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Abstract. One of the negative impacts of settlements and urbanization is the decline in groundwater
quality. In maintaining the sustainability of groundwater for a long period of time, a special study is needed,
which can be done by examining groundwater vulnerability. The alluvial plain of Semarang City currently
faces environmental problems such as degradation of groundwater quality which is the negative impact of
the settlement, The purpose of this study was to examine groundwater vulnerability in the alluvial plain
area of Semarang City. The Susceptibility Index method is using a spatial analysis tool based on rating and
weighting value of some parameters, i.e. Depth of groundwater, recharge, aquifer media, slope, and land
use. The result of this research reveals that about 41.3% area is covered under the high vulnerable zone,
50.3% area under moderately vulnerable zone and 8.4% area under the low vulnerable zone. 7 sub districts
namely Tugu, Semarang Barat, Semarang Utara, Semarang Timur, Gayamsari, Pedurungan and Genuk,
most of which are in the high vulnerability zone. Whereas the Ngaliyan, Semarang Selatan, Semarang
Tengah, Candisari, and Gajah Mungkur, which are mostly in the low to moderate vulnerability zones.
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1 Introduction

Water is an important part of natural resources which has
unique characteristics compared to other resources
because water is renewable and dynamic. Because
groundwater is one component in the circulation of water
on the earth or the hydrological cycle, so groundwater
can be renewed, but groundwater resources cannot
necessarily be exploited without limits.

Groundwater is the largest use of freshwater
resources by humans because the presence of
groundwater is very abundant, easy to reach and good
quality is one factor in the high interest of humans to
make groundwater as one source of clean water.
Groundwater is the most extracted resource in the world
with an estimated extraction rate of 982 km® /year [1]. In
the area studied, groundwater is a very important
resource because it is used to meet household,
agricultural and industrial needs [2]. The main cause of
world environmental problems today is from
industrialization [3]. The development of the industry
into an industrial revolution 4.0 will certainly have an
impact on environmental quality, especially the use of
groundwater [4]. As the most sought after water source,
it is necessary to be careful in managing and utilizing
groundwater.

Semarang City, which is on the main route point of
the North Coast of Java Island, has made this city highly
developed for industrial, trade and service activities [5].
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The number of residents living in the urban area of
Semarang City has reached 50% in the past 2010 and
reached 60% in 2025 [6]. Semarang has potential
hazards unlike other cities [7]. It is predicted that in the
year 2030, the city of Semarang will experience a water
crisis, this is due to the need for clean water by the
industrial sector in 2010 around 90% of the water is
taken from groundwater [8].

In maintaining the sustainability of groundwater for a
long period of time, a special study is needed for the
quantity and quality, one of the efforts in maintaining the
potential and quality of ground water is by examining
groundwater vulnerability [9]. The vulnerability of
groundwater is generally formulated as an intrinsic
influence [10]. The vulnerability of groundwater is the
level of wvulnerability of groundwater based on
hydrogeological conditions. Vulnerability of
Groundwater can be easily informed through the image
media, namely map of groundwater vulnerability [11].
Groundwater vulnerability assessment is a tool that is
able to guide land use planning decisions and to focus
resources where they can be used most efficiently [12].

The basic concept of groundwater vulnerability is the
greater or not the ability of rocks to be able to prevent
the entry of groundwater contamination in a location.
The water unsaturated zone above the aquifer is very
influential in reducing the concentration of pollutants
that will enter the aquifer [13]. The study of groundwater
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vulnerability is necessary in order to protect groundwater
both in quantity and quality [14].

The purpose of this study is to examine the
groundwater vulnerability zone on the alluvial plains of
Semarang city with the geospatial approach and the
Susceptibility Index (SI) method. SI which is the result
of the development of the DRASTIC [15] method by
[16] and from the results of [9], because the study proves
that combining land use parameter in calculating
vulnerability indexes can strengthen groundwater
vulnerability assessment. Because land use can describe
human activities such as excessive exploitation of
groundwater, agriculture, and industry [17].

