
近岸震測探勘技術研發及海域潛⼒場址評估

近岸震測技術發展 震測資料三維建模與評估
岩芯掃描與岩⽯物理參數建⽴

灌注數值模擬與評估

前期成果 前期成果
前期成果

前期成果

1

10/31 新興地質調查技術經驗分享會



簡報⼤綱
• Why this project?

• What is CCS?

• Where are the potenital CCS sites in Taiwan?

• Previous studies in transitional zone (TZ)

• About the experiments
• What is OBN (Ocean bottom node)?

• What is mudgun?

• Results and some discussions

• Further applications

2

http://www.marinegeos.com/services/1-seismic-survey 



3

What is CCS?
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Net-zero pathways for Taiwan

From Taiwan’s pathway to net zero emission in 2050

Why CCS?
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Where are the potenital CCS sites in Taiwan?

陳⽂⼭,2025
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Seismic exploration in Transitional Zone (TZ) 

反射震測原理

Source *convolve
Earth reflectivity Seismogram=
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Seismic exploration in Transitional Zone (TZ) 

反射震測原理

Cameselle et al., 2015
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Faults that cut the top of the basement, but not the break-up unconformity are widespread in the study area 
(Figs. 4 and 5), although they are mostly found in the eastern part of the profiles (1, 2, 3, and 4), where they image 
the western flank of the Penghu basin. A roughly 15 km wide and 1 km deep basin imaged in profile 5 provides a 
particularly good example of a syn-rift, fault bounded, basin (Fig. 5B). We interpret this basin to strike northeast, 
appearing in the eastern end of profile 4 and also in profile 6 (Fig. 4). In all three profiles, there are also faults 
that clearly cut through the break-up unconformity. Several of these reach the surface indicating that they are 
currently active. In profile 4, the western bounding fault of the basin also offsets the break-up unconformity, 
extending upward into the post-rift sequences, suggesting it has been reactivated (Fig. 5A).

Seismicity data. Seismicity is predominantly clustered in the central part of the study area, with two 
well-defined clusters to the southeast and southwest (Fig. 6A). Elsewhere, seismicity is evenly scattered through-
out. Focal mechanisms were determined for 10 events of between Ms 3 and 5.2 (Ms is the magnitude determined 
from surface waves) using P-wave first motion polarity. These show a range of fault types, from oblique exten-
sion and thrusting through to strike-slip (Fig. 6B), indicative of the complex fault types commonly found in 
strike-slip fault systems. It is interesting to note, however, that a composite focal mechanism for 10 events gives a 
strike-slip fault sense with a P-axis that plunges gently toward 98.8° (Fig. 6C), sub-parallel to the relative motion 
vector between the Philippine Sea and Eurasian plates (306°) (Fig. 1). Throughout the study area, the majority of 
seismicity has been in the upper 10 km of the crust, with some events reaching as deep as 30 km (Fig. 7). Along 
profiles 1 and 2, seismicity is mostly diffuse, with weak clustering between kms 10 to 20 in profile 2 where faults 
are interpreted to breach the break-up unconformity, and from kms 30 to the end of the profile where a number of 
faults are interpreted to reach the surface. In profiles 3 and 4, there is clustering of seismicity from c. km 35 to the 

Figure 5. Detailed interpretations showing (A) strike-slip faults that cut the break-up unconformity, reaching 
almost to the surface and, (B) extensional faults that do not cut the break-up unconformity. In the west (C), the 
reactivation of one basin bounding fault has caused it to cut the break-up unconformity and concave upward 
reflections is suggestive of a strike-slip sense of movement. Growth strata and truncation of reflections (D) 
indicate that faults are active well into the post-rift sedimentary sequence. The locations of Figures A and B are 
shown in Fig. 3, whereas that of C and D are shown in A and B.

Zhang et al., 2020
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(From CPC)
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⾵、碎浪、潮汐、⾵機、地形、沙灘特性潮間帶環境
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Seismic exploration in Transitional Zone (TZ) 

Journal of Geophysics and Engineering (2020) 17, 967–979 Yue et al.

Figure 3. The speci!c components of a towable shallow seismic detection system for coastal tidal-"at areas. (a) Electric spark source shooting system,
(b) drilling on a tidal-"at surface and burying an electric spark cable as a source point, (c) towed ship-type geophone and (d) towable receiving system
in tidal "ats.

Table 1. Key parameters of !eld data acquisition

Acquisition parameters Value

Channel interval (m) 3
Shot interval (m) 6
Minimum o#set (m) 6
Sampling interval (ms) 0.25
Receiving gather (channel) 24
Maximum fold (times) 6

Table 2. Statistic comparison of seismic acquisition in coastal tidal zones

Equipment and personnel Rolling-type Towed-type

Geophone weight (kg) 2 11
Geophone number (channel) 168 24
Analog cable (pcs) 14 1
Digital cable (pcs) 6 /
Geode station (pcs) 7 1
Technician and worker (pcs) 14 5

rolling-type and towed-type detection proposed in this pa-
per are shown in Table 2 and !gure 4, which are based on the
full use of e#ective work time between rising and ebb tidal.
They speci!cally include geophone weight, the number of
geophones, analog cables, digital cables, geode stations, tech-
nicians and workers, as well as the daily completed workload
in the tidal "ats.

Generally, it can be seen in Table 2 that the towable
shallow seismic method has less equipment and personnel
than the rolling one. To be speci!c, 168 geophones, 14

analog cables, six digital cables, seven Geode stations and
14 people are needed in the rolling-type method to reduce
e#ective working time to the greatest extent. In contrast, for
towed-type seismic detection, only 24 self-made ship-type
geophones, one analog cable, one Geode station and !ve
people are needed to complete the !eld data acquisition task
in the coastal tidal "ats. What is more, the geophone weight
of the towed-typemethod is 5.5 times asmuch as the rolling-
type, which is bene!cial for detector-ground coupling in
tidal-"at zones. In addition, the ship shape can be better
for dragging along the mud-mixed surface of coastal tidal
regions. Therefore, a lot of e#ective time can be saved for
seismic source shooting, data receiving and recording using
the towable method, which helps a lot to enhance workload.

