
Introduction

Population growth and city development require 
greater natural resources. One of these natural resources 
is groundwater. The availability of existing groundwater, 
if not managed properly, will reduce the quality and 
quantity required for those needs. On the one hand, 
a large population and development in all fields will 

lead to higher groundwater pollution. The existence 
of shallow groundwater is susceptible to contaminants 
left over from human and industrial activities on the 
surface. Sources of contaminants from groundwater 
pollution can be various, including: daily household 
waste, agriculture, small and medium scale industries 
around Purwokerto, or geothermal energy power plants 
in the northwest of Purwokerto.

The increasing demand for and consumption of 
groundwater in recent and forthcoming years puts very 
strong pressure on those responsible for groundwater 
management. Information on groundwater vulnerability 
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The rapid development and growth of Purwokerto requires greater groundwater resources. 
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and knowledge of hydrogeological management are 
very important for certain areas, especially on a more 
detailed local scale, to manage groundwater resources 
efficiently and effectively [1]. Several studies on 
groundwater around the research location have been 
carried out, including the contamination of groundwater 
by pollutants in the Kaliori landfill, Purwokerto  
[2-4]. River sediments and water bodies also indicate 
contamination from the Kaliori TPA waste on the 
surface [3]. The total population in four sub-districts in 
Purwokerto continues to increase from 163,432 people 
in 2010 to 179,323 people in 2018 [5]. The growing 
population will also trigger an increase in human 
activities and environmental changes that will affect the 
quality of groundwater in Purwokerto. The conditions 
mentioned above need to be observed to obtain 
information on the level of groundwater vulnerability 
in Purwokerto for more accurate regional management 
policy making.

Regionally, the research location occupies the 
Quaternary Volcanic Physiography [6] (Fig. 1). In the 
latest regional geological map, the Purwokerto area and 
its surroundings are composed of lithologies of tertiary-
aged sedimentary rocks (Tapak Formation), volcanic 
rocks of Slamet Volcano and alluvium of quaternary 

ages. The Tapak Formation is the oldest rock and is 
composed mainly of coarse-grained sandstone. Above 
the Tapak Formation, there is Lahar Deposit from the 
eruption material of Slamet Volcano. On top of the 
lahar deposits, the youngest alluvium was deposited [7]. 
Purwokerto is included in the Purwokerto-Purbalingga 
Groundwater Basin which was determined based on 
geological and hydrological considerations with an 
area of 1,318 square kilometers [8]. This location has 
moderate aquifer productivity with wide distribution. 
The aquifer system is the space between grains with  
a discharge of less than 5 liters/second [9].

Methods  

Research Sites

The research location was located in Purwokerto, 
Banyumas Regency, Central Java, with the UTM 
coordinates (WGS_1984_UTM_Zone_49S) of 300595, 
9184133 to 309564, 9172667. Measurement points were 
determined based on small grids of locations or grids. 
These measurement points were known and recorded 
using GPS. The research site was divided into 42 grids 

Fig. 1. Physiography of the research site [6].
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with a size of 1.2 square kilometers each. For each grid 
box, measurements of ground water level, geoelectric 
and infiltration rate were conducted. The purpose of 
these measurements was to obtain information on the 
parameters for calculating the level of groundwater 
vulnerability using the AVI method, which included 
hydraulic conductivity and the thickness of the 
unsaturated zone of each rock layer (Fig. 2).

Groundwater Level Measurements

In the shallow groundwater areas, the response to 
rainfall is fast [10]. The variation in groundwater depth 
is greater when there are dry conditions during the 
day and rain in the afternoon or evening in the pre-
monsoon season than when there is no rain on the same 
day [11]. Thus, the measurements in this study were 
carried out in the dry season as there are only season 
in Indonesia, the dry or hot and the rainy seasons.  
The depth of the groundwater table was carried 
out at forty-one (41) resident wells in Purwokerto. 
Measurements were carried out in August 2021.  
These measurements are needed to obtain the value  
of the thickness of the unsaturated zone located above 

the groundwater table (d), for aquifer vulnerability index 
(AVI) calculations.

Geoelectric Measurement and Analyses

The purpose of measuring the resistivity of the 
lithology using the geoelectric method is to obtain 
information on the subsurface geology of the research 
location in the form of resistivity values. Geoelectric 
analysis is mainly used for the analysis of lithological 
types. The results of the lithological analysis are then 
used to estimate the depth of the groundwater aquifer.  
In addition, geoelectric analysis can also be used to 
analyse the hydraulic conductivity of groundwater 
aquifers [12]. Of the various methods or configurations, 
the Schlumberger method identifies subsurface 
information vertically better than other methods 
[13]. Geoelectric measurements were carried out 
at forty-two (42) location points in Purwokerto  
(Fig. 2). Measurements were made in August 2021.  
The results of these geoelectric measurements are 
used for lithology type interpretation and its depth. 
Geoelectric measurements using the Schlumberger 
method by expanding the electric current cable by 

Fig. 2. Geological and location maps of groundwater level, geoelectric and infiltration rate measurements of Purwokerto.
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100 meters to the left and right. Further analysis and 
interpretation of lithology using the Progress v.3.0 
software. This  interpretation is used for hydraulic 
conductivity values of the rock below soil (K) which 
required for AVI level calculations.

