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Abstract - A groundwater study has been conducted  in the Semarang City in August 2014, aiming to determine the 

source of shallow groundwater salinization using stable isotopes (18O, 2H) and water chemistry approach, and supported 

by local hydrogeological data. A number of shallow groundwater samples were taken at several locations with a 

depth of 0 - 35 m. Based on geological data, shallow groundwater of Semarang alluvium is dominated by insertion 

of sand-gravel and sandy-clay with average porosity of around 56.0 %. This layer is thinning towards the south and 

then increasingly thickening to the north and north-east of the studied area. The results of the analyses show that the 

characteristics of shallow groundwater, i.e. approximately 51% of groundwater, still have the original composition 

as meteoric water and the remaining approximately 49% obtained a shift in the isotopic composition as caused by 

interaction with seawater and the little influence of evaporation. The results of chemical analysis of water indicates 
that in dry seasons, shallow groundwater aquifers in the Semarang City is dominated by chloride (Cl-) with NaCl of 

water type. While the parameters of bicarbonate, chloride, and Na/Cl ratio, shallow groundwater can be classified 
into two groups, namely unintruded groundwater around 51% spread from the foot hills to the south towards the hills 

with elevations of 9 - 142 m above sea level and intruded groundwater around 49% spread from the coastline to the 

urban direction.

Keywords: stable isotopes, hydrochemistry, salinization, shallow groundwater, alluvium, Semarang

© IJOG - 2017. All right reserved

Introduction 

Semarang is a developing city that evolved 

from an old residential place built above allu-

vial deposits. Recently, Semarang grows rapidly 

and becomes a province capital city and one of 

important cities in Indonesia (Wardhana et al., 

2014). The industrial growth as well as business 

and trading growth in Semarang have influenced 

the need of clean water, which mainly depends on 

groundwater supply (Irham et al., 2006; Katrina-

via et al., 2015). Most of residents in Semarang 

plain utilizes shallow groundwater taken from 3 

- 18 m below the ground level, while the residents 

in higher elevation utilize shallow groundwater 

taken from 20 - 40 m below ground level (BPS 

Kota Semarang, 2009). Due to high rate ground-

water extraction, Semarang City experiences land 
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subsidence up to 19 cm/year (Abidin et al., 2012) 

that leads to extensive coastal flooding (rob, in 
local language).

Another effect of excessive groundwater 

extraction is seawater intrusion (Mas-Pla et 

al., 2013) which leads to groundwater saliniza-

tion. In recent years, increasing phenomena of 

groundwater salinization were found in several 

locations in Semarang area, mainly in residential 

areas and several industrial areas in the northern 

part, i.e. North Semarang, Central Semarang, 

and Gayamsari. This increasing salinization is 

monitored from several shallow dug wells and 

deep wells scattered around the city. Recently, 

a salinization phenomenon is estimated to reach 

4 km inland from the coastline (Suhartono et 

al., 2015). 

Salinity is commonly defined as the weight 
of inorganic ions (gram) dissolved in 1 kg of 

water (Gat, 2010). Salinization is one of several 

factors that lead to the decrease of groundwater 

quality. This process can be identified using 
several techniques such as water chemistry and 

isotopic tracer of studied groundwater (Han et 

al., 2011; Gassama et al., 2012). Water chemistry 

can be used to classify groundwater type and 

distribution of salinization using Piper diagram 

and chloride-bicarbonate ratio (Chekirbane et al., 

2013; Wen et al., 2012). While water stable iso-

tope content (18O and 2H) can be used to infer the 

origin and genesis of groundwater (Mook, 2000).

Hydrogeology of Semarang

According to Sudaryanto and Wibawa (2003), 

the landscape of Semarang City consists of coastal 

plain and hilly area between 0 - 270 m above sea 

level (Figure 1). The morphology of coastal plain 

area is about 0 - 50 m above sea level, spreading 

from Kendal coastal area in the west, and Sema-

rang and Demak in the east. This morphology is 

covered with alluvium deposit consisting of river 

deposit, Garang delta deposit, and coastal deposit 

(Sudaryanto and Wibawa, 2013). Generally, the 

coastal area is composed of clays and sands with 

typical thickness of about 50 m. While river and 

lake deposits are composed of gravels, pebbles, 

sands, and silts with typical thickness of about 

1 - 3 m (Mamlucky and Dadi, 2007).