Figure 4 shows the daily workload of two-kind seismic
detections for !ve consecutive days in coastal tidal zones. It
is not hard to !nd that the daily maximum and minimum
data acquisition workload of the rolling-type are 72 and 60
shots, respectively, with an average of 65.8 shots. However,
they are 130 and 120 for the daily maximum and minimum
data acquisition workload in sequence for the towable type,
with an average of 124.2 shots. Therefore, a signi!cant con-
clusion can be drawn that the acquisition e$ciency of towed
detection is nearly twice that of the rolling one.

Because of the simple system and easy mobility, towed-
type seismic detection in coastal tidal "ats can neglect the
time spent on equipment arrangement, connection and
disassembly. Much time can be saved to use in seismic
e#ective acquisition, so this method increases the average
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Figure 14. The results of towed-type shallow seismic processing in coastal tidal-!at areas. (a) A stack imaging section and (b) its frequency spectrum.

Figure 15. Seismic interpreted depth section for shallow stratigraphic structure in tidal !ats.

lower reaches of the Yangtze River are used as identi"cation
marks for the bottom interface of Quaternary. Based on this
evidence as well as the energy and continuity of wave groups,
drilling and other regional geological information, we can
conclude that T0 is the bottom interface of Quaternary in
this section.

Meanwhile, it can be further inferred thatT0–4, T0–3, T0–2
and T0–1 are the internal stratum of the Quaternary; T1, T2,
T3 and T4 are the Neogene internal interfaces and T5 is the
top interface of bedrock in coastal tidal !ats. What is more,
predicted results coincide well with the lithologic interfaces
from the geothermal borehole located at theCDPof 2120. In

addition, a palaeo-channel marked by a red line is identi"ed
in "gure 15 due to the seismic facies.

5.2. Concealed active faults

The existence of faults in the seismic section can be inferred
by the conversion of strong phases, the relationship of upper
and lower wave groups and the obvious increase or decrease
of seismic events. However, the re!ected wave group on the
seismic section in tidal-!at areas is the soft soil stratumwith-
out cemented diagenesis. Therefore, the fracture zone has
not developed by the slipping of faults, which makes it more
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Figure 1. Location of the study area in a coastal tidal !at.

and vehicles can drive on the coastal tidal !ats during this
period, which is favorable for seismic exploration. In addi-
tion, the Quaternary strata are well-developed in the study
area, with a thickness of about 300 m. The buried depth
of bedrock is from 700 to 1400 m. The surface consists of
mainly coastal-shallow marine sediments and delta frontal-
tidal-!at sediments. Meanwhile, the lithology is mainly silt,
sand clay, "ne sand, coarse sand and gravelly coarse sand.
The thickness of each lithology can be as thin as a fewmeters,
or as thick as tens of meters (Wang et al. 1999, 2002). Due
to the !ood and ebb tides in coastal tidal !ats, the surface
and underground are saturated by seawater. This is perfect
for the propagation of seismic waves and has no in!uence on
the surface low-velocity zone.

3. Data acquisition system

It is quite di#cult to carry out complex seismic exploration
work in tidal !ats due to the short time between daily !ood
and ebb tides, which is nomore than 5 hours every day. How
to ensure thequality of seismicdata acquisition andworkload
of the daily task designwithin a limited time is a key factor for
improving the e#ciency of seismic data acquisition in tidal

!ats. We put forward a towed-type shallow seismic detection
system to improve acquisition for these areas. Three advan-
tages of this system are discussed in this paper, including
acquisition system, e#ciency and e$ectiveness, as follows.

3.1. System and parameters

The diagram of a towed-type shallow seismic detection
system for coastal tidal !ats is displayed in "gure 2. It can be
seen from the "gure that the system includes the towable ve-
hicle, electric spark source and 24-channel towed ship-type
geophones. Field data acquisition in coastal tidal zones can
be carried out using forward rolling towable vehicles.

Figure 3 shows the speci"c components of the towable
seismic system. They include drilling a well at a depth of 1
m on the tidal-!at surface, burying the shooting cable head
of the 40 000 J electric spark source ("gure 3a) into the well
and "lling it with water as a source point ("gure 3b). At
the same time, the conventional geophone strings are "xed
in the 10 kg self-made metal device to form the towable
ship-type geophone strings ("gure 3c), which are connected
to the geode station by the towed cable with a "xed channel
space ("gure 3d). To adapt to the surface environment of
coastal tidal !ats, all seismic acquisition equipment is treated
with waterproof transformation.

To achieve the purpose of detailed detection of shal-
low geological structures in coastal tidal-!at zones, the key
parameters of this seismic detection for "eld data acquisi-
tion are listed in Table 1 with a unilateral shooting pattern.
Through repeated tests, the optimal parameters in sequence
con"rm that channel interval is 3 m, shot interval is 6 m,
minimumo$set is 6m, sampling interval is 0.25ms, receiving
gather is 24 channels and is up to sixfold better.

3.2. Acquisition e!ciency

For shallow seismic areas in coastal tidal !ats, the most
important thing in terms of "eld acquisition is work
e#ciency. Statistic comparisons between conventional

1st channel 24th channel

Towable vehicle

......
2nd channel

Electric spark

Subsurface interface

Towed ship-type geophones

Figure 2. The work sketch map of a towed-type shallow high-resolution seismic detection system for tidal !ats.
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Figure 12. Velocity spectrum of a certain CMP control point.

required to cut o! this small part of the event in the process.
As shown in "gure 13c, the e!ective seismic information can
be retained as much as possible and a smaller NMO stretch
in shallow seismic conditions is also an advantage of short
arrays through the towable seismic method.

