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ABSTRACT

Indonesia has a great potential for deep-seated coal resources. To assist and support the deep-seated
coal exploration, a shallow seismic reflection method is applicable for this purpose. This study has
conducted a shallow seismic reflection method in Musi Banyuasin Regency, South Sumatera Province.
The Muara Enim coal target varies from 100 to 500 meters from the surface. The thickness of the coal
layer varies from 2 to 10.65 meters. This study uses 48 channels with 14 Hz single geophone and Mini-
Sosie as the energy source. The receiver and source interval is 15 meters. This study uses a fixed
receiver and moving source configuration. From the interpreted seismic section, this study identified a
deep-seated coal layer target. These layers are Mangus, Burung, Benuang, Kebon and Benakat layers.
A simple interpretation is analyzed by combining the seismic amplitude characteristics and the thickness
of the coal layer from the borehole data. From the interpreted seismic section, deep-seated coal layer
targets have strong amplitude characteristics and are continuous from southwest to the northeast with a
down-dip of around 20-30°. This study helps to inform the operator companies who develop the utilization
of deep-seated coal (coalbed methane, underground coal gasification and underground coal mining)
about the effective and proper geophysical method for imaging deep-seated coal layer.

Keywords: shallow seismic reflection, deep-seated coal, Muara Enim formation.

ABSTRAK

Indonesia memiliki potensi batubara bawah permukaan yang besar. Untuk menunjang eksplorasi
batubara bawah permukaan, metode seismik refleksi dangkal dapat diaplikasikan. Survey seimik refleksi
dangkal ini dilakukan di Kabupaten Musi Banyuasin, Provinsi Sumatera Selatan. Target kedalaman
batubara Formasi Muara Enim bervariasi dari 100 hingga 500 meter. Ketebalan lapisan batubara bawah
permukaan target bervariasi dari 2 hingga 10.65 meter. Studi ini menggunakan 48 kanal dengan geofon
14 Hz dan Mini-Sosie sebagai sumber energi (Sumber Getar). Jarak interval penerima (geofon) dan
sumber getar adalah 15 meter. Studi ini menggunakan konfigurasi “fixed receiver and moving source”.
Dari data penampang seismik terinterpretasi, studi dengan jelas dapat mengidentifikasi lapisan batubara
bawah permukaan target. Lapisan ini adalah lapisan Mangus, Burung, Benuang, Kebon dan Benakat.
Interpretasi sederhana dilakukan dengan mengkombinasikan analisis karakter amplitudo seismik dan
ketebalan lapisan batubara dari data bor. Dari penampang seismik terinterpretasi, lapisan target
batubara bawah permukaan memiliki karakteristik amplitudo yang kuat dan menerus dari arah barat daya
ke timur laut dengan kemiringan berkisar 20-30°. Studi ini membantu menginformasikan perusahaan
yang sedang mengembangkan pemanfaatan batubara bawah permukaan (gas metana batubara,
gasifikasi batubara bawah permukaan dan tambang batubara bawah permukaan) dengan metode
geofisika yang efektif dan tepat untuk menggambarkan batubara bawah permukaan.

Kata kunci: seismik refleksi dangkal, batubara bawah permukaan, formasi Muara Enim.
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INTRODUCTION

Geologically, Indonesia has a great potential
of deep-seated coal resources. Total
resources of the deep-seated coal in
Indonesia are 43.02 billion tons (PPSDMBP,
2020). Deep-seated coal is a coal in a range
of depth more than 100 meters below the
surface. The utilization of deep-seated coal in
Indonesia can be developed through the
underground mining, coalbed methane
(CBM), and underground coal gasification.
The underground coal mining has begun its
operation since 1892 in Ombilin West
Sumatera (Friederich and van Leeuwen,
2017). Indonesia has begun the CBM
operation in 2003 with two working areas,
namely at Kutai Basin and South Sumatra
Basin. Recently, The Research and
Development Centre for Mineral and Coal
Technology (tekMIRA) developes a pilot
project of Underground Coal Gasification
(UCGQG) in Indonesia. There are some specific
requirements to utilized deep-seated coal as
UCG or CBM, such as thickness, rank, ash,
moisture content, depth of coal layer target,
geological  structure and overburden
properties (Dwitama et al., 2017; Purnama
and Huda, 2019). All utilizations need a
technology that can estimate and delineate
the depth and the thickness of the deep-
seated coal layer target.