2 Study Area

The location of the research belongs to the administrator
of Semarang Municipality with an area of 115.75 km?.
Geographically located in 6°55° — 7°00° Latitude and
110°17” — 110°30 Longitude (Fig. 1). It is located in the
alluvial plain of Semarang City and covering 17 sub-
districts, namely Semarang Utara, Tugu, Semarang
Tengah, Pedurungan, Genuk, Semarang Barat,
Gayamsari, Semarang Timur, Gajah Mungkur,
Candisari, Ngaliyan, and Semarang Selatan.
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Fig 1. Study Area Map

3 Research Method

Stages of data processing using the geospatial method in
this study to delineate the value of groundwater
vulnerability based on several parameter maps
combined. Actually many data concerning groundwater
quality are required to identify groundwater [18]. In this
case, the research uses the Susceptibility Index (SI)
method developed by Ribeiro [16] and Stigter [9] which
is adapted by Riyanto [14]. The parameters used to
assess groundwater vulnerability are as follows:

1. Depth of Water Table (D)

2. Recharge (R)

3. Aquifer Media (A)

4. Slope (T)

5. Land Use (LU)

Each parameter has an effect in the assessment of

groundwater vulnerability which is distinguished by the

weight value. Parameters that have the highest weight
value determine the level of groundwater vulnerability.
The following are the weight values for each parameter
according to those listed in Table 1.

Table 1. Weight of the Susceptibility Index parameter

No Parameter Weight
1 Depth of Water Table (D) 0.186
2 Recharge (R) 0.212
3 Aquifer Media (A) 0.259
4 Slope (T) 0.121
5 Land Use (LU) 0.222

While the ranking of each parameter is distinguished
based on the rating of groundwater vulnerability, the
classification of water table depth in Table 2 shows that
the deeper the water table, the lower the potential for
contamination.

Table 2. Classification of Depth Water Table

No Depth Of Water Table Rating
(meter)
1 <1.5 100
2 1.5-4.6 90
3 4.6-9.1 70
4 9.1-15.2 50
5 15.2-22.9 30
6 22.9-30.5 20
7 >30.5 10

The groundwater recharge classification in Table 3
shows that the smaller the groundwater infill, the lower
the potential for pollutants to enter the groundwater.

Table 3. Classification of Recharge

No Recharge (mm) Rating
1 <51 10
2 51-102 30
3 102-178 60
4 178-254 80
5 >254 90

The classification of groundwater aquifer media in
Table 4 shows that if it gets higher the porous nature the
higher the potential for pollutants to enter the
groundwater.

Table 4. Classification of Aquifer Media

No Aquifer Media Rating
1 | Metamorphic/Igneous 40
2 | Sand 80

Slope classification based on the slope class in Table
5 shows that the lower of the slope class the higher
possibility for pollutants to enter the groundwater.
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Table 5. Classification of Slope

No Slope (%) Rating
1 <2 100
2 2-6 90
3 6-12 50
4 12-18 30
5 >18 10

Land use classification in Table 6 shows the rank
level of land wuse in influencing groundwater
vulnerability. Human activities that have the potential to
influence the condition of groundwater must be
considered [19]. Land use is characterized by activities
carried out by the community in certain types of land
cover according to their activities [20].

Table 6. Classification of Land use

No Land use Rating

1 | Industry 100
Paddy fields and annual crops 90

3 | Seaport 80

4 Train station, offices area commercial 75
activity, laid out green spaces

5 | Plantation 70

6 | Discontinuous urban areas 70

7 | Forest 0

8 | Water bodies 0

Processing of groundwater susceptibility was carried
out by overlay using Arcgis 10.2 software to be mapped
from the parameters of land use, slope, aquifer media,
groundwater recharge, and groundwater depth which
then multiplied the scores and weights according to
Table 1, namely with the equation as follows:

SI=0.186xD+0.212xR+0.259x A+ 0.121
xT+0222xLU

(1

The ratings are distributed in each class which is
related to the level of SI range from "high" to "low" as
shown in Table 7.

