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Abstract. Tropical forests, especially peat lands, are particularly vulnerable to forest 

fires. Fires are the most common disasters in peat lands in the dry season, especially in 

Riau Province, Indonesia. In the process of extinguishing the peat fire, several 

substantial problems arise to stop peat fires during this period. This study aims to 

determine the possibility of using ground water as a source of water to anticipate the 

early mitigation of peat land fires disaster. The geoelectrical resistivity surveys were 

used to predict the subsurface geological data including peat thickness and depth of 

aquifers. The geometry of peat land was determined using geostatistics based on 

geoelectrical resistivity interpretation data. Peat land thickness varies up to 4 m in the 

north, and is thinner to the south. A shallower and deeper aquifer is available at a 

depth of 13 m to 18 m and 70 m to 90 m respectively. In general, the potential of 

groundwater in the shallow aquifer is predicted to be sufficient for peat land watering 

anytime. 
 

1.  Introduction 

The depth and thickness of sedimentary rocks that are not consolidated vary for certain places even 

within the same area. This depends on the conditions under which the rocks are formed and also 

depends on the weathering process and the geological precipitation processes occurring in the area. In 

groundwater exploration, porosity and sediment thickness variables determine the amount of 

groundwater reserves beneath the surface. The thickness of the unconsolidated sediment depends on 

how far the bedrock is found in the area. If the bedrock is available at relatively shallow depths, this 

causes a thinner sediment thickness that can store groundwater. 

Almost the area of Central Sumatera basin is located in Riau Province. One of the rivers that 

crosses this basin is the Siak River. The upper surface of the Central Sumatra Basin consists primarily 

of peat that is vulnerable to peat fires [1]. Meanwhile, alteration of peat land functions for agriculture 

occurs almost in all peat lands in Indonesia [2,3]. In this regard, the main problem occurring in the 

Sumatran basin, especially along the Siak plains and coastal areas is forest fires as a result of illegal 

agricultural and agricultural activities [4]. Wildfires are often out of control due to lack of water to 

stop them [5]. This is because peat soils have a specific structure [6,7]. The need for water to stop fires 

in the forest increases dramatically in case of fire on peat lands. This problem can be better addressed 

if water sources for forest fires are extracted from groundwater in the area. 

http://creativecommons.org/licenses/by/3.0
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Geophysical survey as the one of in-destructive, fastest and low cost survey method is widely used 

to explore the subsurface condition for the several problems. The use of resistivity survey has been 

reported that the method is possible to differentiate contrast between the area that has been applied 

with fertilization for long duration and non-fertilization [8,9,10]. This method was also used to 

investigate geomorphology of gravity-flow channels in a rift basin using seismic survey [11] and 

Interpretation of the deep-water geomorphology of the glaciated Irish margin from high-resolution 

marine geophysical data [12]. Geophysical data also gave the better result when combine it with the 

Lansat images in the interpretation [13]. In this study the use of geoelectrical resistivity will be 

discussed for the subsurface mapping and groundwater investigation in the Siak River delta, 

Indonesia. Findings of this study are very important in development of the knowledge especially for 

peat land, hydrogeology and geomorphology, and to develop the subsurface geological model. A part 

on that, particularly, for the local government is also important as the guidance to manage the 

groundwater resources in term of the peat fire rescue.   

The location of the research area is given in Figure 1. The study area has an altitude between 8 to 

12 meters above mean sea level. The yellow lines in the figure representing the direction of the 

resistivity data, but the length of the line does not indicate the length of the path, whereas the blue 

circle is the location of the wellbore. The research area is bounded at the eastern part with the Siak 

River, where this area is part of the Biosfere Giam Siak Kecil Reserves area, Bengkalis Regency, 

Riau. 

 

 
Figure 1. Satellite image of the research area (source: Google Earth) 

 

2.  Methodology 

In this research, the geoelectrical resistivity survey and soil property analysis were used to study the 

groundwater and peat land characteristic. The geolectrical resistivity was calibrated with a geological 

data obtained from drilled well to attain a more accurate interpretation and with the peat soil sample. 

Uninterrupted peat lands were sampled using homemade equipment with a volume of 500 ml from a 

depth of 50 cm in some locations. Peat soil samples were then dried and the dried peat samples were 

watered to obtain total porosity[14]. The porosity of peat land is then used to predict water 

requirements for the entire study area. 

The geoelectrical resistivity method with Schlumberger configuration was used to survey the study 

area of about 130 km
2
. The data collection used an in-house resistivity meter with 4 electrodes for 

each measurement. The electrodes spacing was placed from a distance of 50 cm until more than 

hundred meter for covering the high resolution at the near surface. Inversion of the raw data from the 
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field in order to obtain resistivity data was done using Progress1D inversion program. Dominant 

resistivity value at each depth was used as an input data in generating a three dimensional resistivity 

slice maps. Krigging technique was employed to produce contour of resistivity data. 

Based on the Ohm's law, the potential difference is equal to the multiplication of current and 

material constraints. When combined with material properties, material durability will depend on the 

type of resistance material, then the resistance of the material type can be determined if the 

measurement geometry is known. Finally the potential difference can be determined using Equation 1.  

