
124

Journal of Physics and Its Applications, 3(1) 2020, Pages: 124-128

Modeling of 3D Aquifer Layers using Poisson’s Ratio Analysis HVSR Method in
Tembelang Village, Candimulyo District, Magelang Regency

Achmad Syaifuddin Zuhri1, Gatot Yuliyanto2, Udi Harmoko2*

1Physics Undergraduate Study Program, Department of Physics, Diponegoro University, Semarang, Indonesia
2Department of Physics, Diponegoro University, Semarang, Indonesia

*)Corresponding author: Udiharmoko@gmail.com

A R T I C L E I N F O

Article history:
Received: 9 November 2020
Accepted: 28 November 2020
Available online: 30 November 2020
Keywords:
Microtremor
HVSR
Poisson’s Ratio
Vp/Vs
Aquifer

A B S T R A C T

Water is one of vital needs for human beings. People use water to drink, bath,
irrigate, and etc. Water supply has become a severe problem over the two
past years especially in Tembelang Village, Candimulyo District, Magelang
Regency. The research aims to determine the aquifer layers. The method
used in this research is seismic method with HVSR (Horizontal to Vertical
Spectral Ratio) microtremor survey with 71 measurement points. The HVSR
microtremor data is processed to determine Poisson’s ratio from Vp⁄Vs ratio.
The obtained Vp⁄Vs ratio from 71 measurement points ranges from 1.63 to
2.64 and Poisson's ratio ranges from 0.20 to 0.42. The Vp⁄Vs ratio parameter
to determine an aquifer is more than 1.73 and the Poisson's ratio is more
than 0.25. There are 4 zones which are considered to have aquifers, namely
at line 1 near point P22 depth of over 184 meters, line 2 near point P8 depth
of 108-180 meters, line 3 near point P2 and P3 depth of 91-161 meters, line 4
near point P16, P17, and P18 depth of 32-187 meters. line 5 near point T22
depth of 63-157 meters, point T31 depth of 122-152 meters, and point T40
depth of 71-178 meters. The Vp⁄Vs ratio and Poisson’s ratio are then
modeled by using Rockwork 15 to obtain 3D models of acquifers based on
the Vp⁄Vs ratio and Poisson’s ratio.

1. Introduction
Water is a vital need for individuals. Water is a
source of life for human beings to carry out activities,
for instance, drinking, bathing, irrigation and others.
Sufficient water availability must be considered on
the basis of human survival. Humans who
continuously use water now have to experience
watrer scarcity due to the lack of water resources [1].
Water scarcity often occurs in Tembelang village,
Candimulyo district, Magelang regency during the
dry season. Some water borehole drilling has been
carried out, but there is still no fresh water resources
due to drilling positioning errors.

Fig. 1: The administration map of Tembelang village,
Candimulyo district, Magelang regency.

Fresh water originating from groundwater is
highly dependent on aquifer layers that have high
permeability to pass water [2]. Groundwater
beneath the earth's surface is difficult to observe and
track directly, so monitoring, mapping and modeling
is necessary to understand groundwater availability
[3]. The geophysical method that is generally used to
find groundwater aquifers is the geoelectrical
method. The current studies showed that the
microtremor method can be applied to groundwater
studies [5].

The HVSR method is typically used in three-
component passive seismic (microtremor). The
components measured in soil will characterize the
local geology, natural frequency and amplification
with respect to subsurface physical parameters [6].
The HVSR method will compare the spectrum of the
horizontal component to the vertical component of
the microtremor waves.

Microtremor is a micro wave emitted by the earth
and vibrations that come from humans, machine
vibrations, and etc. Microtremor waves consist of
Rayleigh waves with the peak period of the H/V ratio
giving the S-wave period. The HVSR method
provides a comparison between the P-wave velocity
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(Vp) and the S-wave velocity (Vs) so that it can
determine the Poisson's ratio value which is used as
a parameter to determine groundwater aquifers.
with a Poisson's ratio of more than 0.25 and a Vp /
Vs ratio of more than 1.73 [7].

