respective employees and agents, harmless from and against any and all claims,
demands, actions and costs (including legal costs on a solicitor-client basis) arising out of any breach
by you of these Terms and Conditions or otherwise arising out of your use or reproduction of the
data and information in this Report.

Your access to and use of this Report is subject exclusively to these Terms and Conditions and any
terms and conditions contained within the Report itself, all of which you shall comply with. You will
not use this Report for any purpose that is unlawful or prohibited by these Terms and Conditions.
You agree that any other use of this Report means you agree to be bound by these Terms and



Conditions. These Terms and Conditions are subject to modification, and you agree to review them
periodically for changes. If you do not accept these Terms and Conditions you agree to immediately
stop accessing this Report and destroy all copies in your possession or control.

These Terms and Conditions may change at any time, and your continued use and reproduction of
this Report following any changes shall be deemed to be your acceptance of such change.

If any of these Terms and Conditions should be determined to be invalid, illegal or unenforceable for
any reason by any court of competent jurisdiction then the applicable provision shall be severed and
the remaining provisions of these Terms and Conditions shall survive and remain in full force and
effect and continue to be binding and enforceable.

These Terms and Conditions shall: (i) be governed by and construed in accordance with the laws of
the province of Alberta and you hereby submit to the exclusive jurisdiction of the Alberta courts, and
(ii) inure to the benefit of, and be binding upon, the Government of Alberta and your respective
successors and assigns.
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1. DEHYDRATION PERFORMANCE SINCE COMISSIONING

The triethylene glycol (TEG) unit performance has exceeded design expectations. The system
requirement was to meet the winter water content specification for the pipeline of 84 ppmv
(4 Ib/MMscf) to mitigate hydrate formation potential during normal operation. Corrosion
of the pipeline is not expected at this level of dryness since it is well within the solubility limit
of the CO; stream. Actual water content was on average 46 ppmv for 2015, 55 ppmv for
2016, 46 ppmv for 2017, 44 ppmv for 2018, and 42 ppmv for 2019. The figure below
depicts the actual water content in the CO; stream to the pipeline from August 237, 2015
up to and including December 31¢, 2019. There were only two days in 2019 above the
84 ppmv winter spec, which occurred on April 9 and July 8". On April 9, high water
content observed due to the compressor trip with failed analog card. On July 8™, high water
content was observed due to the compressor trip that was caused by the 138kV main
transmission line trip.
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Figure 1: Water content in CO: to pipeline (ppmv)
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2. LESSONS LEARNED SINCE COMISSIONING

The following points summarize the lessons learned from the TEG startup:

e Carryover of TEG into the CO> stream to the pipeline was very low when compared

with design. The estimated losses for 2016, 2017, 2018 and 2019 were roughly
6,900 kg, 5,800 kg, 8,700 kg and 11,100 kg annually vs the design makeup rate
of 46,000 kg annually. The losses are < 10 ppmw of the total CO> injection stream
for 2019, compared to the 27 ppmw expected in design.

When running at design process conditions for temperature, stripping gas and TEG
flows, the CO2 moisture content was below 20ppm. This allowed an optimization
on stripping gas to reduce N2 usage for the unit from design of 37.7 sm3/m?3 TEG
to ~3 sm3/m3 TEG. After making this adjustment, the average for moisture content
of the outlet remains below spec.

One of the CO2 moisture content analyzers on the outlet of the TEG unit experienced
some reliability issues in December 2015 (seen in Figure 1, red line deviating from
blue). The issues were associated with scale buildup on the highly polished stainless
steel reflective mirror. Scale buildup was found to be related to low temperatures on
the mirror and the issues were rectified via improving heat containment in the
enclosure. Operation of the device has been stable ever since.

REFERENCES
Refer to the BDEP (basic design and engineering package) for more info regarding the

dehydration unit. No physical design modifications were made to the dehydration unit

post startup.
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