Infiltration Rate Measurement and Estimated 
Hydraulic Conductivity Values

Infiltration rate is the velocity or speed at which 
water seeps into the soil, or how deep the water can 
infiltrate into the soil in a given unit of time. Usually, 
the infiltration rate is measured by the depth (in mm) of 
water that can enter the soil in one hour. An infiltration 
rate of 15 mm/hour means that in one hour water can 
seep into the soil to a depth of 15 mm. In dry soil, 
water infiltrates fast as more water replaces the air in 
the soil pores. Furthermore, the water infiltrates slowly 
and eventually reaches a steady level which is called the 
basic infiltration rate [14]. The application  of the ring 
infiltrometer method is commonly used to measure 
the infiltration rate of the soil to the unsaturated zone 
boundary above the shallow groundwater table and land 
cover [15, 16]. 

Measurement of the ground surface infiltration rate 
was carried out at 42 location points in Purwokerto  
(Fig. 2). This infiltration test uses the double ring 
infiltrometer method. This measurement method is 
suitable for land that has permeability at intervals 
of 10-5 to 10-2 m/sec [17]. The infiltration rate has 
a large value at the beginning of the measurement  
(this stage still indicates the conditioning of the 
infiltrating water rate), then decreases over time until it 
is close to stable condition which is close to the actual 
infiltration value in the field. Calculation of K (hydraulic 
conductivity) was carried out using surface infiltration 
measurement data for soil and previous research 
estimates for lithology other than soil [18]. The unit of 
K value used is in accordance with the calculation of 
the AVI vulnerability level, which is meters per day  
(m/day).

Aquifer Vulnerability Index (AVI) Analyses

The AVI calculation considers two parameters 
associated with the unsaturated zones, they are:  
(1) thickness (d) of each sediment layer in the 
unsaturated zones, and (2) estimated hydraulic 
conductivity (K) of this sedimentary layer [18, 19]. The 
hydraulic conductivity (K) of the soil was interpreted 
from the results of the infiltration rate measurements 
in the soil at 42 locations. The thickness of the soil is 
interpreted from lithology resistivity measurement of 
the geoelectric. The value of the hydraulic conductivity 
(K) and the thickness of the lithology under soil are 
interpreted from lithological resistivity values. Then the 
level of AVI is calculated based on the value of hydraulic 
resistance (c). The AVI level is the logarithmic value of c 
as shown in Table 1 [18, 20].

c = ∑ d / K

c: hydraulic resistance, K: hydraulic conductivity, d: 
thickness of each rock layer.

The AVI values obtained from the calculations were 
plotted on a map to produce an AVI map. Interpolated 
AVI map analysis and root mean square error (RMSE) 
tests were performed on the AVI calculation points 
to determine the best interpolation method to use  
(IDW, krigging, natural neighbor, and spline).  
In addition, validation was carried out between the 
actual AVI calculation data and the AVI data resulting 
from interpolation predictions from these methods. 
The results of the RMSE analysis and calculations are 
presented in the Results and Discussion section.

Results and Discussion

Groundwater Level

The groundwater level data collection at the research 
location was conducted in June 2021. In addition to the 
groundwater level measured from the ground surface, 
the groundwater level depth calculation from sea level 
was also performed. This information (depth of the 
groundwater table from the surface) is required for the 
estimation of the unsaturated zone for the calculation 
of the level of groundwater vulnerability. From the 
measurements and calculations of the groundwater 
level, the depth of the groundwater level measured from 
the ground and sea level ranges from 0.3-7.0 meters  
and 57.0-183.4 meters (Figs 2 and 3). Based on the 
groundwater level as measured from sea level, in general, 
the groundwater level increases in the northern part of 
the study area. On the other hand, the groundwater level 
decreases in the southern part of the study area, except 
around Tugel area. 

In general, the groundwater level in the study area is 
relatively low to moderate (less than 2.5 m and between 
2.5-5.0 m) from surface. Some locations have relatively 
deep groundwater levels (>5 m) in all lithologies of the 
study site (Slamet Volcanic Lahar Deposits, Alluvium 
and sedimentary rocks of the Tapak Formation or 
their soils). The depth of the groundwater table in the 
lahar lithology of Slamet Volcano is relatively more 

Table 1. Relationship between AVI and hydraulic resistance  
[4, 18].