Based on geology and its formation, the 

groundwater system in Semarang City area is 

divided into two groundwater systems as follow 

(Marsudi, 2001):

Lower Plain Aquifer

This aquifer consists of an unconfined aquifer 
with the depth of 5 - 30 m below ground level and 

a confined aquifer composed of Delta Garang 
and Damar Formation aquifers. The depths of 

both aquifers are about 30 - 130 m below ground 

level and semiconfined to confined in nature. The 
lithology of the main aquifer in Delta Garang 

Formation mainly consists of medium- to coarse-

Figure 1. Hydrogeological cross-section of Ungaran-Semarang area (Taufiq, 2010).
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grained sandstone or conglomerates. While main 

aquifer of Damar Formation comprises conglom-

erates and tuffaceous sandstone overlain by an 

impermeable layer of clay, tuff, and breccias 

(Mamlucky and Dadi, 2007).

Aquifer in Hilly Area

There are two aquifers in the hilly area of 

Semarang. The first one is unconfined aquifer, i.e. 

located at Notopuro Formation and Old Ungaran 

Formation. The water table in these formations 

is about 8 - 15 m below the ground level with the 

thickness of around 10 - 30 m. However at some 

locations, the water table could reach 20 m depth, 

while in other locations the groundwater emerges 

at surface as springs. The second is confined 
aquifer which consists of volcanic sands, volcanic 

breccias, and conglomerates form Damar Forma-

tion that spread across the hilly area. This aquifer 

is normally found between 30 - 150 m below the 

ground level.

Sriyono et al. (2010) conducted a hydrostratig-

raphy study using the geo-electrical method to 

find out the stratification of rock and aquifer-
forming materials. The study was done in seven 

locations in Semarang, i.e. Tanah Mas, Tawang 

Mas, Masjid Agung, East Semarang, Pekunden, 

Perum Penerbad, and Polsek Sembar. The similar 

study was also done by Sophian (2002) using 

three deep boreholes in Semarang, i.e. Tawang 

Sari, Distamben, and Poncol Stations. Based on 

those studies, the shallow aquifer of Semarang 

City consists of sand-pebbles and sand-clays with 

the average porosity of 55.95% and situated 0.5 

- 16 m below the ground level.

Materials and Methods

Stable Isotope

Stable isotopes of 18O and 2H form water 

molecules in form of 1H
2

18O and 1H
2
H16O (Gibson 

and Reid, 2010). These molecules are sensitive 

to physical processes such as evaporation and 

condensation and can undergo fractionation that 

can alter the isotopic ratio (Allen et al., 2013). 

Therefore, to prevent fractionation, necessary 

precautions were taken while taking water 

samples, i.e sample bottle must be as close as 

possible to the water discharge or submerged 

below water surface in case of spring samples. 

All water samples were contained in 20 ml bottle 

without air bubbles. The analysis of stable water 

isotopes was conducted in Hydrology Lab, PAIR 

- BATAN, using liquid-water stable isotope ana-

lyzer LGR (Los Gatos Research) DLT-100. 

Standard mean oceanic water (SMOW) was 

arbitrarily defined to have isotopic content of 0‰ 
for both 18O and 2H, while meteoric water has 

more depleted isotopic content than the seawater 

due to fractionation caused by physical processes. 

Thus, groundwater that already mixed with sea-

water due to intrusion was expected to have more 

enriched isotopic content compared to normal 

groundwater and plotted along a mixing line on 

graph of δ18O vs. δ2H (Figure 2). This graph was 

a common tool to identify seawater intrusion on 

coastal areas (Swarzenski et al., 2013).

Hydrochemistry

The amount of water samples needed for 

chemical analysis was 1L and than analyzed 

using ion chromatograph for major ion composi-

tion i.e. Cl-, SO
4

2-, Na+, Ca+, Mg+ and K+. While 

HCO
3-
 was analyzed using the titrimetric method. 