4.5. Stack imaging

After a series of targeted methods in shallow seismic pro-
cessing in coastal tidal #ats, the stack imaging section and
frequency spectrum of towed-type shallow seismic pro-
cessing in coastal tidal regions are displayed in "gure 14.

From the overall of seismic results, it can be found that the
characteristic of seismic wave is quite clear, the stratigraphic
continuity is good and the event energy is strong. In addition,
it can also be seen from "gure 14a that the structural form is
obvious with high resolution and SNR.

As shown in "gure 14b, the e!ective bandwidth in fre-
quency spectrum is distributed between 80 and 280 Hz and
the main frequency located around 180 Hz. Therefore, the
detection accuracy of this method can be at the meter level,
which provides reliable data support for detailed detection
of shallow geological structures in tidal-#at zones.

5. Application and interpretation

Through the towable shallow high-resolution seismic
method proposed in this paper, three practical applications
in coastal tidal #ats in Jiangsu Province, Eastern China are
illustrated in this section, which shows their practical value
in environment, geology and geological disaster. Speci"cally,
shallow geological structures can be detected and veri"ed
e!ectively. The location of palaeo-channels, concealed active
faults and submarine shallow gas can also be determined by
this method.

5.1. Shallow geological structure

Figure 15 shows the interpreted depth section of a survey
line in the study area and the lithology of a geothermal bore-
hole nearby. First, 10 groups of shallow re#ected interfaces
are identi"ed. According to the evidence from the wells
that the stratum with thick clay aquiclude in the middle and
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Case History of Acquisition and Processing of a High Resolution Shallow Water 3D Multi-cable 
Seismic Survey in the Gulf of Mexico Transition Zone. 
Thomas Hess*, Tip Meckel, Nathan Bangs, Robert Tatham, Jackson School of Geosciences, University of Texas 
at Austin 
 
Summary 
 
A high resolution 3D survey was collected in the transition 
zone of the Gulf of Mexico using a multi streamer (p-cable) 
acquisition geometry. It was located southeast of San Luis 
Pass, TX (Figure 1). The seismic data collected shows high 
quality imaging of sedimentary features to 450ms below 
the water bottom. Geologic features in the shallow seismic 
time slices have modern analogs nearby on shore, including 
beach ridge complexes, Chenier plain, channels and 
channel belts. 
 
Introduction 
 
This is a case history of high resolution seismic data 
acquired for The Gulf of Mexico Miocene 
CO2 Site Characterization Mega Transect study being 
conducted at the Bureau of Economic Geology (BEG) of 
the Jackson School of Geosciences, at the University of 
Texas at Austin, in Austin TX. 

 
This project addresses the use of sandstone reservoirs for 
long term CO2 sequestration. Acquiring high resolution 
seismic data over the Gulf of Mexico transition zone allows 
the evaluation of geological features which can influence 
the potential for CO2 sequestration including faults, seal 
properties, and fluid pathways. Conventional exploration 
seismic is usually not optimized to image the shallow 
sections nor optimized for this purpose. 

 
The choice of a P-Cable type streamer system allows an 
economical and high-resolution seismic acquisition in a 
research environment. Data processing was done using the 
Paradigm’s Echos processing . 
 
The streamer acquisition layout (Figure 2) is a multi-
streamer wide azimuth system with short offsets. Its unique 
geometry allows high resolution as well as a quick and less 
expensive (compared to more conventional seismic 
surveys) method for 3D volume acquisition. The large 
range of azimuths is not as fully utilized for imaging as 
with more conventional seismic data but is useful in 
acquiring 12 (or more) receiver lines simultaneously. 

 
To resolve the finer features emphasis was placed on time 
slice visualization. All processing steps were evaluated 
based on the improvement or degradation that each process 
made to the image of fine features on the time slices. Data 
resolution was high enough to see channel features as small 
as one bin (6.25m) across. Amplitudes varied in a smooth 
manner across time slices and may be indicative of 
depositional environments, pore fluids or lithological 
changes.  
 
Acquisition 
 
The Bureau of Economic Geology (BEG) acquired the 
GeoEelTM system from Geometrics in 2012. Using 

 
Figure 1: Data was acquired over the San Luis Pass Salt Dome 
Southwest of Galveston, TX 

 

 
Figure 2: Example p-cable acquisition layout. The survey 
acquired by BEG used 12 streamers with 8 hydrophones each. 
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Case History of Acquisition and Processing of a High Resolution Shallow Water 3D Multi-cable 
Seismic Survey in the Gulf of Mexico Transition Zone. 
Thomas Hess*, Tip Meckel, Nathan Bangs, Robert Tatham, Jackson School of Geosciences, University of Texas 
at Austin 
 
Summary 
 
A high resolution 3D survey was collected in the transition 
zone of the Gulf of Mexico using a multi streamer (p-cable) 
acquisition geometry. It was located southeast of San Luis 
Pass, TX (Figure 1). The seismic data collected shows high 
quality imaging of sedimentary features to 450ms below 
the water bottom. Geologic features in the shallow seismic 
time slices have modern analogs nearby on shore, including 
beach ridge complexes, Chenier plain, channels and 
channel belts. 
 
Introduction 
 
This is a case history of high resolution seismic data 
acquired for The Gulf of Mexico Miocene 
CO2 Site Characterization Mega Transect study being 
conducted at the Bureau of Economic Geology (BEG) of 
the Jackson School of Geosciences, at the University of 
Texas at Austin, in Austin TX. 

 
This project addresses the use of sandstone reservoirs for 
long term CO2 sequestration. Acquiring high resolution 
seismic data over the Gulf of Mexico transition zone allows 
the evaluation of geological features which can influence 
the potential for CO2 sequestration including faults, seal 
properties, and fluid pathways. Conventional exploration 
seismic is usually not optimized to image the shallow 
sections nor optimized for this purpose. 

