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ABSTRACT: Research of the groundwater in Pakel, Bandung and Besuki Subdistricts, Tulungagung District has been implemented. The research area is located in the rice field area, previously an area of annual flooding inundation during the rainy season. This situation troubles the community and local government of Tulungagung District. During the dry season, the mud cracks, making it difficult as agricultural land. The research was done using Geoelectrical Resistivity Schlumberger configuration method. The measurement point is located in the three Subdistricts with a total of 19 measurement points. The study location is at 111.75988880 EL; -8.2264166670 SL to111.84541670 EL; 8.1309166660 SL or covers an area of 101 km2. The length of the track used is a maximum of 600 meters. Based on the results of the geoelectrical resistivity data, it was found two types of aquifers, which are open aquifers in depth ranging from 6 m to 21 m and a confined aquifer in depth ranging from 90 to 115 m. In addition to the geoelectrical information data, drilling was done at an accessible point by heavy equipment in the Gempolan Village, Pakel Subdistrict. At the drilling point, artesian wells were obtained at a depth of 108 meters and can rise to 2 meters above the soil surface. The discovery of artesian wells is then used by residents to meet the needs of clean water considering that in this area most wells are smell and iron contain.
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1. INTRODUCTION

In the past, the rice fields in Tulungagung District were flooded areas, troubling the people and the government of Tulungagung District. When there is no flooding, it has fertile soil, reliable for agriculture (rice supplier) in Tulungagung District. In the 80s or 90s “Parit Agung” channels, “Neyama” Tunnel and water channels were created to ensure a flood free region. The concept of development of the Parit Agung uses the concept of drainage. This raises the problem as during the dry season the rice fields do not get water supply, making the land use unable to be used. This has an impact on the occurrence of failed harvest and drought in the region. It is possible that this area is also a swamp area, so in the dry season, there will be mud crack at the top of the land. Also, the iron content of water in the area is quite high in the resident wells.
According to data from Tulungagung Regional development planning agency, drought in Tulungagung District is spread in three Subdistricts, which are Pakel, Bandung, and Besuki. The drought area in these three Subdistricts varies from 1-56 ha with moderate drought to failed harvest. The high number of drought makes it necessary to research groundwater in the location as a solution for the drought in the dry season and the supply of clean water for the citizens.
One method that can be used for groundwater investigation without going through direct drilling is the geophysical method. This method uses physical parameters to obtain the subsurface condition of an area. The geophysical method used in this case is the geoelectrical resistivity method. The resistivity method uses physical parameters in the form of resistivity of subsurface rock types. In principle, a current is injected through two current electrodes, and then a potential difference is measured through the two potential electrodes [1-3]. Resistivity surveys have been used for decades in hydrogeology to detect water or aquifer layers, mining or mineral investigations, and geotechnical to know the subsurface structure, even now it is also used for environmental surveys to detect environmental pollution [4-8]. There has been much research on groundwater investigations using geoelectrical methods [9-16]. These studies show a good correlation to geoelectrical methods in groundwater investigations. Therefore, the result of geoelectrical data interpretation is expected to give an overview of the subsurface condition of the research location and be able to give pictures of the location that allows groundwater to be drilled. Thus, it able to overcome the problem of water drought in the research location.