Fig. 2 is a moving electrical ray in the earth media of one electrode, and the negative electrode is 

assumed to lie at a great distance, which will produce potential at point h. 

 𝑑𝑉 = 𝑖𝑅𝑠ℎ𝑒𝑙𝑙 = 𝑖𝜌
𝑑𝑟

𝐴
=

𝑑𝑟

2𝜋𝑟2 (1) 

 

 
 

Figure 2.An illustration of electric current propagation from an electrode [15] 

 

For the Schlumberger configuration (Fig. 3), the distance between the electrodes is as in the figure, 

so that the sub-surface resistivity is (Equation 2) 

 𝜌𝑎 ≈  
𝜋

2

𝐿2

𝑙

∆𝑉

𝑖
 (2) 

 

 

 

 

 

 

 

 

 

 

Figure 3. Schlumberger configuration (modified from Telford 1991) 

 

A new well was drilled to obtain geological data for calibration purposes with geoelectrical 

resistivity data. Soil samples obtained directly from drilling were taken and analyzed in term of their 

grain size and color. These data were used to control the resistivity interpretation for whole data. 

Semivariogram was used for the data modeling prior to Krigging simulation. The semivariogram is 

one of the significant functions to show the spatial relations in observations measured at the sample 

sites. Generally it is given as a graph that shows the variance in the measurement of the distance 

between all pairs of sample locations with distance d. A graph is helpful for constructing a 

mathematical model that describes the measured variable of a sample with another sample location. 

2l 

2L 

A                 M          N                B 



4

1234567890 ‘’“”

1st International Conference on Tropical Studies and Its Application (ICTROPS) IOP Publishing

IOP Conf. Series: Earth and Environmental Science 144 (2018) 012001  doi :10.1088/1755-1315/144/1/012001

 

 

 

 

 

 

In the modeling process, the relationship between the sample locations to show the variability of 

measurement by the separation distance is called semi-variogrammodeling. It is applied in calculations 

that involve an estimation of an unknown new location value [16,17]. With a simple semi-variogram 

can be described as a plot between the semi-variant of the distance, which is measured at every 

distance with difference in lag. The semi-variogram is actually can be expressed mathematically as in 

the following Equation 3: 

𝛾ℎ =
  𝑋𝑖−𝑋𝑖+ℎ  

2𝑛−ℎ
𝑖

2𝑛
 (3) 

Further stage, semi-variogram data were a requirement for the Krigging Gaussian simulations 

process [16]. The krigging process was done after the semi-variogram data was obtained. Simply 

krigging is a prediction the unknown data at a certain location by considering the direction of whole 

data trends, the amount of data around the unknown data  and distance to the surrounding data. 

Mathematically krigging can be illustrated by the equation below. Gama is a semi-variogram, h is a 

distance and W is a weighting. Finally the data predictions at location p can be obtained [18]. 

𝑌 𝑝 =  𝑊𝑖 𝑌𝑖  (4) 

Where Yp is the value at the location p which will be in prediction by weighting of the value at the 

surrounding location based on the given semi-variogram data. 

 

3.  Results and Discussion 

Table 1.is the peat land porosity data obtained from 6 locations. It is seen clearly, the porosity of peat 

in this research area is quite big with an average of about 41.5%. Although the smallest porosity is 

obtained from peat lands that are closer to the Siak river (SK2 and SK5), however, the value of 

porosity at these locations differed only slightly with the porosity of peat land that is relatively far 

from the Siak River. 

 

Table 1. Porosity of peat soil sample from a depth of 50cm 

No Sample ID Long (
o
) Lat (

o
) 

Porosity 

(%) 

1 SK1 102.050094 1.181669 42 

2 SK2 102.116613 1.202139 40 

3 SK3 102.072606 1.239806 42 

4 SK4 102.063108 1.239455 42 

5 SK5 102.129552 1.25016 40 

6 SK6 102.073659 1.265075 43 

Average 41.5 

 

Figure 4 shows the result of subsurface resistivity obtained from the inversion process for line 1 

and line 8. The apparent resistivity data from some locations is then converted to the required data 

format, so it can be processed to obtain the actual subsurface resistivity value. In Figure 4, the dot of 

the circle is the data obtained from the field and the line is the calculated resistivity, whereas the 

blocked graph is the inverse interpretation value. The table to the right is the depth and true resistivity 

value obtained from the interpretation, where the interpretation is based on the trend curve, yielding 

the raw data point curve. The table at the bottom shows the configuration and raw data obtained from 

the field, and error estimation in the inversion process. The column on the lower right side shows the 

vertical interpretation of the subsurface based on the table above it. In the figure, it can be seen that the 

resistivity value ranges from 15ohm.mto more than 180 ohm.m. The interpretation of the results of this 

data is that the subsurface layer consists of 6 main layers, interpreted as peat layer (layer 1), very fine 
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sediments contaminated by marine sediment (layer 2), coarse and coarse sand (layer 3), very fine 

sediments with relatively white (layer 4) and a deep aquifer zone with coarse sand (layer 5) and the 

latter is finer clay sediment mixed with sand (layer 6).The well data provides the lithology condition 

that was taken from direct drilling at survey location 8. This location was chosen because it is in the 

middle position of the research area, so it is expected to be able as a represent for the overall 

subsurface geological condition. This well data is used to calibrate the inversion resistivity data so that 

it can be interpreted in the form of lithology, rather than in the form of resistivity. 