These ions can be useful to identify the type and 

chemical evolution of waters which can be visual-

ized using a Piper diagram which gives a quick 

view on water classification and evolution, e.g. 

normal groundwater was plotted around HCO
3
 

apex, seawater is plotted in Na-Cl corner, thus 

seawater-contaminated groundwater is plotted 

towards Na-Cl corner.

In combination, the distribution pattern of sea-

water intrusion as well as contamination level in 

the studied area was approached by using stable 

isotopes and hydrochemistry method which was 

deployed by using the graph of δ18O vs. chloride 

ion. The seawater has the very high concentra-

tion of chloride compared to groundwater. Thus, 

it can be used to identify intrusion, i.e. increased 

chloride concentration in groundwater (Mongelli 

et al., 2013).
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Results

Water Chemistry 

The result of chemical analysis is presented 

in Table 1. The charge balances of the analysis 

results are less than 10%, which represents 

a good analytical practice. A number of 33 

samples have TDS of less than 1000 ppm, while 

14 samples have TDS of up to 3500 ppm, and 

2 samples (Sawah Besar and Tanah Mas) have 

TDS of about 10,000 ppm.

Piper Diagram

Figure 3 shows a distribution of Semarang 

shallow groundwater during a dry season using 

the Piper diagram. Generally, the plot shows a 

shifted pattern from fresh water or shallow water 

composition, i.e. CaHCO
3
 end member, towards 

sea water composition, i.e. NaCl end member. 

Samples from coastal area i.e. Pondok, Sawah 

Besar, Tanah Mas, Terboyo, and Puri Anjosmoro, 

are classified as NaCl and NaCaCl types which 
are typical of brackish to salty water. These types 

of water samples indicate a salinization process 

that may have occurred because of seawater 

intrusion or just salty water accumulation in the 

formation. The analysis of 18O and 2H isotopes 

can help clarify the evolution of these waters. 

On the plain area further from coast line, i.e. 

Tanggulsari, Krajan, Gayamsari, Genuk, Genuk-

sari, Bidakan, Pedurungan, Tlogomulyo, and Pe-

telan, the water types of shallow groundwater are 

NaClHCO
3
, NaCaCl, and NaCaClHCO

3
 types. 

They are typical of a mix between fresh water 

and salty water. Thus, low to medium salinization 

processes also occurred in these areas.

Stable Isotopes of 18O and 2H

The result of isotope analysis presented in 

Table 2 and Figure 4 shows the graph of δ18O vs. 

δ2H of Semarang shallow groundwater. It can be 

concluded that some of the samples were shifted 

from its original position and more enriched 

compared to typical groundwater composition. 

Based on this plot, the samples can be classified 
into three groups:

Freshwater

There are twenty-four samples (51%) of shal-

low groundwater that plotted around the meteoric 

water line and no significant isotopic shift. These 
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Figure 2. Graph of δ18O vs. δ2H shows modification of water isotopic composition due to several physical processes (modi-
fied after Yurtsever, 1997).
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No Location Na+ K+ Ca2+ Mg2+ Cl- SO
4

2- HCO
3

- TDS Charge balance (%)

