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Summary

Traditional methods for seismic MMV of the area of review identified for GCS sites use networks
of surface sensors and downhole sensor strings (Eaton, 2018; Maxwell, 2014). These passive
monitoring approaches are in wide use in a variety of production and disposal facilities. Our
approach is to use a sparse network of volumetric phased arrays, designed for the area in
question, as an alternative.

These SADAR arrays have been shown to be robust and reliable over a nearly four-year recording
period.

Introduction

Traditional methods for seismic MMV of the area of review identified for GCS sites use networks
of surface sensors and downhole sensor strings (Eaton, 2018; Maxwell, 2014). These passive
monitoring approaches are in wide use in a variety of production and disposal facilities. Surface
sensors have issues with signal-to-noise (SNR) and wells for downhole sensor strings can be
sparse in many areas, insufficient for effective monitoring.

Downhole borehole strings on wirelines may be the most common (Maxwell, 2014, 2010),
although cemented arrays in boreholes is also common (Maxwell, 2014; Smith, 2010). The
advantage is placement near sources for VSP or crossline. Fields of shallow sensors installed in
gridlines or radial lines away from treatment wellheads are also common (Maxwell, 2014). Each
of these have advantages (near source) and disadvantages (boreholes are few and expensive;
near surface has increased noise).

Sparse networks of permanently emplaced SADAR phased arrays represent a fundamentally
different approach for reservoir surveillance. SADAR systems provide superior data and
information compared to surface networks and downhole strings, providing true phase velocities
and accurate azimuths and dips for the arriving wavefront not provided by traditional planar
systems. The SADAR arrays are deployed in shallow boreholes below the weathering layer taking
advantage of this layer for damping the industrial noise fields. With burial effectively increasing
the signal-to-noise ratio (SNR) compared to surface sensors, and the gains provided by coherent
processing (beamforming), the result is lower magnitude microseismic detection thresholds over
larger geologic volumes with more certain locations while occupying a smaller footprint.

The SADAR technology can be utilized in many applications where microseismic monitoring is
needed. SADAR array field components and system design provide redundancy protection
against sensor attrition without a loss of key capabilities for monitoring. A record from 47 months
of passive microseismic monitoring are presented in this study.
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Method

In November 2021, Quantum Technology Sciences installed a sparse network of four dual-use
permanent SADAR arrays at Carbon Management Canada’s Field Research Station (FRS)
proving ground (Macquet et al., 2022; Lawton et al, 2019) to demonstrate compact volumetric
phased arrays for seismic MMV at an active GCS facility (Nyffenegger et al., 2025a,b; Hutchenson
et al., 2025a,b; Nyffenegger et al., 2023; Zhang et al., 2023; Nyffenegger et al., 2022). The
elements of the uniform cylindrical array variants are comprised of vertical 10 Hz geophones
installed in shallow boreholes between 9m-19m depth and grouted in place; the vertical extent of
the arrays is contained within the Pleistocene-Holocene sediment and glacial till layer below the
weathering zone just above the competent strata. SADAR array field components and system
design provide redundancy protection against sensor attrition without a loss of key capabilities for
either passive or active-source monitoring (Hutchenson et al., 2025b; Quigley et al., 2025).
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Figure 1. Location of the CMC FRS in Alberta. The four SADAR arrays (red stars) are shown dispersed
around the injection well (red circle), labeled as A1 to A4.

Installation of the four arrays took about a week to obtain operational status. For the 47-month
recording period, the system has been operating at or above 99% with no downtime for
maintenance. All sensors are wired to a central recording facility with a backup recording disk,
and GPS timing.

One of the key features of the SADAR arrays is their burial, between 9 m and 19 m, beneath the
weathering layer. This depth avoids much of the noise typically observed in sensors near the
surface. The depth placement reduces much of the surface noise.

The recording architecture is ideal for incorporating a processing pipeline, with signal conditioning,
detectors for phase picks with associated pick uncertainty, location, and magnitude calculations.
The system hardware at the site is currently unable to run a pipeline process; the pipeline is run
on the data at another site, but it has been tested and demonstrated at the site.
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During one period, a planar 3C array was placed on the surface above one of the arrays. The
planar array consisted of GS-ONE 10 Hz 3C geophones (GCL) while the SADAR arrays consist
of only vertical GS-ONE 10 Hz geophones.

Results

Results from monitoring are shown in Figure 2. The figure shows 741 events recorded by all four
SADAR arrays during the 47-month period. Events shallower than 15 m are NOT shown; many
of these represent surface clutter. There is no clear way to separate known surface clutter from
shallower events. Note many of the events cluster near the injection well.

