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0 Characteristics of seismic signals recorded in the

Introduction & Objectives

captured from Google Map intertidal zone

The United Nations strongly supports the goal of net-zero emissions by 2050, and Taiwan e AN By deploying active seismic sources, we aim to quantify the

is fully committed to reaching this |mportaet target. | | .+ Guanyin 4N propagation distances of various seismic signals and

— Carbon Capture and Storage (CCS) is one of the key strategies to help achieve mdustry park determine the conditions under which the energy can
the net-zero emissions goal. (Eﬁ j:¥ ) | exceed background noise levels and be detected by
» The target depth for carbon storage ol ‘ instruments in the intertidal zone.
typically greater than 800 meters, a oo Y’ @) Response characteristics of various seismic
COs (s depth considered relatively safe, where S T instruments

S " Fig. 2. Taoyuan Guanyin intetidal zone (modified The objective is to convert data from various instruments

carbon dioxide reaches a supercritical from Google Map, 2004). The G i intertidal _ ~ . .
D state (Fig. 1) rom S00gle Viap, - theuanyin intertida and formats into a unified format while ensuring the
73,8 bar _ 5 e . S zone is a potential candidate for CCS due to its consistency of physical quantities such as amplitude and

» The investigation, evaluation, injection, proximity to the Guanyin industrial park. ohase.
. and monitoring of the offshore carbon _ , _ ] , ] o
co, S . » However, the intertidal zone (Fig. 2), a (€ Horizontal orientation determinations
5.2 bar e -2 (9) sequestration sites require the sub-surface - o T , o
© 013 bar | i . . . . transitional area deep beneath and across the Due to the difficulty of verifying instrument orientation in
=T — » information that can be imaged using o ) . . . .
asaTk mesK oK ceismic waves. coastline, is a largely unexplored region due marine environment, so we employed a seismological
: T method to determine horizontal alignment.
Fig. 1. Phase diagram of carbon dioxide (Nowak & Winter, 2017). to technological limitations and challenges. °

3 Types of Seismic Instruments Used In This Work ' Data Assimilation in Co-sites Experiments

Frequency Response
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»Only GPR has a pressure component, allowing us to learn about phenomenon in the water. 3 . Frequency [Hz] 180 e
£ ! Fig. 7. PSD with highest probability Frequency [Hz]
G PR . I f ti . . R F [H ] = comparing 3 instruments. Fig. 8. Instrument response curves
sSigNnals rrom active seismic sources requency [Hz
Fig. 6. Probabilistic Power » We successfully determined and validated the instrument

| 25.500°

We employed two types of active seismic sources: an airgun array

. =T _ Spectral Density of 3 instruments. responses, confirming consistent amplitude and phase
deployed in the ocean and the seismic vibrator vehicle used on land.

The blackline in the figure means  measurements (Fig. 8). This consistency enables direct
bt -~ | the mode in each frequency. and reliable comparisons between the instruments.
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. - Horizontal Orientation Determinations
: s We employ a rotation matrix to rotate the two horizontal components (Fig. 9) and determine the

: zs angles that yield maximum coherence between the rotated horizontal and vertical components (Fig.
10) within the 125-175 Hz frequency band. Take GRP3400 as an example, we found the orientation

of the instrument in ‘I’ to be roughly 13° (193°).

- 25.100° GPR3400 Angle vs. Max Coherence at 13

Credit: TORI R[5 2

Fig. 3. The map of the airgun-firing | Zae
and GPR-site locations
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» Airgun source can pro- Horizontal (1)

pagate through the whole Vertical (V)
intertidal zone (Fig. 4.).
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. o : 5Y Fig. 9. Definition of each Fig. 10. Maximum coherence found by Fig. 11. Alighment of the

" output of the airgun source > ,

seismic component in GPR rotating the horizontal components horizontal component | with the
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- 11 13 15 17 (1240 eublc-ln), both |
Distance between airgun & GPR station (km) refraction and reflection
Fig. 4. The time series for GPR2400 and GPR3975 in vertical (V). The seismic signals were clearly

y-axis shows the 10 sec after the airgun firing and the x-axis shows the  detectable at all deployed Key POi nts & FUtu re Pe rSPECﬁves

distance between the GPR and the airgun. GPR stations

airgun signal after 13° rotation.

, o > By calibrating three different instrument types in the frequency domain,
»Vibroseis sighals were o . .
acton ‘E detected at most coastal we have verified fchelr.responses for acc.ura.te amplitude end phase
clez ) 1 signal | GPR stations (Fig. 4.). measurement. This will ensure the reliability and consistency of
W subsequent seismic analyses.
»The pressure component > During two field expeditions, we determined the seismic source power

Airgun shot positions GPR3975 p Airgun shot osmons
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- < il i ;; of the GPR instrument required to penetrate and overcome high background noise levels in the

: DO R R R 2 R TSR | successtully captured the — Taoyuan Guanyin intertidal zone. Refraction and reflection seismic signals
Distance between airgun & GPR station (km) seismic signals generated = \are clearly detectable at all deployed GPR stations.

Fig. 5. The time series for GPR2400 and GPR3975 in pressure (P). by the airgun (Fig. 5.).

> By analyzing the correlation between the vertical component and the ro-
tated horizontal components, we were able to accurately determine the
gthonwm ‘Q-%sPy -~ orientation of the underwater instrument.

THE GENERIC MAPPING TOOLS

) /NSTC BRNERNKZES We plan to eullze ambient noise analy5|.s to detect and identify signals
' National Science and Technology Counci caused by tidal and current movements in the future.
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