 

 
 

Figure 4. Inversion of resistivity data at survey line 1 and line 8, and subsurface interpretation 

 

The average resistivity value of the first layer is 48 ohm.m with thickness of 2 meters to 4 meters, 

this layer is the top layer interpreted as peatland. This can be known through the supporting data 

obtained from direct resistivity measurement, which the average peat resistivity value is about 45-52 

ohm.m. Figure 5 shows contour of the peat thickness obtained from the interpretation of the 

geoelectical resistivity survey data. This peat layer is not evenly distributed in this research area. In the 

northern part, the peat layer is found with a thickness of approximately 4 meters. But in the south, it is 

only with a depth of 2 meters. While in the middle of the research area, peat layer is almost not found. 

The peat layer resistivity in general has a decreasing trend towards the north. This is due to residual 

effects of sea water remaining in the peat. 

The second layer is the resistivity value zone of about 25 ohm.m with a thickness of 7 meters to 9 

meters, interpreted as clay layer with marine deposit. The third layer is the zone with the resistivity of 

18 ohm.mto 25 ohm.m with a thickness of 8 meters on average. This layer is interpreted as sand layer 

which is estimated to contain brackish groundwater (aquifer). The fourth layer is the zone with 

average resistivity value of 40 ohm.m with average thickness of around 25 meters, this layer is 

interpreted as Clay layer. The fifth zone is the layer with average resistivity of around 40 ohm.m with 

the average thickness of 18 meters, this layer is interpreted as deep aquifer. And the last layer is the 

clay which is the deepest zone with a resistivity value of 70 meter. 
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Figure 5. Thickness of the peat layer based on the geoelectrical resistivity interpretation data 

 

Figure 6 shows a subsurface resistivity depth slice for several depth resulting from the kriggring 

simulation of all available resistivity data. In the krigging process, each location at the same depth in 

the sample data was used for the interpolating process. Semi-variogram modelling was done before 

krigging simulation. The result of semi-variogram analysis provides that the data trend direction is 

from the north of an angle about 10
0
 to the west. At the center of the study area (Figure 5), at the 0 m 

deep, a relatively large resistivity value of around 200 ohm.m can be observed. These values are 

collected from direct resistivity measurement at the zone of relatively dry claysoil. It is a 

representative of more dense of clay soil with low water content in the pore of the soil. Around this 

site, peat soil was not found. 

In the southeastern part, it can be seen that the resistivity value is relatively high at the depth 

ranging from 0 m. This value indicates the presence of relatively dry clay. This interpretation is 

supported by the presence of dry clays in the data collection zone in this area. In addition, the 

interpretation is also proved by calibration at wells indicating slightly dry clay having a resistivity 

value of more than 200 ohm.m 

The clay soil on the surface spreads to the south with the depth of 5 m deep. Overall it is seen that 

the upper layer sediments are thickening towards the north with a thickness of about 5 m in the south 

and 30 m in the north. It can be seen also that the shallow groundwater potential is greater in the 

northwest. This is indicated from the relatively low resistivity of around 50 ohm.m in the area. 

The possibility of deeper aquifers can be found at a depth of 60 m in the south part and has a slope 

towards the northwest at a depth of 100 m in this zone.Furthermore, the volume of peat soil can be 

calculated by providing the upper and lower boundary as well as other lateral boundary, so that the 

peat volume is found as much as 146.2 million cubic meters. If it is assumed that the peat porosity is 

41.5% on average, then the water requirement for the whole area is 60.7 million cubic meters. Overall, 
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the thickness of shallow aquifer is obtained 8 meter. Based on the soil obtained from the well data, the 

aquifer consists of the coarse-grain sand and the aquifer porosity is approximately of 25% then the 

volume of water present in the shallow aquifer is calculated as much as 195 million cubic meters. It is 

highly visible that a shallow aquifer is able to inundate the entire peat in the study area. 
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Figure 6.The geoelectrical resistivity in the depth slice that is generated using Krigging process 

4.  Conclusion 

The geoelectrical resistivity method is well examined for detecting subsurface conditions in term of 

the groundwater resources. It is due to the geoelectrical resistivity is very sensitive to the granular type 

and the fluid in the pore. Unconsolidated sediments are not dense and have pores and it is connected to 

each other. This causes the flow of electric current easily if filled by a conductive fluid. This property 

will cause this sediment to have a small enough resistivity. Peat soil is found in the middle to the north 

zone of the study area. While in the southern and south eastern parts, peat lands are hardly seen. The 

aquifers in this study area are found in the shallow depth as well as at the deeper depth. In general, 

sedimentary rocks are thickening towards the northwest as well as with shallow aquifers and deep 

aquifers. The groundwater volume is predicted more than enough to watering the peat land in order to 

rescue peat fire.    
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