4 CMC

Containment &
Monitoring Institute

Canadian Experience . 4SS CATEARY
in Intermediate and A

Deep Subsurfage €03
Monitoring and StOrage

Assuring Public éonﬁdence nContainment

y
April14;2021 | 9:00 a.m. MDT/CST

You mustregister in advance tqfattend this webinar

N T .

Part Il: the CMC-Containment and Monitoring Institute (CaMl)
Field Research Station

Don C. Lawton and the CaMI team
CMC Research Institutes Inc and the University of Calgary
Don.Lawton@cmcghg.com; lawton@ucalgary.ca

April 14, 2021

- T


mailto:Don.Lawton@cmcghg.com
mailto:lawton@ucalgary.ca

4-CMC  CCS in western Canada (depth > 1 km)
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wemi,  Government
of Alberta
Regulatory
Framework
Assessment
(RFA)

(August 2013)

ALBERTA REGULATION 68/2011
Mines and Minerals Act
CARBON SEQUESTRATION TENURE REGULATION
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S CMC RFA recommendation for CCS projects =
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“Require MMV and closure plans to be
based on a project-specific risk assessment,
and include the use of best available
technologies to monitor the atmosphere,
surface, ground and surface water, and

subsurface.”



& CMC  CaML.FRS location
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§-CMC  CcaMI.FRS goals
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A site for development and validation of MMV
technologies for CO, storage containment and
conformance

Focused on methods for early detection of CO, leaking
from a deep storage reservoir

Determine the CO, detection threshold at a depth of
300 m

Develop reservoir, caprock and overburden
surveillance technologies

Monitor for CO, migration at shallow to intermediate
depths and impacts on groundwater
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4-CMC  CaML.FRS goals &
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Overview of Geological Storage Options

1 Depletedolandgasreservoirs ~  eeeeeessssssssees Injected CO,
2 Use of CO, in enhanced oil and gas recovery B Stored CO

3 Deep saline formations — (a) offshore (b) onshore -
4 Use of CO, in enhanced coal bed methane recovery
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§CMC  caMml Field Research Station (FRS)
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4-CMC  Operations room and classroom
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&-CMC Lithology of the CaMI.FRS storage complex
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4§ CMC CaMI.FR monitoring programs
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Continuous

= Downhole pressure
& temperature

= DTS
=  Electrical resistivity
tomography (ERT)

=  Well-based and
surface-based
microseismicity

Periodic - geophysics

Borehole and surface seismic
Borehole and surface DAS

Cross-well seismic and
electromagnetic surveys

Surface-borehole
electromagnetic surveys

Magnetometric resistivity
surveys: MMR

Time-domain electromagnetic
surveys

Well-logs : pulsed neutron, sonic,
induction

Periodic - geochem

Groundwater sampling from wells
Soil gas (CO, and CH,) monitoring

Surface casing vent flow
monitoring

Observation well fluid sampling
and analysis

Tracer studies including noble
gases

Atmospheric methane detection



§-CMC  CaML.FRS Injection well =
Instrumentation; CALGARY
U-Tube capillary line for fiber optic (DTS)

Redundant (tandem) piezo P-T gauges above the
packer

* Instruments terminate above the packer for completion

and packer selection simplicity

e Casing across the formation is 13 CR-80 material for

= 15 added corrosion resistance

. .
* The packer and completion accessories are

treated with ENC (Electroless Nickel
Coating) for corrosion resistance

* Uses a conventional hydraulic set, retrievable packer, also

301.65m ENC treated
ey - » Annulus filled with inhibited fresh water




§-CMC CaMI FRS Observation well #1 (geochem)
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350 m deep

Steel casing

Screens across reservoir zone

Uncemented sand pack 295 m — TD

PT gauges in uncemented sand pack

Above zone PT gauges outside casing

Stainless steel capillary U-tube for reservoir samples
Integrated fibre optic cable pack (DAS, DTS)
Heat-pulse cable

Well accessible for wireline tools



§-CMC CaMI FRS Observatlon well #2 (geophysics)
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Walll = 350 m deep
= Fibreglass casing
| = Integrated fibre optic cable pack (DAS,
18 DTS)

» Heat-pulse cable
= Experimental helical-wound DAS cable

= 16-level electrical resistivity cable (ERT)
@ 5 m intervals outside casing

= 24-level 3C geophone array @ 5 m
intervals outside casing

= \Well accessible for wireline tools




& CMC Injection well DTS o
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& CMC CaML.FRS baseline seismic volumes
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4-CMC  Disruptive monitoring technology — optical fibre =
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§-CMC  Vertical Seismic profiles (VSP)

Conte”
Monit

CaMI.FRS TIme-Lapse VSP Layout
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DAS upgoing wavefield from DAS VSP (median + FK filter)
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§CMC Seismic sections from geophones and DAS &
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§CMC Timelapse VSP; permanent surface array
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§-CMC  Microseismicity
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* Microseismicity is continuously

mon |t0 re d by : First pass: initial event detections

Similarity search using SCAMP
(repetitive events)

Energy-based detection (larger events)

A 4

Cluster detections and locate template events

“X” array of 24 surface
geophones

BO re h 0 l € geo p h ones | n Nonlinear Nprot;_a_\bli_listic location Beamformingdqptpro?cﬁ (grid search) if
observation well between enkinkee) e

~195-305 m depth

|¢

Second pass: match filter detection (Eqcorrscan)

* Events are detected th rough d Library of templates grows as new event clusters are observed
combination of energy-ratio \ 4
(STA/LTA) and similarity-search
approaches

Genevieve Savard, Marie Macquet, Hersh Gilbert

D



§-CMC Microseismicity characterization
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& CM Electrical Resistivity Tomography (ERT)
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112 electrodes along the 1.1 km trench
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& CMC Timelapse ERT at Obs well #2
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§CMC Timelapse ERT
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§CMC  Wellbore-reservoir modelling
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Pressure CO, saturation

Plume menitaring test - fime laps.srd

Plurne monitoring test - fime laps.srd
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Seyed Mostafa Jafari Raad



Discussion & outcomes @
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We will be able to rank various monitoring technologies with CALGARY

respect to effectiveness and cost profile.

At the site we can test new monitoring technologies, including
continuous surveillance

We are able to determine detection threshold of CO,

ERT and seismic methods are effective for monitoring the CO,
plume.

This project provides public and regulatory assurance about the
containment security of CO, geological storage

Review of risk-based MMV protocols. How much and how often?
Goal to accelerate CCS implementation to meet 2050 targets.



§CMC  CaMI.FRS monitoring collaborators
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300 m

Longpath, Telops,
Ulaval, UColorado
CaMlI, UCalgary

UGuelph, NRCan
UCalgary, CaMl
UEdinburgh

Obs 1

Injector
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CaMI, CREWES
UBristol, Oxford, UCalgary
GFZ, SINTEF, GPUSA

Obs 2

CaMli
CREWES
LBNL/USDOE
UAlberta
INRS
UFreiberg
GFz
SINTEF
Silixa
Optasense
Halliburton
CMG

29
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Western Economic

Diversification Canada Global Research Initiative

in Energy Research
Diversification de I'economie
de I'Quest Canada

We also acknowledge the support of Total and Petronas
for our applied research program
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