2. FIELD STUDY

The research location is located in the western part of Tulunagung District at Pakel, Bandung, and Besuki Subdistricts. Geologically, this area is in the geology of Southern Tulungagung District which is a hilly area with a height of about 175 m to 900 m above ground level. Physiographically, this area is the Southern Mountain line that stretches from Jogjakarta, Central Java and East Java, where there are various rock outcrops from Oligo-Miocene to Pliocene.
The local geology of the research area (Subdistricts of Bandung, Pakel, and Besuki) is an alluvial area. Historically, this area is a fault block that descends from the subduction zone where the oceanic plates in the southern island of Java subduct the continental plates on a small scale in the southern part of Java Island. The study area is included in the descending block. The downside block part of this shape can be like a bowl, where the center will have a deeper position than the edges. Or it could be said that the part that is still close to the downside block area will have a relatively higher surface compared with the middle. So this area is a basin, with bedrock properties that can hold/preserve water. By the principle of geology, these basins will be filled by erosion sediments, which in the settling process will fill the lowest area first, i.e., the middle, with a horizontal direction, then rise increasingly with the increasing number of incoming sediments. This sediment will continue until there can no longer be a sedimentation process.
In earlier times, this area was a swamp area, which during the rainy season, it was water reservoir area. Since it is a swamp area, the topsoil is smoother than the lower part. With the construction of a drainage area during the Japanese occupation, this area could be slightly free from flooding and begin to be inhabited by the inhabitants. As it is previously a swamp area, in the future it can be used as a rice field area, as a result, during the rainy season, the water will be abundant, but during the long dry season, the topsoil of the rice fields mud crack occurs. With such circumstances, the area which during the rainy season can be used for rice crops, etc., during the dry season, it is less able to function for agriculture. As it is a former swamp area, it is possible that upper groundwater (free aquifer) will have acidic taste and smell, because it is a direct infiltration of the rainwater accommodated. While the lower part of groundwater in the area that is confined aquifer, where the recharge is not direct rainwater from the upper part of the layer (it is possible the recharge is from Mount Wilis and the higher areas around it), it will have a better taste and smell [17].

[image: ]
Fig 1. Map of Tulungagung District

3. THEORETICAL BACKGROUND

Geophysics is a part of the geoscience group that uses physical parameters to determine the condition of the subsurface through measurements made on the earth's surface, both active and passive measurements. One of the physical parameters is the earth's electrical properties, popular with the term geoelectrical method. This method detects subsurface conditions based on contrasting electrical properties of the earth's constituent rocks. One of the geoelectrical methods is the geoelectric resistivity method. Geoelectric resistivity surveys have been used for decades, in hydrogeology for the determination of the aquifer, mineral investigations, geotechnics, structural geology (fault), and the determination of archaeological traces [2-7]
The configuration used in the geoelectric resistivity survey has many options, one of which is the Wenner-Schlumberger configuration. This configuration is the right choice for the depth target(sounding) or commonly known as Vertical Electrical Sounding (VES). This is due to field effectiveness and reduction of accumulation error. This configuration is the result of the modification of Schlumberger configuration referring to Indonesian National Standard (SNI) for groundwater exploration method, that is SNI 03-2818-1992 with Wenner configuration. The configuration of the Wenner-Schlumberger configuration is as follows:
[image: ]

Fig. 2. Wenner-Schlumberger Configuration [1]

C1 and C2 are current electrodes while P1 and P2 are potential electrodes. The geometry factor for the configuration is

Thus the apparent resistivity of the Wenner Schlumberger configuration can be written as follows:

With  is the apparent resistivity ,  is the spacing of the electrode  (m),  is the discrete number,  is the potential difference (V) and  is the current (A) [1]. 

4. METHOD

Data acquisition has been conducted in Pakel Subdistricts (covering 11 villages: Duwet, Sodo, Ngebong, Bangun Mulyo, Kasreman, Ngrance, Sanan, Bangun Jaya, Bono, Suko Anyar and Sambitan), Bandung Subdistrict (covering 4 villages: Bantengan, Suruhan Kidul, Singgit, and Ngunggahan), and Besuki Subdistrict (covering 4 villages: Suwaru, Kundung Embankment, Besuki, and Besole), at Tulungagung District of East Java. Surveys are conducted on the location using UTM coordinate:  (111.75988880; -8.2264166670) to (111.84541670; -8.1309166660) or covers an area of 101km2. Each village is represented by one sounding point of Vertical Electrical Sounding (VES). The configuration of the Resistivity method was the Schlumberger configuration, both current and potential were arranged in such a way as to obtain a target depth between 100 m up to 200 m. The path length of each maximum point is 600 m. The number of sounding points was 19 VES with the distribution as in Fig. 3.
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Fig. 3. 19 VES sounding point in Pakel, Bandung and Besuki Subdistricts, Tulungagung District

