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Abstract

Time-lapse resistivity method is an implementation of the resistivity method that is executed exactly at the same spot but with various in
time. In this study, the technique uses to identify the dynamics of groundwater fluids. The application of the time-lapse resistivity method was
carried out by performing a sandbox model simulation that contains layers of rocks with a fault structure. The rock layers consist of tuff, fine
sandstone, shale, coarse sandstone, gravel that represents confined and unconfined aquifers. The simulation was achieved by applying the
Electrical Resistivity Tomography (ERT) dipole-dipole configuration at the same place, and measurements with 3 different conditions, namely
dry, wet conditions filled with 2.5% water and wet conditions filled with 5% water. Data acquisition uses Naniura resistivity meters with a track
length of 96 cm. The first measurement results (dry conditions) obtained a range of resistivity values from 3.7 to 168.1 Q.m, the second
measurement (wet conditions filled 2.5% water) obtained the range of resistivity values from 3.3 to 110.8 Q.m and the third measurement (wet
conditions) filled with 5% water the resistivity values range from 1.7 to 91.2 Q.m. Following the results of time-lapse inversion processing, a
larger percentage change in the amount of 5.6% due to water absorption by the surface which then migrates into the inner layer. Whereas the

percentage of desaturation ranges is from -3.11 to 0.217 %, refer to Archie’s Law assumes conduction is caused by water content.
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1. Introduction

The geo-electric resistivity technique is a geo-electric
technique that studies the electrical resistivity properties of
rock layers in the earth. In this method, an electric current is
injected into the earth through two current electrodes then the
response is received through two potential electrodes. Based
on the results of measurements of current and electric
potential, variations in the resistivity value of the subsurface
layer of the earth can be calculated. The difference in the
variation in values obtained is the effect of different layers of
the earth (Telford et al., 1990).

The geo-electrical methods used in this study are
Electrical Resistivity Tomography (ERT) and time-lapse
resistivity. ERT measurement is done by injecting electric
current to the subsurface of the earth to obtain resistivity
pseudo section or a distribution model of resistivity value of
subsurface material laterally and vertically (Lowrie, 2007).

The concept of the time-lapse resistivity method is
basically a measurement of repeated resistivity at the same
location. The time-lapse resistivity method can be applied to
observe subsurface changes caused by fluid movements
(Williams et al., 2017), (Loke et al., 2018), (Kuswanto et al.,
2018), (Pratama et al., 2018), (Comina et al., 2019), (Inim et
al., 2020), (Rizka et al., 2020).

In this study, a time-lapse resistivity was implemented by
making simulations (physical modeling) on an aguarium
container (sandbox model) that contains layers of rock with a
fault structure. The purpose of this simulation is to determine
the resistivity value in rock samples, determine the change in

fluid changes and desaturation to the resistivity values (p),
and to apply time-lapse resistivity inversion.

2. Research Method

The time-lapse resistivity method consists of several
activities that can be simplified into data acquisition, data
processing and, data interpretation. Data acquisition is done by
making a model sandbox on an aquarium container made of
glass with a length of 100 cm, width 20 cm, and a height of
13.5 cm. The aquarium container is filled with five layers.
From top to bottom are tuff, fine sandstone, clay, coarse
sandstone, and gravel (Figure 1). Tuff is a sample from the
outcrops of the Lampung Formation taken on the ITERA
campus. Fine sandstone and clay are materials that have been
sieved to obtain clean sandstone and clean clay. The fine
sandstone is sand that passes sieve number 4 with a grain size
of less than 4.75 mm and clay passed sieve number 100 with a
grain size of less than 0.174 mm. The rock layers are made to
resemble a confined and unconfined aquifer which sandstone
is an aquifer.

Measurement of time-lapse resistivity in the sandbox
model was obtained using the Electrical Resistivity
Tomography (ERT) method with dipole-dipole configuration.
Physical measurement was conducted out under 3 conditions,
namely dry condition (first condition) wet condition filled
2.5% water (second condition) and wet condition filled 5%
water (third condition).