 
The choice of a P-Cable type streamer system allows an 
economical and high-resolution seismic acquisition in a 
research environment. Data processing was done using the 
Paradigm’s Echos processing . 
 
The streamer acquisition layout (Figure 2) is a multi-
streamer wide azimuth system with short offsets. Its unique 
geometry allows high resolution as well as a quick and less 
expensive (compared to more conventional seismic 
surveys) method for 3D volume acquisition. The large 
range of azimuths is not as fully utilized for imaging as 
with more conventional seismic data but is useful in 
acquiring 12 (or more) receiver lines simultaneously. 

 
To resolve the finer features emphasis was placed on time 
slice visualization. All processing steps were evaluated 
based on the improvement or degradation that each process 
made to the image of fine features on the time slices. Data 
resolution was high enough to see channel features as small 
as one bin (6.25m) across. Amplitudes varied in a smooth 
manner across time slices and may be indicative of 
depositional environments, pore fluids or lithological 
changes.  
 
Acquisition 
 
The Bureau of Economic Geology (BEG) acquired the 
GeoEelTM system from Geometrics in 2012. Using 

 
Figure 1: Data was acquired over the San Luis Pass Salt Dome 
Southwest of Galveston, TX 

 

 
Figure 2: Example p-cable acquisition layout. The survey 
acquired by BEG used 12 streamers with 8 hydrophones each. 
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Case History of Acquisition and Processing of a High Resolution Shallow Water 3D Multi-cable 

processes (Figure 4). A catenary is the shape an idealized 
free hanging chain makes under its own weight. Here, our 
cross cable assumes a catenary shape from the drag during 
towing. The receivers also show this pattern and the result 
is a catenary acquisition footprint. 
 
Examining the data for further processing, it was 
discovered that all the data had more instrument noise from 
the recording system. This noise appeared in the time 
domain as banded flat events with a period of about 300ms. 
In the FK domain the noise was spread across the 
wavenumber axis, which is a good indicator of non-seismic 
signal. This was compensated for using another pass of gap 
deconvolution.  This appeared to remove the noise and 
increase signal to noise in the first 1000ms. Reflections 
deeper than 1000ms were discontinuous and not well 
resolved.  
 
Streamer Based Processing 
Stack volumes viewed as time slices from 80-200ms 
showed some signs of improvement but the data still 
contained noise. Thus far the methods which mixed traces 
had been avoided in the shot domain but the time slices 
showed enough noise to warrant further efforts 
 
Two methods were tested and finally applied to further 
enhance the data, array simulation and Tau-P (Radon) 
filtering. The data in both of these processes was applied in 
common streamer gathers in order to not mix traces across 
streamers. The receivers are 3.125m apart along the 
individual streamers and the streamers separated in the 
cross line direction by 12.5m. Binning is 6.25m. If multi-
trace processes were used along each individual streamer 
any trace mixing would minimized over the shortest 
distance between receivers (3.125m) rather than mixing 
across streamers which are separated by 12.5m.  
 
Array simulation has the advantage of attenuating wave 
fronts arriving out of the plane of the streamer and direct 
arrivals (Larner, 1983). Three receiver array simulation was 
employed in the common streamer domain using a zero 
time delay between the traces. The effect of array 
simulation is to reject certain noises while maintaining 
events according to simulated array’s parameters. Using a 
0-0-0 delay and summation, wave fronts arriving at non-
normal incidence were rejected. Care was given to maintain 
resolution using the time slices as a quality control. 
 
The Tau-P (radon) filter was also applied on single 
streamer gathers. The filter used the sparse velocity 
information to further reduce noise and enhance signal. 
Tests also included a polygonal FK filter but the Tau-P 
filter was better at rejecting noise without artifacts. 
 

Streamer based processing was concluded with a tune-up 
gap deconvolution for short period multiples. 
 
3D Processing 
The combination of shot based processing followed by 
streamer based processing resulted in an improved stack 
volume. However, the amplitude variations seen on the 
time slices appeared to contain random noise. 3D processes 
which focused on surface consistent amplitude variations 
and statics were then applied. 
 
The statics variations were very small, under 1-2ms for 
most shifts. Parameters were focused on the time ranges of 
20-400ms. This range is where the data quality was the 
highest and statics shift would be more apparent. 
 
3D surface consistent amplitude balancing was then 
extracted from common ranges of data (20-400ms). After 
application of the statics and the surface consistent 
amplitude balancing, the resolution of the time slices now 
appeared to have smoothly varying amplitude variations. A 
vertical profile of the same data post statics and balancing 
along inline 5282 (Figure 5) showed remarkably well 

resolved normal faulting. 
 
Data Gaps 
Due to autopilot errors, traffic and currents, there exist gaps 
in the data coverage. Interpolation methods that preserve 
the sedimentary features are currently being investigated. 
 
Processing Methods Not Used 
Some methods which were not included for processing in 
this project including tidal statics, shot/receiver ghost 
removal, and water column velocities. 
 

