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ABSTRACT 

Seawater intrusion has a serious impact on the availability of fresh water for the population. Indication of seawater 

intrusion in several locations in Merauke Regency, Papua, showed by fluctuations of water quality in resident wells 

from fresh water into brackish water to salt water. The purpose of this study was to identify the occurrences of 

salted/brackish water, both in superficial and deep aquifers in Merauke Regency, Papua, using the geoelectric method 

of resistivity with Schlumberger configuration. There were four locations of measurements namely Merauke, Jagebob, 

Kurik and Semangga. Data processing was done using IPI2WIN software. Indication of seawater intrusion determined 

by resistivity value is 1.07-ohm m at 19.11 m depth in Merauke: 0.794-ohm m at 23.26 m depth in Semangga, and 

0.329-ohm m at 14.8 m depth in Kurik.  There is no indication of seawater intrusion in Jagebob. 
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1. BACKGROUND 

Water is essential component in human civilization. 

The water molecule can occur as liquid, solid and gas 

phases. Water is very powerful solvent that responsible 

for the transfer of material on and below the earth’s 

surface [1], [2]. Based on chloride content, water divided 

into fresh water and brackish water. Fresh water 

containing little (<0,03%) or no chloride ion. On the other 

hand, brackish waters are saline water, but less so than 

sea water [3]. 

Intensive water exploitation in modern activities 

cause negative effects such as drying of wetlands, cease 

of base flow, induced land subsidence, ground cracks, 

degradation of riparian ecosystem and water quality, and  

aquifer depletion [4]. An aquifer predominantly consists 

of a body of permeable rocks which can store the 

significant quantities of water, and underlain by 

impermeable materials, and through that groundwater 

moves [1]–[3]. The freshwater from aquifer mainly used 

by population for household consumption, irrigation, and 

industry [5]. The freshwater consumption increasing as 

population increase year by year. Without good 

management in water consumption, it will affect the 

negative impact such as the lack of freshwater resource 

and decreasing the qualities of freshwater caused by 

seawater intrusion.  Thus, the utilization of groundwater 

in an area has a certain limit to be used.  

The seawater intrusion has a very wide impact on 

various aspects, such as human health problem, the 

decrease of soil fertility, the damage of buildings, and the 

lack of freshwater supplies [6]. The interaction between 

a dense wedge of saline groundwater fueled from the sea, 

and fresh terrestrial groundwater pouring in the direction 

of the sea can possibly cause seawater intrusion [7], [8]. 

Saltwater intrusion in coastal areas occurred where the 

water table is adjacent to the ground surface, and 

freshwater of the CaHCO₃ type and seawater of the NaCl 

type mixes [9]. In this area, many residents unable to 

access the freshwater for daily consumption, because of 

the freshwater source has become a brackish water to 

saline water. 

The Merauke City consists of two main area are 

coastal area and plain area, with elevation average is 

about 3 to 4 m [10]–[12]. This condition makes this city 

has a high risk in degradation of groundwater quality 

caused by seawater intrusion. The main purpose of this 

study is determining the seawater intrusion base on 

resistivity surveying in Merauke City. Electrical 
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resistivity surveying methods have been extensively used 

to determine the resistivity and thickness of layered 

media for the groundwater potential exploration [13]–

[18]. The groundwater resistivity value differs from 10 to 

100 Ωm depending on the dissolved salts concentration, 

and the low resistivity (about 0.2 Ωm) of seawater 

occurred because of the relatively high salt content [14]. 

This makes the resistivity method is suitable for mapping 

the freshwater and saline water interface in coastal areas, 

and also appropriate to determine the seawater intrusion 

into the freshwater aquifer phenomenon [6]–[8], [14], 

[19], [20]. 

 

Resistivity surveys are also used to investigate 

interfaces, such as surface of water tables or bedrock, 

which are approximately horizontal [17], [21], [22]. 

Current can be sent gradually deeper into the ground by 

moving electrodes further at a distance. Resistivities 

values can thus be predictable for progressively deeper 

levels, even though, unavoidably, resolution reductions 

as electrode separations increase [18], [21]. 