198 Rizka, et al./ JGEET Vol 5 No 4/2020


http://journal.uir.ac.id/index.php/JGEET
mailto:rizka@tg.itera.ac.id

Confined aquifer

Unconfined aquifer

Tuff
Fine Sandstone
Clay

Coarse Sandstone

Gravel

‘ €W G'ET—>

Fig. 1 Sandbox model

Measurements were made on rocks by sticking 4 nails that
represent 4 electrodes (C2, C1, P1, and P2). Furthermore,
electrical current measurements (C1 and C2) and potential
difference (P1 and P2) are measured by dipole-dipole
configuration using Naniura resistivity —meters and
multimeters. This configuration has another factor that
represents the ratio of the distance between the electrodes C1
and P1, called n (Figure 2). The smallest space (a) is 4 cm, the
cross-section length is 96 cm, the number of n is 14 and the

number of datum points is 217.
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Fig 2. Dipole-dipole configuration (Everett, 2013)

Data processing was obtained based on the measurement
results of the current value (1), potential difference (voltage,
V), and spacing (n). Then the geometry factor value is
calculated using the equation

K=n(n+1)(n+2)na 1)

so that the apparent resistivity value (Pa) is obtained with the
formula

pa=K.R (2)

Based on Ohm’s law, resistance (R) is calculated using the
equation

R=AV/I (3)
then
pa=K.AV/I in 4)

The result of pseudo resistivity calculation is made by
inversion modeling to get the true resistivity value and the
actual subsurface model. Then the time-lapse resistivity
inversion was processed using Res2Dinv software to
determine the change in the percentage of resistivity between
the two sets of measurement data. Time-lapse data is used to
show the presence of additional data sets according to time
measurements. This is done by calculating the difference
between the measurement of condition two and condition one
(first data set) and calculated the difference between the
measurement condition three and two (second data set). The
parameters used in data processing in this study can be seen in
Table 1.

Time-lapse inversion data processing uses the following
parameters as follows:

e No constraints. In no constraints, the change in
subsurface resistivity value is determined by comparing
the model resistivity value obtained from the inversion
of the initial data set and the next time dataset.
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e  Simultaneous inversion. In a simultaneous inversion, the
first inversion or reference data set is followed by the
inversion of the next time data set in each iteration.
Because previously the authors chose "No constraints”,
the model obtained in the final iteration for the first data
set is still used as the initial model for the next data set
(Geotomo Software, 2010).

e  First data set, the model for the first data set is used as a
reference model for the second data set, while the model
for the second data set is used as a reference model for
the third data set, and similarly for other data sets
(Geotomo Software, 2010).

e Display percentage change in resistivity is a display of
changes in the resistivity model obtained from the
inversion of the time set data then compared with the
reference model from the first data set inversion
(Geotomo Software, 2010).

Table 1. Parameter of processing

Parameter Information
Electrode array Dipole-dipole
Number of electrodes 4

Number data points 217
Electrode spacing (a) 4cm
Separation factor (n) 14

Length of transect 96 cm

Depth of investigation 13.5¢cm
Mesh Parameter

Finite mesh grid size 4 nodes

Mesh Parameter
Mesh Refinement
Number of iterations

Finite-Element Method
Use normal mesh
7

No constraints
Simultaneous inversion
First data set

Select times lapse
inversion constrain

3. Results and Discussion

3.1. Dry condition model sandbox (first condition)

In this model, tuff rock, fine sandstone, clay, coarse
sandstone, and gravel are used. Based on inversion modeling
(Figure 3), it can be seen that the resistivity value of each rock
layer in the range of 3.7-168.1 Q.m. Tuff has a resistivity
value from 42.4 to 168.1 Q.m. Fine sandstone has a resistivity
value from 14.5 to 68.8 Q.m. Clay has a resistivity value from
3.7 to 36.1 Q.m. Coarse sandstone has a resistivity value from
4.5 10 14.8 Q.m. Gravel rock has a resistivity value from 9.5 to
22.5 Q.m.
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Fig 3. Pseudosection of resistivity models when dry condition

3.2. Wet condition model sandbox filled with 2.5% water
(second condition)

The wet condition model sandbox filled with 2.5%
(second condition) uses the same as the first condition. Based
on inversion modeling (Figure 4), it can be seen that the

resistivity value of each rock layer in the range of 3.3-110.8
Q.m. Tuff has a resistivity value from 33.5 to 110.8 Q.m. Fine
sandstone has a resistivity value from 17.2 to 71.8 Q.m. Clay
has a resistivity value from 4.3 to 15.3 Q.m. Coarse sandstone
has a resistivity value from 3.5 to 13.0 Q.m. Gravel rock has a
resistivity value from 3.3 to 8.4 Q.m.
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Fig 4. Pseudosection of resistivity models when wet condition model sandbox filled with 2.5% water