Hydraulic Resistance (c) Log (c) AVI

0-10 <1 Extremely high

10-100 1-2 High

100-1,000 2-3 Moderate/Medium

1,000-10,000 3-4 Low

>10,000 >4 Extremely low
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Geoelectrical Analysis

Geoelectric measurements were conducted in August 
2021. The locations are scattered around Purwokerto, 

varied than the depth of the groundwater table in other 
lithologies. In the lahar lithology, the groundwater level 
is relatively low (less than 2.5 m), moderate (2.5-5 m), to 
high (5-7 m) (Table 2).

Table 2. Groundwater data, resistivity values, interpretation of subsurface lithology from geoelectric data, infiltration rates, estimated 
values of hydraulic conductivity (K), hydraulic resistance (c) and AVI levels.

Location Lithology Thick (m) GL K c c total Log c AVI

1 Soil 4.65 4.65 2.160 2.15 2.15 < 1 E. high

2 Soil 1.27 4.14 1.949 0.65 2,870.65 3.5 Low

 Sandstone 0.54  0.001 540.00    

 Breccia 2.33  0.001 2,330.00    

3 Soil 0.38 0.87 3.629 0.10 490.10 2.7 Moderate

 Sandstone 0.49  0.001 490.00    

4 Soil 0.59 4.93 4.579 0.13 4,340.13 3.6 Low

 Claystone 0.14  0.001 140.00    

 Breccia 3.22  0.001 3,220.00    

 Claystone 0.98  0.001 980.00    

5 Soil 0.40 5.00 7.488 0.05 4,600.05 3.7 Low

 Breccia 3.35  0.001 3,350.00    

 Sandstone 1.25  0.001 1,250.00    

6 Soil 0.92 4.75 9.878 0.09 3,830.09 3.6 Low

 Breccia 2.88  0.001 2,880.00    

 Sandstone 0.95  0.001 950.00    

7 Soil 0.07 2.65 14.170 0.00 2,580.00 3.4 Low

 Breccia 2.58  0.001 2,580.00    

8 Soil 0.66 0.66 1.901 0.35 0.35 < 1 E. high

9 Soil 0.34 5.03 3.005 0.11 4,690.11 3.7 Low

 Breccia 1.92  0.001 1,920.00    

 Sandstone 2.77  0.001 2,770.00    

10 Soil 0.71 0.78 10.051 0.07 70.07 1.8 High

 Breccia 0.07  0.001 70.00    

11 Soil 1.87 1.87 2.726 0.69 0.69 < 1 E. high

12 Soil 0.44 6.10 9.504 0.05 5,660.05 3.8 Low

 Breccia 5.66  0.001 5,660.00    

13 Soil 0.09 0.26 2.419 0.04 170.04 2.2 Moderate

 Breccia 0.17  0.001 170.00    

14 Soil 1.14 2.52 16.214 0.07 1,380.07 3.1 Low

 Sandstone 1.38  0.001 1,380.00    

15 Soil 1.16 1.58 0.778 1.49 421.49 2.6 Moderate

 Claystone 0.42  0.001 420.00    

16 Soil 1.09 2.30 6.307 0.17 1,210.17 3.1 Low

 Sandstone 0.88  0.001 880.00    
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 Claystone 0.33  0.001 330.00    