 

 
Figure 5: Inline 5282 showing fine detail of faults over the edges 
of the salt dome. Blue is positive polarity. 
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Airgun + Vibroseis + Explosive
Nodes + Hyrophone

1.2.2.3 節點式地震儀搭配浮台感應器系統案例

爲了解決短支距離解析深度的問題，節點式地震儀被嘗試應用在潮閒帶施測

的案例中。2023年末在波蘭的拜沃庫瑞 (Bialokury)和比谢基尔日 (Biesiekierz),進

行了大型的陸海聯合的三維震測試驗 (Clark et al., 2025)。大量震源分佈於海上與

陸上，使用了包含陸上的炸藥與震盪震源車以及海上的氣槍。接收器方面，陸上

區域使用陸上節點式地震儀而海上則使用了節點式水聽器搭配浮動平臺的藍牙與

低功耗廣域網絡 (Low Power Wide Area Network)感應器來確保節點的運作與校時

(圖 1.6)。由於利用外接式感應器來進行校時，這類型接收器省去了精確時鐘的費

用，大幅降低了儀器成本，使得節點式接收器能被廣汎的在淺水區域佈設。然而,

這類型的設置需要在岸上架設巨大的天綫作爲發射器，並且外接的浮台亦會增加

施測的複雜度，因此雖然儀器成本上有所降低，但仍然需要增配人力負責相關調

度。

圖 1.6: 上圖為施測幾何設定，下圖為A，B綫段震測剖面。摘自 (Clark et al., 2025)
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tion compared to the mainstream digital cable systems. Ensuing 
developments in cable-free recording systems that employed 
GPS for timing synchronisation gained popularity onshore but 
consisted of separate acquisition units and batteries making them 
still cumbersome for TZ deployments. The resulting high cost of 
data acquisition in the TZ domain has made exploration in these 
areas less attractive with reduced activity especially during the oil 
price shocks of the last 20 years.

In the last five years there has been a step change in onshore 
data acquisition with the wide acceptance of the latest genera-
tion of cable-free recording – the single sensor node. Advances 
in technology have enabled great improvements in nodes, in 
particular their reliability, weight reduction, and battery/field 
endurance. By and large, the nodes commercially available now 
have crossed a threshold of these key performance metrics. The 
result has been a step change in seismic data acquisition with 
wide acceptance of nodal recording systems and their replace-
ment of cable systems both on land and offshore.

However, there remain operational challenges in the transi-
tion zone and shallow water environments as land nodes cannot 
receive GPS timing if submerged. The use of specilised Ocean 
Bottom Nodes (OBN) which do not require GPS signals to 
continuously synchronise the internal clock during deployment 
is limited in this environment. The size of vessel required to 
deploy heavy OBNs limits their use in shallow water and some 
TZ areas are landlocked with no access. In addition, the unit 
cost of OBNs are significantly higher than for land nodes, in 
part due to the expensive, high stability internal clock.

A solution is to adopt the methods successfully used in 
the 1990s with the first generation of cable-free systems and 
provide the present-day seismic node with the capability to 

The introduction of the first cable-free recording system in 
the 1980s provided an alternative to the traditional cable systems. 
These first-generation cable-free systems relied on timing syn-
chronisation via radio signals received from a central recorder 
and therefore their receiver could not be submerged. The solution 
was a range of buoy deployment techniques where the recording 
unit remained at the surface and the sensor, a marsh cased geo-
phone or hydrophone, was deployed in the water. Ironically, the 
successful market for the first generation of cable-free recorders 
was the transition zone with, for example, much of the US Gulf 
Coast being acquired in the 1990s using these systems.

However, these earlier cable-free recording systems were not 
widely adopted for onshore operations because of the limitations 
of the available technology making them complex to operate and 
expensive and therefore uncompetitive for normal data acquisi-

Figure 2 An example of a single sensor 
autonomous node with an external connector.

Figure 3 Three general nodal deployment methods over water bodies.

Figure 4 Examples of field nodal deployment methods 
for the transition zone: A – floating platform, B – buoy, 
C - Anchoring pole.
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precisely measured by the deployment boat using GPS and 
depth sounder instrumentation. This position is used in data 
processing for bottom deployed sensors. In the example of sus-
pended hydrophones any variation in node position is recorded 
within the node and available during processing. During data 
acquisition crew boats and antenna masts installed on the shore 
are used to check the recording and QC status of the nodes as 
in regular onshore operations.

TZ 3D seismic data acquisition on the Polish 
Baltic coast
At the end of 2023 and the beginning of 2024 two transition 
zone 3D seismic surveys were acquired on the Baltic coastline 
of Poland: Bialokury 3D and Biesiekierz 3D (Figure 5). They 
covered 338 km2 and 424 km2 of the operational area, respec-
tively, across challenging terrains, from an onshore moraine 
upland over 20 m high comprising glacial till and sands, across 
coastal sand dune complexes forming elongated dune banks up 
to 10 m high, to water depths of 20 m up to 6 km offshore. In 
addition the onshore portion of the project included extensive 

connect to an external sensor. The external sensor, marsh phone 
or hydrophone, can then be deployed below the water surface, 
either suspended or placed on the river or lakebed. By maintain-
ing the node at the surface not only is timing synchronisation 
maintained but also other functionalities such as the recording 
of the GPS location and remote quality control, either sampled 
or in real time using Bluetooth and LPWAN technologies.

Recent successful nodal TZ 3D seismic surveys utilising 
this method have demonstrated the robustness and benefits of 
this technique.

TZ and shallow water node deployment
The enabling feature of a node suitable for transition zone deploy-
ment is the ability to connect an external sensor, specifically 
either a marsh cased geophone or hydrophone. The connector 
obviously must be waterproof and ideally should not affect the 
use of the node as a ‘standard’ acquisition node, i.e. it should use 
the same auxiliary equipment such as charging and data harvest-
ing racks, so that operations are seamless and avoid a hybrid or 
mixed acquisition complicating operations and data handling.

There are three general deployment methods that can be 
used when deploying land nodes in the transition zone depend-
ing on the depth of water, currents, tides, and general ‘bottom’ 
conditions for anchoring as shown in Figure 3.

The simplest deployment method is shown in the first 
diagram of Figure 3 and is used for marsh or lakes/reservoirs 
where water conditions are fairly benign, without strong 
currents or variations in water depth, and a marsh phone can 
be planted with the use of a planting pole. Where there are 
stronger currents and conditions a pole may be used to serve 
as an anchor as shown in the third diagram in Figure 3. In tidal 
areas, or where the water depth precludes the placing of marsh 
cased geophones then a hydrophone is used as shown in the 
middle diagram of Figure 3. In this traditional TZ environment, 
the node is deployed on a buoy to compensate for wave activity 
and is anchored to the seabed.