3.3. Wet condition model sandbox filled with 5% water
(third condition)

The model used in the third condition is the same as the
first and second conditions. However, in condition two it is
filled with 5% of the water from the volume of the sandbox.
Based on inversion modeling (Figure 5), it can be seen that the

resistivity value of each rock layer in the range of 1.7-91.2
Q.m. Tuff has a resistivity value from 29.7 to 91.2 Q.m. Fine
sandstone has a resistivity value from 14.8 to 54.7 Q.m. Clay
has a resistivity value from 3.7 to 22.9 Q.m. Coarse sandstone
has a resistivity value from 2.6 to 17.3 Q.m. Gravel has a
resistivity value from 1.7 to 4.7 Q.m.
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Fig 5. Pseudosection of resistivity model when wet condition model sandbox filled with 5% water

In the third condition is found a difference model with the
previous condition because the rock sample has been filled
with water which causes the rock resistivity to be small.
Moreover, utility conditions of electrode changes, samples in
the third condition most mobile due to utility displacement.

3.4. Comparison of resistivity values from different
conditions

Based on experiments from first, second till third
conditions, there is a difference in the true resistivity value

which can be seen in Table 2. Based on the change in the true
resistivity value, it can be seen that the true resistivity value
gets smaller when the volume of water is added. So the
resistance that the current passes through will be smaller. In
Figure 6, there are three graphs of resistivity values where the
blue graph (first condition) is the highest true resistivity value
from the other conditions. The red graph (second condition) is
moderate resistivity values from the other conditions. While
the green graph (third condition) is the lowest resistivity value
from the other conditions.

Table 2. Comparison of true resistivity values from different conditions

Dry Condition (First

Wet condition model sandbox
filled with 5% water (Third

Wet condition model sandbox
filled with 2.5% water (Second

No.  Rocks Condition) Condition) Condition)
Interval Average Average
(Qm) (Qm) Interval (Qm)  Average (Qm) Interval (Qm) (Qm)

1 Tuff 42.4-168.1 94.6 33.5-110.8 68.5 29.7-91.2 59

2 Fine sandstone 14.5-68.8 40.6 17.2-71.8 36.3 14.8-54.7 321

3 Clay 3.7-36.1 145 4.3-15.3 8.4 3.7-22.9 7.6

4 Coarse sandstone 45-14.8 9 3.5-13.0 6.1 2.6-17.3 44

5 Gravel 9.5-22.5 13.3 3.3-84 5.2 1.7-4.7 34
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Fig 6. Graph of comparison true resistivity value from different
conditions

The resistivity value is decrease influenced by the content
of ions dissolved in water or electrolytic. Arrhenius (1884)
definite ions are electrically charged atoms or molecules. They
are either positively charged (cations) or negatively charged
(anions). Arrhenius also noted the nature of electrolytes when
dissolved in water, being to various degrees separated or
dissociated into electrically opposing positive and negative
ions. Based on this definition, acids are substances that ionize
in aqueous solutions to produce hydrogen ions (H*) while
alkali produce hydroxide ions (OH") in solution (Heyrovska,
2011). So the chemical reaction of water (H20) is as follows:

+ -
H,0 = H' + OH )

Based on the Arrhenius concept, water has acidic or
alkaline. Because the two potentials are balanced, each ion has
the same potential difference (voltage) value. The equation for
the value of the potential difference causes the electric current
flowing in the water to be zero so the water resistance value is
infinite (Kurniawan et al., 2010) (Figure 7).
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Fig 7. Flow chart of the relationship between the resistance value and
the chemical composition of water (modified from Kurniawan et al.
(2010))

3.5. Time-lapse resistivity inversion modeling

In this study, inversion modeling was also obtained using
time-lapse resistivity inversion to see the percentage change in
measurements of dry conditions (first condition), wet
conditions filled with 2.5% water (second condition), and wet
conditions filled with 5% water (third condition). Data set
changes were made twice, namely data set one (change in first
and second condition) and data set two (change in second and
third condition).