17 Soil 0.16 2.62 1.123 0.14 2,460.14 3.4 Low

 Sandstone 1.68  0.001 1,680.00    

 Breccia 0.78  0.001 780.00    

18 Soil 0.57 0.57 4.694 0.12 0.12 < 1 E. high

19 Soil 0.72 6.95 7.382 0.10 6,230.10 3.8 Low

 Breccia 0.95  0.001 950.00    

 Sandstone 5.28  0.001 5,280.00    

20 Soil 0.84 0.84 10.282 0.08 0.08 < 1 E. high

21 Soil 0.21 3.44 6.696 0.03 3,230.03 3.5 Low

 Breccia 3.23  0.001 3,230.00    

22 Soil 0.90 1.00 1.210 0.74 100.74 2 High

 Breccia 0.10  0.001 100.00    

23 Soil 0.19 2.38 15.034 0.01 2,190.01 3.3 Low

 Sandstone 2.19  0.001 2,190.00    

24 Soil 1.01 1.45 4.051 0.25 440.25 2.6 Moderate

 Claystone 0.34  0.001 340.00    

 Breccia 0.10  0.001 100.00    

25 Soil 0.37 0.77 1.018 1.02 401.02 2.6 Moderate

 Sandstone 0.40  0.001 400.00    

26 Soil 1.57 6.58 1.382 1.14 5,011.14 3.7 Low

 Breccia 1.16  0.001 1,160.00    

 Sandstone 2.93  0.001 2,930.00    

 Breccia 0.92  0.001 920.00    

27 Soil 0.40 6.63 9.792 0.04 6,230.04 3.8 Low

 Sandstone 2.10  0.001 2,100.00    

 Breccia 4.13  0.001 4,130.00    

28 Soil 0.60 2.84 2.592 0.23 2,240.23 3.4 Low

 Claystone 2.24  0.001 2,240.00    

29 Soil 0.10 1.30 9.302 0.01 1,200.01 3.1 Low

 Sandstone 1.20  0.001 1,200.00    

30 Soil 0.30 1.02 7.171 0.04 720.04 2.9 Moderate

 Claystone 0.30  0.001 300.00    

 Sandstone 0.42  0.001 420.00    

31 Soil 1.99 1.99 8.986 0.22 0.22 < 1 E. high

32 Soil 1.60 1.64 4.781 0.33 40.33 1.6 High

 Claystone 0.04  0.001 40.00    

33 Soil 1.20 4.40 0.651 1.84 3,201.84 3.5 Low

 Sandstone 3.20  0.001 3,200.00    

34 Soil 0.40 2.77 5.098 0.08 2,370.08 3.4 Low

 Claystone 0.40  0.001 400.00    

Table 2. Continued.
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covering three regional rock formations, namely the 
Tapak Formation, Alluvium and Slamet Volcano Lahar 
Deposits. Land use is dominated by residential and 
agricultural areas. The lithological resistivity values 
of geoelectrical measurements ranged from 1.4-640.5 
ohm.m. The type of lithology is interpreted based on 
the resistivity value at each depth. Resistivity with a 
range of values between 1.4-384.7; 0.8-65.6; 10.2-37.3; 
and 33.2-764.7 ohm.m is interpreted as soil, claystone, 
sandstone, and breccia. The lithology resistivity value 
intervals are as shown in Table 3. 

The upper and lower limits of the resistivity value of 
each particular lithology are not necessarily the same. 
Lithological changes above and below it are based on 
significant changes in resistivity values. From direct 
field observations, the topmost part of all locations 
was identified as soil. Soil resistivity values and other 

lithologies in all locations vary, depending on several 
factors. The results of the interpretation of lithological 
types from this geoelectric data will be used to estimate 
the hydraulic conductivity parameters in calculating  

Table 2. Continued.

 Sandstone 1.97  0.001 1,970.00    

35 Soil 0.60 2.45 5.443 0.11 1,850.11 3.3 Low

 Claystone 1.85  0.001 1,850.00    

36 Soil 0.60 4.57 13.306 0.05 3,970.05 3.6 Low

 Claystone 1.20  0.001 1,200.00    

 Sandstone 2.77  0.001 2,770.00    

37 Soil 1.00 4.71 1.152 0.87 3,710.87 3.6 Low

 Claystone 1.70  0.001 1,700.00    

 Breccia 2.01  0.001 2,010.00    

38 Soil 1.00 1.16 5.011 0.20 160.20 2.2 Moderate

 Breccia 0.16  0.001 160.00    

39 Soil 0.30 4.38 1.469 0.20 4,080.20 3.6 Low

 Breccia 2.40  0.001 2,400.00    

 Claystone 1.68  0.001 1,680.00    

40 Soil 0.90 6.10 0.769 1.17 5,201.17 3.7 Low

 Sandstone 4.10  0.001 4,100.00    

 Claystone 1.10  0.001 1,100.00    

41 Soil 0.30 1.02 4.982 0.06 720.06 2.9 Low

 Sandstone 0.72  0.001 720.00    

42 Soil   8.064 0.10 13,700.10 2.9* Low*

 Claystone   0.001 5,400.00    

 Sandstone   0.001 8,300.00    

Note: 
Litho: lithology above groundwater level
GL: Groundwater level from surface or unsaturated zone (m)
K: infiltration rate for soil or hydraulic conductivity for lithology (meter/day)
c: hydraulic resistance
AVI: aquifer vulnerabilty index
*: there is no ground water level measurement data, log c and AVI levels are obtained from interpolation with other nearest location 
calculations

Table 3. Summary of the lithological resistivity value interval of 
the study site.

No. Lithology Resistivity (ohm.m)

  Lowest Highest

1 Soil 1.4 384.7

2 Claystone 0.8 10

3 Sandstone 10.19 37.3

4 Breccia 33.19 764.7
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the groundwater vulnerability level using the AVI 
method, as shown in Table 2 and Fig. 6.