Geophysical methods are generally used for
imaging the subsurface. Seismic reflection is
part of the geophysical method which uses an
acoustic wave for imaging the subsurface.
Seismic reflection is the most widely and
predominant used for hydrocarbon exploration
since around 1920. Since around 1980,
seismic reflection has been used not only for
geotechnical and environmental purposes but
also for underground coal exploration at which
the depths of the target are typically less than
500 meters or shallow. Presently, the
application of shallow seismic reflection
survey includes mapping the quarternary
deposits (Okkonen and Moisio, 2015; Maraio
et al., 2018), buried rock valleys and shallow
faults (Li et al., 2016; Burschil et al., 2018),
hydrogeology  studies  (Al-Shuhail and
Adetunji, 2016; Miller et al., 2016), mineral
exploration (Hajnal et al., 2015; Malehmir et
al., 2015), geotechnical investigation and
hazard mitigation (Baradello and Accaino,
2016; Dehghannejad et al., 2017).
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The use of shallow seismic reflection for
imaging deep-seated coal layers was rapidly
developed in several countries such as
America, Australia, Canada and China since
around 1980. From America, geophysicist
uses 2D-3D high-resolution seismic reflection
for identifying deep-seated coal layer and
geotechnical studies in the coalfield area. In
Australia, Driml, Reveleigh and Bartlett (2001);
Hearn, (2004) and Zhou et al. (2014)
developed a proper acquisition,
instrumentation and signal analysis for shallow
seismic reflection. Nowadays, In China, (Zou
et al., 2013) and (Cao, Chang and Yao, 2019)
developed the advanced seismic signal
analysis not only for delineating deep-seated
coal layer but also predict the methane content
from coal. To acquire the objective for imaging
deep-seated coal, geophysicists need to
calibrate the seismic data with geological data
(bore-hole, outcrop, geology and laboratory
data). Sometimes, to increase the quality of
data interpretation, the shallow seismic
reflection method is combined with other
geophysical methods such as electrical
resistivity tomography (ERT), ground-
penetrating radar (GPR), Electromagnetic
(AMT, CSAMT, TDEM) and borehole
geophysics. Shallow seismic reflection may
support the exploration drilling program by
providing continuous subsurface seismic
sections between the boreholes. In Indonesia,
the research of seismic reflection surveys for
coal is still limited. Generally, the use of the
seismic reflection method in Indonesia is for
underground planning, geotechnical and mine
safety purposes (Kusumo, Sulistijo and
Notosiswoyo, 2013). On the other side,
geophysics study uses existing 2D or 3D
conventional seismic data from oil and gas
companies. CBM exploration usually requires
advanced seismic analysis such as AVO and
multi attributes (Wang et al., 2011; Haris,
2017).

This study explains the application of 2D
shallow seismic for developing CBM
exploration, the geology and reflection survey
for imaging deep-seated coal layer from
acquisition, seismic data processing and
quick-simple interpretation. The location of
this study is near Plakat Tinggi district, Musi
Banyuasin Regency, South Sumatera
Province. The depth of the coal layer target
varies from 100 to 500 meters. The coal
layers target is in Muara Enim Formation. The
main objective of this study is delineating
deep-seated coal layer and imaging
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subsurface configuration (structure) using the
shallow seismic reflection method. The quick-
simple  geological interpretation was
conducted by combining the seismic section
with the existing borehole and outcrop data
from the previous survey. Advancing this
knowledge could help to inform the
companies or operators who develop the
utilization of deep-seated coal (CBM, UCG
and Underground Coal Mining) about the
effective and proper shallow seismic survey
method for imaging deep-seated coal layer.