During the deployment of the nodes the position of each 
receiver and the depth of the water at a given location are 

Figure 5 Source and receiver positions of the Bialokury 3D (A) and Biesiekierz 3D (B).

Figure 6 Airgun seismic source acquisition.
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ern part of the onshore area encompassed a large city with over 
100,000 inhabitants, while the southern onshore area extended 
into challenging terrain with high sand dunes, covering approx-
imately 10% of the project. The eastern boundary of the project 
was defined by the Jais Mountain range, where the ends of the 
receiver lines were positioned. As a result, the acquisition area 
featured highly variable terrain, including urban areas, sandy 
deserts, coastal strips, flat regions, mangroves, mountains, and 
shallow water.

Similar to the previous survey conducted along the Baltic 
coast, Quantum nodes with high-sensitivity 5 Hz geophones 
were used onshore, while offshore nodes with external con-
nectors and 10 Hz hydrophones were deployed. The nodes 
were mounted on buoys (see Figure 11), anchored to the 
sea floor with concrete block weights, while the hydro-
phones were suspended from the buoys. This solution was 
employed not only in seawater but also in lagoons and 
partially within the harbour. Vibroseis and dynamite sources 
were utilised onshore, while air guns were used as the source  
offshore.

All receivers in the marine area were laid at the same time 
and left in position for the duration of the survey. The same 
method of positioning and water depth measurement was used 
as in the Baltic survey.

The Bialokury 3D survey, typical of a transition zone, 
included up to three different environments for seismic acqui-
sition: a marine area, a land area, and a lake surrounded by 
wetlands (Figure 7). This posed no issues for the project, 
as seamless seismic imaging was achieved thanks to the 
adaptability of the nodal system and the dedicated seis-
mic data processing of both acquired and archived data  
(Figure 8).

Although the offshore portion of the Biesiekierz 3D survey 
was small, it was crucial for imaging the geological target. Due 
to terrain restrictions and the absence of landowner permis-
sions, the limited coverage in the coastal zone was effectively 
compensated for by the offshore area (Figures 9 and 10).

TZ data acquisition in the UAE
A similar 3D survey was successfully completed in the United 
Arab Emirates over an area of 615 km², of which 53 km² was 
offshore in shallow water with depths of 12 to 15 m. The north-

Figure 10 2D seismic sections extracted from the 3D Biesiekierz data volume 
across the acquisition area.

Figure 11 Nodes deployed on buoys in the shallow water enabling the receiver line 
to pass seamlessly from shallow water through urban areas to the mountains.

Figure 9 The position of the source and the 
receiver points on the top part of Biesiekierz 3D 
survey. The bold black line corresponds to the 
seismic sections in Figure 10.

Clark et al., 2025
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Seismic exploration in Transitional Zone (TZ) 

Airgun + Vibroseis
Land Nodes + 4C OBN

1.2.2.4 大型節點式海底地震儀施測案例

自 2018年開始，阿拉伯聯合酋長國爲了增加天然氣的日產量而針對了阿布達

比陸上及其外海進行了大型的三維震測探勘 (Cambois et al., 2019)。該項目施測總

面積達 90000km2，耗時三年。其中外海部分使用 4維 OBN作爲接收器，覆蓋面

積達 26000km2,平均水深在 20-30公尺之間 (圖 1.7)。施測設定中使用氣槍作爲炸

點，間距為 25公尺，能量强度會隨著水深從 1520 in3 逐漸下降至最低 320 in3。

施測過程中運用雙炸點源的方式以加快進程。接收器總計 20條縱綫 (Inline)並通

過纜繩串接拖曳。每條縱綫有 320個 OBN，縱綫間距為 50公尺，交綫 (Crossline)

則爲 300公尺，縱綫最遠支距為 22公里，交綫最遠支距為 6公里。上述的設定將

會得到 12.5公尺 x25公尺格點大小且重合數為 4800的三維震測剖面。該施測優

勢在於相較於傳統的 OBC，大幅度減少了海地地震儀的佈設時間與人力成本。再

者，由於接收器使用的是包含橫向，縱向及水壓的 4維 OBN，這使得全波形反

演 (Full Waveform Inversion)(圖 1.8)以及 P-S轉換波成像 (P-S conversion Imaging)

能夠被應用在震測剖面處理當中，得到細緻的速度構造以及地層影像 (Damianus

et al., 2023)。

圖 1.7: 阿布達比外海 OBN施測區域海床水深。摘自 (Cambois et al., 2019)

10

圖 1.8: 上圖為折射波速度構造與剖面，下圖為 19Hz全波形反演后速度構造與剖
面。摘自 (Damianus et al., 2023)

11

Damianus et al., 2023

Full Waveform Inversion
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About the experiments 

過去數⼗年，臺灣在海域與陸域的震測探勘已相對獲得不少的資訊，然潮間帶由於調查場域環境
複雜(潮汐、海浪、離岸流與漂沙等)，造成背景噪訊⾼與野外施測環境多變，為最困難的調查地區，
因此⼀直為臺灣地下地質空間調查資訊的空⽩區。此探測技術的研發未來將不僅可應⽤於碳封存，
在地熱探勘、⾵機、地下⽔資源與國防上皆需要此相關技術。

各單位曾多次嘗試，僅獲少數相關資料

無近岸震測資料
無儀器
無海陸整合震測⼈員
無海陸資料整合與處理經驗
無野外⼯作規劃經驗

資料來源：中油
資料解釋：許鶴瀚實驗室
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欲解決之問題？？

⼈員

儀器
野外規劃

資料分析

About the experiments 
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About the experiments 計畫第⼀期主要成員



18

About the experiments 

⼈員
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About the experiments 
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About the experiments

 What is OBN (Ocean bottom node)? 
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About the experiments

 What is OBN (Ocean bottom node)? 