1 Tanggulsari 163.00 14.20 9.40 5.10 191.00 28.50 134.80 546.0 1.87

2 Karang Nangka 52.10 8.30 43.30 28.00 51.83 84.40 183.60 451.5 5.85

3 Wonosari 90.60 10.10 64.40 41.00 122.80 64.50 308.50 701.9 5.06

4 Rowosari 57.38 5.33 51.57 43.70 64.68 47.50 338.30 608.5 3.00

5 Krajan 122.96 23.12 119.20 44.60 315.50 99.80 208.44 933.6 4.86

6 Pondok 471.90 20.30 90.80 67.40 682.50 172.00 313.50 1818.4 6.36

7 Margosari 35.90 4.50 39.50 16.20 32.30 58.70 145.60 332.7 5.22

8 Puspagiwang 63.60 19.00 74.60 9.90 42.80 42.30 307.70 559.9 4.71

9 Purwoyoso 49.80 10.10 45.30 21.90 36.10 37.20 287.23 487.6 0.20

10 Pasadena 30.80 3.10 43.20 9.60 17.00 40.30 163.00 307.0 4.73

11 Tugu Lapangan 22.50 7.50 49.40 13.30 21.10 56.00 158.00 327.8 4.46

12 Karanganyar 285.20 15.20 53.20 18.60 309.00 162.00 238.20 1081.4 3.79

13 Ngliwonan 38.20 8.30 53.30 14.20 49.90 47.70 171.20 382.8 5.01

14 Tugurejo 149.30 26.90 49.30 18.50 183.80 90.50 151.50 669.8 8.60

15 Tambakharjo 270.70 40.20 92.60 35.00 351.80 88.50 417.70 1296.5 5.16

16 Krapyak 109.70 7.00 82.00 25.10 138.80 65.40 248.10 676.1 9.29

17 Kendeng 47.40 10.00 56.40 11.60 42.80 56.00 195.20 419.4 4.78

18 Kalialang 78.80 4.60 133.60 11.40 78.00 92.90 328.40 727.7 8.29

19 Manyaran 15.60 6.80 35.60 13.30 23.80 14.20 134.00 243.3 8.54

20 Puri Anjosmoro 613.80 20.00 246.70 72.30 1451.20 135.50 352.50 2892.0 -3.04

21 Dorowati 156.00 13.30 60.40 15.40 250.65 27.30 200.20 723.3 3.16

22 Lemah Gempal 21.56 6.05 47.56 20.70 21.23 43.60 200.17 360.9 4.12

23 Lempongsari 35.26 5.00 40.86 7.42 33.93 30.40 149.70 302.6 3.60

24 Tengger 18.04 4.17 21.92 7.20 14.93 41.90 82.40 190.6 -0.97

25 Deliksari 80.60 9.70 55.00 23.40 60.60 28.50 344.90 602.7 3.24

26 Bongsari 56.50 8.05 52.40 12.10 55.10 58.00 180.32 422.5 5.09

27 Bidakan 165.80 31.20 116.80 17.80 272.60 65.40 301.90 971.5 5.29

28 Tanah Mas 3424.00 217.00 179.70 332.20 5577.00 203.70 759.30 10692.9 5.94

29 Kepatihan 461.00 20.48 220.50 7.30 710.00 133.90 590.00 2143.2 0.44

30 Petelan 146.80 17.80 58.70 21.10 195.00 98.00 246.50 783.9 0.40

31 Wonodri 45.90 16.20 46.70 9.90 41.60 38.00 143.90 392.2 4.25

32 Candisari 33.90 6.48 30.88 14.20 32.10 35.60 170.40 323.6 -0.65

33 Jangli 43.60 9.80 45.30 9.20 46.80 57.40 147.20 359.3 2.79

34 Terboyo 927.40 34.20 172.60 87.50 1647.00 149.20 438.30 3456.2 1.46

35 Sawah Besar 3005.30 110.50 284.80 277.70 4991.90 409.50 384.60 9464.3 5.92

36 Sambirejo 231.70 16.20 64.60 45.00 325.00 70.70 359.90 1113.1 3.44

37 Gayamsari 126.90 15.60 44.70 15.20 166.50 68.80 200.10 637.8 0.71

38 Sengdangguo 66.80 9.50 33.97 11.10 52.24 55.80 171.20 400.6 3.26

39 Amposari 51.90 11.70 63.20 14.70 44.80 81.10 173.70 441.1 9.19

40 Juwono 15.76 13.30 35.51 14.20 24.85 24.80 165.40 293.8 0.84

41 Genuk 209.00 15.40 110.00 8.00 271.70 115.00 285.00 1014.1 3.75

42 Karangroto 325.50 14.60 95.40 8.70 450.90 115.60 324.25 1335.0 -0.15

43 Genuksari 288.90 7.30 76.30 15.20 390.90 64.90 250.00 1093.5 4.88

44 Tlogorejo 279.30 32.40 190.20 73.00 480.60 350.00 400.30 1805.8 2.69

