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Introduction

d The growing interest in geologic carbon dioxide (CO,) sequestration raises the concern that

high-rate fluid injections may induce seismicity.

d To mitigate seismic hazard risk, it is recommended that seismic monitoring networks are
installed at injection sites, which will require efficient and affordable earthquake monitoring

technology.

d This study evaluates the low-cost Raspberry Shake 3D seismometer and readily available
components, such as wireless modems, solar panels, and weather-resistant housing (~$3,500)

as a suitable alternative to the traditional and more costly broadband stations (~$35,000).

d A seismic network of five RS3D stations monitored local seismicity in Bushton, Kansas, at an
industrial facility of potential future CO, sequestration operations. This study presents results

of monitoring continuously background seismicity for an eleven-month period.
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Comparison of Earthquake Recordings
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Comparison of Waveforms from Two Stations
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Location map of a regional
earthquake recorded (red circle) by
the USGS (blue triangles) and the
RS3D Network (yellow triangles).
Due to the earthquake epicenter
being in Nebraska, the KGS did not
report it. The event occurred on
September 19th, 2023, with the
USGS reporting a 3.2M and the
RS3D reporting a 3.4M. The USGS
station in Cedar Bluff, Kansas is a
broadband station. The event is
approximately equal distance and
at comparable azimuth from the
broad band station and the RS3D
station allowing comparison of
waveform recordings.
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Overlay of waveforms from the Sept. 19 earthquake. Broadband USGS station waveforms are
shown in blue, RS3D waveforms in gold. (Top) Vertical component recording. (Middle) North-
south component recording. (Bottom) East-west component recording. A bandpass filter
(frequency minimum = 5Hz, frequency maximum = 20 Hz) was applied for plotting the waveforms
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to help visualize the arrival of the P and S waves on each component.

Comparison of Location and Magnitude of 3 arthuakes

Date ArfvalTime ArrivalTime Magnitude Magnitude Magnitude

USGS RS3D USGS RS3D KGS
4-Jun 13:55:24 13:55:24 3.2 3.4 3.3
6-Jun 2:19:14 2:19:14 2.3 2.3 24

8-Jun 4:56:56 4:56:56 2.5 2.8 2.7
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Three erakes Were recorded ‘ i, Kansas by the USGS, KGS, and RS3D
stations. USGS stations are shown as squares, KGS stations as diamonds, and RS3D stations as
stars. The earthquake on June 4t is represented as cyan in color, June 6t" as orange, and June 8t
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Map of Kansas earthquakes
reported by the USGS and KGS
from 2013 through 2023.

The RS-3D earthquakes were
recorded from May 17, 2023,
through April 30, 2024.

The earthquake clusters from the
USGS and KGS suggest that
central Kansas was seismically
quiet for a decade while the RS-
3D stations recorded 140
earthquakes in the area
surrounding Bushton KS (yellow
triangles).

Histogram of Earthquake Magnitudes
Recorded in Kansas by the RS3D Network

Within the entire state of Kansas, the RS3D
seismometers detected a total of 440 earthquakes,
with magnitudes ranging from 0.7 Mw to 4.2 Mw.
The histogram shows most earthquakes detected by

the RS3D stations across the State of Kansas ranged
from 1.5 Mw to 2.7 Mw.
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A map zoomed into the study area of the project showing the 140 earthquakes located within the red study area boundaries. The study area for
this project is approximately a 72.4 km radius centered on Bushton, Kansas. The histogram shows that local earthquakes recorded ranged in
\ magnitude from 0.7 Mw to 3.4 Mw, with most detected earthquakes in the range from 1.4 Mw to 2.2 Mw.
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Conclusions:

 The installation of low-cost seismic stations utilizing RS3D seismometers demonstrates the capability to monitor both
local and regional seismic activity effectively.
440 earthquakes were recorded in the state of Kansas with 140 of those occurring within the study area. The range of
magnitudes by the RS3D seismometers were 0.7 Mw - 4.2 Mw.
Over an eleven-month period, Central Kansas experience low magnitude seismicity ranging from 0.7 Mw - 3.4 Mw.
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