+5.5890000000e6 We”
550 0 * *
) Array {‘ Array 1 Array 2
’. L
500 P e Array2* 50 Q; ¥ &
.“1
450 e
:_ ' . 100
o Y]
400 ‘@'
Array, 3% .- . =150
350 & ey o o E oS
-+ SECAARES £ 200 .
! ) = [
300 "‘:m 5]
. o , o‘ g . % [a]
AT 250
250 . *® .| r . O Mw-1.0
’ : O Mw-15
200 300
*Array 4 o Mw -2.0
150 . ¢ 350 - Mw -2.5
*Array 1
100 400
420300 420400 420500 420600 420700 420300 420400 420500 420600 420700
2022-01 2022-07 2023-01 2023-07 2024-01 2024-07 2025-01 2025-07 2025-10

Figure 2. Spatial distribution of events recorded by the sparse SADAR network (left) and with depth (right).
There are 741 events located using the four SADAR array events whose depths are deeper than 15 km.

The moment magnitude (Mw) distribution for this same period (Figure 3, left). The magnitudes
are calculated following the Brune method (1970, 1971). In addition, the signal power vs. the
source-receiver for the 741 events are color coded by Mw for the same time period for events
with z > 15 m (Figure 3, right). The solid lines represent signal levels adjusted for propagation
loss; dashed lines represent noise thresholds.

GeoConvention 2026



geoconvention
Calgary - Canada - May 11-13 2 26

. —— Geometric Spreading (1/r?) and @,

-1204| | . . ~=- Individual Channel Noise
=== Beam Maximum Noise

—-- Beam Minimum Noise

Network Magnitude Distribution

g .
Nh i .
Faly ¥ , -
2y 3 » ol .
'd . o -
e .
LA o -
3 -
s .
g ¥
s <o .
. T~ ~d
= (4 . S
2007 I, -
200 400 u 600 800 1000
-2, -2 ou 75 -1 -1.25 -1.00
Source Magnitude (Mw)
0 I |

A werage Mw Estil male

-
3
S

-
=
=

Signal Power (dB re mZ/sec?)

-
]
]

"
&
=1

3

Count out of 741 Good Event Mw's
8

a
=3

N
=]

Figure 3. Spatial distribution of event magnitude (Mw) recorded by the sparse SADAR network (left). Mw is
calculated following the Brune (1970, 1971) method for the 741 events. On the right, signal power vs.
source-receiver. Solid lines are adjusted for propagation loss; dashed lines represent noise thresholds.

During this deployment, an opportunity existed to compare the noise difference between a surface
sensor array and the buried SADAR sensors. A surface array was installed over the buried
SADAR array with nearly identical sensors (Figure 4), GS-ONE 10 Hz 3C geophones (GCL) while
the SADAR arrays consist of only vertical GS-ONE 10 Hz geophones. Two time periods were
tested, including local midnight and local noon (Figure 4).

As expected, the surface sensors have greater noise levels at more frequency bands compared
to the SADAR array individual sensors (Hutchenson et al., 2025). This is the local noon time
range; theoretically the most noisy part of the day. The use of the beam to reduce the noise,
increase the signal-to-noise ratio, is significant. Combining the surface sensors is not as dramatic.

Note the strong spikes on the SADAR data. These are associated with electrical line noise. Spikes

on the surface sensors are not; these sensors are battery powered. These spikes are associated
with machinery running on the compound. Array 3 is 70 m from the injection well.
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Figure 4. (left) Spatial view of the Array 3. The SADAR borehole sensors are located at the positions of the
triangles (green), buried at depths of 9, 11, and 13 m. The surface patch array are shown at the positions
of the squares (white). (right) Spectra calculated for the surface sensors and buried SADAR sensors. The
top shows individual sensor; the bottom shows the results of the beam.

To address the reliability of the SADAR systems, experimental sensor loss trial results for
robustness were undertaken for the phased array. The results show the measured attributes are
not greatly degraded through loss of 15 sensors (27% of total). Azimuth and dip measurement
deviations average ~5° and measured phase velocity deviations average ~50 to 75 m/s.
Degradation of array gain against random noise is estimated within ~1.5 dB difference (not
shown). Larger deviations become apparent only after losses of 20 or more sensors (Hutchenson
et al., 2025b).

Conclusions

The sparse SADAR network is demonstrated as a very effective system for microseismic
monitoring, delivering consistent event bulletin with locations, uncertainties, and attributes
continuously since its installation. The network provides a persistent coverage of ~156,000 m?
surface area using a small footprint of only ~150 m?.

The reduced footprint means less area will need to be available for installation. Even so, the
sparse network of SADAR arrays monitors much larger areas, scalable upwards with additional
arrays to monitor an expanding area of review as need expands.

Robustness and reliability of the SADAR has been demonstrated by deployed time in the field
and experimental results using actual data from the arrays. The SADAR system reduces
operational and financial risks for GCS monitoring with robust system components and array
design and provides the ability to operate continuously under industrial noise conditions.
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Although not shown during this presentation, a dual use capability exists. The arrays are capable
to imaging the area resulting from active vibe lines. The dual-use capability of the arrays is
reported in Hutchenson et al., 2025 and Quigley et al., 2025.
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