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ABSTRACT

To develop new potential wells, in this research study identification and delineation of groundwater aquifer used
Poisson's ratio extracted from microtremor inversion data in an area of 240 x 174 m? with 22 microtremor measurement
stations. As a referred station is the former drilled well that is used to determine the location of the well using the geoelectric
method. Based on the 2D and 3D modeling of the Poisson's ratio value, it can be delineated the subsurface aquifer and the

possible direction of developing new drilling locations.
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INTRODUCTION

In searching for aquifers or deep groundwater
sources, the most widely used geophysical method is the
geoelectric method. Several studies on delineation of
groundwater aquifers using geoelectric methods [1, 2, 3, 4,
5, 6, 7]. Another alternative geophysical method that is
being developed for the search for groundwater aquifers is
the microtremor method [8, 9]. The concept under
development uses this passive seismic method is that shear
waves cannot propagate in a fluid and the presence of a fluid
phase can be identified based on the relatively large Poisson
ratio value to a maximum value (>0.3). The use of this
microtremor method is very efficient because it does not

Terong, Dlingo, Bantul, Yogya

Microtremor survey

require long cable stretches, and the equipment is simple
and compact, easy to operate, and mobile [9].

One of the efforts to address the increasing need
for groundwater is to improve or develop the capacity of
groundwater wells and the number of wells to be drilled.
For this reason, we used Poisson's ratio approach extracted
from microtremor inversion data. In Terong Village, Dlingo
District, Bantul Regency, Yogyakarta Special Region,
Indonesia, there is a former bore well that has been
operating for a long time, which used to be obtained using
the geolectric resistivity method (Figure-1). In this study,
we used this well as forward modeling data. The location of
this well is -7.888720S, 110.456287E.
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The microtremor was acquired by Omori in 1908,
then developed by Kanai and Tanaka in 1961 and then in
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Figure-1. Location of measurement stations (red circle). The old bore well is located near the
station 9 (yellow circle). The map is taken from Google map in 2021.

1970 Nogoshi and Igarashi introduced a technique that uses
the horizontal to the wvertical spectral ratio of the
microtremor [10], which was then used by Nakamura [11]
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to estimate the resonant frequency and local geological
amplification factors from microseismic data. Microtremor
is low amplitude vibration around 0.1-1 microns and
velocity amplitude of 0.0001-0.01 cm/sec at the ground
surface caused by various natural factors such as wind, sea
waves, vehicle noise, and others [12]. One of the
microtremor methods, namely the HVSR method or
Horizontal to vertical Spectral ratio, is also known as the
single station method because the compared spectra are
measured from a measurement station. The use of this
method then developed a lot in geotechnics and the
environment with early publications on the estimation of
soil vulnerability index [11], then also developed for
estimation of building vulnerability index [13, 14],
estimation of vulnerable areas building damage due to local
effects [15, 16], local geological characterization, natural
frequency and amplification related to physical subsurface
parameters and until now there have been many
applications of this method such as identification of
landslide zones [17, 18, 19, 20, 21], vibration vulnerability
identification [22], and identification of ground layer
structures of land subsidence sensitive areas [23].

Poisson’s Ratio

One of the elastic parameters of the rock that can
be extracted from microtremor inversion data is the Poisson
Ratio (o), which is the ratio of transversal strains or
contractions to longitudinal strains or extensions resulting
from changes in normal stress due to compression or
dilation. In the form of the ratio of the velocity of the
longitudinal wave V, to the shear wave Vs, Poisson’s ratio
can be written as [24:

_ vE-and
ECED) @
In general, the elastic parameters of rocks largely
depend on their lithological properties, one of which is
water saturation. In a fluid medium that has zero rigidity,
there is no shear wave that propagates and the magnitude o
in the fluid is 0.5. The porous sediment liquid saturation
causes an increase in P-wave velocity which results in value
o will increase. It is generally known that seismic wave
propagation from unsaturated sediments to saturated
sediments will increase the P-wave velocity and
consequently, the Poisson ratio tends to increase in
magnitude. At constant pressure, o increases with
increasing water saturation and with increasing porosity.

METHOD

In this study, data acquisition was carried out at 22
measurement stations in an area of 240 m x 75 m with the
duration of data acquisition at each measurement station
was 20 minutes. Data acquisition was carried out using 4
portable seismometers using a VHL PS 2B triaxial
geophone sensor, 2 units of DI710 dataloggers with a
sampling rate 400, and 2 units of GL 240 dataloggers with
a sampling of 50 ms. By using geopsy software, the data in
the time domain is processed and HVSR curves are

generated with information on the magnitude of the
amplification value and the dominant frequency. Then
using the Dinver software the data is inverted and the data
of compression wave velocity and shear wave velocity are
obtained. Using Excel software, the Poisson ratio value for
a certain thickness or depth is calculated,. Voxler software
models the Poisson's ratio in 3D. Then using the Surfer
software, the contours of the shear wave velocity and
Poisson ratio on the surface and 2D depth profile were
modeled.

RESULTS AND DISCUSSIONS

The contours of the Poisson’s ratio research area
on the surface are given in Figure-2. There are 5 zones that
have a fairly high Poisson ratio value compared to other
areas, namely below dots 5, 5B, 8, and 18. To see zones
with high Poisson ratios in the subsurface efficiently, 3D
modeling is used as shown in Figure-3.
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Figure-2. Poisson's ratio contour of the research area. The
red circle mark is an old bore well.
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Figure-3. Poisson ratio 3D model of the research area. It
can be seen below station 9 near the old drilled well, there
is a high Poisson ratio value starting at a depth of 70 m
which is getting further down the shape of the
distribution is more divergent.
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In Figure-3, it is clearly seen that there is an
aquifer body below station 9 which spreads around it with
an increasingly larger area. To emphasize the direction of
delineation, a 2D Poisson-to-depth profile is made with a
path that passes through station 9, namely from station 12
to station m1, from station 19 to station m2, and station 17
to station 1 as shown in Figure-4.

Based on Figure-4, it can be seen that below
station 12 to station m1 and station 19 to station m2, drilling
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can be carried out with a depth approaching station 9 which
is getting shallower. For the trajectory of station 17 to
station 1, it is seen below station 17 and station 13, there is
no groundwater aquifer potential. Below station 9 to station
1 there is a Poisson ratio with a maximum value indicating
the greatest potential for the presence of deep groundwater
aquifers.
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Figure-4. Poisson's ratio 2D profile for the path of station 12 to station m1 (top right), 2D profile of Poisson's ratio for path
of station 19 to station m2 (bottom left), and 2D Poisson's ratio profile for path of station 17 to station 1.
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CONCLUSIONS

Based on 2D and 3D analysis of the Poisson's ratio
model in the research area, deep groundwater aquifers can
be delineated and can be developed for new drilling below
station 9 which is close to the old well drilled towards
station 5 which has a maximum Poisson’s ratio value (0.5)
with the greatest potential at depths from 170 m.
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