This research aims to create 3D models of the
aquifer layers using the Poisson’s ratio values and
the Vp/Vs values in Tembelang village, Candimulyo
district, Magelang regency, as it will be beneficial for
water drilling.

2. Experimental method
The microtremor data acquisition was carried out on
September 25th and 26th 2018 in Tembelang Village,
Candimulyo District, Magelang Regency with 71
measurement points with 6 lines shown in Fig.2.

Fig.2: Survey design.

The data was processed using Geopsy, then
converted with dinver, 2D-modeled using Surfer12,
and 3D-modeled using Rockwork15.The research
was carried out by conducting survey design,
microtremor data acquisition, geopsy data
processing, Vs analysis, Vp/Vs distribution analysis
and Poisson's ratio value distribution analysis, then
2D and 3D modeling.

The research data processing was carried out by
changing the microtremor data file to .txt form using
notepad ++ then displaying the HVSR curve with
Geopsy for frequency and amplitude values shown in
Fig. 3, followed by inversion using dinver which gave
Vp and Vs values shown in Fig. 4, then making
contours using Surfer 12 and 3-dimensional
modeling using Rockwork 15.

Fig. 3: HVSR curve of P01.

The curve showed the time-frequency
information of the vertical component of noise wave
field that acts as a trigger. It is also correlated with

continuous wavelet transformation (CWT) that is
performed on the east, north, and vertical
component. The horizontal and vertical components
provide amplification, frequency, and time; and then
they are stored to estimate the ratio of H/V. The
vibrant curves in the histogram mainly represent
DFA, ellipticity, H/V microtremor, time-frequency
value, and equal contribution of Rayleigh and love
waves [8].

Fig. 4: Inversion of P01.

3. Results and discussion
Frequency and Amplification Contour
The frequency value is directly proportional to the
transverse wave velocity value and is inversely
proportional to the thickness of the rock. Thus, the
frequency value will provide information about the
thickness of the sediment layer and the transverse
wave velocity passing through each layer. Moreover,
the frequency value represents the characteristics of
the sediment layer [9]. The frequency values in the
study area range from 0.12 to 0.65 Hz. The frequency
contours are shown in Fig. 5.

Fig. 5: Frequency contour of the 71 measurement
points.

The Amplification values provide an overview of
the distance from the change in the acceleration of
motion in the soil from the bedrock to the surface [7].
The amplification values in the study area range
from 1.06 to 2.38 m. The amplification contour is
shown in Fig. 6.
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Fig. 6: Amplification contour of the 71 measurement
points.

Transverse Wave Velocity Modeling (Vs)
Transverse wave velocity (Vs) affects the value of the
wave velocity in the basement and shows the
thickness of the sediment through its wave
propagation [10]. The transverse wave (Vs) profile
analysis determines the bedrock and sediment layer
based on the contrast values of the transverse wave.
It also provides the depth of the layers [11]. The
quarter wavelength at the resonant frequency also
contributes to the transverse wave velocity to a
certain depth [12]. The transverse wave values vary
from 169.27 m/s to 2909.78 m/s. The 2-dimensional
modeling of transverse wave velocity (Vs) values on
lines 1, 2, 3, 4, 5, and 6 are shown in Fig. 7 and the 3-
dimensional modeling of transverse wave velocity
(Vs) values are shown in Fig. 8.

(a)

(b)

(c)

(d)

(e)

(f)

Fig. 7: (a) 2D modeling of transverse wave on Line 1,
(b) Line 2, (c) Line 3, (d) Line 4, (e) Line 5, and (f) Line

6.