The resistivity study or survey in the Pakel, Bandung, and Besuki Subdistricts used a Wenner-Schlumberger configuration with a fixed potential electrode and electrode currents running to get a depth variation direction (sounding). To obtain the lateral variation, it was connected to each VES sounding points through the interpolation process. The use of the Wenner-Schlumberger configuration is the most appropriate choice for Vertical Electrical Sounding (VES) targets for field effectiveness and accumulation error reduction. As mentioned in the theoretical background that this configuration is the result of the modification of Schlumberger configuration referring to Indonesian National Standard (SNI) for groundwater exploration method, that is SNI number 03-2818-1992 with Wenner configuration. Data processing was done using Progress software (fitting curve automatic forward and inversion) and Surfer 13 (plot of resistivity distribution at each specified depth). The results of data processing can obtain information of possible aquifers distribution in the subsurface which will then be used as a reference for drilling points around the study site.

5. RESULT AND DISCUSSION

Based on the results of data processing, it is obtained the resistivity distribution at each depth (Figure 4) by using Surfer 13 software. Interpolation of resistivity contours to a depth of 10-115 meters is done with a difference of 15 meters to know a more specific contour change when it is compared to resistivity contour of low, medium and high. If a more specific contour change picture is given then easier interpretation can be made.
Figure 4, from 4a to 4h are the figures of a layer based on resistivity value for every depth. These Figures explain that the low resistivity indicates the depth that has high conductivity. Because this area used to be swamp area, so the sediment compiler should be terrigenous sediment. Therefore, the low resistivity may/should represent the aquifer. Resistivity range can be divided into three parts, i.e., resistivity between 0-200 Ωm (gravel and sands), 200-800 Ωm (alluvium) and> 800 Ωm (sandstone).
Based on the results of the interpretation, there are some open aquifers at the sounding point of VES Sanan, Bangun Jaya, Bono, Ngunggahan, Tanggalkundung, and Besuki villages with a depth ranging from 6-21 meters below the surface. Also, the existence of a confined aquifer at the point VES of Sanan, Bono, Singgit, Nngunggahan, and Tanggulkundung villages with a depth of 90-115 meters is also seen.
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Fig. 4a. Resistivity contour at a depth of 10 meters. The unconfined aquifer was in Bono and Besole villages. 
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Fig. 4b. Resistivity contour at a depth of 25 meters.
The indication of unconfined aquifer was in Bangun Jaya, Ngunggahan, Tanggulkundung and Sanan villages
[image: ]

Fig. 4c. Resistivity contour at a depth of 40 meters. Most of VES is unconfined aquifer.
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Fig. 4d. Resistivity contour at a depth of 55 meters. Most of the VES is unconfined aquifer.
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Fig. 4e. Resistivity contour at a depth of 70 meters. 
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Fig. 4f. Resistivity contour at a depth of 85 meters.
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Fig. 4g. Resistivity contour at a depth of 100 meters. The indication of the confined aquifer was in Tanggulkundung, Sanan and Ngunggahan villages.

[image: ]

Fig. 4h. Resistivity contour at a depth of 115 meters. Confined aquifer was still at Tanggulkundung, Sanan, and Ngunggahan Villages.
Considering the location that can be reached by drilling tools and access roads that can be passed and nearby location with the settlement of citizens, drilling is conducted in the village of Gempolan, Pakel Subdistrict at coordinates 8.111672 SL and 111.843881 EL, in front of Darussabilillah mosque. At a depth of about 108 meters from the surface, artesian water occurs, as seen in Figure 5. 
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                 a                                        b
Fig. 5. (a) Drilling artesian wells and (b) Darussabilillah Mosque north of the artesian wells











Fig. 6. Drilling Location. Yellow pin is the drilling location, and two blue balloons are the recommendation of drilling wells.