GEOLOGICAL SETTING OF FIELD SITE

The study site is located at Plakat Tinggi
District, Musi Banyuasin Regency, South
Sumatera Province (Figure 1). Geologically,
this location is in South Sumatra Basin. The
basin is located to the east of Barisan
Mountains and extends into the offshore areas
to the northeast and is regarded as a back-arc
basin bounded by the Barisan Mountains to
the southwest and the pre-tertiary of the
Sunda Shelf to the northeast (de Coster,
1974). The youngest geological deposits are
Palembang Formation which is sub-divided
into three members: (1) Lower Palembang (Air
Benakat Formation), Middle Palembang
(Muara Enim Formation), and Upper
Palembang (Kasai Formation) (Figure 2). The
Air Benakat Formation was deposited during
the regression that ended the deposition of
Gumai Shale (Bishop, 2001). The thickness of
Lower Palembang member (Air Benakat
Formation) ranges from 100 to 1000 m. In the
field sites, Air Benakat formation is found in the
southern part and continues from northwest to
southeast in line with the Semangus river
direction. Muara Enim formation was
deposited as a shallow marine to continental
sands, muds, and coals. This member is
characterized by the presence of the coal layer
(Darman and Sidi, 2000).

Coal-bearing Muara Enim Formation was
deposited during Late Miocene — Early
Pliocene. Boyd (1986) stated that the overall
regressive Air Benakat and Muara Enim
formation are interpreted as representation of
deposition in a humid tropical deltaic system.
Minjbouw (1978) that divided the Muara Enim
formation into four parts (members), known
as M1, M2, M3 and M4 (Figure 2). Based on
the previous geological field mapping
(Suryana, 2001), M1 member was not well

developed as M2. The economically valuable
coal seams are those from the M2, namely
Mangus, Suban and Petai seams. Suban and
Petai seams are not well developed in the
field site. This member has a thickness
around 50-100 meters in the field site. Muara
Enim coal distribution in the field site has a
belt shape distribution (anticline and syncline)
and spread from the west to the east of the
study area. M3 member has a widespread
distribution with anticline and syncline
pattern. This member has a thickness of
around 150-200 meters based on the
geological section. Burung and Benuang are
coal layers that are well developed in this
member. M4 has a thickness of around 150-
170 meters. This member has Kebon and
Babat layers. Overlying Muara Enim
formation, Kasai formation is composed of
tuff, tuffaceous sand, sandstone, interbed of
clay and siltstone. Suban and Semangus
anticline, Pinang syncline and transform fault
are the dominant structures in the field site.
Suban asymmetric anticline has a northwest-
southeast direction. The northern part of this
anticline has a 15-30 dipping degree. The
seismic survey location is in the northern part
of the Suban anticline (Figure 3).

METHOD

The basic principle of seismic reflection is an
acoustic signal or seismic wave produced by
an impulse source and is introduced into the
ground at selected points, then this signal
propagates through the subsurface and is
reflected back to the surface which is
detected by a receiver (Thomas, 2012). The
velocity at which the signal travels depends
upon the encounted rock type. When the
change in velocity and density at a boundary
is significant, contrast acoustic impedance
and strong reflection will be generated. The
difference between shallow and conventional
seismic reflection is in the depth of
penetration, acquisition and instrument
specification, and resolution. Shallow seismic
reflection generally produces signals with a
higher dominant frequency than conventional
seismic. This condition is required to detect a
relatively thin coal layer. The coal layer target
in this study varies from 2 to 10.65 meters.
The shallow seismic reflection survey is
successfully proved that a thin coal layer is
clearly obtained in the seismic section.
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Figure 1. Field site location in South Sumatera Basin (Redrawn from Bishop, 2001)
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Figure 2. Stratigraphy of South Sumatra Basin and Muara Enim Sub-Formation (Modified from Bishop,
2001 and Minjbouw, 1978)