The basic principle of resistivity surveying is an 

electric current injection below the surface through the 

two electrodes (AB/2), and the electric current will 

spread below the surface in all direction and 

perpendicular with the potential difference which is 

measured by two potential electrodes (MN/2) [14], [18], 

[21], [23]–[25]. The two important requirements of any 

resistivity survey are the introduction of current and the 

measurement of voltage, two current and two voltage 

electrodes are used in arrays that are usually, but not 

inevitably, linear. Current is generally provided over the 

outer electrodes and apparent resistivities determined 

using equation 1 as follows: 

𝜌𝑎 = 𝐾 
∆𝑉

𝐼
                                                                  (1) 

with ρ_a = apparent resistivity (ohm m), K= geometric 

faktor (m), ∆V = voltage (volt) and I=current (mA). The 

geometric factor (K) in resistivity method depends on the 

type of array or configuration used (Figure 1). 

 

 

Figure 1 Arrays (configuration) and geometric conversion factors for resistivity and IP surveys: (a) Wenner array; (b) 

pole-pole array; (c) Schlumberger array; (d) gradient array; (e) dipole–dipole array (Modification from [18], [21]). 

 

The resistivities values are mainly controlled by rock 

porosity and by the salinity of the pore waters because 

most minerals are insulators. Nevertheless, clay minerals 

are electrically polarized and rocks comprising them are 

extremely conductive while even slightly moist [21]. The 

resistivity value of several materials can be seen in Table 

1.  

2. METHODS 

Measurement conduct using resistivity tools Noniura 

NRD 328 HF. The type of array (configuration) applied 

was Schumberger Array. Measurement procedures done 

based on technique from: [14], [18], [21]. 

The measurement locations comprise; 1) T001-NS 

(Merauke), with AB/2 = 250 m; 2) T002-EW 

(Semangga), with AB/2 = 200 m; (3) T003-NS 

(Jagebob), with AB/2 = 250 m; (4) T004-NS (Kurik), 

with AB/2=200 m.  

Table 1. The resistivity values materials [18], [25]. 

Materials Resistivity 
(Ohm m) 

Topsoil 50-100 

Clay 1-100 

Sandy clay 80-1050 

Sandstone  1-6.4.10⁸ 

Sand 1-1000 

Alluvium 10-800 

Gravel 100-600 

Saline sand and gravel 0,5-5 

Meteoric water  30-10000 
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Materials Resistivity 
(Ohm m) 

Meteoric water (igneous) 0,1-3000 

Meteoric water (sedimentary rock) 10-100 

Groundwater 0,5-300 

Seawater 0,2 

Water (salinity 3%) 0,15 

Water (salinity 20%) 0,05 

 

    The resistivity technique has its beginning in the 

1920’s as a result the work of the Schlumberger brothers 

(Loke, 2004; Moon et al., 2006). For around the next 60 

years, for quantitative interpretation, conventional 

sounding surveys [26] were usually used. In this method, 

the centre point of the electrode configuration remains 

fixed, but the spacing among the electrodes is enlarged to 

attain more evidence about the deeper sections of the 

subsurface. Ideally, the distance MN is fixed, but in 

reality, because of the limitation equipment, when the 

distance of AB is increasing, the distance of MN should 

be change but no more than 1/5 AB. The apparent 

resistivity from field measurement is subsequently 

processed by IPI2win software to determine the true 

resistivity values. The definitive aim of this resistivity 

survey is to determine the resistivity distribution with 

depth on the basis of surface investigation of the apparent 

resistivity and to interpret it in terms of geology and 

hydrogeology [14], [24]. 

 

3. RESULT AND DISCUSSION 

3.1. Geology 

Merauke City, predominantly comprises 

unconsolidated brittle clastic deposit Quaternary 

Surficial Deposits of Young River Deposits (Qr 1), Older 

Swamp Deposits (Qs 2) and Coastal Deposits (Qc) 

(Figure 2) [27], [28]. The Young River Deposits present 

as, comprising sands, mud and pebbles deposited as flood 

plain. The Coastal Deposits consist of mud and fine-

coarse grain sands. The deposition of Qr 1 and Qc are still 

active [28].The Older Swamp Deposits consist of fine-

grained clastic deposits, mud and carbonaceous fine 

grained sands, and peat.  