Based on the results of time-lapse inversion processing
(Figure 8), the average change in resistivity for the two data
sets is almost the same at all measurement points, except on
the length 20-24 c¢cm, 48-60 c¢cm, and 64-74 cm, which shows a
change in percentage about 5.6%. This indicates a change in
the resistivity value when measured under different
conditions. This difference is due to the absorption of water by
the surface which then migrates into the inner layer. Another
cause is because the layer is more compact after being pressed
during the measurement.
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Fig 8. (top) first data set model resistivity section, (middle) second data set model resistivity section, (bottom) percentage change in model
resistivity

In addition to producing a change in the percentage of
resistivity, time-lapse inversion also produces a percentage of
desaturation. Desaturation is a decrease in the level of water
saturation in the aquifer (namely the reduction in the fraction
per unit volume of rock filled with water) (Loke, 2004).
Desaturation can be attributed to Archie's Law which provides
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that the relationship between the resistivity of porous rocks
and the fluid saturation factor applies to certain types of rocks
and sediments, especially those with low clay content. In this
case, electrical conduction is assumed through the fluid that
fills the pores of the stone. Archie's law is given by
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p=ap,0" (6)

where p is the resistivity of the rock, pw is the resistivity
of the fluid, ¢ is the fraction of the rock filled with fluid,
while a and m. Under certain special conditions, the equations
(6) can be used to determine the change in fluid saturation or
fluid resistivity with time.

Based on Figure 9, it can be seen that the percentage value
of desaturation shows an increase in the zone with a higher
resistivity value with time due to water extraction. The
decrease in the level of water saturation in the aquifer, or its
desaturation value because Archie's Law assumes that
conduction is due to water content.
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Fig 9. (top) first data set model resistivity section, (middle) second data set model resistivity section, (bottom) percentage desaturation

4. Conclusion

Time-lapse resistivity was obtained by making a
simulation (physical modeling) on an aquarium container
(sandbox model) which contains rock layers with a reverse
fault structure, can find out the resistivity value in rock
samples, determine fluid changes to the resistivity value (p)
and measure time-lapse resistivity inversion. Based on this
research it can be concluded that:

1. There are some differences in the resistivity value from
the first, second, and third conditions:

a) In dry conditions (first condition), tuff has a
resistivity value from 42.4 to 168.1 Q.m. Fine
sandstone has a resistivity value from 14.5 to
68.8 Q.m. Clay has a resistivity value from 3.7
to 36.1 Q.m. Coarse sandstone has a resistivity
value from 4.5 to 14.8 Q.m. Gravel rock has a
resistivity value from 9.5 to 22.5 Q.m.

b) In the 2.5% water filled condition (second
condition), tuff has a resistivity value from 33.5
to 110.8 Q.m. Fine sandstone has a resistivity
value from 17.2 to 71.8 Q.m. Clay has a
resistivity value from 4.3 to 15.3 Q.m. Coarse
sandstone has a resistivity value from 3.5 to 13.0
Q.m. Gravel rock has a resistivity value from 3.3
to 8.4 Q.m.

¢) In the 5% water filled from the volume of
sandbox (third condition), tuff has a resistivity
value from 29.7 to 91.2 Q.m. Fine sandstone has
a resistivity value from 14.8 to 54.7 Q.m. Clay
has a resistivity value from 3.7 to 22.9 Q.m.
Coarse sandstone has a resistivity value from 2.6
to 17.3 Q.m. Gravel has a resistivity value from
1.7t0 4.7 Q.m.

2. The decrease in the resistivity value of each layer occurs
due to the increase in the amount of water contained in

202

each layer. The more water in the layer, the more

electrolyte ions will be, so that the electric current that is

injected will be easily flowed by the electrolyte ions.

The electric current flows through a material either

conductor or semiconductor that is able to conduct

electric current properly.
3. Based on the results of time-lapse inversion processing
shows:

e The percentage change is greater, namely 5.6%. This
difference is due to the absorption of water by the
surface which then migrates into the inner layer.
Another reason because the layer is more compact
after being pressed during the measurement.

e Percentage of desaturation that shows an increase in
the zone with a higher resistivity value with time due
to water extraction. A decrease in the level of water
saturation in the aquifer or its desaturation value
because Archie's Law assumes that conduction is
caused by water content.
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