The Acquisitions and Instrumentations

Totally, two lines of shallow seismic surveys
in this location have been conducted. The
length of Line 1 is 4.5 km and Line 2 is 5 km.
The direction of these two lines is Southwest
to Northeast. Its direction is perpendicular to
the direction of the coal layer strike (Figure 3).
Due to the limitation of this publication, this
paper presented only one seismic line (Line-
1). Base on the geological map in location,
the dip of the coal layer varies 5-20° with the
strike direction is Northwest to the Southeast.
The location of the acquisition is near the
rubber and palm oil plantation. The
acquisition uses the “fixed receiver and
moving source” configuration. A receiver
(Geophone) spread is placed on the ground
with the desired number of channels. The
acquisition starts recording at the first end of
the spread and moves along from one shot
location to the next receiver spread at the
desired interval while keeping the geophones
fixed in place. This acquisition used multiple
(Two) GEODE’s 48 channels (Geometrics
Instruments) with 48 single geophones
(Figure 4). The geophone and source interval
is 15 m. These parameters were selected

according to the requirement of the depth of
the deep-seated coal layer target and the
effectiveness of field operation. It is common
to increase the minimum offset to avoid noise
from a surface such as a ground roll. This
study has recorded 334 shot gathers in this
line.

This study uses Mini-Sosie as the source of
the shallow seismic survey. The use of Mini-
Sosie as the source has led to the efficiency
of the shallow seismic survey in Australia
(Strong, Alderman and Hearn, 2016). For
shallow targets (200 — 600 m), Mini-Sosie is
quite applicable and more effective in mobility
than the explosive source or weight drop. The
Mini-Sosie system is based on the
transmission of long duration, pseudo-
random impulses into the subsurface and
powered by gasoline. This system is
controlled by 2-4 crews (depend on the
number of Mini-Sosie) in the field. The signal
generated by Mini-Sosie will be evaluated by
the field operation geophysicist. The record
length of duration is 32 seconds with a 2 ms
sample interval. During the acquisition, we
disabled the filter process. The filter process
will be analyzed in the processing sequence.
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The relatively weak signal from mini-Sosie will
be progressively time-shifted and stacked to
the previous raw-gather until satisfactory and
clearly signal amplitudes are obtained. The raw
data obtained from the acquisition system is
correlated by the “random-source correlation”
module from Geometrics Instruments. The
pseudo-random technique is widely described
by numerous geophysicists and provided the
simplest wavelet (Strong and Hearn, 2004).
This study uses a single geophone with a 14
Hz natural frequency. Generally, high-
resolution seismic survey needs a geophone
with a higher natural frequency. Presently, it is
appropriate to choose the 10-40 Hz geophone
for the shallow target with a high-resolution
seismic survey (Li, Chen and Zhong, 2009).

Hearn and Hendrick (2001) said the coal
reflected waves span the bandwidth from O up
to approximately 250-300 Hz. Geophone with
30-40 Hz natural frequency should be more
applicable to these bandwidth requirements.
Unfortunately, the geophone with a 14 Hz
natural frequency has a lower resolution than
the 30 — 40 Hz geophone. This condition will
provide lower bandwidth data and the limitation
of coal thickness resolution. In this study, we
have tested and proved, that the single
geophone with a natural frequency of 14 Hz is
quite applicable for imaging the Muara Enim
coal layer. The quality of seismic data can be
evaluated from shot gather, spectral analysis
and seismic stacked section (Figure 6).
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Data Processing

The simple processing scheme was applied
to provide a high S/N seismic section. The
processing sequence shown in Figure 5 was
designed based on raw data conditions and
high S/N requirements. This processing
scheme was to preserve amplitude and
maintain high-frequency seismic data. There
are three basic stages in processing seismic
data: deconvolution, stacking and migration
(Bracewell et al., 2001). In addition, there are
some auxiliary and modifications in
parameters of basic processing seismic
scheme related to shallow seismic data
processing requirements. For example,
Yilmaz (2015) said shallow land seismic
doesn’t need or desire for the deconvolution
process because it will interfere with the
presence of velocity variations associated
with complex subsurface conditions. These
modifications are required to improve the
signal to the ratio of the data and vertical
resolution. The simple seismic processing is
divided into two main sequences, pre-
processing and processing (Figure 5).