Groundwater Infiltration Rate

On the surface, almost all of the measurement 
locations are soil that is the result of weathering of 
previous lithology. Infiltration rate measurements 
were carried out on 13 June - 24 August 2021.  
In general, the research locations are residential, 
gardens and agricultural land. Measurements were 
made at locations where lithology conditions were still 
natural. Measurement of infiltration until it reaches  
a constant rate between 90-240 minutes with an average 
measurement time of 131 minutes.

The infiltration rate at the study site ranges from  
0.8-18.8 x 10-5 meters/second (or 0.7-16.2 meters/day),
with an average of 6.6 x 10-5 meters/second or 
5.7 meters/day. Those interval and average values of 
the infiltration rate are slow infiltration rate type [21]. 
The infiltration rate in the northern part is composed of 
soil lithology resulting from weathering of lahars and 
alluvium of 0.9-18.8 and 1.2-17.4 x 10-5 meters/second. 
The soil from weathering Tertiary sedimentary rocks  
in the southern part has an infiltration rate of  
0.8-9.3 x 10-5 meters/second. The rate of soil infiltration 
in all research locations is slightly higher (0.8-18.8  
x 10-5 meters/second) than the rate of soil infiltration 
at several other research locations previously, ranging 
between 0.06-5.2 x 10-5 meters/second [22-24]. 
The infiltration rate in the soil from weathering of the 
Tertiary sedimentary rocks of the Tapak Formation 
is lower than the infiltration rate in the soil from the 
Quaternary lithology of Slamet Volcanic Lahar Deposits 
and Alluvium. This soil infiltration rate or lithological 
hydraulic conductivity will be used as the K value  
(or hydraulic conductivity) in the calculation of the AVI 
level (Table 2). Meanwhile, the K value for lithology 
located under the soil uses the K value based on previous 
studies, as shown in Table 4 [18].

Aquifer Vulnerability Index (AVI)

The DEM (digital elevation model) map shows that 
the elevation of the research site is generally a plain, 
the further North the elevation is higher (Geospatial 
Information Agency, 2020). The lowest point is located 
in the center (68 m) and the highest point is in the 
North (162 m) of the study site. Resistivity data and 
lithological interpretation from 42 measurement points 
are presented in Table 2. The depth of the groundwater 
table (results from measurements of resident wells 
in the field) and the thickness of the unsaturated zone  
at each measurement location (d) are shown in Table 2. 
The value of hydraulic conductivity (K) calculated from 
soil infiltration rate measurement data and interpretation 
of lithological types from geoelectric data is presented 
in Table 2.

The AVI method is one of the popular methods 
for assessing groundwater vulnerability in an area 
in addition to other methods [25]. The Aquifer 
Vulnerability Index (AVI) of the study sites varied from 
low, moderate, high to extremely high (Table 2). Several 
locations are acquired to have extremely high AVI 
values (or log c less than 1), at locations 1, 8, 11, 18, 20 
and 31. In the field, these locations are in the areas of 
North, East and West of Purwokerto. It is known that 
these locations (which have extremely high groundwater 
vulnerability of AVI) have a relatively low to moderate 
depth of groundwater table from the surface (less than  
5 meters) (Fig. 3). 

The AVI values were interpolated using several 
methods to obtain the best AVI map. The AVI map 
resulting from the interpolation of the kriging and 
spline methods did not match the data obtained from 
the AVI calculation. Meanwhile, the map resulting from 
the interpolation of the natural neighbor method did 
not cover several locations. The RMSE values of the 
IDW, kriging, natural neighbor, and spline interpolation 
methods were 0.003, 0.577, 0.071, and 0.039 m, 
respectively. Thus, the IDW interpolation method was 
used to generate the AVI map (Fig. 6). Several previous 

Table 4. Values of hydraulic conductivity of some sediments [18].

Sediment type Hydraulic conductivity (m/d)

Gravel 1,000

Sand 10

Silty sand 1

Silt 0.1

Fractured till, clay or shale (0-5 m from ground surface) 0.001

Fractured till, clay or shale (5-10 m from ground surface) 0.0001

Fractured till, clay or shale (10 m from ground surface, but weather based on 
colour, brown or yellow) 0.0001

Sand-silt-clay (massive or mixed) 0.00001

Massive till or mixed sand-silt-clay 0.000001
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studies have shown that the IDW method is better than 
other interpolation methods [26, 27].

Location 1 has a relatively moderate groundwater 
table level (4.7 meters) and has a high soil infiltration 
rate (Fig. 3). Calculation of AVI was calculated using 
the parameters of the unsaturated zone, the thickness 
of each layer of sediment above the groundwater table 
(d) and the estimated value of the hydraulic conductivity 
of each layer (c). These parameters were compiled 
and calculated from measurements of infiltration 
rate, groundwater level and geoelectric surveys. Each 
parameter values   and the calculations of the AVI level 
are presented in Table 2.