Figure 6 shows locations of the resistivity measurement (red balloons), artesian well (yellow pin) and recommendation of drilling wells (two blue balloons). Another drilling location should consider road access for drilling equipment (mobilization and demobilization) and its location close to the residents. Artesian water is then used by residents for the fulfillment of clean water considering the existing water in the research location is smelly and contains iron due to its former location as a swamp. The possible drilling location is depicted in Figure 6. If cross section is done for two suggested locations for further drilling in Tanggulkundung and Sanan villages, it will ease the estimation of this area's recharge location. Both locations are possibly artesian as it is seen that the two locations based on the geoelectric interpretation data which are confined aquifer. Figure 7 shows that at a depth of approximately 90 meters to 115 meters at Sanan and Tanggulkundung villages, the rock resistivity ranges from 33 to 63 ohm.m. The resistivity range can be interpreted as gravel and sand. At that depth, it is also possible to be an artesian well, due to drilling at Gempolan, Pakel at a depth of fewer than 108 meters in finding artesian wells. The difference of depth is possible as the drilling at Gempolan is through direct drilling at a depth of about 108 meters, but the location of the artesian wells could start at a depth of about 90 meters. Here is a cross-section of the 2D cross-section for the drilling point and two points suggested for drilling:
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Fig. 7. 2D cross-section between drilling wells with two recommended locations for drilling

The water found near the place of worship helps to meet the needs of clean water. There are still other potential areas for artesian groundwater. The presence of artesian water indicates that it must be a recharge for the area. An artesian recharge is a higher area of artificial artesian location and is usually a mountainous area. The map shows that the mountain which is located in the north and close to the research location is Mount Wilis which is approximately of 33 km (Figure 8).

[image: ]

Fig. 8. Estimation Water Recharges. The blue pin, just North of the location of study is top of Wilis Mount.
These three Subdistricts are alluvial areas with varying degrees of drought, from the medium, heavy to “puso” or failed harvesting. The data from Regional Planning and Development Agencies (Bappeda) of Tulungagung District in 2004, Pakel Subdistrict (590 ha), Bandung Subdistrict (57 ha), and Besuki sub-district (23 ha) experienced drought. Every year, drought news in Tulungagung District continues to expand. The provided clean water from the village government is still not able to meet the needs of clean water of the society and rice fields when the dry season arrives.These three Subdistricts are the rice field during the rain season and cornfield during the dry season. During the dry season, people must drill the pump water for watering the corn plant. It needs at least four times to water the corn from the beginning until the harvesting of the crop, and consequently, it needs more budget to grow this crop. One of the mitigation efforts that can be done is to drill the well on the confined aquifer based on the information of this research using geoelectric resistivity method. Drilling on confined aquifer can be a source of water needed by society and rice fields as this type of aquifer tends to be stable and unaffected by the seasons.Therefore, if another well can be drilled, it can reduce the budget, especially during the dry season.

6. CONCLUSION

[bookmark: _GoBack]	The former location of the study was a swamp, so the sedimentation model that occurs follows the principle of horizontality. Based on the results, it can be said that between each point, the Subdistricts will have the same deposition model enabling it to be correlated to its subsurface resistivity model (contour for each desired depth). Also, based on the results of the resistivity data, it is known there are two models of the aquifer; free aquifer and confined aquifer. This is supported by the discovery of artesian water at a depth of 108 meters below the surface that can be directly consumed by residents in Gempolan Village, Pakel Subdistrict. The discovery of artesian water has provided a solution of drought and lack of groundwater in all three Districts of the study sites. Referring to the interpretation result, it is possible for a prospective location to be located in Bono and Sanan Villages, Pakel Subdistrict, Ngunggahan Village in Bandung Subdistrict and Tanggulkundung Village in Besuki Subdistrict. Recommendation for subsequent possible drilling locations is Tanggulkundung and Sanan Villages, as both locations are close to the access road and residential area.
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Resistivity contour at a depth 55 meters
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Resistivity contour at a depth 100 meters
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Resistivity contour at a depth 115 meters
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