45 Pedurungan 134.60 7.70 86.60 16.20 197.30 88.50 267.30 798.2 0.37

46 Penggaron 82.40 14.10 107.40 29.90 54.70 70.40 483.90 842.8 3.91

47 Tlogomulyo 394.10 23.40 66.60 88.20 489.30 294.00 367.30 1722.9 5.20

48 Godean 273.40 14.00 151.50 24.40 362.90 121.90 484.70 1432.8 3.33

49 Meteseh 18.40 5.98 63.80 8.40 21.00 27.40 271.31 416.3 -7.25

Table 1. Results of Chemical Analysis (in ppm unit)
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Figure 3. Piper diagram of Semarang shallow groundwater (blue squares = fresh water, red circles = mixing or ionic exchange).

Table 2. Isotopes Analysis Results of Semarang Shallow Groundwater (in ‰)

No. Location δ18O δ2H No. Location δ18O δ2H

1 Tanggulsari -3.97 -24.3 27 Bidakan -4.20 -30.0

2 Karangnangka -6.66 -36.9 28 Tanah Mas -1.37 -16.0

3 Wonosari -5.51 -31.7 29 Kepatihan -3.29 -21.7

4 Rowosari -5.47 -33.9 30 Petelan -4.08 -26.5

5 Krajan -4.04 -31.7 31 Wonodri -6.30 -34.2

6 Pondok -3.65 -30.8 32 Candisari -6.31 -34.9

7 Margosari -6.65 -35.3 33 Jangli -6.35 -35.9

8 Puspa Giwang -6.65 -37.2 34 Terboyo -3.09 -23.6

9 Purwoyoso -6.57 -35.4 35 SawahBesar -1.32 -17.4

10 Pasadena -5.92 -32.2 36 Sambi Rejo -4.17 -29.5

11 TuguLapangan -5.29 -34.5 37 Gayam Sari -4.89 -30.7

12 Karang Anyar -3.97 -29.3 38 Sendang Guo -5.71 -35.3

13 Ngliwonan -6.43 -33.0 39 Amposari -5.19 -31.7

14 Tugurejo -4.50 -32.0 40 Juwono -5.87 -30.4

15 Tambak Harjo -4.01 -30.5 41 Genuk -3.87 -26.2

16 Krakyak -4.93 31.0 42 Karangroto -4.02 -32.4

17 Kendeng -5.41 -32.5 43 Genuk Sari -4.15 -27.7

18 Kalialang -6.04 -34.3 44 Tlogorejo -3.98 -28.0

19 Manyaran -6.50 -35.6 45 Pedurungan -4.83 -31.8

20 Puri Anjosmoro -2.93 -21.8 46 Penggaron -5.65 -30.0

21 Dorowati -4.43 -27.7 47 Tlogomulyo -4.44 -30.4

22 LemahGempal -5.47 -34.3 48 Godean -4.70 -32.9

23 Lempong Sari -5.24 -34.3 49 Meteseh -6.30 -30.8

24 Tengger -5.75 -35.7 50 AL MarinaSemarang 0.45 -3.1

25 Deliksari -5.39 -31.1 51 AL Pelabuhan 0.36 -1.2

26 Bongsari -5.87 -32.9 52 AL Maron 0.36 -2.2
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samples are taken from Rowosari, Wonosari, 

Ngliwonan, Manyaran, Jangli, Juwono, and Me-

teseh. These areas are located between 15 m to 

142 m above sea level, which topographically 

are foot hills and hilly areas composed of vol-

canic rocks as sand gravels on top and breccias 

underneath.

Salinization due to mineral dissolution, leaching 

of salt formations or evaporation

There are 13 (27%) of shallow groundwater 

in this group which have isotopic shift from its 

original composition as if evaporation phenom-

enon. However, from its chemical composition 

as shown in the Piper diagram, these samples 

indicated the occurrence of a salinization process 

which is more likely than evaporation. The salini-

zation process is probably caused by leaching of 

salt formations or mineral dissolution (Yurtsever, 
1997). This phenomenon occurs in Pondok, 

Krajan, Karang Anyar, Tugurejo, Tambak Harjo, 

Bidakan, Sambirejo, Karangroto, Gayamsari, 

Pedurungan, Tlogomulyo, Godean, and Krapyak.