● 直接部署在海床上的地震儀
○ 直接接收地層傳送上來的震波，不必通過⽔層

● 好處
○ 可接收Swave，做出S波剖⾯
○ 相較於Streamer可以放置在更安靜的海床上
○ 分散式的地震儀可以更好的設計出施測幾何
○ 有效收所有震波（P，S）利於後續Full Waveform 

Inversion

Why 4C 

and OBN?
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● 理論寬頻

● 不存在⾃然頻率所造成的頻率失真
與相位差

● 接受到更能反映地下構造的波形

● 低頻訊號的保留有利於後續的全波
形反演

Why 4C 

and OBN?
About the experiments

 What is OBN (Ocean bottom node)? 
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About the experiments

 What is OBN (Ocean bottom node)? 

 12 

 
圖 4 自製 OBN 性能提升研發前後比較與測試狀況 

為確認此自製 OBN 的適用性，於本年度執行中至今(2024 年 3 月)共進行有 2 次的現地實際佈放
測試。其中一次是在 2023年 11月 7-9日在桃園市觀音區大堀溪河口北側，以收錄背景噪訊為主，並
且測試佈放流程，另一次是在 2023 年 11 月 27-29 日在屏東縣林邊鄉水利村國小近岸，搭配新海研 1
號之實習航次經過附近，測試自製 OBN 可成功收錄到外海 airgun 施炸訊號的最大距離，以作為後續
實際施作時的施炸規劃參考。測試內容與配置請見 2.2.4說明，測試結果顯示，此自製 OBN可有效獲
得背景噪訊以及外海 airgun之資料，採用 1325立方英吋(500+350+275+200)，氣槍置於水面下 5公尺
最遠可接收到 15公里外之訊號(詳細請見子計畫二之成果說明)。 

2.2.1.2 震源之整合與測試 
根據文獻回顧(Zawawi and Hoe,2004; Roberts and FitzPatrick,2016; Marine Geology Service; Yue et 

al.,2020)以及與有潮間帶施作經驗之日本 JGI技術人員的談話，潮間帶與極淺水域之震源主要有炸藥、
自製高壓空氣管、小型 airgun、mudgun以及電火花等可盡可能地達到 1公里的探測深度。因此，本計
畫規劃以電火花式震源以及尋求日本 JGI之合作測試 mudgun的使用為主要整合測試對象。 
起初對於電火花式震源的應用是預計以國內既有之電火花設備進行修改成單一圓柱狀後，施作中

在潮間帶挖洞後置入，但於測試場址實際勘查後，桃園市觀音區大堀溪河口的潮間帶地表以卵礫石及

礁岩為主，無法在不動用大型機具的情況下挖掘足夠深度的施炸孔(約 1 公尺深)。採用大型機具在潮
間帶挖掘施炸孔的缺點除了會增加行政申請程序外，亦容易造成潮間帶生態系的破壞，因此能避免挖

掘工作會較為合適。本計畫在此考量下重新規劃可能的震源使用選擇，除保持測試應用日本 JGI成功
使用過之 mudgun 外，另自行設計生產簡易型高壓空氣震源，以及採購含有無水狀況下之電火花式震
源套件設備。如圖 5 所示，電火花振源採用與海上之放電電極不同的陸域使用電火花震源電極類型，
其為金屬電極與海上採用羽狀電極不同，北京同度生產之 200kJ TD-Sparker設備，根據其客戶 4月大
港物探於 2015年在曹妃甸的潮間帶與極淺水域施作成效顯示，可有效紀錄獲得 4.5s來回走時之資料，
可符合本計畫探深之需求，搭配其開發之地面激發裝置，可在無水環境下之潮間帶區域同樣採用電火

花振源施測，但其可容量的能量會較小，探測深度略低，實際成效仍須實際測試後確認。而自行開發

之簡易式高壓氣體震源，由於採用之高壓氣體壓力在 2500psi，為確保有足夠的安全性，在不改動高壓
氣瓶的前提下，預計初步採用 1公升之高壓氣瓶並填充氮氣，主要以設計可大流量放氣之電磁閥開關
為開發目標，外側設計有重塊架，使其可開關方向朝下座落於海床上產生震動。目前震源的取得上，

日本 JGI 之 mudgun 預計於今年度 9 月來台測試(詳細請見國際合作)，北京同度之電火花式震源仍在
進行採購之相關行政流程中，而自行開發之簡易式高壓氣體震源之第一版電磁閥開關已設計完成，正

⾃製儀器OBN (中⼭⼤學林俊宏教授)
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圖 2 教育訓練實際儀器操作與軟體使用教學 

  

  

圖 3 80顆 OBN與相關設備運抵台大地質系館 

 

2.2.2 JGI潮間帶專業技術團隊來台工作安排 

JGI 為國際上少數實際參與與規劃 CCS 場域在潮間帶地區進行震測，至計畫開始執行至今已
與 JGI 的小澤岳史部長及其團隊進行多次的深入討論，此來台工作安排涉及人員、震源系統從日
本運送至台灣、在台灣各項配合(例如：船隻、時程與相關震源支源配備等)，目前已初步完成整體

2024/03/18
80顆商⽤地震感測器(GPR)以及相關設備抵台

註：由於此設備在國際上仍為新產品，
許多資料處理程式並未完備，團隊已解決資料處理問題



25

About the experiments 



26

 18 

 
圖 11 屏東縣林邊鄉水利村國小外海佈放測試規劃圖 

 
圖 12 屏東縣林邊鄉水利村國小外海佈放現場施作照片 

2.2.4.3 測試後之經驗歸納與實測時之佈放方式初步規劃 
根據兩次的測試經驗，紀錄以下四點於後續正式施作時須注意 
1. 北部漁港為潮汐港，需搭配潮汐進出港，需多預留時間 
2. 岸邊須有人員留守避免設備遭受破壞 
3. 佈放點位最後測得位置與規劃點位的誤差約 10公尺，需有方案降低未來大量佈放個點位間的
間距差距過大 

4. OBN沉底時可能為倒反，配合潛水人員或傾斜計輔助修正判斷 
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GPR紀錄勵進空氣槍情況：
水平分量反射訊號

Why 4C?
Results and some discussions
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震盪震源車(Vibroseis)

1CSmartSolo 3CGPR
1550205024003975

Results and some discussions
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64顆ＧＰＲ⽔平分量紀錄 (P轉Ｓ波)
Why 4C?