Pre-processing

In this sequence, seismic raw data (shot-
gather) will be inputted into the seismic

processing software. The shot-gather format
is in SEG-Y format from seismic acquisition
software. Geometry data such as
coordinates, elevation, number of channels,
number of live receivers and source, fold and
pattern from the acquisition logbook are
important for processing seismic data. After
input SEG-Y and geometry data, the next
sub-pre-processing sequences are editing
and muting. In these sequences, bad traces
from the acquisition are selected to be
removed. Trace muting was applied to
remove refracted, direct and airwave. The
next step is bandpass filtering. This filter
applies frequency filters for each seismic
trace data. In this filtering, we choose 20-25
Hz as a low cut filter and 200-250 as a high
cut filter. In some cases, a lower cut filter of
8-10 Hz will be applied to remove the ground
roll with lower frequency content. These
parameters were chosen to maintain the
dominant frequency data and remove the low
frequency (ground roll) and high-frequency
noise. (Li, Peng and Zou, 2015) the combined
cross spread cone filter with surface constant
deconvolution to improve the seismic
resolution of the coal layer. All of these
studies are current developments in seismic
processing techniques and have not been
applied by this study.
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Deconvolution was applied to remove the Deconvolution is commonly applied before
basic seismic wavelet by compressing the stack; however, it is common to use after
shape of the wavelet and attenuating stack. In this study, the f-x deconvolution to
reverberations (Backus et al., 2001). the stacked seismic data is applied. F-x

22



Shallow Seismic Reflection Survey for Imaging Deep-Seated ... Muhammad R. Ramdhani et al.

deconvolution uses f-x prediction filtering for
random noise reduction. The additional in this
sequence is spike and noise burst analysis.
Spikes and bursts are usually caused by
instrument noise (cable, electricity and
instruments), footsteps and raindrops. Spike
and noise burst detect and edit single sample
spikes and multiple sample bursts of noise.
The product of this sequence will be stacked
and displayed in the seismic section (Figure
7).

Processing

In this sequence, seismic trace data will be
analyzed in velocity analysis. Velocity
analysis provides comprehensive interactive
velocity analysis, velocity quality control and
velocity field modification capabilities.
Typically, this process involves comparing a
series of stacked traces in which a range of
velocities will be obtained and applied for
Normal Moveout (NMO) correction. This
process usually displays on the velocity
semblance spectrum.

The next step is Residual Static. Even though
elevation static corrections have been applied
to remove travel-time effects of elevation
changes along the seismic line, it may still be
necessary to remove residual near-surface
travel time delays that are the result of varying
velocity and/or varying depth of the weathering
layer. This process used 2D/3D Maximum
Auto-statics Horizon which was developed by
Ronen and Claerbout (1985). This concept
considers determining the residual static at a
shot station. Velocity analysis and residual
statics were applied twice in this sequence.
This repetition was applied due to different

effects on the velocity after residual static.
Finally, the Post Stack Kirchoff Time Migration
process will be applied in the processing
sequence. Migration  moves  dipping
reflections to their true subsurface positions
and collapses diffractions, thus increasing
spatial resolution and yielding a seismic image
of the subsurface (Baysal et al., 2001). This
common migration processing was based on
two general assumptions, (1) subsurface
reflectors are horizontally layered media and
(2) common midpoint (CMP) stack is
equivalent to the zero-offset section (Yilmaz
and Claerbout, 1980). Presently, some
development in post-stack and pre-stack
migration has been successful to improve the
quality of seismic data for coal (Yuan et al.,
2011).

Borehole Data

There are four boreholes near the seismic
line-1, ML-33, BSP-12, BSP-11 and BSP-13
(Table 1). These boreholes have a total depth
of around 50 meters (BSP-11, 12 and 13) and
120 meters (ML-33) from the surface. From
ML-33, the thickness of the Mangus layer is
around 10.65 meters. From BSP-12, the
thickness of the Benuang layer is around 1.75
meters. From BSP-11, the thickness of the
Kebon layer is around 2 meters. From BSP-
13, the Benakat layer has a thickness of
around 8.5 meters. The geophysical data log
is not available on these boreholes. Located
around 2-3 km northwest from line-1, BSP-14
presents the Burung layer with a thickness of
around 2 m. All of the layers (Mangus,
Burung, Benuang, Kebon and Benakat) are
continuous from southeast to northwest of the
area study.
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Figure 7. Seismic Line-1 Pre-Processing Stacked Section (Brute Stack).
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Table 1. Borehole data

Borehole Name Coal Layer Thickness (m) Depth (m)