Table 7. Susceptibility Index

No SI Vulnerability
1 36-53 Low
54-71 Moderate
3 72-89 High

4 Results and Discussion

4.1 Results
4.1.1 Depth of Water Table

The collection of groundwater depth data is carried out
by measuring directly in the field. Measurements are
made using a measuring tape. The technique of
measuring groundwater depth is carried out by

calculating from the ground to groundwater. Average
values into groundwater are input into the Arcgis to be
mapped. Based on the results of measurements in the
field, it was found that the groundwater level in the

alluvial plain of the

Semarang,

there

were

7

classifications of groundwater level as illustrated in

Fig.2.
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Fig 2. Depth of Water Table Map

As shown in the map, it can be explained that there
are 7 classes of groundwater depth, shallow depths of
groundwater starting from areas close to the sea while

the deepest cover higher

areas.

Based

on

the

classification shown in Table 2, shallow areas have the
highest rating compared to deeper areas, because the
factor of the deeper the groundwater then the possibility

for contamination is lower.

4.1.2 Recharge

To find out the amount of groundwater recharge, rainfall
data is needed and then calculate the recharge based on
the formula. The rainfall data that is from Central
Agency on Statistics Semarang Municipality from the
year 2012-2017. After the recharge data has been
calculated for the next stage map it using Arcgis as

shown Fig.3.
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Fig 3. Recharge Map
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4.1.3 Aquifer Media

Because aquifer media will not change overtime, the
aquifer media data can use from previous research,
aquifer media in alluvial plains of Semarang city can be
seen in Fig.4.
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Fig 4. Aquifer Media
4.1.4 Slope

Slope data collection came from DEM. Slope data
processing is carried out using Arcgis. The next stage of
the slope is classified according to table 5. Slope analysis
is based on the slope class. The lower the slope class the
higher the potential for pollutants to enter the
groundwater system, the slope in alluvial plains of
Semarang city can be seen in Fig.5.
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Fig 5. Slope Map

4.1.5 Land use

Land use data collection comes from updated agency
data using the Google Earth image. The processing of
land use data is done using Arcgis for its classification.
Land use is given a score and weight according to Table
7. Analysis of land use is based on the highest score and
weight. Land use in alluvial plains of Semarang city can
be seen in Fig.6.
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4.1.6 Susceptibility Index

After all maps have been given scores and weights in the
Arcgis application by using the weighted overlay tool,
we can calculate the SI, the SI map on the alluvial plain
of Semarang city can be seen in the following Fig. 7.
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Fig 7. Vulnerability Index Map

The results of the overlay index obtained 3
classifications of vulnerabilities, namely low, medium
and high. The area that has a high vulnerability is
(4749.78 Ha), moderate (5788.79 Ha), and low (963.75
Ha). Areas that were in the high vulnerability zone is
41.3% of the total study area, while the areas included in
the moderate vulnerability classification included 50.3%,
and areas with low vulnerability classification included
8.4% of the entire study area.

4.2 Discussion

This study is a comprehensive effort to identify the
vulnerability of groundwater in the alluvial plains of
Semarang city which are at risk of being contaminated
from population and industrial waste, to face the 4.0
industrial revolution, the study of groundwater
vulnerability is very necessary, especially to determine
industrial estate planning in urban areas. Semarang City
as an economic center in the province of Central Java
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certainly needs this study to maintain the environmental
sustainability. The densely populated city of Semarang,
especially in the alluvial plains, was chosen for the case
study. It is clear that the vulnerability assessment of
groundwater is very important in sustainable
groundwater resources [20]. In this context, the
Susceptibility Index (SI) method is considered an easy-
to-use and comprehensive tool in the GIS Environment
to identify the groundwater vulnerability in certain
locations by spatial integration with various map layers.
The Susceptibility Index (SI) method is considered to
have been able for researchers to know about the
vulnerability of groundwater by using parameters that
are less than the other methods of groundwater
vulnerability.

5 Conclusion

Based on the results of the study on the alluvial plains
area of Semarang city, 7 Subdistricts namely Tugu, West
Semarang, North Semarang, East Semarang, Gayamsari,
Pedurungan and Genuk, most of them are in the high
vulnerability zone. Whereas the Ngaliyan, South
Semarang, Central Semarang, Candisari, and Gajah
Mungkur, which are mostly in the low to moderate
vulnerability zones. This shows that dense residential
areas are zones where groundwater vulnerability is high,
while areas that are natural areas such as forest and water
areas are areas that have low groundwater vulnerability.
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