Maps of groundwater table depth, infiltration rate, 
and AVI (Figs 3, 5, and 6) do not show a distribution 
pattern that is similar and consistent with the geological 
map (Fig. 2). This is because the measurement of 
these parameters (groundwater table depth, infiltration 
rate, and AVI level) is carried out on the soil resulting 
from the weathering of previous rocks, not just rock 
formations based on the geological map. While the 
geological map describes the distribution of rocks, 

the soil characteristics resulting from weathering of 
bedrock can be different from the bedrock itself. The 
area of Indonesia which has a tropical climate, with high 
rainfall and sunshine all the time allows high levels of 
weathering and soil formation.

The weathering rate tends to be high on the surface 
of the Earth. The deeper the rock formation, the lower 
weathering rate hence it has similar characteristics  
to the original lithology or bedrock. Weathered 
lithology will have different characteristics than the 
original character of the original or fresh rock before 
weathering occurs, including porosity and infiltration 
rate. The two systems (soil and rock) will have different 
hydraulic conductivity characters or infiltration rates. 
Thus, allowing the formation of shallow aquifers  
in the weathering zone in the form of soil due to the 
greater lithological or soil porosity than the original 
rock.

The northern part of Purwokerto which is composed 
of volcanic rock lithology of lahar deposits at several 
points has various infiltration rates and AVI level, 
ranging from low to extremely high. This is possible 

Fig. 3. Groundwater table map which measured from the ground surface (m).
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because the lahar lithology has varying components, 
so is the level of weathering. A high weathering rate 
in the lahar matrix will result in a high infiltration rate 
and vice versa. A Low level of weathering in the lahar 
fragments will result in a low infiltration rate. To the 
East of Purwokerto, almost the same as AVI level that 
occurs in lithology or soils resulting from weathering 
of lahars, in alluvium lithology or soils resulting 
from weathering of alluvium also has AVI levels that 

vary from low to extremely high. The proportion of 
areas in alluvial lithology that have a extremely high 
level of AVI is smaller than that in lahar lithology or 
weathered soils (Figs 2 and 6). Alluvium lithology and 
weathered soil Alluvium which is composed of various 
components and is heterogeneous with varying degrees 
of weathering, and allow the various levels of AVI as 
well. This condition was not found in locations of the 
Tertiary sedimentary rock (Tapak Formation) and soil 

Fig. 4. Groundwater table map which measured from sea level (m).

Table 5. Comparison of soil infiltration rate values in several studies [22-24].

  Infiltration rates  

No. Infiltration rates (meter/second) References

  *10 -5  

1 0.05-30 m/day 0.058 - 34.7 (Kirkham, 2005) [22]

2 2.4 - 3.4 m/day 2.78 - 4.0 (Bagarello et al, 2017) [23]

3 4.48 - 3.31 m/day 3.83 - 5.19 (Fu et al, 2021) [24]

4 0.7 - 16.2 m/day 0.8 - 18.8 (Purwokerto, 2022, in this study)
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resulting from weathering of the lithology which is more 
homogeneous.

The study on the vulnerability of groundwater 
aquifers have been carried out in Semarang, Indonesia 
[4]. In that study the hydraulic conductivity parameter 
used value obtained from previous studies as shown in 
Table 4. This study uses the value of the soil infiltration 
rate measured from the soil surface to the depth of the 
soil base. While the value of the hydraulic conductivity of 
the underground lithology below soil using the values of 
previous studies [18]. The hydraulic conductivity values 
in several studies and the results of measurements of soil 
infiltration rates in Purwokerto have small variations 
[22-24] (Table 5). The higher the hydraulic conductivity 
value or the infiltration rate, the greater the vulnerability 
level of the groundwater aquifer, and the easier it is for 
contaminants to enter the groundwater aquifer, hence 
the groundwater aquifer is more vulnerable. Calculation 
of AVI levels using soil infiltration rate and lithological 
hydraulic conductivity in this study provides continuous 
AVI level intervals and does not have an AVI level gap 
as happened in previous studies [4].

Locations with high to extremely high AVI degrees 
are the concerns for many parties. During the dry 
season, groundwater quality is even worse than during 
the rainy season. Better groundwater quality exists 
in the rainy season due to dilution of contaminants by 
rainwater [28].