Salinization due to seawater intrusion

The rest of the samples, i.e. 11 (22%) are plot-

ted between fresh water composition and seawater 

composition which indicates a mix with seawater 

with different proportion. Areas with low sali-

nization are located in Tanggulsari, Genuksari, 

Genuk, Dorowati, Petelan, and Tlogorejo, with 

δ18O composition between -4.43‰ and -3.87‰ 
and for δ2H between -28.0‰ and -24.3‰. Areas 
with medium salinization are located in Puri 

Anjosmoro, Kepatihan, and Terboyo, with δ18O 

composition between -3.29‰ and -2.93‰ and 
for δ2H between -23.6‰ and -21.7‰. Areas 
with high salinization are located in Sawah Besar 

and Tanah Mas, with δ18O composition between 

-1.37‰ and -1.32‰ and for δ2H between -17.4 

and -16.0‰.

Distribution of 18O

The distribution of δ18O value can be visual-

ized using isocontour plot (Figure 5). Thus, isoto-

pic shift pattern can be recognized geographically 

from a coastal area to a hilly area. Generally, sea-

Figure 4. Graphic of δ18O vs. δ2H of Semarang shallow groundwater.
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water has δ18O composition of around 0 ‰. While 
Semarang seawater δ18O compositions are slightly 

more enriched, i.e. between 0.33‰ and 0.45‰. 
The seawater intrusion changes the isotope com-

position of groundwater into more enriched or 

more positive value. Based on the contour, the 

δ18O shift pattern from East Semarang about 1 

km inland from coastline, the δ18O composition 

varied from 1‰ to 2‰ and for every 1 km to the 
south there is -1‰ shift. While in the West Sema-

rang area, the δ18O composition 1 km from coast 

line are varied from -2‰ to -3‰ and for every 
1 km to the south there is -1‰ shift. From this 
evidence, it is estimated that seawater intrusion 

has reach 4 - 6 km inland in the east of Semarang 

and 1 - 3 inland in the west of Semarang.

The δ18O distribution pattern also shows that 

in the centre of Semarang, the contour deflects 
to the south, i.e. hilly areas. This phenomenon is 

probably due to the existence of a fault zone or 

an existence of an impermeable zone that caused 

the groundwater flow deflected into a more per-
meable zone.

Conclusion 

Based on the hydrochemistry analysis, shal-

low groundwater in Semarang mainly consists of 

Ca-HCO
3
 type freshwater which spread from foot 

hills to hilly area in the southern of Semarang. 

While the other types are brackish to salty water 

of Na-HCO
3
-Cl type and Na-Cl type spreading 

along the coastline. Typical water with high Cl 

content generally occurs along the coastline as 

an impact of a salinization process. 

The values of δ18O and δ2H show that shallow 

groundwater of Semarang is classified into three 
groups, i.e. freshwater, saline water due to min-

eral dissolution, and saline water due to seawater 

intrusion. In comparison with local meteoric 

line, all δ18O and δ2H values of freshwater in 
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4 000                                                                                                 16 4 00                                                                                           24 4 00                                                                                            32 4 00                                                                                            40 4 0048

4 000                                                                                                 16 4 00                                                                                           24 0                                                                                                                                                                 0                                                                                                                                             0                                                      110 20' 110 25' 110 30' E

0                                                                                                                                                                 0                                                                                                                                             0                                                   110 20' 110 25' 110 30' E   

-4.2 -3.2 -3
.2

-2.2

-4.2

-4
.2

-5.2

-5.2
-5.

2

-6.2
-6.2

-6
.2

-6.2

4 00                                                                                            32 4 00                                                                                          40 4 0048
92 00036

92 00028

92 00020

92 00036

92 00028

92 00020
Contour of siotope O-18 
of shallow groundwater 
in alluvium Semarang

N

0             2000          4000 
m

scale

06 55' S

0  7 55'S

0       7 05'S

06 55' S

0  7 55'S

0       7 05'S

Figure 5. Contour of δ18O distribution in shallow groundwater of Semarang area.
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the studied area are plotted near the line which 

indicates its meteoric origin. Whereas saline 

groundwaters are more enriched in composition 

and plotted between freshwater and seawater 

composition, that indicates a mix between fresh 

and seawater. 