Based on aerial photographs and Landsat, the 

characteristic of the Qr 1 is light-medium grey in tone, 

texturally very smooth, with meandering drainage 

pattern, oxbow lakes, parallel ridges, and river terrace in 

place. On the other hand, the Qc is pale to dark gray, 

medium-fine texture, braided-meandering drainage 

pattern and ridge parallel to the beach line [28]. On the 

other hand, Qs 2 displays the tone of pale to dark grey, 

rough granular texture, with fine-dendritic to rectangular 

drainage pattern. The structure and tectonics in Merauke 

Regency predominantly is poorly recorded, with 

uplifting and resulted coastal and river terraces [27], [28]. 

3.2. Resistivity Measurement Result 

Based on resistivity measurement, indication of 

seawater intrusions can be show in three locations, are 

Merauke City, Kurik and Semangga (Table 1 and Figure 

3). In Jagebob, there was no indication in saline water 

intrusion. The area with saline groundwater present 

adjacent the beach area. The measurement point T001-

NS (Merauke District) comprise Coastal Deposits of mud 

and fine-coarse grain sands. This measurement point 

consists of five layers with resistivity from 1.07 to 470-

ohm m. The seawater intrusion present at 19.11 depth 

with resistivity 1.07-ohm m. 

The increasing of population impacts the growing in 

water consumption (household, agricultural, hotels, 

industry). The imbalance water exploitation and the lack 

of groundwater ability to recharge make the quality of 

groundwater decrease with seawater intrusion. Other 

factors are the permeable rock formation and the 

increasing use of depth wells. Migration of the fluids 

lengthways the aquifer and up along fractures effect in 

trapping of the brines below an impermeable cap [29]. 

The T002-EW (Semangga) is comprising sands, mud, 

and pebbles. The resistivity value of seawater intrusion is 

0.794-ohm m at 23.26 m depth in shallow well. The 

mechanism of intrusion probably occurred due to good 

ability of rock material to drain or flow the seawater. The 

increase of depth well in this area also made the intrusion 

progressively develop.  

The T003-NS (Jagebob) is cover by vegetation and 

consist of fine-grained clastic deposits, mud and 

carbonaceous fine-grained sands, and peat. The 

population in this area is relatively lower than 3 other 

areas. There is no indication in seawater intrusion. 

T004-NS (Kurik) has an eight km from coastal line. 

This area comprises Coastal Deposits of mud and fine-

coarse grain sands. There are five layers and indicated the 

seawater intrusion with 0.329-ohm m at 14.8 m depth.  

The aquifer present at third layers with 8.01 ohm-m. 
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Figure 2 Geology of Merauke Regency (after Heryanto and Panggabean, 1995) 

 

 

Figure 3 The resistivity value and saline water intrusion indication in Merauke, Kurik and Semangga. 
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Porosity commonly increases with permeability. 

Permeability and porosity in sand and gravel, such as in 

research area, are relatively large because the sediment is 

relatively coarse and poorly packed, on the other hand, 

the fine-grained material generally reduced permeability 

or even barriers to flow [30]. The seawater intrusion 

develops in this area probably due to the characteristic of 

unconsolidated rock materials with high permeability and 

porosity and poorly packed. Other factor is imbalance 

between recharge and discharge of groundwater in water 

management use. 

4. CONCLUSION 

Based on resistivity data analysis, there are three 

locations on seawater intrusion indications. The three 

locations are Merauke, Semangga and Kurik. The saline 

groundwater resistivity is 1.07-ohm m at 19.11 m depth 

in Merauke: 0.794-ohm m at 23.26 m depth in Semangga, 

and 0.329-ohm m at 14.8 m depth in Kurik.  There is no 

indication of seawater intrusion in Jagebob. The seawater 

intrusion present due to several factors; (1) the imbalance 

between recharge and discharge; (2) the characteristic of 

unconsolidated rock materials with high permeability. 
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