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ACT & SPARSE

• Sparse but highly repeatable geophysical 
data from strategically distributed nodes

• Background monitoring to establish 
containment and conformance

• Trigger target-oriented active seismic 
surveys if/when needed

• Facilitate gigatonne storage with reliable 
long-term, low-cost geophysical MMV

ACT Accelerating CCUS Technologies

Hyfold Technology
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Steel helical pile as source location

Adapted from Lawton et al. (2020) 
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• Impulse or sweep transmitted to steel toe couple to bedrock
• Avoid reverberations & attenuation in weathering layer
• Avoid surface & near-surface repeatability problems from rain, drought, freeze, thaw
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Steel helical pile as source location

Adapted from Lawton et al. (2020) 
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(Glacial till)

Future screwpiles: 3-C geophone at base
• Record source signature
• Evaluate screw pile transfer function
• Passive & active seismic receiver

• Impulse or sweep transmitted to steel toe couple to bedrock
• Avoid reverberations & attenuation in weathering layer
• Avoid surface & near-surface repeatability problems from rain, drought, freeze, thaw

Geospace SADAR arrays 
(Zhang et al., 2023):
• Volumetric phased array
• Multiple 1-C receivers
• Beam-forming

SADAR

3-C geophone
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Sparse node concept

Sparse node Well with 
DAS fiber

• VSP lateral coverage limited to 0.5-1x well depth
• Sparse sources provide both VSP shot gathers & reflection CMPs between nodes
• Passive seismic sensors (Geospace SADAR, geophones, broadband seismometers)
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Sparse node concept
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Sparse nodeSparse node

• Receivers deep in unconsolidated layer or planted in bedrock
• Dual use: Passive & active-source monitoring avoiding near-surface effects
• Frequent (daily, weekly), highly repeatable source on permanent source point

Well with 
DAS fiber

SADAR SADAR
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Sparse node concept

CMP reflection trace(s) Far offset VSP shot gather
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• Receivers deep in unconsolidated layer or planted in bedrock
• Dual use: Passive & active-source monitoring avoiding near-surface effects
• Frequent (daily, weekly), highly repeatable source on permanent source point

Sparse nodeSparse node Well with 
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SADAR SADAR
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Sparse nodes at CMC’s Newell County Facility

• Excellent source & receiver repeatability
• Energetic sources, sensitive receivers for 

0.5 to 5 km offsets
• Automated & remotely controlled
• Precise GPS timing
• Trigger target-oriented active seismic 

surveys if/when needed
• Cost-effective relative to conventional 

2D/3D acquisition
• Low-maintenance

Semi-permanent (portable) sources 
mounted on steel screw-piles 
(Hyfold, GPUSA)

Permanent receivers (Geospace
SADAR arrays, INOVA 3-C 
geophones)

N
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GPUSA linear orbital vibrator

Lawton et al., 2020

• Surface Orbital Vibrators (SOV) not currently functional – to be serviced and installed Q2 2024
• Counter-rotation generates net vertical force (Spackman, 2019)
• 100 Hz – 200 Hz maximum frequency (depending on model)
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U of C vibe truck on pedestal

• Ad hoc test to determine maximum possible frequency from helical pile (20 Hz – 300 Hz sweep)
• Vibe plate was centered and stable on the pedestal
• 10%-15% power with minimum hold down pressure to avoid damaging the pile
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Thumper source (CREWES, U of C)

Lawton et al., 2013
Kevin Bertram (CREWES) operating the thumper 
at CMC’s Newell County Facility

• 100 kg hammer accelerated by compressed nitrogen (Lawton et al., 2013)
• Designed for surface acquisition, but tested ad hoc on the helical pile pedestal
• 400 – 1000 psi tested
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Hyfold plasma source

A) Fiberglass shelter for instrumentation B) Hyfold bolted to pedestal (seen from above)

Representative (not exact) example of plasma source (Lawton et al., 2020)

Reaction 
chamber

C) Schematic of source bolted to pedestal

• Electrically powered, high voltage plasma-discharge impulsive source
• Bolted to pedestal & sheltered with fiberglass shelter
• Programmable shot intervals (2 s minimum)
• Operational in winter temperatures (e.g. -350C)
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Raw borehole geophone gathers

c) Correlated vibe sweep on screwpile d) Hyfold source on screwpile

• Thumper provided expected “front-loaded” impulse response
• Ground shot delayed by 15 ms (vtill = 1300 m/s compared to vsteel = 5800 m/s)

a) Thumper on screwpile b) Thumper on ground
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Deconvolved shot gather spectra

Raw borehole geophone amplitude spectra Deconvolved amplitude spectra showing 
recoverable bandwidth

a) Thumper
b) Thumper (ground)
c)  Vibe (10% power)
d) Hyfold

• Borehole data: Deterministic deconvolution mitigates unbalanced spectra
• Steel pile solves repeatability problems – bandwidth is a bonus
• Geophone at toe: - determine if transfer function exists

-sparse node deterministic decon (instead of surface-consistent)
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DAS shot gather (thumper on pile)

1 shot unstacked 64x diversity stack
64x stack 5-trace median filter

& 175 high-cut filter

• SNR improved by stacking - practical limit on # shots before maintenance (unknown ~10^5?)
• Example: 100 shots per day = 36 500 shots per year
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No primary shear waves from pile

Thumper on pile Vibe on ground

• Vibroseis shots cause low-frequency primary shear waves on surface
• Broadband thumper shot on pile caused no clear primary shear waves

Sv primary
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Hyfold source automation
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a) Continuous 30 s borehole geophone recording b) 2 second window with Hyfold source arrival

• GPS controlled timing: PPS signal triggers source every 30 s (any interval > 2 s)
• Hyfold trigger signal-to-shot delay: 100 μs +/- 25 μs
• Continuous recording on borehole geophones (30 s), SADAR, and permanent surface geophones
• 2nd iteration of Hyfold source to be installed December 2023 or January 2024 (more impulsive)
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Screwpile source & receiver design

B) Lower sensor 
to toe

A) Pile is hollow with 
closed toe, bottom remains 
accessible

C) Sand pack provides 
coupling

D) Shallow geophone to 
measure amplitude loss

9.4 cm 9.4 cm 9.4 cm 9.4 cm 9.4 cm

Source

• Dual purpose geophone: Record source impulse at toe & act as 3-C high SNR permanent receiver

E) Source on welded plate

25 m
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Screwpile behaviour

Source

Observations
• Broadband signal transmission
• P-wave point source at sedimentary bedrock
• Excellent signal repeatability
• No evident resonance effects

Expectations
• Negligible seasonal change on source signature

Unknowns
• Resonance
• Transmission loss, attenuation in screw pile
• Other transfer function effects
• Ghosting/surface multiple effects

Future work
• New instrumented screw piles
• Longitudinal, daily acquisition
• Source & receiver automation
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CMC  Newell County Facility JIP Subscribers

Supporters
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