(a)

(b)

Fig. 8: (a) 3D modeling of transverse wave in W-E
direction and (b) E-W direction.
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Vp/Vs Modeling
The Vp/Vs ratio determines the lithology of the rock
layers. Vp/Vs ratio with a value above 1.73 is a wet
condition with an assumption that there are rocks
filled with water. Vp/Vs ratio with a value below
1.73 is interpreted in relation to a dry and gaseous
rock. The greater the Vp/Vs value, the higher the
porosity value of a rock [13].The values of the Vp/Vs
ratio range from 1.63 to 2.11. The 3-dimensional
modeling of the Vp/Vs ratio are shown in Fig. 9.

(a)

(b)

Fig. 9: (a) 3Dmodeling of Vp/Vs in W-E direction and (b)
Vp/Vs in E-W direction.

The modeling showed that point P09, P12, P15, P19,
P21, P24, P26, T04, T05, T07, T08, T09, T17, T24,
T28, T34 and T39 were below 1.73, thus they were
interpreted in relation to a dry and gaseous rock. As
the Vp/Vs ratio is above 1.73, it is a condition of
high-water prospects and porosity. The higher the
Vp/Vs ratio, the greater the rock porosity value, this
is what causes water to accumulate in the rock [5].

Poisson’s Ratio Modeling
Poisson's ratio with a value above 0.25 has water
prospects that is directly proportional to the Vp/Vs
ratio value [1].The relationship between Poisson's
ratio (σ) and the ratio of Vp/Vs can be formulated as
follows [11] :
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The Poisson's ratio values in the study area range
from 0.20 to 0.35. Two-dimensional modelings of
Poisson's ratio values on lines 1, 2, 3, 4, 5, and 6 are

shown in Fig. 10, and three-dimensional modeling of
Poisson's ratio values are shown in Fig. 11.

(a)

(b)

(c)

(d)

(e)

(f)

Fig. 10: (a) 2D modeling of Poisson’s Ratio on Line 1, (b)
Line 2, (c) Line 3, (d) Line 4, (e) Line 5, and (f) Line 6.
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(a)

(b)

Fig. 11: (a) 3D modeling of Poisson’s Ratio in W-E
direction (b) E-W direction.

The prospects were found on line 1 around P22 with
a Poisson’s ratio value ranging from 0.21 to 0.25. line
2 around P8 with a Poisson’s ratio value ranging
from 0.20 to 0.28, line 3 around P2 with a Poisson’s
ratio value ranging from 0.22 to 0.28 and P3 with a
Poisson’s ratio value ranging from 0.20-0.26, line 4
around P16 with a Poisson’s ratio value ranging from
0.21 to 0.29, P17 with a Poisson’s ratio value ranging
from 0.20 to 0.30, and P18 with a Poisson’s ratio
value ranging from 0.21 to 0.30, and line 5 around
T22 with a Poisson’s ratio value ranging from 0.22 to
0.29, T31 with a Poisson’s ratio value ranging from
0.20 to 0.26, and T40 with a Poisson’s ratio value
ranging from 0.21 to 0.31.

4. Conclusions
The frequency values, the amplification values, and
the transverse wave velocity values comprehensively
represented a significant explanation about the
thickness of the sediment layers. The Vp/Vs ratio
values and the Poisson’s ratio values confirmed the
water prospects. Three-dimensional modeling of
groundwater aquifers based on Vp/Vs and Poisson's
ratio were successfully performed with Vp/Vs values
ranging from 1.63 to 2.11 and Possion's ratio values

ranging from 0.20 to 0.35. It is suspected that the
confined aquifer layer was found on line 1 around
point P22 with a depth of more than 184 m, line 2
around point P8 with a depth ranging from 108 to
180 m, line 3 around point P2 and P3 with a depth
ranging from 91 to 161 m, line 4 around points P16,
P17, and P18 with a depth ranging from 32 to 187 m,
line 5 around point T22 with a depth ranging from
63 to 157 m, point T31 with a depth ranging from
122 to 152 m, and point T40 with a depth ranging
from 71 to 178 m, line 6 does not show any aquifer
layers.
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