Isocontour pattern of δ18O shows the enriched 

values in groundwater distributed 1 to 5 km from 

coastline, i.e. -1 ‰ to -3 ‰, which are close to sea-

water composition. This phenomenon indicates 

that salinization process has reached 5 km inland. 

Thus, this pattern indicates that salinization due 

to seawater intrusion has reached 1 - 3 km inland 

in western area of Semarang, while for eastern 

Semarang reached 3 - 5 km inland.

Acknowledgements 

The authors would like to thank Dr. Hen-

darmawan, the Dean of Faculty of Geology, 

Padjadjaran University, Bandung, for his guid-

ance and fruitful discussions in hydrogeology 

topic. Thank is also addressed to Setiobudi from 

Department of Geology (Engineering Faculty), 

Diponegoro University, Semarang, for his assis-

tance during the sampling campaign in Semarang 

City. The study was partially funded by the gov-

ernment of Indonesia.

References 

Abidin, H.Z., Andreas, H., Gumilar, I., Siddiq, 

T.P., and Fukuda, Y., 2012. Land subsidence 
in coastal city of Semarang (Indonesia): char-

acteristics, impacts and causes. Geomatics, 

Natural Hazards and Risk, 4. DOI:10.1080/1

9475705.2012.692336.

Allen, S.T., Brooks, J.R., Keim, R.F., Bond, 

B.J., and McDonnel, J.J., 2013. The role of 

pre-event canopy storage in throughfall and 

stemflow by using isotopic tracers. Ecohydrol-

ogy, 7. DOI: 10.1002/eco.1408

BPS Kota Semarang, 2009. Semarang dalam  

Angka.

Chekirbane, A., Tsujimura, M., Kawachi, A., 

Isoda, H., Tarhouni, J., and Benalaya, A., 

2013. Hydrogeochemistry and groundwater 

salinization in an ephemeral coastal flood 
plain: Cap Bon, Tunisia. Hydrological Sci-

ences Journal, 58 (5), p.1097-1110. DOI: 

10.1080/02626667.2013.800202

Gassama, N., Dia, A., and Violette, S., 2012. Ori-

gin of salinity in a multilayered aquifer with 

high salinization vulnerability. Hydrological 

Processes, 26 (2), p.168-188. DOI: 10.1002/

hyp.8125

Gat, J.R., 2010. Isotope hydrology: A study of 

water cycle, Series of Environmental Science 

and Management, 6, Imperial College Press. 

DOI: 10.1142/9781848164741

Gibson, J.J. and Reid, R., 2010. Stable isotope 

fingerprint of open water evaporation losses 
and effective drainage area f luctuations 

in subarctic shield watershed. Journal of 

Hydrology, 381, p.142-150. DOI: 10.1016/j.

jhydrol.2009.11.036

Han, D., Kohfahl, C., and Song, X., 2011. Geo-

chemical and isotopic evidence for paleo-

seawater intrusion into the south coast aquifer 

of Laizhou Bay, China. Applied Geochem-

istry, 26, p.863-883. DOI: 10.1016/j.apgeo-

chem.2011.02.007

Irham, M.N., Achmad, R.T., and Widodo, S., 

2006. Pemetaan sebaran air tanah asin pada 

aquifer dalam di wilayah Semarang bawah. 

Jurnal Berkala Fisika FMIPA UNDIP, 9 (3), 

p.137-143. 

Katrinavia, Y.P., Setyawan, A., and Supriyadi, 
2015. Pemodelan anomaly gaya berat akibat 

curah dan dinamika air tanah di daerah Sema-

rang. Jurnal Fisika Indonesia, XIX (55), p.6-9.

Mamlucky, S. and Dadi, H., 2007. Penelitian hi-

drogeologi daerah imbuhan air tanah dengan 

metode isotop dan hidrokimia di cekungan 

air tanah Semarang-Demak, Propinsi Jawa 

Tengah. Internal Report, Pusat Lingkungan 

Geologi, Bandung.