ML-33 Mangus Layer 10.65 55 - 65.65
BSP-12 Benuang Layer 35 2.75-4.5and 34.75 - 36.5
BSP-11 Kebon Layer 2 27-29
BSP-13 Benakat Layer 8.5 16 -245

RESULTS AND DISCUSSION
Seismic Data Analysis

To evaluate the quality of seismic data, this
study reviews the data quality from shot
gather (a seismic raw record), dominant
frequency (spectral analysis) and seismic
stacked section. From good quality shots
gather (Figure 6), the seismic events such as
direct wave, reflection, and noise (ground roll
and other high-frequency noise) can be
clearly identified. From bad records gather,
the reflection event is vague to identify
because of noise from the instrument and
traffic. Traffic noises are frequently recorded
since the acquisition location enters the
crowd in the village. Ground roll and high-
frequency noise are clearly removed from
seismic data by trace edit, bandpass filter,
spike & noise burst in pre-processing
sequence. From the spectral analysis, the
dominant frequency of seismic data is 50 Hz.
Dominant frequency presents the frequency
of the seismic reflection data. From seismic
velocity semblance, the velocity is picked
between 1000-2500 m/s. The velocity
increase with increasing depth. This natural
condition is the effect of the compacted and
cemented sediments when they are buried
deeper in the subsurface (Veeken and
Moerkerken, 2013).

The seismic stacked section displayed
subsurface configuration with various dipping
layers from northwest to southeast. The
strong reflection can be identified in the pre-
processing sequence (Figure 7). This
reflection is continuous from the northwest
with an approximate dip of 20 degrees to the
southeast (yellow dash). The deepest
reflection can be identified up to 500 ms. After
velocity analysis, residual static, and
migration, the strong reflection is clearer and
more continuous than before. From seismic
shot gather, spectral analysis and seismic
stacked section, this study has successfully
proved that the specification of the instrument
(geophone 14 Hz) and acquisition
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parameters are suitable for imaging deep-
seated layer targets in this location.

Seismic Response of Coal Layer

To identify the seismic response of the coal
layer, this study will refer to the physical
properties of coal and the vertical resolution
of seismic data from many kinds of literature.
Physical properties such as density and
velocity are the basic parameters to
determine and study the contrast acoustic
impedance between coal and surrounding
rocks. Generally, coal has low velocity and
low density which generates low acoustic
impedance. The study of these physical
(acoustic/elastic) properties of coal are
generally described by many geophysicists
with their laboratory experiments (Yao and
Han, 2008; Morcote, Mavko and Prasad,
2010; Dirgantara, Batzle and Curtis, 2011,
Pan et al., 2013; Li, Chen and He, 2016; Zou
et al., 2018). In Indonesia, Yushendri et al.
(2013) investigate the relationships between
coal rank and pressure with dynamic elastic
properties of Muara Enim coal. Generally, the
result of these experiments shows that the
elastic/acoustic properties of different coal
ranks depend on confining pressure. All of
these laboratory experiments have not been
explicitly and directly confirmed by this study.

To determine the velocity of the predicted
coal layer, we obtained the velocity from
velocity analysis in processing sequences. In
contrast to low acoustic impedance to the
surrounding rocks, coal has a bright
amplitude (strong reflection) response on
seismic data. Its characteristic can be seenin
the seismic stacked section (Figure 7 & 8).
Furthermore, Peng, Wei and Di (2015) with
their physical model simulation have shown
seismic energy is strongly attenuated as
seismic wave penetrates the coal layer and
makes underlying layers cannot be clearly
imaged. Besides the shielding effect, the
existence of the coal layer can confuse the
seismic interpreter in oil & gas companies
because it tends to generate the same
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anomaly as the gas sand (bright spot)
(Chopra and Castagna, 2014; Simm and
Bacon, 2014). The thickness of coal layer
data is required to specify the resolution
requirement of seismic data. Vertical
resolution is a common issue for this survey
since shallow seismic surveys provide higher
frequency data. The vertical resolution for
conventional seismic is A/4 (A is wavelength)
(Widess, 1973). Coal layers are thin due to
the seismic wavelength and have contrast
impedance with surrounding rocks. Because
of the thickness and contrast impedance, the
limit of detection of coal seams is less than
other strata and may be as small as A/40
(Gochioco, 1992). From the spectral analysis,
the dominant frequency of our seismic data is
around 50 Hz. The velocity value obtained
from seismic processing is around 2000 m/s.
The velocity of coal from many kinds of
literature are around 1800-2500 m/s (Mavko,
Mukerji and Dvorkin, no date; Thomas,
2012). Based on the velocity and dominant
frequency of this study, the one-quarter of
wavelength (AM4) of our seismic data is
around 10 meters. Coal thickness varies from
3 — 12 meters in the seismic study location.
The coal layer with a thickness of more than
10 meters will be distinct and separate in
amplitude reflection. The coal layer thickness
of less than 10 meters will not be separated
from a coal layer with a thickness of more
than 10 meters.