Conclusions

Aquifer vulnerability index (AVI) of Purwokerto 
ranges from low to extremely high and is controlled 
 by the soil from weathering of the original rock.  
The level of vulnerability of AVI on the lithology of 
the Slamet Volcano Lahar Deposits and Alluvium or 
soil resulting from weathering of these lithologies are 
higher and more variable than the lithologies of the 
Tapak Formation sedimentary rock or its weathered 
soil. The variation in the level of AVI on the soil 
resulting from weathering of the Slamet Volcanic Lahar  
Deposits and Alluvium is believed due to the variations 
in the components that make up the lithology consisting 

Fig. 5. Infiltration rates map of 42 measurement sites.
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of matrix and fragments (highly heterogeneous) than 
other lithology (Tapak Formation sedimentary rock) 
that are more homogeneous. Variations in lithological 
components cause variations in the level of weathering 
which causes variations in the level of vulnerability  
of AVI. As the components of the lithology become 
more diverse, so does the degree of weathering and AVI 
level.

Acknowledgments

We would like to thank the local community and 
the local government of Purwokerto for giving us 
permission and assistance to measure groundwater 
level, geoelectricity and infiltration rate. We also thank 
our colleagues at Geological Engineering, Universitas 
Padjadjaran for their outstanding contributions in the 
process of preparing this paper.

Conflict of Interest

The authors solemnly declare that they have no 
conflict of interest. 

References

1. MALLIK S., BHOWMIK T., MISHRA U., PAUL N. Local 
Scale Groundwater Vulnerability Assessment with an 
Improved DRASTIC Model. Natural Resources Research, 
30 (3), 2145, 2021.

2. CANDRA A., FADLIN Groundwater Contamination at 
Kaliori Landfill in Purwokerto, Central Java, Indonesia. 
Teknosia, III, 23. Retrieved from https://ejournal.unib.
ac.id/teknosia/article/view/2886 2017.

3. ANWAR M.C., RUDI JANTO H.I., CAHyONO T. Pajanan 
Logam Berat (Pb) Pada Sedimen Aliran Sungai Tempat 
Pembuangan Akhir  (TPA). Jurnal Riset Kesehatan, 8, 60, 
2019.

4. PUTRANTO T.T., SANTI N., WIDIARSO D.A., 
PAMUNGKAS D. Application of Aquifer Vulnerability 
Index (AVI) Method to Assess Groundwater Vulnerability 

Fig. 6. Aquifer vulnerability index (AVI) map of Purwokerto.



Groundwater Aquifer Vulnerability Index (AVI)... 209

to Contamination in Semarang Urban Area. MATEC Web 
of Conferences, 159, 0, 2018.

5. CENTRAL BUREAU OF STATISTICS OF INDONESIA. 
Population and Population Growth Rate by District, 2010 
and 2018. Population Projection by Province, 2010-2035. 
Retrieved October 17, 2019, from https://www.bps.go.id/
statictable/2014/02/18/1274/proyeksi-penduduk-menurut-
provinsi-2010---2035.html 2019.

6. BEMMELEN V. The Geology of Indonesia. (Government 
Printing Office, Ed.) (Vol. IA, G.). Hague: Government 
Printing Office. 1949.

7. DATA AND INFORMATION CENTER OF THE 
INDONESIAN MINISTRy OF ENERGy AND 
MINERAL RESOURCES. Geological Map of Indonesia, 
Scale 1:50000. One Map Indonesia, Ministry of Energy 
and Mineral Resources of Indonesia. Retrieved July 18, 
2022, from https://geoportal.esdm.go.id/geologi/ 2017.

8. MINISTRy OF ENERGy AND MINERAL 
RESOURCES OF INDONESIA. Minister of Energy and 
Mineral Resources Regulation No. 02 of 2017 concerning 
Groundwater Basin in Indonesia. Retrieved July 19, 2022, 
from https://jdih.esdm.go.id/index.php/web/result/1612/
detail 2017.

9. DATA AND INFORMATION CENTER OF THE 
INDONESIAN MINISTRy OF ENERGy AND 
MINERAL RESOURCES. Groundwater Aquifer 
Productivity Map. One Map Indonesia, Ministry of Energy 
and Mineral Resources of Indonesia. Retrieved July 19, 
2022, from https://geoportal.esdm.go.id/geologi/ 2017.

10. UMAR N.D., IDRIS I.G., ABDULLAHI A. Groundwater 
Level Fluctuation in Response to Climatic Variation 
and its Geotechnical Implication in Part of Awgu Shale, 
Central Benue Trough, Nigeria. International Journal of 
Advanced Geosciences. 2018.

11. KUMAR S., SINGH S., KALE R.V., GHOSH N.C., 
SONKUSARE M.M., CHANDNIHA S.K. Spatio-
Temporal Variation and Trend Analysis of Groundwater 
Level in Raipur City, Chhattisgarh. In P. Sing, Vijay, 
S. yadav, & R. N. yadava (Eds.), Groundwater, Water 
Science and Technology Library (pp. 31–39). Singapore: 
Springer. 2018.