Marsudi, 2001. Prediksi LajuAmblesan Tanah 

di Dataran Alluvial Semarang-Jawa Tengah. 

Doctoral Dissertation, ITB

IJ
O
G



Indonesian Journal on Geoscience, Vol. 4 No. 1 April 2017: 1-10

10    

Mas-Pla, J., Rodriguez-Florit, A., Zamorano, 

M., Roque, C., Mencio, A., and Brusi, D., 

2013. Anticipating the effects of groundwater 

withdrawal on seawater intrusion and soil 

settlement in urban coastal area, Hydrologi-

cal Processes, 27 (16), p.2352-2366. DOI: 

10.1002/hyp.9377. 

Mongelli, G., Monni, S., Oggiano, G., Pater-

noster, M., and Sinisi, R., 2013. Tracing 

groundwater salinization processes in coastal 

aquifers: a hydrogeochemical and isotopic 

approach in the Na-Cl brackish waters of 

northwestern Sardinia, Italy. Hydrology and 

Earth SystemSciences, 17 (7), p.2917-2928. 

DOI:10.5194/hess-17-2917-2013

Mook, W.G., 2000. Environmental Isotopes in 

The Hydrological Cycle. International Hy-

drological Program, Principles and Applica-

tions, Technical Documents in Hydrology, 

UNESCO, Paris, 1, 164pp.

Sriyono, Qudus, N., and Setyowati, D.L., 2010. 

Model Spasial Ketersediaan Air tanah dan 

Intrusi Air Laut untuk Zone Konservasi Air 

tanah. Jurnal Sains dan Teknologi, Fakultas 

Teknik, Universitas Negeri Semarang, 8 (2), 

p.87-94..

Sophian, R.I., 2002. PenurunanMuka Air Tanah 

Akibat Beban Overburden di daerah Kota 

Semarang, Propinsi Jawa Tengah. Fakultas 

Teknik Geologi, Universitas Padjadjaran, 

Bandung, Unpublished.

Sudaryanto and Wibawa, Y.S., 2013. Sejarah 
perkembangan kota Semarang (Jawa Tengah) 

di masa lalu dan dampak kehadiran polutan 

nitrat pada air tanah masa kini, Jurnal RISET 

Geologi dan Pertambangan,  23 (1), p.27-39. 

DOI: 10.14203/risetgeotam2013.v23.67 

Suhartono, E., Purwanto, P., and Suripin, S., 2015. 

Seawater intrusion modeling on groundwater 

confined aquifer in Semarang. Procedia En-

vironmental Sciences, 23, p.110-115. Inter-

national Conference on Tropical and Coastal 

Region Eco-Development (ICTCRED) 2014. 

DOI: 10.1016/j.proenv.2015.01.017 

Swarzenski, P.W., Baskaran, M., Rosenbauer, 

R.J., Edwards, B.D., and Land, M., 2013. A 

Combined Radio and Stable Isotopic Study of 

a California Coastal Aquifer System. Water, 

5 (2), p.480-504. DOI: 10.3390/w5020480.

Taufiq, 2010. Peta Penampang Hidrogeologi 

Ungaran-Semarang. Internal Report, PLG, 

Badan Geologi.

Wardhana, D.D., Harjono, H., and Sudaryanto, 

2014. Struktur Bawah Permukaan Kota Sema-

rang Berdasarkan Data Gayaberat. Jurnal 

RISET Geologi dan Perkembangan, 24 (1), 

p. 53-64. DOI: 10.14203/risetgeotam2014.

v24.81

Wen, X., Diao, M., Wang, D., and Gao, M., 2012. 

Hydrochemical characteristics and saliniza-

tion processes of groundwater in the shallow 

aquifer of Eastern Laizhou Bay, China. Hy-

drological Processes, 26 (15), p.2322-2332. 

DOI: 10.1002/hyp.8362 

Yurtsever, Y., 1997. Role and contribution of 
environmental tracers for study of sources 

and processes of groundwater salinization.

Hydrochemistry (Proceedings of the Rabat 

Symposium 1997; IAHS Publication 244, 

p.3-12.IJ
O
G