GPR紀錄震盪車震源情況：
水平分量反射訊號

Receiver gather CMP gather Velocity semblance

Results and some discussions
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泥槍(40 in3 Mudgun)

CMP gather

Results and some discussions

速度分析

[h]

圖 3.2: Sercel GPR 300節點式淺海海底地震儀。

圖 3.3: 桃園觀音區潮閒帶震測試驗測綫規劃圖。

25
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Results and some discussions

圖 4.4: 圖內為潮閒帶震測深度剖面。左圖經過震測判識區分出地層邊界與沉積構造，右圖為原始震測剖面以及地層邊界。

56

(范竣翔，2025)

圖 3.4: 震測剖面位置

圖 3.5: 為同中點示意圖，當訊號走時通過修正為零支距時，即代表深度。摘自
(Onajite, 2013)

26

圖 4.2: 左圖為曡合速度的速度模型，右圖為層間速度的速度模型

51

解析深度超過3.5公⾥
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p. 3 
 

Table3-1 Shooting Configuration 

  Water depth 
Gun 
Volume 

Gun 
Depth 

Air 
supply 

Operation 
Vertical 
Stack 

Avai
labil
ity  

  
Oper
ation 

i > 10m 
1950 
cu.in. 

6m 
Compres
sor 

Towing/Big 
boat (Fig.3-
２(a)) 

×：Towing No   
NTU 

ii >5m 
480 
cu.in. 

2ｍ 
Compres
sor 

Towing/Big 
boat 

×:Towing No   
NTU 

iii >2m 90cu.in 1ｍ 
Nitrogen 
Cylinder 

Towing/smal
l boat (Fig.3-
2(b) 

△：Towing Yes 
13shots
/cylind
er 

JGI 

iv 
1m ∼2m 
Up to 200m 
from shoreline 

40cu.in 
(Mud 
gun) 

1ｍ∼2m 
(Sea 
Floor) 

Nitrogen 
Cylinder 

On sea 
bottom 
(Fig.3-2(d)) 

○：On sea 
bottom 
△：Towing 

Yes 
30shot
s/cylin
der 

JGI 

 

3-3. Nitrogen cylinder and small boat 
For the air guns of 40 cu.in. and 90 cu.in., compressed gas will be supplied from 
Nitrogen cylinders. Followings are the dimension of the nitrogen cylinder that JGI 
usually use: 

  Weight:60kg 
  Diameter: 23cm 
  Height: 1.5m 
  Volume: 47ℓ 

Figure 3-2 Shooting configuration. 
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Further applications

p. 3 
 

Table3-1 Shooting Configuration 

  Water depth 
Gun 
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Air 
supply 

Operation 
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labil
ity  
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ation 
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cu.in. 
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boat (Fig.3-
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×：Towing No   
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3-3. Nitrogen cylinder and small boat 
For the air guns of 40 cu.in. and 90 cu.in., compressed gas will be supplied from 
Nitrogen cylinders. Followings are the dimension of the nitrogen cylinder that JGI 
usually use: 

  Weight:60kg 
  Diameter: 23cm 
  Height: 1.5m 
  Volume: 47ℓ 

Figure 3-2 Shooting configuration. 

p. 4 
 

 
With this cylinder, 30 shots/cylinder is available for the 40 cu.in. air gun and 13 
shots/cylinder is available for the 90 cu.in. air gun. Pictures 3-1 and 3-2 are the photos 
of setting up and operating the mud gun, respectively.  

3-4. Source Specification 
Tables 3-2 and 3-3 show the specification of Borehole Air Gun (40 cu.in., Mud Gun) 
and Small Air Gun (90 cu.in.) 

 
Table 3-2 Specification of Borehole Air Gun 
Source(1) Borehole Air Gun(Mud Gun) 

Source 5500DHS 
Source Volume 40 cubic inches 
Pressure 1500 psi 
No of Airgun  Single (1) 
Shot Point Interval 25m 
Source Depth 0m (on the sea bottom) 
Water Depth 1m-2m 
Operation On the sea bottom 
No of shot per cylinder* 30 shots/cylinder 

Picture 3-2 Mud Gun Operation Picture 3-1 Mud Gun Boat Set Up 

https://cleanpower.org/facts/offshore-wind/
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 18 

 
圖 11 屏東縣林邊鄉水利村國小外海佈放測試規劃圖 

 
圖 12 屏東縣林邊鄉水利村國小外海佈放現場施作照片 

2.2.4.3 測試後之經驗歸納與實測時之佈放方式初步規劃 
根據兩次的測試經驗，紀錄以下四點於後續正式施作時須注意 
1. 北部漁港為潮汐港，需搭配潮汐進出港，需多預留時間 
2. 岸邊須有人員留守避免設備遭受破壞 
3. 佈放點位最後測得位置與規劃點位的誤差約 10公尺，需有方案降低未來大量佈放個點位間的
間距差距過大 

4. OBN沉底時可能為倒反，配合潛水人員或傾斜計輔助修正判斷 

謝謝聆聽，敬請指教！