Geology Interpretation

As the limitation of the data (well log) in this
study, the interpretation of the deep-seated
coal layer was based on the thickness of the
coal layer (bore-hole data) and amplitude
characteristic from the seismic section.
Before the interpretation, the seismic section
in the time domain will be converted to a
depth section by simple calculation with the
velocity model from velocity analysis. After
the borehole and seismic sections are in the
same domain (depth), the interpretation will
predict the horizon target (coal layer) from
borehole data and delineate the predicted
coal layer by picking the continuous bright
amplitude from the seismic section.

From the seismic section, the characteristics
of seismic reflection such as continuity and
amplitude can be clearly identified. The
reflection continuity describes information
about the continuity of the layer and is directly
related to the sedimentary process and
environment of deposition. The reflection
amplitude provides the information one
reflection strength, the contrast of lithology,
and fluid contents (Veeken and Moerkerken,
2013). The bright amplitude (strong
reflection) is clearly identified in the seismic
section. The brightest amplitude is
continuous from the southwest at depth of 70-
80 meters to the northeast at a depth up to
500 meters (Figure 8). This characteristic can
be interpreted as the Mangus layer. The
strong Mangus reflection is continuous from
southwest to northeast with an approximate
dip of 20°. The Mangus thickness from
borehole data (ML-33) is 10,5 meters and
matches the bright amplitude from the
seismic section. Above the Mangus layer,
Burung, Benuang, Kebon and Benakat layers
have the same configuration as the Mangus
layer. The amplitude reflection characteristic
of these layers is weaker than the Mangus
layer. This amplitude characteristic is
correlated with the thickness of the layer.
Mangus has the thickest layer from the other
layer. According to the borehole BSP-12, the
Benuang layer has a thickness of around 3,5
meters and is continuous with down-dip 20 to
the northeast until around 300 meters of
depth. Located is in the middle of the line, the
Kebon layer started from a depth of 27
meters (BSP-11) continuous with the same
dip of the Mangus layer to the northeast and
end up at approximately 250 meters of depth
(from the seismic section). The Kebon layer
has a thickness of around 2 meters. Above
the Kebon layer, the Benakat layer is
continuous to the northeast up to 120 meters
of depth with the same configuration as the
Mangus layer (from seismic section). The
configuration of the subsurface layer from the
seismic section is matched with the
geological section from the previous survey
(Suryana, 2001). The northern part of Suban
anticline and the dipping of the coal layer
were clearly imaged in the seismic section.
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Figure 8. Seismic Line-1 Interpreted Section (1) and Geological Section (2)

CONCLUSION AND SUGGESTION

This study demonstrates the application of
shallow seismic reflection method for imaging
deep-seated coal layers. The studies
presented in this paper have a cognitive and
practical aspect. Shallow seismic reflection is
very applicable for imaging deep-seated
layers. From the seismic section and
borehole data, the subsurface configuration
can be clearly identified and delineate the
deep-seated coal layers. The northern part of
Suban anticline is clearly imaged in the
seismic section. Deep-seated coal layers
(Mangus, Burung, Benuang, Kebon and
Benakat) have strong amplitude
characteristics and are continuous with the
down dip around 20-30° based on seismic
section. The thickness of coal varies from 2
to 12 meters based on borehole and outcrop
data. Mangus layer has the brightest
amplitude characteristic among all of the coal
layers in the seismic section. This study may
support and be applicable for CBM, UCG and
Underground coal exploration.
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