12. EKANEM A.M., GEORGE N.J., THOMAS J.E., 
NATHANIEL E.U. Empirical Relations Between Aquifer 
Geohydraulic-Geoelectric Properties Derived from 
Surficial Resistivity Measurements in Parts of Akwa Ibom 
State, Southern Nigeria. Natural Resources Research, 29 
(4), 2635, 2020.

13. OCTOVA A., MUJI A.S., RAEIS M., PUTRA R.R. 
Identification of Aquifer using Geoelectrical Resistivity 
Method with Schlumberger Array in Koto Panjang Area, 
Nagari Tigo Jangko, Lintau Buo Sub-District, Tanah Datar 
Regency. Journal of Physics: Conference Series, 1185 (1), 
012009, 2019.

14. BROUWER C., PRINS K., KAy M., HEIBLOEM M. 
Infiltration rate and infiltration test. Irrigation Water 
Management: Irrigation Methods. Retrieved October 12, 
2021, from https://www.fao.org/3/s8684E/s8684e0a.htm 
2021.

15. JANAH E.N., ARSyAD U., BACHTIAR B., SOMA A.S., 
WAHyUNI NURDIN P.F. Infiltration rate in variuos 
landcover type in Bakka Sub-Watershed. IOP Conference 
Series: Earth and Environmental Science, 870, 2021.

16. JABBAR D.N., ALI A.R., ABOOD K.F., MAIMURI 
N.M.L. AL, HUSSEIN A.A., ALI I.A.M., HUSSEIN 
A.M. Hydraulic conductivity determination by infiltration 
models in unsaturated soils overlying shallow groundwater 
regimes. Arabian Journal of Geosciences, 14. 2021.

17. NATIONAL STANDARDIZATION AGENCy OF 
INDONESIA. Procedure for measuring soil infiltration 
rate in the field using a double ring infiltrometer  (SNI 
7752:2012). Jakarta, Indonesia. 2000.

18. STEMPVOORT D. VAN, EWERT L., WASSENAAR L. 
Aquifer Vulnerability Index: A Gis - Compatible Method 
for Groundwater Vulnerability Mapping. Canadian Water 
Resources Journal, 18 (1), 25, 1992.

19. GEORGE N.J. Integrating hydrogeological and second-
order geo-electric indices in groundwater vulnerability 
mapping: A case study of alluvial environments. Applied 
Water Science, 11, 2021.

20. PUTRANTO T.T., yUSRIZAL M.B.S. Determining the 
groundwater vulnerability using the aquifer vulnerability 
index  (AVI) in the Salatiga groundwater basin in 
Indonesia. In AIP Conference Proceedings (Vol. 2021, pp. 
030016-1-030016–8). AIP Publishing LLC AIP Publishing. 
2018.

21. SCHERER T.F., SEELIG B., FRANZEN D. Soil, Water 
and Plant Characteristics Important to Irrigation - 
Publications. North Dakota. Retrieved from https://www.
ag.ndsu.edu/publications/crops/soil-water-and-plant-
characteristics-important-to-irrigation 1996.

22. KIRKHAM M.B. Water Movement in Saturated Soil. In 
K. D. Sonnack  (Ed.), Principles of Soil and Plant Water 
Relations (pp. 85-100). Manhattan, Kansas: Elsevier. 2005.

23. BAGARELLO V., DI PRIMA S., IOVINO M. Estimating 
saturated soil hydraulic conductivity by the near steady-
state phase of a Beerkan infiltration test. Geoderma, 303, 
70, 2017.

24. FU T., GAO H., LIANG H., LIU J. Controlling factors of 
soil saturated hydraulic conductivity in Taihang Mountain 
Region, northern China. Geoderma Regional, 26, e00417, 
2021.

25. ATOUI M., AGOUBI B. Assessment of groundwater 
vulnerability and pollution risk using AVI, SPI, and 
RGPI indexes: applied to southern Gabes aquifer system, 
Tunisia. Environmental Science and Pollution Research, 
29 (33), 50881, 2022.

26. KHOUNI I., LOUHICHI G., GHRABI A. Use of GIS 
based Inverse Distance Weighted interpolation to assess 
surface water quality: Case of Wadi El Bey, Tunisia. 
Environmental Technology & Innovation, 24, 101892, 
2021.

27. GONG G., MATTEVADA S., O’BRyANT S.E. 
Comparison of the accuracy of kriging and IDW 
interpolations in estimating groundwater arsenic 
concentrations in Texas. Environmental Research, 130, 59, 
2014.

28. VENKATESAN G., SUBRAMANI T., SATHyA U., ROy 
P.D. Seasonal changes in groundwater composition in an 
industrial center of south India and quality evaluation for 
consumption and health risk using geospatial methods. 
Geochemistry, 80 (4), 125651, 2020.


